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Description
TARGETED TUMOR THERAPY BY USE OF RECOMBINANT

ADENOVIRUS VECTORS THAT SELECTIVELY REPLICATE IN HYPOXIC
REGIONS OF TUMORS
Cross Reference to Related Application

This application is based on and claims priority to United States
Provisional Patent Application Serial Number 60/415,319, filed October 1,
2002, herein incorporated by reference in its entirety.

Grant Statement

This work was supported by grant CA81512 from the U.S. National
Institute of Health (NIH). Thus, the U.S. government has certain rights in the
presently claimed subject matter.

Technical Field

The presently claimed subject matter generally relates to methods for
propagating a conditionally replication competent adenovirus vector in a
hypoxic cell. More particularly, the methods involve infecting hypoxic cells,
for example a hypoxic cell in a tumor, with a conditionally replication
competent adenovirus vector such that the adenovirus vector replicates in
the hypoxic cell, killing the cell.

Table of Abbreviations

Ad adenovirus

AdCMV-EGFP adenovirus vector with the EGFP gene
under transcriptional control of a
constitutive CMV promoter

AdCMV-dsRed?2 replication deficient adenovirus vector with
the dsRed2 gene under transcriptional
control of a constitutive CMV promoter

AdHRP-E1A-dsRed2 conditionally replication competent Ad
vector with the Ad E1A gene under control
of an HRP. Also constitutively expressed

a red fluorescent marker
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AdHRP-E1A-TNF-a

AdHRP-E1AE4-dsRed2

AdHRP-E4-dsRed?2

ARNT
CMV
DNAse |
DHFR
dsRed2
E1A
E1B
E2A
E2B

E3

E4
EGFP
ex-Flk1
HIF
HPRT
HRE
HRP

PCT/US2003/031097

conditionally replication competent
adenovirus vector with the Ad E1A gene
under control of an HRP and the TNF;oc
gene under control of a constitutive CMV
promoter

conditionally replication competent Ad
vector with the Ad E1A and E4 genes
under control of an HRP. Also
constitutively expressed a red fluorescent
marker

conditionally replication competent Ad
vector with the Ad E4 gene under control
of an HRP. Also constitutively expressed
a red fluorescent marker

aryl receptor nuclear translocator
cytomegalovirus

deoxyribonuclease |

dihydrofolate reductase

Discosoma sp. red fluorescent protein
adenovirus early gene 1A

adenovirus early gene 1B

adenovirus early gene 2A

adenovirus early gene 2B

adenovirus early gene 3

adenovirus early gene 4

enhanced green fluorescent protein
extracellular domain of an Flk1 receptor
hypoxia inducible factor

hypoxanthine phosphoribosyl transferase
hypoxia responsive element

hypoxia responsive promoter
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HRP-EGFP plasmid vector wherein the expression of
EGFP is regulated by an HRP
hsp heat shock protein
HSV-tk herpes simplex virus thymidine kinase
IL2 interleukin 2
IL12 interleukin 12
kb kilobase
MOI multiplicity of infection
NIH National Institutes of Health
pfu plaque forming units
PGK phosphoglycerate kinase
PSA prostate specific antigen
pVHL von Hippel-Lindau protein
s-FIt1 a soluble form of the Fit1 receptor
SV40 simian virus 40
TAFs transcription-associated factors
Tm melting temperature
TNF-a tumor necrosis factor-alpha
TRE transcriptional regulatory element
VEGF vascular endothelial growth factor
VHL von Hippel-Lindau
Background Art

Despite significant advances in medical research and technology,
cancer continues to be one of the leading causes of death in the United
States and throughout the world. There are in excess of one million new
cases of cancer reported in the United States alone, and more than half a
million people die in this country every year from cancer.

Current treatments for cancer include surgical removal or radiation
treatment of tumors, yet each has its limitations. In the former case, once a
tumor has metastasized by invading the surrounding tissue or by moving to
a distant site, it can be virtually impossible for the surgeon to remove all

cancerous cells. Any such cells left behind can continue growing, leading to
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a recurrence of cancer following surgery. Current radiation therapy
strategies are also frequently unsuccessful at curing a patient's cancer.
Following radiation therapy, cancer can recur because it is often not possible
to deliver a sufficiently high dose of radiation to kill all the tumor cells without
at the same time injuring the surrounding normal tissue. Cancer can also
recur because tumors show widely varying susceptibilities to radiation
induced cell death. Thus, the inability of current treatment protocols to
eliminate tumor cells is an important clinical limitation leading to
unsuccessful cancer therapy (Lindegaard et al., 1996; Suit, 1996; Valter et
al., 1999).

Newer treatment strategies are needed to address the challenges that
result from the inability to successfully treat neoplastic disease. One of the
major challenges facing the medical oncologist is selectivity: the ability to kill
tumor cells without causing damage to normal cells in the surrounding area.
Various current approaches take advantage of the fact that in most cases
tumor cells grow more quickly than normal cells, so strategies designed to
kill rapidly growing cells are somewhat selective for tumor cells (see Yazawa
et al., 2002). However, these methods also kill certain cell types in the body
that normally divide rapidly, most notably cells in the bone marrow, resulting
in complications such as anemia and neutropenia (reviewed in Vose &
Armitage, 1995). Other strategies are based upon the production of
antibodies directed against tumor-specific antigens (reviewed in Sinkovics &
Horvath, 2000), although few such antigens have been identified, limiting the
applicability of these approaches. Thus, there is a need for new methods to
enhance the selectivity of cancer treatment approaches.

Recently, attempts have been made to develop and use replication
competent viruses that can selectively replicate in, and thereby Kill, tumor
cells (see e.g., Galanis et al., 2001). In this approach, viral vectors are
genetically engineered to replicate specifically in targeted tumor cells.
Successfully targeted tumor cells are then killed by virus-mediated cell lysis,
which can lead to subsequent infection and killing of neighboring cells
(Galanis et al., 2001).
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The challenge presented by this approach is to find mechanisms that
will allow the viruses to selectively target and/or replicate in tumor cells. To
this point, selective replication schemes have been attempted that are based
on specific genetic traits of tumor cells (see Galanis et al., 2001) and
references therein). For example, one of the approaches to achieve tumor-
specific virus replication involves the recombinant oncolytic adenovirus
vector dI1520, or Onyx-015. Onyx-015 vectors have been designed in an
attempt to provide selective replication in cells that have lost the p53 tumor
suppressor gene (Bischoff et al.,, 1996; Ries & Korn, 2002). The design of
Onyx-015 was based on the fact that successful adenovirus replication
requires the inactivation of the cellular p53 protein, which is accomplished by
the adenovirus E1B protein. Onyx-015 has a mutation in the E1B gene that
destroys this p53-inactivation capability. The E1B mutation allows the virus
to replicate in cells that lack p53 function, but prevents replication in cells
with wild type p53. As p53 function is lost in over 50% of all tumors including
about 70% of some cancers such as colorectal cancer (see e.g., Beroud &
Soussi, 1998; Colman et al., 2000; Hickman et al., 2002), Onyx-15 can in
theory be used for the treatment of more than half of all tumors.
Unfortunately, recent controversies have developed regarding the specificity
of Onyx-015 (see Goodrum & Ornelles, 1998; Rothmann et al., 1998; Dix et
al.,, 2001; Ries & Korn, 2002). Some studies indicate that Onyx-015 can
replicate even in tumor cells with wild-type p53 function (Goodrum &
Ornelles, 1998; Rothmann et al., 1998). While this apparent contrast could
possibly be reconciled by the fact that most tumor cells with normal p53
functions have defects in other parts of the p53 pathway, it nonetheless
presents a limitation to the widespread use of this vector. Even so, there
remains a need for a strategy for use in tumor cells that maintain wild type
p53 function.

Another strategy for targeting the replication of adenovirus vectors to
tumor cells involves the use of tumor- and/or tissue-specific promoters to
control the expression of genes required for viral replication (reviewed in
(Haviv & Curiel, 2001). A typical example is CN706 (Calydon, Inc.,
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Sunnyvale, California, United States of America), in which the prostate-
specific antigen (PSA) gene promoter drives the expression of the
adenovirus E1A gene. See U.S. Patent 5,871,726 to Henderson and
Schuur. Specificity was also seen in another virus CV787, where the rat

prostate-specific probasin promoter drives the expression of E1A while the
PSA promoter drives the expression of E1B (Yu et al., 1999). Another
attempt at this strategy involved the use of a MUC1 promoter to control the
expression of E1A (Kurihara et al, 2000). The key for these types of
strategies is the specificity of the promoter. Unfortunately, very few
promoters have been identified that exhibit sufficient specificity to be useful
in an anti-tumor strategy.

Thus, there exists a long-feit and continuing need in the art for
effective therapies to specifically target and kill tumor cells in a subject. The
presently claimed subject matter addresses this and other needs in the art.

Summary

The presently claimed subject matter provides an adenovirus vector
comprising an adenovirus gene under the transcriptional control of a
transcriptional regulatory element (TRE) comprising a minimal promoter and
a hypoxia responsive element (HRE). In one embodiment, the adenovirus
gene is selected from the group consisting of the E1A gene, the E1B gene,
the E2A gene, the E2B gene, and the E4 gene. In one embodiment, the
adenovirus vector comprises a second adenovirus gene under the
transcriptional control of a transcriptional regulatory element (TRE). In one
embodiment, the minimal promoter is selected from the group consisting of
cytomegalovirus (CMV) minimal promoter, the human B-actin minimal
promoter, the human EF2 minimal promoter, and the adenovirus E1B
minimal promoter. In another embodiment, the CMV minimal promoter
comprises SEQ ID NO: 1. In one embodiment, the hypoxia responsive
element (HRE) is derived from the human vascular endothelial growth factor
(VEGF) gene. In another embodiment, the HRE comprises five tandem
copies of SEQ ID NO: 2. In one embodiment, the adenovirus vector further

comprises a transgene. In one example, the transgene comprises a second
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adenovirus gene. In another example, the transgene comprises a nucleic
acid encoding an immunostimulatory molecule. In yet another example, the
transgene comprises a suicide gene.

The presently claimed subject matter also provides a composition

“comprising an adenovirus gene under the transcriptional control of a TRE

comprising a minimal promoter and an HRE. In one example, the
composition further comprises a pharmaceutically acceptable carrier.

The presently claimed subject matter also provides a method for
suppressing tumor growth, the method comprising contacting a hypoxic cell
in a tumor with an adenovirus vector, whereby the vector enters the cell and
inhibits tumor growth. In one embodiment, the contacting is a result of
intratumoral administration of the vector. In another embodiment, the
contacting is a result of intravenous administration of the vector.

The presently claimed subject matter also provides a host cell
comprising an adenovirus gene under the transcriptional control of a TRE
comprising a minimal promoter and an HRE.

The presently claimed subject matter also provides a method for
propagating an adenovirus specific for a hypoxic cell, the method comprising
contacting a hypoxic cell with an adenovirus vector whereby the adenovirus
is propagated to a titer of at least 10* virus particles/cell.

The presently claimed subject matter also provides a method for
conferring selective cytotoxicity on a target cell, the method comprising
contacting a cell that allows an HRE to function with an adenovirus vector
comprising an HRE, whereby the adenovirus vector enters the cell.

The presently claimed subject matter also provides a method of
inhibiting tumor growth, the method comprising (a) contacting a hypoxic cell
in a tumor with a first adenovirus vector, whereby the first adenovirus vector
enters the cell, and (b) contacting the hypoxic cell with a replication deficient
adenovirus vector, whereby the replication deficient adenovirus vector enters
the cell. In one embodiment, the first adenovirus vector comprises an
adenovirus gene under the transcriptional control of a TRE comprising an

HRE. In another embodiment, the replication deficient adenovirus vector
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comprises a second gene under the transcriptional control of a constitutive
promoter. In another embodiment, the replication deficient vector comprises
a second gene under the transcriptional control of a TRE comprising an
HRE. In one example, the second gene is an adenovirus gene, for example,
an early gene. In another example, the second gene is a suicide gene,
including but not limited to TNF-a, Trail, Bax, HSV-tk, cytosine deaminase,
p450, diphtheria toxin, a soluable FLT1 gene, and an extracellular FLK-1
gene. In yet another example, the second gene is an immunostimulatory
molecule, including but not limited to IL2 and IL12.

Accordingly, it is an object of the presently claimed subject matter to
provide a therapeutic method that employs conditional replication of an
adenovirus vector in a target tissue expressing hypoxia inducible factor 1
(HIF-1). This and other objects are achieved in whole or in part by the
presently claimed subject matter.

An object of the presently claimed subject matter having been stated
above, other objects and advantages of the presently claimed subject matter
will become apparent to those of ordinary skill in the art after a study of the
following description of the presently claimed subject matter and non-limiting
Examples.

Brief Description of the Drawings

Figure 1 is a schematic representation of plasmid vector HRP-EGFP.
This vector was used to produce stably transduced cell lines that express
EGFP under hypoxic conditions. It contains the EGFP gene under the
control of a hypoxia responsive promoter.

Figure 2 is a schematic representation of conditionally replication
competent adenovirus vector AdHRP-E1A-dsRed2. This vector has the E1A
gene is under the control of the HRP promoter and constitutively expresses
a red fluorescent protein reporter, dsRed2.

Figure 3 is a schematic representation of an exemplary conditionally
replication competent adenovirus vector, AdHRP-E4-dsRed2, where only the
E4 gene is under the control of the HRP promoter. This vector also

constitutively expresses a red fluorescent protein reporter.
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Figure 4 is a schematic representation of an exemplary conditionally
replication competent adenovirus vector, AdHRP-E1AE4-dsRed2, where
both the E1A and E4 genes are under the control of the HRP promoter. This
vector also constitutively expresses a red fluorescent protein reporter.

Figure 5 is a schematic representation of adenovirus vectors AdCMV-
EGFP and AdCMV-dsRed2. Each vector is a replication deficient
adenovirus vector that has a fluorescent marker under the transcriptional
control of a constitutive CMV promoter. The vectors are replication deficient
by virtue of the presence of deletions in the coding sequences for the E3
polypeptide (depicted by box AE3), and additionally, the presence of the
CMV-marker construct interrupting the E1 polypeptide coding sequence
(depicted by AE1).

Figures 6A and 6B show the results of treating a xenograft tumor
model in mice with an adenovirus vector of the presently claimed subject
matter.

Figure 6A depicts adenovirus vector AdHRPE1A-TNF-a. This vector
has the adenovirus E1A gene operable linked to an HRP. In addition, it has
the tumor necrosis factor-alpha (TNF-a) gene operably linked to a
constitutive CMV promoter.

Figure 6B is a graph showing the ability of intratumorally-injected Ad-
HRPE1A-TNF-a to inhibit tumor growth in this xenograft model. Tumor-
bearing mice were injected with either a replication deficient control vector
(AdCMV-dsRed2; see Figure 5; solid squares) or AHRPE1A-TNF-a (solid
triangles), and tumor volumes were measured at the time points indicated
and compared to tumor volumes on day O (volume at day O set at 1.0).

Detailed Description

The presently claimed subject matter generally relates to methods for
propagating a conditionally replication competent adenovirus vector in a cell
that expresses the transcription factor hypoxia inducible factor 1 (HIF-1). In
one embodiment, the methods involve infecting hypoxic cells, for example a

hypoxic cell in a tumor, with a conditionally replication competent adenovirus

-9-



WO 2004/031357 PCT/US2003/031097

10

15

20

25

30

vector such that the adenovirus vector replicates in the hypoxic cell, killing
the cell.

[N General Considerations

Hypoxia, a state of lower than normal tissue oxygen tension, has
recently been implicated in a host of human diseases, including cancer. It is
prominently involved in tumor growth and development. Specifically,
hypoxia is found to play a critical role in promoting mutagenesis and
selecting for malignant tumor cells. It is also involved in promoting tumor
angiogenesis.

Cellular responses to hypoxia are primarily mediated by the
transcription factor hypoxia inducible factor 1 (HIF-1). Under conditions of
low oxygen, HIF-1 binds to sequences called hypoxia responsive elements
(HREs) that are present in the promoters of certain hypoxia responsive
genes. The binding of HIF-1 to an HRE-containing promoter results in up-
regulated transcription of the associated gene.

The active form of HIF-1 is a heterodimer composed of a regulatory
component (HIF-1a) and the constitutively expressed aryl hydrocarbon
receptor nuclear translocator (ARNT, also called HIF-1B). The regulation of
HIF-1-mediated transcription occurs via post-translational modifications of
HIF-1a that depend upon the oxygen status of the cell. Under normoxic
conditions, HIF-1a is hydroxylated by the enzyme prolyl hydroxylase using
molecular oxygen as the oxygen donor. This hydroxylation allows von
Hippel-Lindau protein (pVHL), which is normally present within the cell, to
bind to HIF-1a, forming a pVHL/HIF-1a complex. The pVHL/HIF-1a
complex is subject to ubiquitylation and degradation in the proteasome.
Under hypoxic conditions, on the other hand, prolyl hydroxylase activity is
much lower due to the relative absence of the oxygen donor. Under these
conditions, HIF-1a is not hydroxylated, VHL/HIF-1o. complexes do not form,
and the steady state level of HIF-1a within the cell increases. HIF-1a is thus
available to form active HIF-1 by complexing with HIF-1B, which results in

the transcription of those genes with HRE-containing promoters.
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HIF-1 binding results in increased expression of several genes,
including transcription factors, growth factors, and cytokines, as well as
genes involved in oxygen transport and iron metabolism, glycolysis and
glucose uptake, and stress-response. In addition, hypoxia regulates cellular
proliferation and migration related to angiogenesis. The vascular endothelial
growth factor (VEGF) gene, the product of which is a critical regulatory factor
in angiogenesis, contains an HRE in its promoter. HIF-1 upregulates the
expression of VEGF and FLT-1, a VEGF receptor. Due to the high growth
rate of the cells that make up a solid tumor, new blood vessels are
constantly needed to provide rapidly growing tumor cells with adequate
nutrients, including oxygen. These newly formed blood vessels frequently
are characterized by abnormalities, such that it is very common to find areas
of tumors in which individual cells fail to be oxygenated sufficiently. In fact,
data suggests that there are localized regions of hypoxia in virtually every
tumor larger than 1 mm?® (Dachs & Tozer, 2000).

IR Definitions

While the following terms are believed to be well understood by one
of ordinary skill in the art, the following definitions are set forth to facilitate
explanation of the presently claimed subject matter.

li.LA. Nucleic acids

The nucleic acid molecules employed in accordance with the
presently claimed subject matter include but are not limited to the isolated
nucleic acid molecules of any one of SEQ ID NOs:1 and 2; sequences
substantially identical to sequences of any one of SEQ ID NOs:1 and 2;
conservative variants thereof, subsequences and elongated sequences
thereof, complementary DNA molecules, and corresponding RNA molecules.
The presently claimed subject matter also encompasses genes, cDNAs,
chimeric genes, and vectors comprising disclosed nucleic acid sequences.

The term "nucleic acid molecule" refers to deoxyribonucleotides or
ribonucleotides and polymers thereof in either single- or double-stranded
form. Unless specifically limited, the term encompasses nucleic acids

containing known analogues of natural nucleotides that have similar
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properties as the reference natural nucleic acid. Unless otherwise indicated,
a particular nucleotide sequence also implicitly encompasses conservatively
modified variants thereof (e.g., degenerate codon substitutions),
complementary sequences, subsequences, elongated sequences, as well as
the sequence explicitly indicated. The terms “nucleic acid molecule” or
“nucleotide sequence” can also be used in place of “gene”, “cDNA”, or
‘mRNA”. Nucleic acids can be derived from any source, including any
organism.

The term “isolated”, as used in the context of a nucleic acid molecule,
indicates that the nucleic acid molecule exists apart from its native
environment and is not a product of nature. An isolated DNA molecule can
exist in a purified form or can exist in a non-native environment such as a
transgenic host cell.

The term "substantially identical”, in the context of two nucleotide
sequences, refers to two or more sequences or subsequences that in one
example have at least 60%, in another example about 70%, in another
example about 80%, in another example about 90-95%, and in yet another
example about 99% nucleotide identity, when compared and aligned for
maximum correspondence, as measured using one of the following
sequence comparison algorithms (described herein below under the heading
“Nucleotide and Amino Acid Sequence Comparisons” or by visual
inspection. In one example, the substantial identity exists in nucleotide
sequences of at least 50 residues, in another example in nucleotide
sequence of at least about 100 residues, in another example in nucleotide
sequences of at least about 150 residues, and in yet another example in
nucleotide sequences comprising complete coding sequences. In one
aspect, polymorphic sequences can be substantially identical sequences.
The term “polymorphic” refers to the occurrence of two or more genetically
determined alternative sequences or alleles in a population. An allelic
difference can be as small as one base pair.

Another indication that two nucleotide sequences are substantially
identical is that the two molecules specifically or substantially hybridize to

-12.-
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each other under stringent conditions. In the context of nucleic acid
hybridization, two nucleic acid sequences being compared can be
designated a “probe” and a “target”. A “probe” is a reference nucleic acid

s,

molecule, and a “target” is a test nucleic acid molecule, often found within a
heterogeneous population of nucleic acid molecules. A “target sequence” is
synonymous with a “test sequence”.

An exemplary nucleotide sequence employed for hybridization studies
or assays includes probe sequences that are complementary to or mimic in
one embodiment at least an about 14 to 40 nucleotide sequence of a nucleic
acid molecule of the presently claimed subject matter. In one example,
probes comprise 14 to 20 nucleotides, or even longer where desired, such
as 30, 40, 50, 60, 100, 200, 300, or 500 nucleotides or up to the full length of
any of those set forth as SEQ ID NOs:1 and 2. Such fragments can be
readily prepared by, for example, directly synthesizing the fragment by
chemical synthesis, by application of nucleic acid amplification technology,
or by introducing selected sequences. into recombinant vectors for
recombinant production. The phrase "hybridizing specifically to" refers to
the binding, duplexing, or hybridizing of a molecule only to a particular
nucleotide sequence under stringent conditions when that sequence is
present in a complex nucleic acid mixture (e.g., total cellular DNA or RNA).
The phrase ‘“hybridizing substantially to” refers to complementary
hybridization between a probe nucleic acid molecule and a target nucleic
acid molecule and embraces minor mismatches that can be accommodated
by reducing the stringency of the hybridization media to achieve the desired
hybridization.

"Stringent hybridization conditions" and "stringent hybridization wash
conditions" in the context of nucleic acid hybridization experiments such as
Southern and Northern blot analysis are both sequence- and environment-
dependent. Longer sequences hybridize specifically at higher temperatures.
An extensive guide to the hybridization of nucleic acids is found in Tijssen,
1993. Generally, highly stringent hybridization and wash conditions are

selected to be about 5°C lower than the thermal melting point (Ty,) for the
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specific sequence at a defined ionic strength and pH. Typically, under
"stringent conditions" a probe will hybridize specifically to its target
subsequence, but to no other sequences.

The Tn, is the temperature (under defined ionic strength and pH) at
which 50% of the target sequence hybridizes to a perfectly matched probe.
Very stringent conditions are selected to be equal to the T, for a particular
probe. An example of stringent hybridization conditions for Southern or
Northern Blot analysis of complementary nucleic acids having more than
about 100 complementary residues is overnight hybridization in 50%
formamide with 1 mg of heparin at 42°C. An example of highly stringent
wash conditions is 15 minutes in 0.1x SSC, SM NaCl at 65°C. An example
of stringent wash conditions is 15 minutes in 0.2X SSC buffer at 65°C (see
Sambrook and Russell, 2001 for a description of SSC buffer). Often, a high
stringency wash is preceded by a low stringency wash to remove
background probe signal. An example of medium stringency wash
conditions for a duplex of more than about 100 nucleotides, is 15 minutes in
1X SSC at 45°C. An example of low stringency wash for a duplex of more
than about 100 nucleotides, is 15 minutes in 4-6X SSC at 40°C. For short
probes (e.g., about 10 to 50 nucleotides), stringent conditions typically
involve salt concentrations of less than about 1M Na® ion, typically about
0.01 to 1M Na® ion concentration (or other salts) at pH 7.0-8.3, and the
temperature is typically at least about 30°C. Stringent conditions can also be
achieved with the addition of destabilizing agents such as formamide. In
general, a signal to noise ratio of 2-fold (or higher) than that observed for an -
unrelated probe in the particular hybridization assay indicates detection of a
specific hybridization.

The following are examples of hybridization and wash conditions that
can be used to clone homologous nucleotide sequences that are
substantially identical to reference nucleotide sequences of the presently
claimed subject matter: a probe nucleotide sequence hybridizes in one
example to a target nucleotide sequence in 7% sodium dodecyl sulfate
(SDS), 0.5M NaPO,, 1 mm EDTA at 50°C followed by washing in 2X SSC,
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0.1% SDS at 50°C; in another example, a probe and target sequence
hybridize in 7% sodium dodecyl sulfate (SDS), 0.5M NaPO,, 1 mm EDTA at
50°C followed by washing in 1X SSC, 0.1% SDS at 50°C; in another
example, a probe and target sequence hybridize in 7% sodium dodecyl
sulfate (SDS), 0.5M NaPQ,4, 1 mm EDTA at 50°C followed by washing in
0.5X SSC, 0.1% SDS at 50°C; in another example, a probe and target
sequence hybridize in 7% sodium dodecyl sulfate (SDS), 0.5M NaPQq, 1
mm EDTA at 50°C followed by washing in 0.1X SSC, 0.1% SDS at 50°C; in
yet another example, a probe and target sequence hybridize in 7% sodium
dodecyl sulfate (SDS), 0.5M NaPO4, 1 mm EDTA at 50°C followed by
washing in 0.1X SSC, 0.1% SDS at 65°C.

A further indication that two nucleic acid sequences are substantially
identical is that proteins encoded by the nucleic acids are substantially
identical, share an overall three-dimensional structure, are biologically
functional equivalents, or are immunologically cross-reactive. These terms
are defined further under the heading “Polypeptides” herein below. Nucleic
acid molecules that do not hybridize to each other under stringent conditions
are still substantially identical if the corresponding proteins are substantially
identical. This can occur, for example, when two nucleotide sequences are
significantly degenerate as permitted by the genetic code.

The term “conservatively substituted variants” refers to nucleic acid
sequences having degenerate codon substitutions wherein the third position
of one or more selected (or all) codons is substituted with mixed-base and/or
deoxyinosine residues (Ohtsuka et al., 1985; Batzer et al., 1991; Rossolini et
al., 1994)

The term “subsequence” refers to a sequence of nucleic acids that
comprises a part of a longer nucleic acid sequence. An exemplary
subsequence is a probe, described herein above, or a primer. The term
"primer" as used herein refers to a contiguous sequence comprising in one
example about 8 or more deoxyribonucleotides or ribonucleotides, in another
example 10-20 nucleotides, and in yet another example 20-30 nucleotides of

a selected nucleic acid molecule. The primers of the presently claimed
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subject matter encompass oligonucleotides of sufficient length and
appropriate sequence so as to provide initiation of polymerization on a
nucleic acid molecule of the presently claimed subject matter.

The term “elongated sequence” refers to an addition of nucleotides
(or other analogous molecules) incorporated into the nucleic acid. For
example, a polymerase (e.g., a DNA polymerase) can add sequences at the
3' terminus of the nucleic acid molecule. In addition, the nucleotide
sequence can be combined with other DNA sequences, such as promoters,
promoter regions, enhancers, polyadenylation signals, intronic sequences,
additional restriction enzyme sites, multiple cloning sites, and other coding
segments.

The term “complementary sequences”, as used herein, indicates two
nucleotide sequences that comprise antiparallel nucleotide sequences
capable of pairing with one another upon formation of hydrogen bonds
between base pairs. As used herein, the term “complementary sequences”
means nucleotide sequences which are substantially complementary, as can
be assessed by the same nucleotide comparison set forth above, or is
defined as being capable of hybridizing to the nucleic acid segment in
question under relatively stringent conditions such as those described
herein. A particular example of a complementary nucleic acid segment is an
antisense oligonucleotide.

The term “gene” refers broadly to any segment of DNA associated
with a biological function. A gene encompasses sequences including but not
limited to a coding sequence, a promoter region, a transcriptional regulatory
sequence, a non-expressed DNA segment that is a specific recognition
sequence for regulatory proteins, a non-expressed DNA segment that
contributes to gene expression, a DNA segment designed to have desired
parameters, or combinations thereof. A gene can be obtained by a variety of
methods, including cloning from a biological sample, synthesis based on
known or predicted sequence information, and recombinant derivation of an

existing sequence.
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The term “gene expression” generally refers to the cellular processes
by which a biologically active polypeptide is produced from a DNA
sequence.

The presently claimed subject matter can also employ chimeric
genes. The term “chimeric gene”, as used herein, refers to a promoter
region operatively linked to a nucleotide sequence encoding a therapeutic
polypeptide; a nucleotide sequence producing an antisense RNA molecule;
a RNA molecule having tertiary structure, such as a hairpin structure; or a
double-stranded RNA molecule.

The terms “operatively linked” and “operably linked”, as used herein,
refer to a promoter region that is connected to a nucleotide sequence in
such a way that the transcription of that nucleotide sequence is controlled
and regulated by that promoter region. Similarly, a nucleotide sequence is
said to be under the “transcriptional control” of a promoter to which it is
operably linked. Techniques for operatively linking a promoter region to a
nucleotide sequence are known in the art.

The terms "heterologous gene", “heterologous DNA sequence”,
"heterologous nucleotide sequence”, "exogenous nucleic acid molecule”, or
“exogenous DNA segment’, as used herein, each refer to a sequence that
originates from a source foreign to an intended host cell or, if from the same
source, is modified from its original form. Thus, a heterologous gene in a
host cell includes a gene that is endogenous to the particular host cell but
has been modified, for example by mutagenesis or by isolation from native
transcriptional regulatory sequences. The terms also include non-naturally
occurring multiple copies of a naturally occurring nucleotide sequence.
Thus, the terms refer to a DNA segment that is foreign or heterologous to
the cell, or homologous to the cell but in a position within the host cell
nucleic acid wherein the element is not ordinarily found.

The term “construct” as used herein means a DNA sequence capable
of directing expression of a particular nucleotide sequence in an appropriate
host cell, comprising a promoter operatively linked to the nucleotide

sequence of interest which is operatively linked to termination signals. |t
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also typically comprises sequences required for proper translation of the
nucleotide sequence. The construct comprising the nucleotide sequence of
interest can be chimeric. The construct can also be one that is naturally
occurring but has been obtained in a recombinant form useful for
heterologous expression.

The term “promoter” or “promoter region” each refers to a nucleotide
sequence within a gene that is positioned 5' to a coding sequence of a same
gene and functions to direct transcription of the coding sequence. The
promoter region comprises a transcriptional start site, and can additionally
include one or more transcriptional regulatory elements. In one
embodiment, a method of the presently claimed subject matter employs a
hypoxia inducible promoter.

A “minimal promoter” is a nucleotide sequence that has the minimal
elements required to enable basal level transcription to occur. As such,
minimal promoters are not complete promoters but rather are subsequences
of promoters that are capable of directing a basal level of transcription of a
reporter construct in an experimental system. Minimal promoters include but
are not limited to the CMV minimal promoter, the HSV-tk minimal promoter,
the simian virus 40 (SV40) minimal promoter, the human b-actin minimal
promoter, the human EF2 minimal promoter, the adenovirus E1B minimal
promoter, and the heat shock protein (hsp) 70 minimal promoter. Minimal
promoters are often augmented with one or more transcriptional regulatory
elements to influence the transcription of an operably linked gene. For
example, cell-type-specific or tissue-specific transcriptional regulatory
elements can be added to minimal promoters to create recombinant
promoters that direct transcription of an operably linked nucleotide sequence
in a cell-type-specific or tissue-specific manner. In one embodiment of the
presently claimed subject matter, a hypoxia inducible promoter comprises
the CMV minimal promoter linked to five tandem copies of the HRE from the
human VEGF promoter.

Different promoters have different combinations of transcriptional
regulatory elements. Whether or not a gene is expressed in a cell is
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dependent on a combination of the particular transcriptional regulatory
elements that make up the gene’s promoter and the different transcription
factors that are present within the nucleus of the cell. As such, promoters
are often classified as “constitutive”, “tissue-specific”, “cell-type-specific”, or
“inducible”, depending on their functional activities in vivo or in vitro. For
example, a constitutive promoter is one that is capable of directing
transcription of a gene in a variety of cell types. Exemplary constitutive
promoters include the promoters for the following genes which encode
certain  constitutive or "housekeeping" functions:  hypoxanthine
phosphoribosyl transferase (HPRT), dihydrofolate reductase (DHFR;
(Scharfmann et al., 1991), adenosine deaminase, phosphoglycerate kinase
(PGK), pyruvate kinase, phosphoglycerate mutase, the B-actin promoter
(see e.g., Williams et al., 1993), and other constitutive promoters known to
those of skill in the art. “Tissue-specific” or “cell-type-specific” promoters, on
the other hand, direct transcription in some tissues and cell types but are
inactive in others. Exemplary tissue-specific promoters include the PSA
promoter (Yu et al., 1999; Lee et al, 2000), the probasin promoter
(Greenberg et al., 1994; Yu et al., 1999), and the MUC1 promoter (Kurihara
et al., 2000) as discussed above, as well as other tissue-specific and cell-
type specific promoters known to those of skill in the art.

An “inducible” promoter is one for which the transcription level of an
operably linked gene varies based on the presence of a certain stimulus.
Genes that are under the control of inducible promoters are expressed only,
or to a greater degree, in the presence of an inducing agent, (e.g.,
transcription under control of the metallothionein promoter is greatly
increased in presence of certain metal ions). Inducible promoters include
transcriptional regulatory elements (TREs), which stimulate transcription
when their inducing factors are bound. For example, there are TREs for
serum factors, steroid hormones, retinoic acid and cyclic AMP. Promoters
containing a particular TRE can be chosen in order to obtain an inducible
response, and in some cases, the TRE itself can be attached to a different

promoter, thereby conferring inducibility to the recombinant gene. In one
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embodiment of the presently claimed subject matter, an adenovirus vector
comprises a hypoxia inducible promoter that confers HIF-1-mediated
inducibility to an adenovirus gene.

As used herein, the term “hypoxia inducible promoter” refers to a
promoter that contains hypoxia responsive elements such that the active
form of HIF-1, if present, will bind and cause the transcription of an operably
linked nucleotide sequence to be enhanced above basal levels. As such, a
hypoxia inducible promoter is one from which under normoxic conditions an
operably linked nucleotide sequence is transcribed at basal levels or below
due to the absence of active HIF-1.

In addition, as used herein with regard to the presently claimed
subject matter, the presence of active HIF-1 in a cell includes not only
conditions wherein the cell experiences hypoxia, but also includes any other
condition where the active form of HIF-1 accumulates and is available to
bind an HRE. Such other conditions include conditions wherein the
interaction between HIF-1a and pVHL, and hence the ubiquitylation and
degradation of HIF-1a, does not occur. For example, active HIF-1 can be
formed as a result of a modification in the activity of a prolyl hydroxylase
polypeptide (e.g. a mutation) such that the hydroxylation of HIF-1o does not
occur. Alternatively, in cells that lack pVHL, active HIF-1 accumulates (see
e.g., Clifford & Maher, 2001). “Normoxic conditions” or “normoxia” refer to a
state of normal oxygen saturation in which the HIF-1a polypeptide is
hydroxylated by prolyl hydroxylase as described above, and thus a cell does
not accumulate the active form of HIF-1.

When used in the context of a promoter, the term “linked” as used
herein refers to a physical proximity of promoter elements such that they
function together to direct transcription of an operably linked nucleotide
sequence. In one embodiment of the presently claimed subject matter, a
minimal promoter is linked to an HRE, resulting in hypoxia inducible
transcription of an adenovirus gene in a cell containing active HIF-1

transcription factor.
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The term “transcriptional regulatory sequence” or “transcriptional
regulatory element”, as used herein, each refers to a nucleotide sequence
within the promoter region that enables responsiveness to a regulatory
transcription factor. Responsiveness can encompass a decrease or an
increase in transcriptional output and is mediated by binding of the
transcription factor to the DNA molecule comprising the transcriptional
regulatory element. In one example, a transcriptional regulatory element is
an HRE.

The term *“transcription factor” generally refers to a protein that
modulates gene expression by interaction with the transcriptional regulatory
element and cellular components for transcription, including RNA
Polymerase, Transcription Associated Factors (TAFs), chromatin-remodeling
proteins, and any other relevant protein that impacts gene transcription.

The terms “reporter gene” or “marker gene” or “selectable marker”
each refer to a heterologous gene encoding a product that is readily
observed and/or quantitated. A reporter gene is heterologous in that it
originates from a source foreign to an intended host cell or, if from the same
source, is modified from its original form. Non-limiting examples of
detectable reporter genes that can be operatively linked to a transcriptional
regulatory region can be found in Alam & Cook (1990) Anal Biochem
188:245-254 and PCT International Publication No. WO 97/47763.
Exemplary reporter genes for transcriptional analyses include the /lacZ gene
(see e.g., Rose & Botstein (1983) Meth Enzymol 101:167-180), Green
Fluorescent Protein (GFP; Cubitt et al., 1995), luciferase, and
chloramphenicol acetyl transferase (CAT). Reporter genes for methods to
produce transgenic animals include but are not limited to antibiotic
resistance genes, for example the antibiotic resistance gene confers
neomycin resistance. Any suitable reporter and detection method can be
used, and it will be appreciated by one of skill in the art that no particular
choice is essential to or a limitation of the presently claimed subject matter.

An amount of reporter gene can be assayed by any method for
qualitatively or quantitatively determining presence or activity of the reporter
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gene product. The amount of reporter gene expression directed by each
test promoter region fragment is compared to an amount of reporter gene
expression to a control construct comprising the reporter gene in the
absence of a promoter region fragment. A promoter region fragment is
identified as having promoter activity when there is significant increase in an
amount of reporter gene expression in a test construct as compared to a
control construct. The term “significant increase”, as used herein, refers to
an quantified change in a measurable quality that is larger than the margin of
error inherent in the measurement technique, in one example an increase by
about 2-fold or greater relative to a control measurement, in another
example an increase by about 5-fold or greater, and in yet another example
an increase by about 10-fold or greater.

The presently claimed subject matter further includes adenovirus
vectors comprising the disclosed nucleotide sequences. The term “vector”,
as used herein refers to a DNA molecule having sequences that enable the
transfer}Jf those sequences to a compatible host cell. A vector also includes
nucleotide sequences to permit ligation of nucleotide sequences within the
vector, wherein such nucleotide sequences are also replicated in a
compatible host cell. A vector can also mediate recombinant production of a
therapeutic polypeptide, as described further herein below.

Nucleic acids of the presently claimed subject matter can be cloned,
synthesized, recombinantly altered, mutagenized, or combinations thereof.
Standard recombinant DNA and molecular cloning techniques used to
isolate nucleic acids are known in the art. Exemplary, non-limiting methods
are described by Silhavy et al., 1984; Ausubel et al., 1992; Glover & Hames,
1995; and Sambrook & Russell, 200). Site-specific mutagenesis to create
base pair changes, deletions, or small insertions is also known in the art as
exemplified by publications (see e.g., Adelman et al., 1983; Sambrook &
Russell, 2001).

II.B. Polypeptides

The polypeptides employed in accordance with the presently claimed
subject matter include but are not limited to a therapeutic polypeptide as
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defined herein below; a polypeptide substantially identical to a therapeutic
polypeptide as defined herein below; a polypeptide fragment of a therapeutic
polypeptide as defined herein below (in one embodiment biologically
functional fragments), fusion proteins comprising a therapeutic polypeptide
as defined herein below, biologically functional analogs thereof, and
polypeptides that cross-react with an antibody that specifically recognizes a
therapeutic polypeptide as defined herein below. The polypeptides
employed in accordance with the presently claimed subject matter include
but are not limited to isolated polypeptides, polypeptide fragments, fusion
proteins comprising the disclosed amino acid sequences, biologically
functional analogs, and polypeptides that cross-react with an antibody that
specifically recognizes a disclosed polypeptide.

The term “isolated”, as used in the context of a polypeptide, indicates
that the polypeptide exists apart from its native environment and is not a
product of nature. An isolated polypeptide can exist in a purified form or can
exist in a non-native environment such as, for example, in a transgenic host
cell.

The term “substantially identical” in the context of two or more
polypeptide sequences is measured as polypeptide sequences having in
one example about 35%, or 45%, in another example from 45-55%, and in
another example 55-65% of identical or functionally equivalent amino acids.
In another example, two or more “substantially identical” polypeptide
sequences will have about 70%, or in another example about 80%, in
another example about 90%, in another example about 95%, and in yet
another example ‘about 99% identical or functionally equivalent amino acids.
Percent “identity” and methods for determining identity are defined herein
below under the heading “Nucleotide and Amino Acid Sequence
Comparisons”.

Substantially identical polypeptides also encompass two or more
polypeptides sharing a conserved three-dimensional structure.
Computational methods can be used to compare structural representations,
and structural models can be generated and easily tuned to identify
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similarities around important active sites or ligand binding sites (see Barton,
1998; Saqi et al., 1999; Henikoff et al., 2000; Huang et al., 2000).

The term “functionally equivalent” in the context of amino acid
sequences is known in the art and is based on the relative similarity of the
amino acid side-chain substituents (see Henikoff & Henikoff, 2000).
Relevant factors for consideration include side-chain hydrophobicity,
hydrophilicity, charge, and size. For example, arginine, lysine, and histidine
are all positively charged residues; that alanine, glycine, and serine are all of
similar size; and that phenylalanine, tryptophan, and tyrosine all have a
generally similar shape. By this analysis, described further herein below,
arginine, lysine, and histidine; alanine, glycine, and serine; and
phenylalanine, tryptophan, and tyrosine; are defined herein as biologically
functional equivalents.

In making biologically functional equivalent amino acid substitutions,
the hydropathic index of amino acids can be considered. Each amino acid
has been assigned a hydropathic index on the basis of their hydrophobicity
and charge characteristics, these are: isoleucine (+4.5); valine (+4.2);
leucine (+3.8); phenylalanine (+2.8); cysteine (+2.5); methionine (+1.9);
alanine (+1.8); glycine (-0.4); threonine (-0.7); serine (-0.8); tryptophan
(-0.9); tyrosine (-1.3); proline (-1.6); histidine (-3.2); glutamate (-3.5);
glutamine (-3.5); aspartate (-3.5); asparagine (-3.5); lysine (-3.9); and
arginine (-4.5).

The importance of the hydropathic amino acid index in conferring
interactive biological function on a protein is generally understood in the art
(Kyte & Doolittle, 1982). It is known that certain amino acids can be
substituted for other amino acids having a similar hydropathic index or score
and still retain a similar biological activity. In making changes based upon
the hydropathic index, the substitution of amino acids involves in one
example those with hydropathic indices within +2 of the original value, in
another example those within £1 of the original value, and in yet another

example those within £0.5 of the original value.
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It is also understood in the art that the substitution of like amino acids
can be made effectively on the basis of hydrophilicity. U.S. Patent No.
4,554,101 states that the greatest local average hydrophilicity of a protein,
as governed by the hydrophilicity of its adjacent amino acids, correlates with
its immunogenicity and antigenicity, e.g., with a biological property of the
protein. It is understood that an amino acid can be substituted for another
having a similar hydrophilicity value and still obtain a biologically equivalent
protein.

As detailed in U.S. Patent No. 4,554,101, the following hydrophilicity
values have been assigned to amino acid residues: arginine (+3.0); lysine
(+3.0); aspartate (+3.0 £ 1); glutamate (+3.0 = 1); serine (+0.3); asparagine
(+0.2); glutamine (+0.2), glycine (0); threonine (-0.4); proline (-0.5 £ 1);
alanine (-0.5); histidine (-0.5); cysteine (-1.0); methionine (-1.3); valine (-1.5);
leucine (-1.8); isoleucine (-1.8); tyrosine (-2.3); phenylalanine (-2.5);
tryptophan (-3.4).

In making changes based upon similar hydrophilicity values, the
substitution of amino acids is in one example those with hydrophilicity values
within £2 of the original value, in another example those within +1 of the
original value, and in yet another example those within £0.5 of the original
value.

The methods of the presently claimed subject matter can also employ
polypeptide fragments or functional portions of a polypeptide, such as an
interleukin polypeptide. Such functional portion need not comprise all or
substantially all of the amino acid sequence of a native gene product. The
term “functional” includes any biological activity or feature of the polypeptide.
In the case of an interleukin polypeptide, the biological activity is for example
an immunostimulatory or anti-angiogenic activity in vivo as disclosed herein.

The presently claimed subject matter also includes longer sequences
of a therapeutic polypeptide. For example, one or more amino acids can be
added to the N-terminus or C-terminus of the polypeptide. Fusion proteins
comprising therapeutic polypeptide sequences (for example, interleukin
polypeptide sequences) are also provided within the scope of the presently
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claimed subject matter. Methods of preparing such proteins are known in
the art. In one example, the fusion protein includes any biological activity of
a therapeutic polypeptide. In the case of an interleukin polypeptide, the
biological activity is in one embodiment any biological activity of a native
interleukin, for example, an immunostimulatory or anti-angiogenic activity in
vivo as disclosed herein. Optionally, a fusion protein can have additional
biological activities provided by the fused heterologous sequence.

The presently claimed subject matter also encompasses functional
analogs of a therapeutic polypeptide. Functional analogs share at least one
biological function with a therapeutic polypeptide (for example, an interleukin
polypeptide). In the context of amino acid sequence, biologically functional
analogs, as used herein, are peptides in which certain, but not most or all, of
the amino acids can be substituted. Functional analogs can be created at
the level of the corresponding nucleic acid molecule, altering such sequence
to encode desired amino acid changes. In one embodiment, changes can
be introduced to improve a biological function of the polypeptide, e.g., to
improve the therapeutic effectiveness of the polypeptide (for example, an
interleukin polypeptide).

The presently claimed subject matter also encompasses recombinant
production of the disclosed polypeptides. Briefly, a nucleic acid sequence
encoding a therapeutic polypeptide, is cloned into a construct, the construct
is introduced into a host organism, where it is recombinantly produced.

The term “host organism” refers to any organism into which a
disclosed adenovirus vector has been introduced. In one embodiment, the
host organism is a warm-blooded vertebrate, in another embodiment, a
mammal.

" 1.C. Nucleotide and Amino Acid Sequence Comparisons

The terms "identical" or percent "identity” in the context of two or more
nucleotide or polypeptide sequences, refer to two or more sequences or
subsequences that are the same or have a specified percentage of amino

acid residues or nucleotides that are the same, when compared and aligned
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for maximum correspondence, as measured using one of the sequence
comparison algorithms disclosed herein or by visual inspection.

The term “substantially identical” in regards to a nucleotide or
polypeptide sequence means that a particular sequence varies from the
sequence of a naturally occurring sequence by one or more deletions,
substitutions, or additions, the net effect of which is to retain at least some of
biological activity of the natural gene, gene product, or sequence. Such
sequences include “mutant” sequences, or sequences wherein the biological
activity is altered to some degree but retains at least some of the original
biological activity. The term “naturally occurring”, as used herein, is used to
describe a composition that can be found in nature as distinct from being
artificially produced by man. For example, a protein or nucleotide sequence
present in an organism, which can be isolated from a source in nature and
which has not been intentionally modified by man in the laboratory, is
naturally occurring.

For sequence comparison, typically one sequence acts as a
reference sequence to which test sequences are compared. When using a
sequence comparison algorithm, test and reference sequences are entered
into a computer program, subsequence coordinates are designated if
necessary, and sequence algorithm program parameters are selected. The
sequence comparison algorithm then calculates the percent sequence
identity for the designated test sequence(s) relative to the reference
sequence, based on the selected program parameters.

Optimal alignment of sequences for comparison can be conducted, e.g., by
the local homology algorithm of Smith & Waterman (1981), by the homology
alignment algorithm of Needleman & Wunsch (1970), by the search for
similarity method of Pearson & Lipman (1988), by computerized
implementations of these algorithms (GAP, BESTFIT, FASTA, and TFASTA
in the GCG® WISCONSIN PACKAGE®, available from Accelrys, Inc., San
Diego, California, United States of America), or by visual inspection (see

generally, Ausubel et al., 1992).
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An exemplary algorithm for determining percent sequence identity
and sequence similarity is the BLAST algorithm, which is described in
Altschul et al., 1990. Software for performing BLAST analyses is publicly
available through the National Center for Biotechnology Information
(http://www.ncbi.nim.nih.gov/). This algorithm involves first identifying high
scoring sequence pairs (HSPs) by identifying short words of length W in the
query sequence, which either match or satisfy some positive-valued
threshold score T when aligned with a word of the same length in a
database sequence. T is referred to as the neighborhood word score
threshold. These initial neighborhood word hits act as seeds for initiating
searches to find longer HSPs containing them. The word hits are then
extended in both directions along each sequence for as far as the
cumulative alignment score can be increased. Cumulative scores are
calculated using, for nucleotide sequences, the parameters M (reward score
for a pair of matching residues; always > 0) and N (penalty score for
mismatching residues; always < 0). For amino acid sequences, a scoring
matrix is used to calculate the cumulative score. Extension of the word hits
in each direction are halted when the cumulative alignment score falls off by
the quantity X from its maximum achieved value, the cumulative score goes
to zero or below due to the accumulation of one or more negative-scoring
residue alignments, or the end of either sequence is reached. The BLAST
algorithm parameters W, T, and X determine the sensitivity and speed of the
alignment. The BLASTN program (for nucleotide sequences) uses as
defaults a wordlength W=11, an expectation E=10, a cutoff of 100, M=5, N=-
4, and a comparison of both strands. For amino acid sequences, the
BLASTP program uses as defaults a wordlength (W) of 3, an expectation (E)
of 10, and the BLOSUMG62 scoring matrix (see Henikoff & Henikoff, 1992).

In addition to calculating percent sequence identity, the BLAST
algorithm also performs a statistical analysis of the similarity between two
sequences (see e.g., Karlin & Altschul, 1993). One measure of similarity
provided by the BLAST algorithm is the smallest sum probability (P(N)),
which provides an indication of the probability by which a match between
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two nucleotide or amino acid sequences would occur by chance. For
example, a test nucleic acid sequence is considered similar to a reference
sequence if the smallest sum probability in a comparison of the test nucleic
acid sequence to the reference nucleic acid sequence is less than about 0.1
in one example, less than about 0.01 in another example, and less than

about 0.001 in yet another example.

1. Adenovirus Vectors

In one embodiment, an adenovirus vector of the presently claimed
subject matter is conditionally replication competent. That is, they contain
one or more functional genes required for their replication placed under the
transcriptional control of an inducible promoter. This retards uncontrolled
replication in vivo and reduces undesirable side effects of viral infection.
Replication competent self-limiting or self-destructing viral vectors can also
be used, as can replication deficient viral vectors.

Incorporation of a nucleic acid construct into a viral genome can be
optionally performed by ligating the construct into an appropriate restriction
site in the genome of the virus. Viral genomes can then be packaged into
viral coats or capsids by any suitable procedure. In particular, any suitable
packaging cell line can be used to generate viral vectors of the presently
claimed subject matter. These packaging lines complement the conditionally
replication deficient viral genomes of the presently claimed subject matter,
as they include, typically incorporated into their genomes, the genes which
have been put under an inducible promoter deleted in the conditionally
replication competent vectors. Thus, the use of packaging lines allows viral
vectors of the presently claimed subject matter to be generated in culture.

The adenovirus vectors of the presently claimed subject matter are
designed to replicate preferentially in a cell expressing high levels of HIF-1,
including, but not limited to, a cell present in a hypoxic region of a tumor.
This can be accomplished by putting an adenovirus gene essential for
replication under the transcriptional control of a hypoxia responsive promoter
(HRP). The ability of this promoter to preferentially direct transcription in
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hypoxic cells was assessed by producing a plasmid that contained the
promoter operatively linked to an enhanced green fluorescent protein
(EGFP) coding sequence as described in Example 1. The HRP-EGFP
construct was used to establish stable sublines from two tumor cell lines:
HCT116, a human colon carcinoma cell line; and 4T1, a murine mammary
adenocarcinoma. Cells grown in normoxic conditions failed to express
EGFP. Cells from stably transduced sublines exposed to hypoxic conditions
(with oxygen tension at 0.5 to 1.5%), showed robust expression of EGFP 24
hours after incubation.

In one embodiment, conditional replication competence using
intratumorally-injected constructs provides vector replication in hypoxic
regions of a tumor. A feature of the presently claimed subject matter
pertains to a method for effectively focusing vector distribution and
replication to the hypoxic cells in the vicinity of the site of provision. /n vivo
intratumoral replication of an adenoviral reporter gene construct was
assessed in a subcutaneous tumor model as described in Example 2.

The ability of the HRP to limit transcription to hypoxic cells was tested
in vivo by establishing subcutaneous tumors in mice with stable sublines as
described in Example 2. Subcutaneous tumors were allowed to grow to 1.0-
1.5 cm in diameter. Tumors were then removed from sacrificed mice and
EGFP expression was detected. The EGFP reporter gene was expressed
exclusively in hypoxic regions of the tumors.

In an effort to maximize intratumoral replication of a hypoxia inducible
vector, and concomitantly minimize potentially immunogenic systemic
replication of the same vector, constructs were developed that employ a
hypoxia responsive promoter. As disclosed herein, high intratumoral
replication of the vector can be achieved while replication in surrounding
cells is substantially eliminated. Thus, in one embodiment of the presently
claimed subject matter, HIF-1 inducible replication of an adenovirus vector in
a tumor can result in suppression of tumor growth.

Any hypoxia inducible promoter can be used in accordance with the
methods of the presently claimed subject matter, including but not limited to
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a recombinant promoter comprising a minimal promoter linked to an HIF-1
binding sequence. In one example, an HIF-1 binding sequence is an HRE.
HREs have been found in the promoters of several hypoxia inducible genes,
including phosphoglycerate kinase-1 (Firth et al., 1994; Semenza et al,,
1994), erythropoietin (Pugh et al., 1991; Semenza et al., 1991), and VEGF
(Liu et al., 1995; Forsythe et al., 1996).

For genes that are upregulated in response to hypoxia, wherein the
precise sequence that confers hypoxia inducibility has not been determined,
the responsive sequence can be defined by methods known to one of
ordinary skill in the art. Within a candidate promoter region, the presence of
regulatory proteins bound to a nucleic acid sequence can be detected using
a variety of methods well known to those skilled in the art (Ausubel et al.,
1992). Briefly, in vivo footprinting assays demonstrate protection of DNA
sequences from chemical and enzymatic modification within living or
permeabilized cells. Similarly, in vitro footprinting assays show protection of
DNA sequences from chemical or enzymatic modification using protein
extracts. Nitrocellulose filter-binding assays and gel electrophoresis mobility
shift assays (EMSAs) track the presence of radiolabeled regulatory DNA
elements based on provision of candidate transcription factors. Computer
analysis programs, for example TFSEARCH version 1.3 (Yutaka Akiyama:
"TFSEARCH:  Searching  Transcription  Factor Binding  Sites",
http://www.rwcp.or.jp/papia/), can also be used to locate consensus
sequences of known transcriptional regulatory elements within a genomic
region.

A hypoxia inducible promoter of the presently claimed subject matter
can be concatamerized or combined with additional elements to amplify
transcriptional activity. In one embodiment of the presently claimed
subject matter, the hypoxia inducible promoter comprises five tandem copies
of the HRE from the human VEGF gene linked to the CMV minimal

promoter.
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Alternatively or in addition, the hypoxia inducible promoter can be
combined with an element that acts as an enhancer of mRNA translation. In
one embodiment, an enhancer of mMRNA translation is an HRE.

A hypoxia inducible promoter of the presently claimed subject matter
can further be responsive to non-hypoxia stimuli that can be used in
combined therapy treatments as disclosed herein. For example, the mortalin
promoter is induced by low doses of ionizing radiation (Sadekova et al.,
1997), the hsp27 promoter is activated by 17B-estradiol and estrogen
receptor agonists (Porter et al.,, 2001), the HLA-G promoter is induced by
arsenite, and hsp promoters can be activated by photodynamic therapy
(Luna et al., 2000). Thus, a hypoxia inducible promoter used in accordance
with the presently claimed subject matter can comprise additional inducible
features or additional DNA elements that support combined therapy
treatments. Virus administration can be provided before, during, or after
radiotherapy; before, during, or after chemotherapy; and/or before, during, or
after photodynamic therapy.

A hypoxia inducible promoter can be derived from any biological
source, including from a source that is heterologous to the intended subject
to be treated. As one example, the human VEGF promoter can direct
efficient hypoxia inducible expression in bovine pulmonary artery endothelial
(BPAE) cells (Liu et al., 1995).

IV. Transgenes

The methods of the presently claimed subject matter employ
adenovirus vectors to replicate in cells, thereby causing lysis of the cells. In
order to more efficiently kill a cell that contains an adenovirus vector, the
presently claimed subject matter also provides adenovirus vectors
comprising a transgene. In accordance with the presently claimed subject
matter, a transgene can comprise a therapeutic gene, including, but not
limited to a tumor suppressor gene, an apoptosis-inducing gene, an anti-
angiogenic gene, a suicide prodrug converting enzyme gene, a bacterial
toxin gene, an antisense gene, a tumor suppressor gene, an

immunostimulatory gene, or combinations thereof.
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As used herein, the term “transgene” refers to any nucleotide
sequence to be introduced into a cell, thereby allowing the nucleotide
sequence to be expressed in the cell. A transgene can include a gene that
is partly or entirely heterologous (i.e. foreign) to the organism from which the
cell was derived, or can be a nucleotide sequence identical or homologous
to a gene already contained within the cell. In one embodiment of the
presently claimed subject matter, a transgene comprises a therapeutic gene.

In one embodiment of the presently claimed subject matter, a
transgene is encoded by a conditionally replication competent adenovirus
vector. However, the number of exogenous nucleotides that can be
efficiently packaged into an adenovirus virion is about 2000 base pairs.
Thus, a conditionally replication competent adenovirus vector of the
presently claimed subject matter can optionally comprise a transgene of no
more than about 1.4-1.6 kilobases (kb), in addition to promoter and
polyadenylation sequences that are essential for each transgene.
Transgenes larger than this are typically provided by other mechanisms. As
disclosed herein below, in one embodiment of the presently claimed subject
matter, a method is provided wherein a transgene is delivered by a
replication deficient adenovirus vector, which itself becomes replicate-
competent in cells where the replication competent virus is present. This
occurs because the essential early gene products deleted from the former
are provided for by the latter.

The methods of the presently claimed subject matter can be used to
cause cell death by adenovirus vector replication, which results in cell lysis.
An adenovirus vector of the presently claimed subject matter can additionally
include a transgene comprising a nucleic acid molecule that encodes a
polypeptide having a therapeutic biological activity (also referred to herein as
a “therapeutic polypeptide”). Exemplary therapeutic polypeptides include but
are not limited to immunostimulatory molecules, tumor suppressor gene
products/antigens, suicide gene products, and anti-angiogenic factors (see
Mackensen et al, 1997, Walther & Stein, 1999; Kirk & Mule, 2000 and

references cited therein).
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Angiogenesis and suppressed immune response play a central role in
the pathogenesis of malignant disease and tumor growth, invasion, and
metastasis. Thus, in one example, the therapeutic polypeptide has an ability
to induce an immune response and/or an anti-angiogenic response in vivo.
In one embodiment, an adenovirus vector of the presently claimed subject
matter encodes a therapeutic gene that displays both immunostimulatory
and anti-angiogenic activities, for example, IL12 (see Dias et al., 1998, and
references cited herein below), interferon-a (see O'Byrne et al., 2000, and
references cited therein), or a chemokine (see Nomura & Hasegawa, 2000,
and references cited therein). In another embodiment, an adenovirus vector
of the presently claimed subject matter encodes a gene product with
immunostimulatory activity and a gene product having anti-angiogenic
activity (see e.g., Narvaiza et al., 2000).

IL12, optionally in combination with the co-stimulatory agent B7.1, is a
representative therapeutic polypeptide because local application of virus
encoding IL12 or B7.1, as well as the combination of IL12 and B7.1, appear
to improve immune responses against tumors (PUtzer et al., 1997).

In one embodiment, the presently claimed subject matter comprises
an adenovirus vector encoding an IL12 polypeptide capable of eliciting an
immune response and/or an anti-angiogenic response. Interleukin-12 (IL12)
is a disulfide-linked heterodimer composed of 2 subunits: p35 and p40. IL12
stimulates T and NK cells to secrete interferon-gamma (IFN-y) and
augments T and NK cell proliferation and cytolytic activity (Kobayashi et al.,
1989; Wolf et al., 1991; D’Andre et al., 1992; Gately et al., 1994; Robertson
et al., 1992). Through these functions, IL12 promotes early inflammatory
responses and the development of CD4+ T helper (Th1) cells that favor cell-
mediated immunity (Manetti et al., 1993; Hsieh et al.,, 1993). IL12 further
inhibits angiogenesis, possibly through a NK cell-mediated mechanism
(Voest et al., 1995; Majewski et al., 1996; Yao et al., 1999). In one example,
the IL12 polypeptide encoded by a gene therapy construct of the presently
claimed subject matter displays one or more biological properties of a

naturally occurring IL12 polypeptide.
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In another embodiment, the presently claimed subject matter
comprises an adenovirus vector encoding an IL2 polypeptide. L2 is an
immunostimulatory molecule that shows therapeutic activity in a variety of
cancers, including renal cancer, breast cancer, bladder cancer, and
malignant melanoma. The anti-tumor activity of IL2 is related to its capacity
to expand and activate NK cells and T cells that express IL2 receptors (see
e.g., Margolin, 2000; Gore, 1996; Deshmukh et al., 2001; Larchian et al.,
2000; Horiguchi et al., 2000; and references cited therein. IL2 has also been
used successfully when co-administered with anti-tumor vaccines (see
Overwijk et al., 2000, and references cited therein).

In one example, the IL2 polypeptide encoded by an adenovirus vector
of the presently claimed subject matter displays one or more biological
properties of a naturally occurring IL2 polypeptide. IL2-induced proliferation
can be measured, for example, by 3H-thymidine incorporation in CTLL-2
cells, as described in European Patent No. 0 439 095. The biological
properties of an IL2 polypeptide can further be assessed using methods
described in the foregoing publications.

As used herein, the term “suicide gene” refers to a gene that encodes
a polypeptide that causes a cell that produces that polypeptide to die. A
suicide gene can encode a gene that causes cell death directly, for example
by inducing apoptosis. Such a gene is referred to as an “apoptosis-inducing
gene”, and includes, but is not limited to TNF-a (Idriss & Naismith, 2000),
Trail (Srivastava, 2001), Bax, and Bcl-2 (Shen & White, 2001). Other genes
that encode proteins that kill cells directly include bacterial toxin genes,
which are normally found in the genome of certain bacteria and encode
polypeptides (i.e. bacterial toxins) that are toxic to eukaryotic cells. Bacterial
toxins include but are not limited to diphtheria toxin (Frankel et al., 2001).

Alternatively, a suicide gene can encode a polypeptide that converts a
prodrug to a toxic compound. Such suicide prodrug converting enzymes
include, but are not limited to the HSV-tk polypeptide, which converts
ganciclovir to a toxic nucleotide analog (Freeman et al., 1996); cytosine

deaminase, which converts the non-toxic nucleotide analog 5-fluorocytosine
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into a toxic analog, 5-fluorouracil (Yazawa et al., 2002); and cytochrome
p450, which converts certain aliphatic amine N-oxides into toxic metabolites
(Patterson, 2002).

Additionally, a suicide gene can encode a polypeptide that interferes
with a signal transduction cascade involved with cellular survival or
proliferation. Such cascades include, but are not limited to, the cascades
mediated by the Fit1 and Flk1 receptor tyrosine kinases (reviewed in Klohs,
et al., 1997). Polypeptides that can interfere with Flt1 and/or Flk1 signal
transduction include, but are not limited to, a soluble FIt1 receptor (s-Flt1;
Shibuya, 2001) and an extracellular domain of the Flk-1 receptor (ex-Flk1;
Lin et al., 1998).

V. Therapy Methods
A therapeutic method according to the presently claimed subject

matter comprises contacting a hypoxic cell in a tumor with an adenovirus
vector, whereby the vector enters the cell and inhibits tumor growth. For
example, the disclosed adenovirus vectors can be useful in the treatment of
both primary and metastatic solid tumors and carcinomas of the breast;
colon; rectum; lung; oropharynx; hypopharynx; esophagus; stomach;
pancreas; liver; gallbladder; bile ducts; small intestine; urinary tract including
kidney, bladder and urothelium; female genital tract including cervix, uterus,
ovaries, choriocarcinoma and gestational trophoblastic disease; male genital
tract including prostate, seminal vesicles, testes and germ cell tumors;
endocrine glands including thyroid, adrenal, and pituitary; skin including
hemangiomas, melanomas, sarcomas arising from bone or soft tissues and
Kaposi's sarcoma; tumors of the brain, nerves, eyes, and meninges
including astrocytomas, gliomas, glioblastomas, retinoblastomas, neuromas,
neuroblastomas, Schwannomas and meningiomas; solid tumors arising from
hematopoietic malignancies such as leukemias and including chloromas,
plasmacytomas, plaques and tumors of mycosis fungoides and cutaneous T-
cell lymphomal/leukemia; lymphomas including both Hodgkin's and non-

Hodgkin's lymphomas.
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The compositions of the presently claimed subject matter can also be
useful for the prevention of metastases from the tumors described above
either when used alone or in combination with radiotherapeutic,
photodynamic, and/or chemotherapeutic treatments conventionally
administered to patients for treating disorders, including angiogenic
disorders. For example, a tumor can be treated conventionally with surgery,
photodynamic therapy, radiation and/or chemotherapy followed by
administration of the compositions of the presently claimed subject matter to
extend the dormancy of micrometastases and to stabilize and inhibit the
growth of any residual primary tumor. Indeed, virus administration can be
provided before, during, or after radiotherapy; before, during, or after
chemotherapy; and/or before, during, or after photodynamic therapy.

The compositions and methods of the presently claimed subject
matter are not limited to use in cells that have elevated HIF-1 expression
due to hypoxia. They can also be used in any cell in which an HRE can
function to regulate transcription of an operably linked nucleotide sequence.
For example, loss of pVHL function has been reported in a familia
angiomatous syndrome, and also in the majority of sporadic central nervous
system hemangioblastomas and clear cell renal carcinomas (reviewed in
Ivan & Kaelin, 2001). Furthermore, pVHL mutations that have been
associated with renal cell carcinoma and/or hemangioblastomas have all
been shown to interfere with pVHL's ability to regulate HIF-1a activity
(Maxwell et al., 2001). Thus, the compositions and methods of the presently
claimed subject matter are applicable to cells that have lost pVHL function.

In addition, a recent report suggested that HIF-1 accumulates in some
tumor cells even under normoxic conditions. It has long been known that
some cancer cells display high rates of glycolysis under aerobic conditions,
a phenomenon known as the Warburg effect. Evidence suggests that the
Warburg effect is characterized by the accumulation of HIF-1 in transformed
cells in normoxic areas of tumors, leading to glycolysis under aerobic
conditions. Further, the induction of HIF-1 in these cells appears to be
mediated by the pp60°S protein (see Karni et al., 2002), which has been
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implicated in several forms of human cancer (reviewed in Brickell, 1992).
Thus, the compositions and methods of the presently claimed subject matter

are applicable to cells that have elevated pp60°S™

activity.

The elevation of pp60%S™ or the loss of VHL function therefore allows
the HIF-1-selective conditionally replication competent adenovirus vectors to
replicate in tumor cells (e.g. those derived from VHL-deficient clear cell renal
carcinomas) in the absence of hypoxia. Under these circumstances, every
tumor cell is targeted as HIF-1 is activated in every cell.

In one embodiment of the presently claimed subject matter, a method
is provided for inhibiting the growth of a target tissue by co-infecting a cell in
the target tissue with two different adenovirus vectors, one a conditionally
replication competent vector comprising an adenovirus gene under the
transcriptional regulation of an HRE, and the other a replication deficient
adenovirus vector comprising a transgene. The use of a combination
approach offers advantages in that a conditionally replication competent
adenovirus has a capacity for a transgene of only about 2 kb (if the foreign
promoter is small) to carry transgenes. Thus, there is a need to expand the
capacity of an adenovirus vector to carry transgenes, which in many cases
exceed 2 kb. With the use of a replication-deficient virus in conjunction with
the conditionally replication competent virus, the ability to deliver transgenes
can be significantly expanded. In the case of a first generation E1, E3
defective adenovirus vectors, the capacity will be about 8 kb. In the case of
third generation gutless vectors, the capacity will reach approximately 37 kb.
Construction of gutless vectors is described in Mitani et al., 1995; Fisher et
al., 1996; Kochanek et al., 1996; Kumar-Singh & Chamberlain, 1996; Hardy
et al., 1997; Parks & Graham, 1997; Morsy et al., 1998; PCT International
Publication Nos. WO 98/54345; W097/45550; and WO 96/33280; and U.S.
Patent No. 5,871,982.

V.A. Subjects

The subject treated in the presently claimed subject matter in its many

embodiments is desirably a human subject, although it is to be understood

that the principles of the presently claimed subject matter indicate that the
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presently claimed subject matter is effective with respect to invertebrate and
to all vertebrate species, including mammals, which are intended to be
included in the term “subject’. Moreover, a mammal is understood to include
any mammalian species in which treatment or prevention of cancer is
desirable, particularly agricultural and domestic mammalian species.

The methods of the presently claimed subject matter are particularly
useful in the treatment of warm-blooded vertebrates. Thus, the presently
claimed subject matter concerns mammals and birds.

More particularly provided is the treatment of mammals such as
humans, as well as those mammals of importance due to being endangered
(such as Siberian tigers), of economic importance (animals raised on farms
for consumption by humans) and/or social importance (animals kept as pets
or in zoos) to humans, for instance, carnivores other than humans (such as
cats and dogs), swine (pigs, hogs, and wild boars), ruminants (such as
cattle, oxen, sheep, giraffes, deer, goats, bison, and camels), and horses.
Also provided is the treatment of birds, including the treatment of those kinds
of birds that are endangered, kept in zoos, as well as fowl, and more
particularly domesticated fowl, i.e., poultry, such as turkeys, chickens, ducks,
geese, guinea fowl, and the like, as they are also of economic importance to
humans. Thus, contemplated is the treatment of livestock, including, but not
limited to, domesticated swine (pigs and hogs), ruminants, horses, poultry,
and the like.

V.B. Formulation

The adenovirus vectors of the presently claimed subject matter
comprise in one embodiment a composition that includes a pharmaceutically
acceptable carrier. Any suitable pharmaceutical formulation can be used to
prepare the adenovirus vectors for administration to a subject.

For example, suitable formulations can include aqueous and non-
aqueous sterile injection solutions which can contain anti-oxidants, buffers,
bacteriostats, bactericidal antibiotics and solutes which render the
formulation isotonic with the bodily fluids of the intended recipient; and
aqueous and non-aqueous sterile suspensions which can include
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suspending agents and thickening agents. The formulations can be
presented in unit-dose or multi-dose containers, for example sealed
ampoules and vials, and can be stored in a frozen or freeze-dried
(Iyophilized) condition requiring only the addition of sterile liquid carrier, for
example water for injections, immediately prior to use. Some exemplary
ingredients are SDS, in one example in the range of 0.1 to 10 mg/ml, in
another example about 2.0 mg/ml; and/or mannitol or another sugar, for
example in the range of 10 to 100 mg/ml, in another example about 30
mg/ml; and/or phosphate-buffered saline (PBS).

It should be understood that in addition to the ingredients particularly
mentioned above the formulations of this presently claimed subject matter
can include other agents conventional in the art having regard to the type of
formulation in question. Of the possible formulations, sterile pyrogen-free
aqueous and non-aqueous solutions can be used.

The therapeutic regimens and pharmaceutical compositions of the
presently claimed subject matter can be used with additional adjuvants or
biological response modifiers including, but not limited to, the cytokines IFN-
o, IFN-y, IL2, IL4, IL6, TNF, or other cytokine affecting immune cells. In
accordance with this aspect of the presently claimed subject matter, the
disclosed adenovirus vector can be administered in combination therapy
with one or more of these cytokines.

V.C. Administration

Suitable- methods for administration of an adenovirus vector of the

presently claimed subject matter include but are not limited to intravenous or
intratumoral injection. Alternatively, an adenovirus vector can be deposited
at a site in need of treatment in any other manner, for example by spraying a
composition comprising an adenovirus vector within the pulmonary
pathways. The particular mode of administering a therapeutic composition
of the presently claimed subject matter depends on various factors, including
the distribution and abundance of cells to be treated, the vector employed,
additional tissue- or cell-targeting features of the vector, and mechanisms for

metabolism or removal of the vector from its site of administration. For
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example, relatively superficial tumors can be injected intratumorally. By
contrast, internal tumors can be treated by intravenous injection.

In one embodiment, the method of administration encompasses
features for regionalized vector delivery or accumulation at the site in need
of treatment. In one example, an adenovirus vector is delivered
intratumorally. In another embodiment, selective delivery of a adenovirus
vector to a tumor is accomplished by intravenous injection of the construct

For delivery of adenovirus vectors to pulmonary pathways,
adenovirus vectors of the presently claimed subject matter can be
formulated as an aerosol or coarse spray. Methods for preparation and
administration of aerosol or spray formulations can be found, for example, in
Cipolla et al, 2000 and in U.S. Patent Nos. 5,858,784; 6,013,638;
6,022,737; and 6,136,295.

V.D. Dose

An effective dose of an adenovirus vector composition of the
presently claimed subject matter is administered to a subject in need thereof.
A “therapedutically effective amount” is an amount of the therapeutic
composition sufficient to produce a measurable response (e.g., a cytolytic
response in a subject being treated). In one embodiment, an activity that
inhibits tumor growth is measured. Actual dosage levels of active
ingredients in the pharmaceutical compositions of this presently claimed
subject matter can be varied so as to administer an amount of the active
compound(s) that is effective to achieve the desired therapeutic response for
a particular subject. The selected dosage level will depend upon the activity
of the therapeutic composition, the route of administration, combination with
other drugs or treatments, the severity of the condition being treated, and the
condition and prior medical history of the subject being treated. However, it
is within the skill of the art to start doses of the compound at levels lower
than required to achieve the desired therapeutic effect and to gradually
increase the dosage until the desired effect is achieved.

The potency of a therapeutic composition can vary, and therefore a
"therapeutically effective" amount can vary. However, using the assay
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methods described herein below, one skilled in the art can readily assess
the potency and efficacy of a candidate modulator of this presently claimed
subject matter and adjust the therapeutic regimen accordingly.

After review of the disclosure herein of the presently claimed subject
matter, one of ordinary skill in the art can tailor the dosages to an individual
patient, taking into account the particular formulation, method of
administration to be used with the composition, and tumor size. Further
calculations of dose can consider patient height and weight, severity and
stage of symptoms, and the presence of additional deleterious physical
conditions. Such adjustments or variations, as well as evaluation of when
and how to make such adjustments or variations, are well known to those of
ordinary skill in the art of medicine.

For local administration of viral vectors, previous clinical studies have
demonstrated that up to 10" plaque forming units (pfu) of virus can be
injected with minimal toxicity. In human patients, 1 X 10° — 1 X 10" pfu are
routinely used (see Habib et al., 1999). To determine an appropriate dose
within this range, preliminary treatments can begin with 1 X 10° pfu, and the
dose level can be escalated in the absence of dose-limiting toxicity. Toxicity
can be assessed using criteria set forth by the National Cancer Institute and
is reasonably defined as any grade 4 toxicity or any grade 3 toxicity
persisting more than 1 week. Dose is also modified to maximize anti-tumor
or anti-angiogenic activity. = Representative criteria and methods for
assessing anti-tumor and/or anti-angiogenic activity are described herein
below. With replicative virus vectors, a dosage of about 1 x 10" to 1 x 10°
pfu can be used in some instances.

Indeed, in one embodiment the presently claimed subject matter
provides a method of selectively propagating an adenovirus in a target
tissue, such as a tumor, another hypoxic tissue, or other tissue expressing
HIF-1. An adenovirus construct as disclosed herein is packaged into
adenovirus vectors and the prepared virus titer reaches at least 1 x 108-1 x
10" pfu/ml. The adenoviral construct is administered in the amount of 1.0
pfultarget cell. Thus, administration of a minimal level of adenoviral
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construct to thereby provide a therapeutic level upon propagation of the virus
comprises an aspect of the presently claimed subject matter.
Examples

The following Examples have been included to illustrate modes of the
presently claimed subject matter. Certain aspects of the following Examples
are described in terms of techniques and procedures found or contemplated
by the present co-inventors to work well in the practice of the presently
claimed subject matter. These Examples illustrate standard laboratory
practices of the co-inventors. In light of the present disclosure and the
general level of skill in the art, those of skill will appreciate that the following
Examples are intended to be exemplary only and that numerous changes,
modifications, and alterations can be employed without departing from the
scope of the presently claimed subject matter.

Example 1
In Vitro Expression of EGFP in Cells Exposed to Hypoxia

A promoter based on the HIF-1 binding elements in the VEGF
promoter was constructed. The hypoxia responsive promoter (HRP)
comprises 5 tandem copies of the HRE from the human VEGF promoter
linked to the minimal promoter from cytomegalovirus (CMV). In order to test
the activity of this promoter, a plasmid, depicted in Figure 1, was constructed
in which the HRP controlled the expression of the enhanced green
fluorescence protein (EGFP) gene. The HRP-EGFP construct was used to
establish stable sublines from two tumor cell lines: HCT116, a human colon
carcinoma cell line; and 4T1, a murine mammary adenocarcinoma. Cells
from stably transduced sublines exposed to hypoxic conditions (with oxygen
tension at 0.5 to 1.5%), showed robust expression of EGFP 24 hours after
incubation.

Example 2
HRP-Driven EGFP Expression in Subcutaneous Tumors

Tumors were established by injecting 10°-10° cells into mice
subcutaneously. The injected cells were 4T1 cells stably transduced with a
construct (HRP-EGFP; see Figure 1) comprising an artificial hypoxia
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responsive promoter controlling the expression of the EGFP gene. Tumors
were allowed to grow to approximately 5-8 mm in diameter. Right before
excising the tumor and sacrificing the mice, mice were injected with
pimonidazole intraperitoneally. Pimonidazole staining is a standard method
for identifying hypoxic regions within tumors (Raleigh et al., 1998). Frozen
sections of the tumors were then stained with an anti-pimonidazole antibody
and observed under a fluorescence microscope. The EGFP expression
patterns from the same sections were also observed. Concordant patterns
of EGFP expression and pimonidazole staining were observed for each
section, confirming the suitability of the HRP-EGFP reporter in reporting
hypoxic tumor regions.

Example 3
In Vitro Replication of

Conditionally Replication Competent Adenovirus Vectors

An adenovirus vector comprising the adenovirus E1A gene under the
control of the HRP promoter was constructed (AdHRP-E1A-dsRed2; see
Figure 2). A reporter gene encoding a red fluorescent protein (dsRed2) was
engineered into the vector to facilitate tracing of virus infection and
replication. This vector was then tested in the HCT116 human colon
carcinoma cell line. Hypoxia led to active replication of this virus vector.
Fluorescence microscopy demonstrated significantly more virus replication
and infection in the cells exposed to hypoxia. When measured by flow
cytometry, the differential in dsRed2 expression was at least 100 fold, which
was confirmed by plaque forming assays. Western blot analysis of E1A
protein showed that E1A is expressed at a significant level only in cells that
were subjected to hypoxic conditions.

Example 4
In Vivo Replication of Conditionally Replication Competent Vectors
HCT116 cells transduced with HRP-EGFP constructs (see Figure 1)

were used to establish tumors in nude mice. Mice bearing these tumors

were then infected with an adenovirus vector (AdHRP-E1A-dsRed2; see
Figure 2) that carried a red fluorescent protein. The tumor cells expressed
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the EGFP protein under the control of the HRP while the virus vector
encoded a red fluorescent marker, allowing comparison of the relative
expression patterns of virus replication and tumor hypoxia.

Reporter-transduced HCT116 cells were injected subcutaneously into
nude mice. Tumors grew up in 3-4 weeks to sizes of 8-10 mm in diameter.
AdHRP-E1A-dsRed2 was injected intratumorally at a dosage of 1 x 10°
plaque forming units (pfu). The animals were sacrificed 3-10 days later and
the tumors were excised and sectioned for analysis. The hypoxia
responsive vector replicated with tremendous efficiency in hypoxic regions,
leading to high-level expression of dsRed2. The expression of dsRed2 was
concordant with that of the EGFP, indicating selectivity in hypoxic regions of
the tumor. In addition, the hypoxia-responsive promoter demonstrated
tremendous advantage over a non-replicative adenovirus vector Ad-CMV-
dsRed2 gene under the control of a CMV promoter. Cells infected with the
replication deficient dsRed2 virus showed low efficiency both in terms of
infected tumor area and in terms of fluorescence intensity. These results
demonstrated the significant advantages of the hypoxia-selective replication-
competent adenovirus.

Example 5
In Vivo Tumor Growth Inhibition

HCT116 (human colon cancer) cells were injected subcutaneously

into nude mice at 3.0x10° cell/mouse. When the tumors reach 5-10 mm in
diameter, viral vectors were injected intratumorally. The control group
(Figure 6B, solid squares) was injected with AdCMV-dsRed2 (Figure 5),
while the treatment group (Figure 6B, solid triangles) was injected with
AdHRP-E1A-TNF-a. (Figure 6A), which was a conditionally replication
competent adenovirus vector comprising the E1A gene operably linked to an
HRP and further comprising a constitutively expressed TNF-a. gene. 2.0x10°
pfu of the appropriate virus was injected intratumorally per tumor. Tumor
volume was determined every 2-3 days. The relative volume was calculated
by setting the volume of each tumor at day zero (i.e., the time point

immediately preceding vector injection) at 1.0. As shown in Figure 6B,
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tumors injected with the conditionally replication competent adenovirus
vector grew considerably more slowly than the control.
Example 6
Replication of E1-Deficient AACMV-EGFP in the Presence of a

Conditionally Replication Competent Adenovirus Vector

The ability of a conditionally replication competent adenovirus vector
to support the replication of a replication deficient adenovirus vector was
tested. A replication deficient adenovirus vector, AACMV-EGFP (see Figure
5) was constructed that encoded a constitutively active EGFP gene. In this
vector, the E1 and E3 genes are deleted and the EGFP gene (under the
control of a constitutively active CMV promoter) is inserted into the E1 region
of the virus. The conditionally replication competent adenovirus vector
AdHRP-E1A-dsRed2 (see Figure 2), which encodes a constitutively active
dsRed protein and was described above, was used.

HCT116 colon cancer cells at 90% confluence were infected with
each of the two vectors at a muitiplicity of infection (MOI) of 0.5 for each
virus. Five hours after infection, the cells were subjected to hypoxia (1% O
concentration) in a Bactron chamber for 24 hours. After the hypoxic
incubation, the cells were further incubated under normoxic condition for 24
hours. Cells were then viewed using fluorescence microscopy for EGFP and
dsRed expression. The vast majority of cells was positive for both
fluorescent markers, or was negative for both. Very few cells were positive
for only one marker or the other. The presence of cells positive for both
fluorescent markers indicates that co-infection of cells with the conditionally
replication competent vector allows the replication-defective adenovirus to
replicate and efficiently express encoded genes.
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presently disclosed subject matter. Furthermore, the foregoing description is
for the purpose of illustration only, and not for the purpose of limitation.
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CLAIMS
What is claimed is:

1. An adenovirus vector comprising an adenovirus gene under the
transcriptional control of a transcriptional regulatory element (TRE)
comprising a minimal promoter and a hypoxia responsive element (HRE).

2. The adenovirus vector of claim 1, wherein the adenovirus gene is
selected from the group consisting of an E1A gene, an E1B gene, an E2A
gene, an E2B gene, and an E4 gene.

3. The adenovirus vector of claim 1, further comprising a second
adenovirus gene under the transcriptional control of the TRE.

4. The adenovirus vector of claim 1, wherein the minimal promoter is
selected from the group consisting of the cytomegalovirus (CMV) minimal
promoter, the human B-actin minimal promoter, the human EF2 minimal
promoter, and the adenovirus E1B minimal promoter.

5. The adenovirus vector of claim 4, wherein the CMV minimal
promoter comprises SEQ ID NO: 1.

6. The adenovirus vector of claim 1, wherein the HRE is derived from
the human vascular endothelial growth factor (VEGF) promoter.

7. The adenovirus vector of claim 6, wherein the HRE comprises
SEQ ID NO: 2.

8. The adenovirus vector of claim 7, wherein the HRE comprises five
tandem copies of SEQ ID NO: 2.

9. The adenovirus vector of claim 1, further comprising a transgene.

10.The adenovirus vector of claim 9, wherein the transgene is a
second adenovirus gene.

11.The adenovirus vector of claim 9, wherein the transgene encodes
an immunostimulatory molecule.

12.The adenovirus vector of claim 11, wherein the immunostimulatory
molecule is selected from the group consisting of IL2 and IL12.

13.The adenovirus vector of claim 9, wherein the transgene is a

suicide gene.
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14.The adenovirus vector of claim 13, wherein the suicide gene is
selected from the group consisting of a TNF-a gene, a Trail gene, a Bax
gene, an HSV-tk gene, a cytosine deaminase gene, a p450 gene, and a
diphtheria toxin gene, an s-Fit1 gene, and an ex-FIk1 gene.

15. A composition comprising the adenovirus vector of claim 1.

16.The composition of claim 15, further comprising a
pharmaceutically acceptable carrier.

17.A method for suppressing tumor growth, the method comprising
contacting a hypoxic cell in a tumor with the adenovirus vector of claim 1,
whereby the vector enters the cell and inhibits tumor growth.

18.The method of claim 17, wherein the contacting results from
administering the adenovirus vector via intratumoral injection.

19.The method of claim 17, wherein the contacting results from
administering the adenovirus vector by intravenous injection.

20.The method of claim 17, further comprising exposing the tumor to
a therapeutically effective amount of a second treatment, the second
treatment chosen from the group consisting of ionizing radiation,
chemotherapy, and photodynamic therapy.

21.A host cell comprising the adenovirus vector of claim 1.

22.A method for conferring selective cytotoxicity on a target cell, the
method comprising contacting a cell that allows an HRE to function with the
adenovirus of claim 1, whereby the adenovirus vector enters the cell.

23.A method for selectively propagating an adenovirus in target
tissue expressing HIF-1, the method comprising contacting the target tissue
with an adenovirus according to claim 1, whereby the adenovirus is
propagated to a titer of at least 1.0x1 0’ pfu/ml.

24.A method of inhibiting growth of a target tissue, the method
comprising:

(a) contacting a hypoxic cell in a target tissue with a first

adenovirus vector, whereby the first adenovirus vector enters

the cell; and
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(b) contacting the hypoxic cell with a replication deficient
adenovirus vector, whereby the replication deficient adenovirus
vector enters the cell.

25.The method of claim 24, wherein the target tissue is a tumor.

26.The method of claim 24, wherein the first adenovirus vector

comprises an adenovirus gene under the transcriptional control of a TRE
comprising an HRE.

27.The method of claim 24, wherein the replication deficient

adenovirus vector comprises a second gene.

28.The method of claim 27, wherein the replication deficient

adenovirus vector comprises a second gene under the transcriptional control
of a constitutive promoter.

29.The method of claim 27, wherein the replication deficient

adenovirus vector comprises a second gene under the transcriptional control
of a TRE comprising an HRE.

30.The method of claim 24, wherein:

(a) the first adenovirus vector comprises at least two essential
adenovirus genes under the transcriptional control of a TRE
comprising an HRE; and,

(b)  the replication deficient adenovirus vector is deficient in at least
two of the essential adenovirus genes under the transcriptional
control control of a TRE comprising an HRE in the first
adenovirus vector.

31.The method of claim 30, wherein the two essential adenovirus

genes are each selected from the group consisting of an E1A gene, an E1B
gene, an E2A gene, an E2B gene, and an E4 gene.

32.The method of claim 27, wherein the second gene is a suicide

gene.

33.The method of claim 32, wherein the suicide gene is chosen from

the group consisting of a TNF-a gene, a Trail gene, a Bax gene, an HSV-tk
gene, a cytosine deaminase gene, a p450 gene, and a diphtheria toxin gene,

an s-FIt1 gene, and an ex-Flk1 gene.
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34.The method of claim 27, wherein the second gene encodes an
immunostimulatory molecule.

35.The method of claim 32, wherein the immunostimulatory molecule
is selected from the group consisting of IL2 and IL12.

5 36.The method of claim 24, further comprising exposing the target
tissue to a therapeutically effective amount of a second treatment, the
second treatment chosen from the group consisting of ionizing radiation,
chemotherapy, and photodynamic therapy.
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<110>

<120>

<130>
<160>
<170>
<210>
<211>
<212>
<213>
<400>

SEQUENCE LISTING

Li, Chuan-Yuan
Huang, Qian
Dewhirst, Mark
TARGETED TUMOR THERAPY BY USE OF RECOMBINANT ADENOVIRUS
VECTORS THAT SELECTIVELY REPLICATE IN HYPOXIC REGIONS OF
TUMORS

180/156 PCT

2

PatentIn version 3.1

1

60

DNA

cytomegalovirus

1

gatctgacgg ttcactaaac gagctctgct tatatagacc tcccaccgta cacgcctacc 60

<210> 2

<211> 35

<212> DNA

<213> Homo sapiens

<400> 2

ccacagtgca tacgtgggct ccaacaggtc ctctt 35
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