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RECOMZBINANT VACCINE VIRUSES EXPRESSING IL-IS AND

s METHODS OF USING THE SAME.
10 ~ Field of the Invention

‘The invention relates to recombinant vaccine vectors cap able of eXpressmg

interleukin 15 (IL-15) and methods for modulatmg immune Tesponses usmg such

VIruses.

- Bac_kground of the Invention '

15  °  With over 20 years into the AIDS pandemic, approximately 40 million
people globally are estimated to be infected with human immunodeficiency virus
(HIV). AIDS has claimed more than 22 million lives. Three million deaths
occurred in 2001 alone. Despite the knowledge gained over the past two decades
as to the molecular biolo gy, pathogenesis and epldemlolo gy of HIV, development

20 ofan effective HIV » vaccine still continues to be an unprecedented challenge
'Conventlonal strategies that have been successfully exp101ted in the past in

'*deveIOpmg effectlve vaccines against other human pathogens have proven '

ineffective in the case of HIV.

Despite the lack of definitive immune correlates that confer protection in

B
&

humans, evidence from recent animal model experiments have suggested that
vaccine-induced immunity to HIV is possible (Amara, et al., Science 292: 69-74,
2001; Rose, et al., Cell 106: 539-49, 2001; Barouch, et al., Science 290: 436-92,

- 2000; Shaver, et al,, Naz‘u?e_ 415:331-5,2000; Chen, et al., Nat. Med. 7: 1225-31,
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2001). Studies in rhesus macaques with pathogenic chimeric SIV-HIV-1 (SHIV)
have revealed that antibodies may play an important role in protection against
HIV. For example, passively infused antibodies have been shown to prevent
SHIV infection, not only in oral or vaginal challenge, but even when the SHIV
challenge was provided intravenously (see, €.g., Shibata, et al., Nat. Med. 5: 204-
10, 1999; Mascola, et al., Nat. Med. 6: 207-10, 2000). Cell-mediated immune
mechanisms are also likely to play a dominant role in curtailing viral replication
as well. This contention is well supported by many studies of SIV in nonhuman

primates and studies in humans where cytotoxic T lymphocytes (CTLs) have been

shown to be pivotal in controlling viral replication in both acute and chronic

phases of the disease (Walker, et al., Nat. Med. 6: 1094-5, 2000).

As yet, no vaccine has been effective in conferring protection against HIV
infection. More significantly, current candidate vaccines do not imnduce efficient

cellular responses against the infected cells, and therefore do not confer long term

protection.

While peptide or polypeptide vaccines have been used successfully for
certain pathologies, obstacles to using these vaccines to generate protective
immune responses against HIV include the low immunogenicity of HIV peptides,
the genetic variability of HIV, and the dependence of T cell epitopes on the

patient’s immunogenetic background.

Because of the low immunogenicity of peptides 1n general, they are
typically administered with adjuvants to stimulate immune responses. Incomplete
Freund's adjuvant and other o1l-based adjuvants appear to be more effective and
favor the induction of Thl responses, while alum results 1n a preferentially Th2

response (Grun and Maurer, Cell Immunol. 121(1): 134-45, 1989). Additional

adjuvant approaches to enhance the response to peptides include the covalent

association with hipopeptidic immunostimulants, or the encapsidation of peptides
into liposomes (Kim, et al., Int J Oncol. 21(5): 973-9, 2002; Martinon, et al., J
Immunol. 149(10): 3416-22, 1992). Certain cytokines also have been

demonstrated to be useful. In experiments in mice, IL-12 and the active fragment

of IL-1 3 have been shown to enhance Thl responses to peptides. 1L-2 has been



CA 02510309 2005-06-16
WO 2004/058278 PCT/US2003/039967

approved by the FDA for use in the treatment of patients with metastatic renal cell

- carcinoma or with metastatic melanoma (Antonia, et al., J Urol. 167(5): 1995-

2000, 2002). It has been used as a component of vaccines for cancer and as an
element of vaccine approaches in models of AIDS (see,

5  hitp://www.actis.org/vaccinetrials.asp). However, IL-2 administration is
associated with the capillary leak syndrome and due to its role in activation-
induced cell death (AICD), IL-2 may lead to death of T-cells that recognize the
antigens expressed on the tumor cells. See, e.g., Waldmann, et al., Immunity 14:
105-10, 2001. Furthermore, the IL-2 1nhibits the survival of memory CD8+ T-

10 cells, potentially reducing 1ts utility as an adjuvant in HIV vaccines.

Summary of the Invention

The mvention 1s directed to compositions capable of augmenting the
immunogenicity of a vaccine. The composition, or adjuvant, 1s administered to a
mammal 1n need thereof in sequential or concurrent combination with a vaccine
15 antigen. In one preferred aspect, the adjuvant 1s provided in the form of a
recombinant poxvirus vector, such as a vaccinia virus vector, which comprises a

nucleic acid sequence encoding IL-15.

Both IL-15 and IL-2 utilize a receptor complex with shared signaling
components; however, the expression and interactions of IL-15 and IL-2, while
20  overlapping, are not identical. IL-15 mRNA 1s widely distributed in fibroblasts,
epithelial cells and monocytes but not 1n resting or activated T cells, the
predominant source of IL-2. IL-15 stimulates the proliferation and differentiation
of T cells in vitro and can augment T cell mediated immune responses in vivo. In
addition, IL-15 has been shown to stimulate the induction of B cell proliferation
25  and differentiation. The proliferation and differentiation of antigen specific T
cells and B cells can augment the protective immunity for a particular antigen.
Armitage, et al., J. Immunology 154: 483-490 (1995), reported that IL-15 potently
induces IgM, IgG, and IgA secretion from activated human B cells. Additionally,
IL-15 can induce lymphokine-activated (LAK) activity in Natural Killer (NK)

30 cells.
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The instant invention exploits the discovery that IL-15 can potentiate a
long-term immune response against an antigen that significantly exceeds
responses to IL-2. Accordingly, the invention provides compositions and methods

for generating a response against acute, chronic and latent infections by

5  pathogenic organisms and against malignant cells.

In one aspect, the invention provides a recombinant vaccine virus vector
comprising a nucleic acid sequence encoding IL-15. Preferably, the vector also
comprises an expression unit comprising a nucleic acid sequence encoding at least

~ one anti gen operably linked to an expression control sequence.

10 The IL-15 encoding sequence and antigen encoding sequence can be
operably linked to expression control sequences with the same or different
temporal pattern of expression. In one aspect, the antigen encoding sequence 1s
expressed before the IL-15 encoding sequence. In another aspect, the antigen

encoding sequence is expressed after the IL-15 encoding sequence.

15 The vector may comprise one or more 1nactivated virulence genes or may
comprise a restricted host range, and preferably is replication defective or
incompetent or attenuated. Suitable vectors include, but are not limited to those
based on (i.e., comprising portions of viral genomes of): poxviruses, adenoviruses,
herpes viruses, alphaviruses, retroviruses, Epstein Barr viruses, lentiviruses, and

20  picornaviruses. In one preferred aspect, the vector is a recombinant poxvirus
vector. The recombinant nonvirulent poxvirus is preferably a vaccinia virus but

may also be a fowlpox virus, such as a canarypox virus.

Preferably, the vector comprises one or more capsid polypeptides. In one
aspect the one or more polypeptides are linked to a targeting molecule to facilitate
25  selective infection of a cell (e.g., an antigen presenting cell, such as a dendritic

cell, or a tumor cell).

Also preferably, the IL-15 encoding sequence comprises an expression

control sequence operably linked thereto.
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In one aspect, at least one antigen is a cancer specific antigen, such as an

antigen from a Her-2/neu polypeptide.

In another aspect, at least one antigen is a bacterial antigen, for example,
such as an antigen from Borrelia burgdorferi, Bartonella henselea, Yersinia

pestis, and Bacillus anthracis.

In a further aspect, at least one antigen 1s a viral peptide or polypeptide, for
example a peptide/polypeptide expressed by a rabies viral genome, canine
distemper virus genome, Newcastle disease virus genome, Ebola virus genome,

West Nile virus genome, Epstein Barr virus genome or a smallpox genome.

In a particularly preferred aspect, at least one antigen comprises a viral
peptide or polypeptide, such as a peptide or polypeptide expressed by an HIV or

SIV virus genome.

The antigen encoding expression unit in some embodiments is a
multivalent expression unit comprising a plurality of antigen encoding sequences.
In one aspect, at least two antigens are from two different HIV polypeptides. In
another aspect, at least two antigens are from two different strains of HIV. In still
another aspect, at least two antigens are from two different 1solates of HIV, or are

from two different clades of HIV.

In still a further aspect, at least two antigens are from different
subsequences of an HIV polypeptide. However, 1in another aspect, at least two
antigens are derived from the same subsequence of an HIV polypeptide, but each

subsequence differs by at least one amino acid. In one aspect, the subsequence is

from a high mutable region 1n the HIV polypeptide.

In another aspect, the expression unit comprises a plurality of antigen
encoding sequences, at least one antigen comprising a CTL-recognized epitope, at
least one antigen comprising a T helper cell -recognized epitope, at least one
antigen comprising a B cell -recognized epitope. In one aspect, the epitopes are

from the same HIV polypeptide.
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In one aspect, at least one antigen 1s from an HIV polypeptide while at
least one other antigen is from an infectious organism associated with an
opportunistic infection in HIV positive patients, e.g., such as Prneumocystis

cariini.

The invention further provides a recombinant vaccine virus vector
comprising a nucleic acid encoding IL-15 and a nucleic acid encoding at least one
antigen, wherein the nucleic acid encoding at least one antigen is expressed by a

second recombinant vaccine virus vector.

The invention also provides a method for generating an immune response
in an animal comprising administering any of the recombinant vaccine virus
vectors or compositions described above to an animal 1 an amount effective to
stimulate the immune response. Preferably, the immune response comprises one
or more of: the production of memory CD8" T cells specific for the at least one
antigen, the production of memory CD4" T cells specific for the at least one
antigen, and the production of antibodies specific for the at least one antigen.

Also, preferably, at least some of the antibodies are neutralizing antibodies.
In one aspect, the animal 1s a human being.

In another aspect, the animal 1s a domestic animal such as a dog or cat.
The animal may also be a feral or wild animal such as foxes and raccoons. The

animal may also be a non-human primate.

The method may be used to provide a prophylactic or therapeutic vaccine
to a patient at risk for being infected with or already infected with a viral agent,
such as smallpox or rabies. In one aspect, the method 1s used to provide a
prophylactic vaccine to an individual at high risk of HIV infection and the vaccine
may be administered to an individual who 1s not HIV positive at the time of first
administration. However, the vaccine may also be administered to an individual

who is HIV positive at the time of first administration.

Because the compositions according to the invention are able to potentiate

a long-term 1mmune response, re-administration of the composition may occur at
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longer 1ntervals than vaccines of the prior art. In one aspect, the interval between
a primary administration and re- administration of the recombinant vaccine vector
1s at least about 6 months, at least about 8 months, at least about 10 months, at

least about 12 months, at least about 14 months, at least about 16 months, at least

about 18 months, and at least about 24 months.

Brief Description of the Figures

The objects and features of the invention can be better understood with

reference to the following detailed description and accompanying drawings.

Figure 1 1s a graph showing percent specific lysis of HIV-1 gp120 peptide-
pulsed cells by CD8™ T cells obtained from mice 2 months after receiving
recombinant vaccinia viruses according to the invention expressing both IL-15
and the gp160 antigen, both IL-2 and gp160, or gp160 alone. “E/T” refers to

effector/target cell ratio.

Figure 2 1s a graph showing percent specific lysis of HIV-1 gp120 peptide
- pulsed cells by CD8" T cells obtained from mice 14 months after receiving
recombinant vaccinia viruses according to the invention expressing both IL-15
and the gp160 antigen, both IL-2 and gpl160, or gp160 alone. “E/T” refers to

effector/target cell ratio.

Figure 3 1s a bar graph showing percent of HIV gp120 V3 loop peptide
(P18-110) tetramer positive CD8+ T cells 1 fresh spleen in unimmunized mice, in
mice receiving recombinant vaccinia virus expressing HIV gp160, and in mice
receiving vaccinia virus co-expressing gpl60 and IL-15 or IL-2 at various time

periods after immunization.

Figure 4 is a bar graph showing percent of y-IFN-producing CD8 T cells
upon exposure to HIV gp120 V3 loop P18-110 peptide pulsed cells at various time
periods after immunization 1n unimmunized mice, in mice receiving recombinant
vaccinia virus expressing HIV gp160, and in mice receiving vaccinia virus co-

expressing gpl60 and IL-15 or IL-2.
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Figure 5 shows anti-gp120 antibody titer in unimmunized mice, in mice
receiving recombinant vaccinia virus expressing HIV gp160, and 1 mice
receiving vaccinia virus co-expressing gpl60 and IL-15 or IL-2 at 8 months after

mmunization.

Figure 6 is a graph showing numbers of tumor-bearing mice at various
time intervals after receiving a recombinant vaccinia virus expressing Her-2/neu,

both Her-2/neu and ILL-15, or a control vaccinia virus.

Figure 7 is a graph showing numbers of tumors 1n tumor-bearing mice
after receiving a recombinant vaccinia virus expressing Her-2/neu, both Her-2/neu

and IL-15, or a control vaccinia virus.

Figure 8 shows levels of anti-Her-2/neu antibodies 1n serum 1n mice
receiving a recombinant vaccinia virus expressing Her-2/neu, both Her-2/neu and

IL-15, or a control vaccinia virus.

Figure 9 illustrates that avidity of CD8+ CTLs determines the

effectiveness of CD8" CTL-mediated immunity.

Figure 10 is a graph showing that CD8" CTLs induced with IL-15 respond

to lower density of antigen at 14 months after boosting.

Figures 11A-D are graphs showing that CD8" CTLs induced with IL-15

respond to lower density of antigen.

Figures 12A-C are graphs showing cytolytic activity of CD8" CTLs
expanded with high concentration of peptide (0.1 pM).

Figures 13A-C are graphs showing cytolytic activity of CD8" CTLs
expanded with low concentration of peptide (0.001 uM).

Figures 14A-B are graphs showing cytolytic activity of CD8" CTLs
expanded with low concentration of peptide (0.001 pM).

PCT/US2003/039967
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Detailed Description

The invention provides recombinant vaccine vectors , comprising a nucleic
acid sequence encoding IL-15. Preferably, the vectors also comprise an
expression unit comprising a nucleic acid sequence encoding at least one antigen
operably linked to an expression control sequence; however, the antigen encoding

sequence may also be provided as part of a separate nucleic acid, e.g., as part of a

second recombinant vaccine vector.

The practice of the present invention employs, unless otherwise indicated,
conventional molecular biology, microbiology, and recombinant DNA techniques
within the skill of the art. Such techniques are explained fully in the literature.
See, e.g., Maniatis, Fritsch & Sambrook, In Molecular Cloning: A Laboratory
Manual (1982); DNA Cloning: A Practical Approach, Volumes I and II (D. N.
Glover, ed., 1985); Oligonucleotide Synthesis (M. J. Gait, ed., 1984); Nucleic
Acid Hybridization (B. D. Hames & S. J. Higgins, eds., 1985); Transcription and
Translation (B. D. Hames & S. 1. Higgins, eds., 1984); Animal Cell Culture (R. 1.
Freshney, ed., 1986); Immobilized Cells and Enzymes (IRL Press, 1986); B.
Perbal, A Practical Guide to Molecular Cloning (1984). All designations of
vaccinia restriction fragments, open reading frames and nucleotide positions are
based on the terminology reported in Goebel, et al., Virology 179: 247-266, 1990;
Goebel, et al., Virology 179: 517-563, 1990.

Definitions

The following definitions are provided for specific terms which are used in

the following written description.

As used in the specification and claims, the singular form "a", "an" and
"the" include plural references unless the context clearly dictates otherwise. For
example, the term "a cell" includes a plurality of cells, including mixtures thereot.

The term "a nucleic acid molecule" includes a plurality of nucleic acid molecules.

As used herein, the term "comprising" is intended to mean that the
compositions and methods include the recited elements, but do not exclude other
elements. "Consisting essentially of", when used to define compositions and

methods, shall mean excluding other elements of any essential significance to the

9



WO 2004/058278

10

15

20

25

30

CA 02510309 2005-06-16

combination. Thus, a composition consisting essentially of the elements as
defined herein would not exclude trace contaminants from the 1solation and
purification method and pharmaceutically acceptable carriers, such as phosphate
buffered saline, preservatives, and the like. "Consisting of" shall mean excluding
more than trace elements of other ingredients and substantial method steps for
administering the compositions of this invention. Embodiments defined by each
of these transition terms are within the scope of this invention. For example, a
composition consisting essentially of IL-15 would not include other cytokines but

could include non-cytokine adjuvants, antigens, therapeutic agents and the like.

As used herein, "under transcriptional control” or "operably linked" refers
to expression (e.g., transcription or translation) of a polynucleotide sequence
which 1s controlled by an appropriate juxtaposition of an expression control
element and a coding sequence. In one aspect, a DNA sequence 1s "operatively
linked" or “operably linked” to an expression control sequence when the
expression control sequence controls and regulates the transcription of that DNA
sequence. A construct comprising a nucleic acid sequence operably linked to an
expression control sequence 1s referred to herein as an “expression unit” or

“expression cassette”.

As used herein, “an expression control sequence” refers to promoter
sequences to bind RNA polymerase, enhancer sequences, respectively, and/or
translation initiation sequences for ribosome binding. For example, a bacterial
expression vector can include a promoter such as the lac promoter and for
transcription initiation, the Shine-Dalgarno sequence and the start codon AUG
(Sambrook, et al., 1989, supra). Similarly, a eukaryotic expression vector
preferably includes a heterologous, homologous, or chimeric promoter for RNA
polymerase II, a downstream polyadenylation signal, the start codon AUG, and a

termination codon for detachment of a ribosome.

As used herein, a "nucleic acid delivery vector" 1s a nucleic acid molecule
which can transport a polynucleotide of interest into a cell. Preferably, such a
vector comprises a coding sequence operably linked to an expression control

sequence.

10

PCT/US2003/039967
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As used herein, "nucleic acid delivery," or "nucleic acid transfer," refers to
the introduction of an exogenous polynucleotide (e.g., such as an expression
cassette) into a host cell, irrespective of the method used for the imntroduction. The
introduced polynucleotide may be stably or transiently maintained in the host cell.
Stable maintenance typically requires that the introduced polynucleotide either
contains an origin of replication compatible with the host cell or integrates into a
replicon of the host cell such as an extrachromosomal replicon (e.g., a plasmid) or

a nuclear or mitochondrial chromosome.

As used herein, a "a recombinant vaccine vector" refers to a
polynucleotide to be delivered into a host cell, either in vivo, ex vivo or in vitro
which comprises genomic sequences from a vaccine virus and a heterologous

nucleic acid sequence (e.g., such as an expression unit for expressing 11.-15 and/or

“an antigen). Preferably, one or more virulence-associated sequences are

inactivated in the vector. A vector may be encapsulated by viral capsid proteins
or may comprise naked nucleic acids or may comprise nucleic acids associated
with one or more molecules for facilitating entry into a cell (e.g., such as
liposomes). However, preferably, the vector 1s encapsulated with one or more
viral capsid proteins. Examples of vaccine viruses include, but are not limited to,

poxviruses as further defined below.

As used herein, “an attenuated virus” or a virus having one or more
o s : : ' . : ..
inactivated virulence associated genes” refers to a virus that is replication

deficient or which replicates less efficiently than a wild type virus 1n a particular

host.

As used herein, the term "administering a nucleic acid to a cell” or
“administering a vector to a cell” refers to infecting (e.g., in the form of a virus),
transducing, transfecting, microinjecting, electroporating, or shooting the cell with
the nucleic acid/vector. In some aspects, molecules are introduced 1nto a target
cell by contacting the target cell with a delivery cell (e.g., by cell fusion or by

lysing the delivery cell when it 1s 1in proximity to the target cell).

A cell has been "transformed", "transduced", or "transfected" by

exogenous or heterologous nucleic acids when such nucleic acids have been

11
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introduced inside the cell. Transforming DNA may or may not be integrated
(covalently linked) with chromosomal DNA making up the genome of the cell. In
prokaryotes, yeast, and mammalian cells for example, the transforming DNA may
be maintained on an episomai element, such as a plasmid. In a eukaryotic cell, a
stably transformed cell 1s one 1n which the transforming DNA has become
integrated into a chromosome so that 1t is inherited by daughter cells througﬁ
chromosome replication. This stability 1s demonstrated by the ability of the
eukaryotic cell to establish cell lines or clones comprised of a population of
daughter cells containing the transforming DNA. A "clone" is a population of
cells derived from a single cell or common ancestor by mitosis. A "cell line" is a

clone of a primary cell that 1s capable of stable growth in vifro for many

generations (e.g., at least about 10).

As used herein, "IL-15 polypeptide" means a polypeptide having at least
about 70%, at least about 90%, at least about 97% or about 100% homology to the
wild type amino acid sequence described in Grabstein, et al., Science 264: 96,

1994 and U.S. Patent No. 5,747,024. Vanants, modified forms, biologically

active fragments and fusions of ILL-15 are also encompassed within the scope of

this term so long as these have at least the following properties: the nucleic acids
encoding the variants, modified forms, biologically active fragments and fusions
of IL-15 bind to the wild-type IL-15 sequence under conditions of moderate or
high stringency as defined below, and the polypeptides themselves are able to

stimulate the proliferation of CTLL-2 cells (see, e.g., as described in Gillis and

Smith, Nature 268:154, 1977, ATCC TIB 214).

As used herein, a “variant form of IL-15” refers to an IL-15 polypeptide
which comprises conservatively substituted sequences, meaning that one or more
amino acid residues are replaced by residues having similar physical and chemical
characteristics. Examples of conservative substitutions include substitution of one
aliphatic residue for another, such as Ile, Val, Leu, or Ala for one another, or
substitutions of one polar residue for another, such as between Lys and Arg; Glu
and Asp; or Gln and Asn. Guidance concerning amino acid changes which are
likely to be phenotypically silent may be found in Bowie, et al., Science 247:

1306-1310,1990, for example. Other such conservative substitutions, for
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example, substitutions of regions having similar hydrophobicity characteristics,
are encompassed within this definition. Conservative substitution tables providing
functionally similar amino acids are well known 1n the art (see, e.g., Henikoff and
Henikoff, Proc. Natl. Acad. Sci. USA 89: 10915-10919,1992). Preferably, an IL-
15 polypeptide retains the Asp”® and Gin" ° residues known to be important for
signal transduction. “Variants” also include torms of IL-15 which arise from
alternative RINA splicing events but which nevertheless are able to function in a
CTLL-2 proliferation assay and have activity substantially similar to wild type IL-
15.

As used herein, “modified forms” of an IL-15 polypeptide refers to a post-

translationally modified form of an IL-15 polypeptide (e.g., such as a glycosylated

form or a proteolytically processed form).

As used herein, “a nucleic acid sequence encoding an IL-15 polypeptide”

includes nucleic acid sequences corresponding to the wild type IL-15 nucleic acid

sequence described 1n Grabstein, et al., Science 264: 96, 1994 and U.S. Patent No.

5,747,024 as well as sequences which differ from the wild type IL-15 nucleic acid
sequence because of degenerate substitutions and nucleic acid sequences encoding
variants, modified forms, and biologically active fragments of IL-15 polypeptides.
Degenerate codon substitutions can be achieved by generating sequences 1n which
the third position of one or more selected (or all) codons 1s substituted with

mixed-base and/or deoxyinosine residues (See, e.g., Batzer, et al., Nucleic Acid

Res. 19: 5081, 1991; Ohtsuka, et al., J. Biol. Chem. 260: 2605-2608, 19835;
Rossolini, et al., 1994, Mol. Cell. Probes §: 91-98).

The term "biologically active fragment", "biologically active form",
"biologically active equivalent” of and "functional derivative" of a wild-type
protein, possesses a biological activity that is at least substantially equal (e.g., not
significantly different from) the biological activity of the wild type protemn as
measured using an assay suitable for detecting the activity (e.g., at least a CTLL-2

assay 1n the case of a biologically active fragment of IL-15).

As used herein, the term "isolated" means separated from constituents,

cellular and otherwise, in which the polynucleotide, peptide, polypeptide, protein,
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antibody, or fragments thereof, are normally associated with 1n nature. For
example, with respect to a polynucleotide, an 1solated polynucleotide is one that is
separated from the 5' and 3' sequences with which it 1s normally associated in the
chromosome. As is apparent to those of skill in the art, a non-naturally occurring
polynucleotide, peptide, polypeptide, protein, antibody, or fragments thereof, does

not require "isolation" to distinguish it from its naturally occurring counterpart.

As used herein, a "Poxvirus" includes any member of the family
Poxviridae, including the subfamilies Chordopoxviridae (vertebrate poxviruses)
and Entomopoxviridae (insect poxviruses). See, for example, B. Moss in
Virology, ed. Fields et al., Raven Press p. 2080 (1990). The chordopoxviruses
comprise the following genera: Orthopoxvirus (e.g., vaccinia); Avipoxvirus (e.g.,
fowlpox); Capripoxvirus (e.g., sheeppox) Leporipoxvirus (e.g., rabbit (Shope)

fibroma, myxoma); and Suipoxvirus (e.g., SWInepox).

As used herein, a "target cell" or "recipient cell" refers to an individual cell
or cell which is desired to be, or has been, a recipient of exogenous nucleic acid
molecules, polynucleotides and/or proteins. The term is also intended to include
progeny of a single cell, and the progeny may not necessarily be completely
identical (in morphology or in genomic or total DNA complement) to the original
parent cell due to natural, accidental, or deliberate mutation. A target cell may be

in contact with other cells (e.g., as in a tissue) or may be found circulating within

the body of an organism.

As used herein, a "patient" is a vertebrate, preferably a mammal, more
preferably a human. Mammals include, but are not limited to, murines, non-
human primates, humans, farm animals, sport animals, pets, and feral or wild

animals.

The terms "cancer," "neoplasm," and "tumor," are used interchangeably
and in either the singular or plural form, refer to cells that have undergone a
malignant transformation that makes them pathological to the host organism.
Primary cancer cells transformation that makes them pathological to the host
organism. Primary cancer cells (that is, cells obtained from near the site of

malignant transformation) can be readily distinguished from non-cancerous cells
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by well-established techniques, particularly histological examination. The
definition of a cancer cell, as used herein, includes not only a primary cancer cell,
but also any cell derived from a cancer cell ancestor. This includes metastasized
cancer cells, and in vitro cultures and cell lines derived from cancer cells. When
referring to a type of cancer that normally manifests as a solid tumor, a "clinically
detectable" tumor 1s one that 1s detectable on the basis of tumor mass; e.g., by
procedures such as CAT scan, MR 1maging, X-ray, ultrasound or palpation, and/or
which 1s detectable because of the expression of one or more cancer-specific

antigens 1n a sample obtainable from a patient.

As used herein, the term "pharmaceutically acceptable carrier”
encompasses any of the standard pharmaceutical carriers, such as a phosphate
buffered saline solution, water, and emulsions, such as an oil/water or water/oil
emulsion, and various types of wetting agents. The compositions also can include

stabilizers and preservatives. For examples of carriers, stabilizers and adjuvants,

see Martin Remington's Pharm. Sci., 15th Ed. (Mack Publ. Co., Easton (1975).

The term "anfigen source" as used herein covers any substance that will
elicit an innate or adaptive immune response. An antigen source may require
processing (e.g., such as proteolysis) to produce an antigen. An antigen source
may be a polypeptide/protein, peptide, microorganism, tissue, oligo- or
polysaccharide, nucleic acid (encoding an antigen or a polypeptide/protein

comprising an antigen or itself serving as the antigen).

22 &6

As used herein, the terms “antigen”, “antigenic determinant™ or “epitope”
are used synonymously to refer to a short peptide sequence or oligosaccharide,
that 1s specifically recognized or spectfically bound by a component of the
immune system. Generally, antigens are recognized 1n the context of an
MHC/HLA molecule to which they are bound on an antigen presenting cell. Two
antigens “correspond” to each other if they can be specifically bound by the same
antibody, B cell, or T cell, and binding of the epitope to the antibody, B cell, or T
cell substantially prevents binding by the other epitope (e.g., binding of a first

epitope 1n the presence of a second epitope is less than about 30%, preferably, less
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than about 20%, and more preferably, less than about 10%, 5%, 1%, or about
0.1% of binding observed in the absence of the second epitope):

As used herein, a “vaccine composition” comprises a vaccine vector
encoding and IL-15 polypeptide and at least one antigen source. The antigen
source may comprise a nucleic acid encoding an antigen included as part of the
vaccine vector or which is provided as a separate nucleic acid molecule. The
components of a vaccine composition may be administered together or

sequentially.

As used herein, a "vaccine" refers to a material that contains or encodes an
antigen which will provide active immunity to material comprising the antigen,

but will not cause disease.

As used herein, a “subunit vaccine” refers to a vaccine that contains only
part of the virus or other microorganism, e.g., including viral or microbial
polypeptides or nucleic acids encoding such polypeptides capable of eliciting an

Immune response.

As used herein, a “therapeutic vaccine” 1s a vaccine designed to boost the

immune response to an antigen in a person already exposed to the antigen.

As used herein, a "therapeutically effective amount"” refers to an amount
sufficient to prevent, correct and/or normalize an abnormal physiological
response. In one aspect, a "therapeutically effective amount" is an amount
sufficient to reduce by at least about 30 percent, more preferably by at least 50
percent, most preferably by at least 90 percent, a clinically significant feature of
pathology, such as for example, e.g., suppression of CD4 cells (1.e., resulting in an
increase i CD4 cells by a least 30%, etc), decrease 1n viral load; decrease in size
of a tumor mass, and the like. Preferably, a “therapeutically effective amount of a
vaccine composition” enhances a beneficial immune response to a vaccine antigen
by at least about 30%, more preferably by at least about 50% or at least about
90%, 1.e., increasing CTL responses against the antigen, increasing secretion of y-

IFN by CDS8" T, increasing production of antibodies specific for a vaccine antigen
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and 1ncreasing the duration of these responses after administration of a vaccine

composition.

As used herein, a immune response with “increased duration” refers to a
significant response observed at at least about 4 months, about 6 months, about 8
months, about 10 months, about 12 months, about 16 months, about 18 months, or

at least about 20 months after initial administration of an antigen.

An "antibody" is any immunoglobulin, including antibodies and fragments
thereof, that binds a specific antigen. The term encompasses polyclonal,
monoclonal, and chimeric antibodies (e.g., bispecific antibodies). An "antibody
combining site" 1s that structural portion of an antibody molecule comprised of
heavy and light chain variable and hypervariable regions that specifically binds
antigen. Exemplary antibody molecules are intact immunoglobulin molecules,
substantially intact immunoglobulin molecules, and those portions of an
immunoglobulin molecule that contains the paratope, including Fab, Fab', F(ab'),
and F(v) portions, which portions are preferred for use in the therapeutic methods

described herein.

As used herein, the term "tmmune effector cells" refers to cells capable of
binding an antigen and which mediate an immune response. These cells include,
but are not Iimited to, T cells, B cells, monocytes, macrophages, dendritic cells,
NK cells and cytotoxic T Iymphocytes (CTLs), for example CTL lines, CTL

clones, and CTLs from tumor, mnflammatory, or other infiltrates.

As used herein, the term "viral infection" describes a disease state 1n which
a virus mnvades healthy cells, uses the cell's reproductive machinery to multiply or
replicate and ultimately lyse the cell resulting in cell death, release of viral
particles and the infection of other cells by the newly produced progeny viruses.
A “non-productive infection”, i.e., by a vaccine virus vector 1s an infection in
which the vector 1s introduced into a cell but does not replicate within the cell,
either because of mnactivation of virulence associated gene(s) or because of a

restricted host-range.
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As used herein, the term "treating or preventing viral infections" means to
inhibit the replication of the particular virus, to inhibit viral transmission, or to
prevent the virus from establishing itself in 1ts host, and to ameliorate or alleviate

the symptoms of the disease caused by the viral infection.

As used herein, an "adjuvant" refers to a substance that enhances,

augments or potentiates the host's immune response to a vaccine antigen.

The term "immunogenicity" means relative effectiveness of an immunogen

or antigen to induce an 1mmune response.

As used herein, “baseline” refers to the time point just before

administration of a vaccine when starting measurements are taken.

As used herein, a “booster” refers to a second or later vaccine dose given
after the primary dose(s) to increase the immune response to the original vaccine
antigen(s). The vaccine given as the booster dose may or may not be the same as

the primary vaccine.

As used herein, “challenge” refers to the deliberate exposure of a host

animal to a vaccine antigen.

As used herein, a “clade” refers to a group of related HIV 1solates
classified according to their degree of genetic similarity (e.g., such as measured by
the similarity of their envelope proteins). There are currently two groups of HIV-

1 isolates, M and O. The M group consists of at least nine clades, A through L.

Group O may consist of a stmilar number of clades. Clade B 1s commonly found

in North America and Europe, and includes 1solates LAI b, MN, and SF-2.

As used herein, “seroconversion” refers to the development of antibodies

to a particular antigen.

As used herein, “immunity” refers to natural or acquired resistance
provided by the immune system to a specific disease. Immunity may be partial or

complete, specific or nonspecific, long-lasting or temporary.
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As used herein, “sterilizing immunity” refers to an immune response that

completely prevents the establishment of an infection.

As used herein, a “memory cell” refers to a subset of T cells and B cells
that have been exposed to specific antigens and can then proliferate (recognize the

antigen and divide) more readily when the immune system re-encounters the same

antigens.

Recombinant Vectors

The invention provides a vaccine vector comprising a nucleic acid
sequence encoding an IL-15 polypeptide for inducing or enhancing an immune
response to an antigen. Preferably, the vaccine vector 1s a poxvirus vector such as
a vaccinma vector. The invention can generally be implemented to produce and/or

enhance a cellular or humoral immune response against a selected antigen (“a

vaccine antigen™).

The cloning and sequencing of IL-15 is disclosed in Grabstein, et al.,
Science 264: 96, 1994 and 1n U.S. Patent No. 5,747,024. As used herein, an “IL-
15 nucleic acid” hybridizes to the wild-type IL-15 sequence under conditions of

moderate or high stringency and 1s able to stimulate the proliferation of CTLL-2
cells (Gillis and Smith, Nature 268: 154, 1977, ATCC TIB 214).

Examples of stringent hybridization conditions include: incubation
temperatures of about 25°C to about 37°C; hybridization buffer concentrations of
about 6 X SSC to about 10 X SSC; formamide concentrations of about 0% to
about 25%; and wash solutions of about 6 X SSC. Examples of moderate
hybridization conditions include: incubation temperatures of about 40°C. to about
50°C.; buffer concentrations of about 9 X SSC to about 2 X SSC; formamide
concentrations of about 30% to about 50%; and wash solutions of about 5 X SSC
to about 2 X SSC. Examples of high stringency conditions include: incubation
temperatures of about 55°C. to about 68°C.; buffer concentrations of about 1 X
SSC to about 0.1 X SSC; formamide concentrations of about 55% to about 75%;
and wash solutions of about 1 X SSC, 0.1 X SSC, or deionized water. In general,

hybridization incubation times are from 5 minutes to 24 hours, with 1, 2, or more
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washing steps, and wash incubation times are about 1, 2, or 15 minutes. SSC is
0.15 M NaCl and 15 mM citrate bufter. It 1s understood that equivalents of SSC

using other buffer systems can be employed.

Preferably, the IL-15 nucleic acid sequence encodes an IL-15 polypeptide
which comprises at least about 70% homology to the wild type IL-15 polypeptide
and more preferably, comprises at least about 90% homology or about 100%

homology to the wild type IL-15 polypeptide.

Percent 1dentity and similarity between two sequences (nucleic acid or
polypeptide) can be determined using a mathematical algorithm (see, e.g.,
Computational Molecular Biology, Lesk, A. M., ed., Oxford University Press,
New York, 1988; Biocomputing: Informatics and Genome Projects, Smith, D. W,
ed., Academic Press, New York, 1993; Computer Analysis of Sequence Data, Part
1, Griffin, A. M., and Griffin, H. G., eds., Humana Press, New Jersey, 1994;
Sequence Analysis in Molecular Biology, von Heinje, G., Academic Press, 1987;

and Sequence Analysis Primer, Gribskov, M. and Devereux, J., eds., M Stockton

Press, New York, 1991).

To determine the percent 1dentity of two amino acid sequences or of two
nucleic acid sequences, the sequences are aligned for optimal comparison
purposes (€.g., gaps are mtroduced in one or both of a first and a second amino
acid or nucleic acid sequence for optimal alignment and non-homologous
sequences can be disregarded for comparison purposes). The percent identity
between the two sequences 1s a function of the number of identical positions
shared by the sequences, taking into account the number of gaps, and the length of
each gap which need to be introduced for optimal alignment of the two sequences.
The amino acid residues or nucleotides at corresponding amino acid positions or
nucleotide positions, respectively, are then compared. When a position in the first
sequence 1s occupied by the same amino acid residue or nucleotide as the
corresponding position in the second sequence, then the molecules are identical at
that position (as used herein amino acid or nucleic acid "identity" is equivalent to

amino acid or nucleic acid "homology™).
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A "comparison window" refers to a segment of any one of the number of
contiguous positions selected from the group consisting of from 25 to 600, usually
about 50 to about 200, more usually about 100 to about 150 1n which a sequence
may be compared to a reference sequence of the same number of contiguous
positions after the <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>