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TITLE

Modulation of Regulatory T Cells by Human IL-18

BACKGROUND OF THE INVENTION
Interleukin-18 (IL-18) 1s a potent cytokine that plays roles 1n both

innate and acquired immune responses (Nakanishi et al., 2001, Cytokine Growth
Factor Rev. 12(1):53-72; Nakanishi et al., 2001, Annu. Rev. Immunol. 19:423-74;
Gracie et al., 2003, J. Leukoc. Biol. 73(2):213-224; Reddy, 2004, Curr. Opin.
Hematol. 1(6):405-410). IL-18 expression plays a role in a wide variety of pathologic
conditions, including autoimmune diseases, bacterial and viral infections, and cancer.
Biological activities of IL-18 include induction of interferon-y (IFN- y) by, for
instance, T cells and splenocytes, enhancement of the killing aétivity of natural killer
cells (NKTs) and helping induce differentiation of naive CD4+ T cells to type 1
effector T cells (Thl). ' |

| IL-18 1s synthesized as a biologically-inactive precursor polypeptide.
Processing by caspase-1, which cleaves off the leader sequence, yields the
biologically-active form (Ghayer et al., 1997, Nature 386:61 9-—623; Gu et al., 1997,
Science 275(5297):206-209); Active human IL.-18 contains 157 amino acids. IL-18
receptor (IL-18R) components, IL-18Ra and IL-18Rp, have been identified (Torigoe

et al., 1997, J. Biol. Chem. 272:25737-25742; Bomn et al., 1998, J. Biol. Chem.
2873:29445-29450). A naturally-occurring soluble inhibitor of IL-18, dubbed IL-

18BP, has also been identified, which inhibits IL-18 activity by binding to IL-18
(Novick et al., 1999, Immunity 10:127-136).

. T cells play a critical role in immune responses. Regulatory T cells
(Tregs), are a distinct population of T lymphocytes that have the capzicity to
dominantly suppress the proliferation 6f responder T cells in vitro and inhibit
autoimmune disease in vivo (Sakaguchi et al., 1995, J. Immunol. 155:1151-1164;
Sakaguchi et al., 2006, Curr. Top. Microbiol. Immunol. 305:51-66; Thomnton et al.,
1998, J. Exp. Med. 188:287-296). Tregs, originally identified as a CD4"CD25" cell

population, are also characterized by the expression of the forkhead family

transcription factor FoxP3 (Fontenot et al., 2005, Immunity 22:329-341).
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Tumors express tumor-associated antigens, which should result in a
immune reaction. However, such tumor-associated antigen specific immune
responses have not typically been -observed. Tregs have been implicated as major
contributors to the ultimate failure of anti-tumor immune responses in humans (Wolf
et al., 2006, Mini Rev. Med. Chem. 6(5):509513). For instance, in ovarian cancer,
Tregs suppress tumor-specific T cells and high numbers of tumor-associated Tregs are
associated with reduced survival time (Cunel et al., 2003, Nat. Med. 9:562-567; Wolf
et al., 2005, Clin. Cancer Res. 11:8326-8331; Cuniel et al., 2006, Meeting Abstract,
Can. Im:minity 6 Suppl. 1, p. 20). Furthermore, an increased number of intratumoral
effector T cells in ovarian cancer has Been associated with a better prognosiS (Zhang
et al., 2003, N. Engl. J. Med. 348:203-213); A similar observation has been made
with respect to cblorectal cancer (Pages et al., 2005, N. Engl. J. Med. 353:2654-2666).
Lung tumors have been shown to have a hi gh number of Tregs, and the evidence
suggests that Tregs selectively inhibit the host immune response and may thereby
contribute to cancer progression (Woo et al., 2002, J. Immunol. 168:4272-4276).
Tregs have also been showh to be elevated in tumor samples from glioblastoma
multiforme patients (Andaloussi et al., 2006, Neuro-oncol. 8:234-243). '

Administration of DAB3391L-2, a recombinant IL-2 diphthena toxin
conjugate, to eliminate Tregs from peripheral blood of metastatic renal cell carcinoma
patients prior to vaccination with tumor RNA-transfected dendritic célls resulted in
enhanced stimulatioﬁ of tumor-specific T cells (Dannull et al., 2005, J. Clin. Inves-;‘.

1 15:3623:3633). Disadvantageously, DAB;3goIL.-2 removes activated T cells and
therefore, cannot be used folloWing vaccination. Fludarabine has been shown to
either eliminate or block Tregs in chronic lymphocytic leukemia patients (Beyer et al.,
2005, Blood 106:2018-2025). DisadVantageously, fludarabine can cause suppression
of bone marrow cells and neurotoxicity.

Tregs also play a role in some viral and parasitic infections. For
instance, an overabundance of Tregs and resultant immune suppression have been
detected in retroviral infections (Iwashiro et al., 2001, PNAS 98:9226-9230).

Immune suppression by Tregs has also been found in Leishmania and malaria mouse
models (Belkaid et al., Nature 420:502; Hisaeda et al., 2004, Nat. Med. 10:29). Ina

filarial-infected mouse model, reduction in the number of Tregs by antibody therapy

resulted in a dramatic reduction in parasite numbers (Taylor et al., 2005, J. Immunol.

174:4924-4933).
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Thus, it is clear there is a need in the art for a new method for
inhibiting or reducing Tregs in the treatment of cancer and other diseases involving

Tregs. The present invention satisfies this need.

BRIEF SUMMARY OF THE INVENTION

The invention features a method for decreasing the number of
CD4'CD25'FoxP3" Tregs in a subject, the method comprising the step of
administering a therapeutically-effective amount of interleukin 18 (IL-18) to the
subject, wherein the CD4" CD25" FoxP3™ Tregs are selectively depleted. In one
embodiment, the subject 1s éfﬂicted with at least one disorder selected from cancer, a
retroviral infection or a parasitic infection. |

The invention also teatures a method for decreasing the number of
systemic Treg cells in a subject afflicted with cancer, the method comprnsing the step
of administering a therapeutically-effective amount of 1L-18 to the subject.

Also provided by the invention is a method for decreasing the number
of intratumoral Treg cells in a subject afflicted with cancer, the method comprisihg
the step Qf administering a therapeutically-effective amount of 1L-18 to the subject.

| A method for increasing the number of systemic CD8" effector T-cells
in a subject afflicted with cancer, the method comprising the step of administering a
therapeutically-effective amount of IL-18 to the subject 1s also provided by the
invention. -

The invention also provides a method for increasing the number of
intratumoral CD8" effector T-cells in a subject afflicted with cancer, the method
comprising the step of administering a therapeutically-effective amount of IL-18 to
the subject.

In some embodiments, the IL-18 1s human IL-18. In some
embodiments, the IL-18 is conjugated to polyethylene glycol. In some embodiments,
the subject is a human subject. In some embodiments, the IL-18 is administered 1n
conjunction with at least one additional therapeutic component. In some
embodiments, the additional therapeutic component is an antibody, an antibody-toxin
conjugate, a toxin, a chemotherapeutic molecule, a DNA vaccine, an antisense

molecule, an siRNA molecule, a stem cell, a tumor-specific T cell, or an antigen-

presenting cell.
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In some embodiments, the IL-18 is administered as part of an
allogeneic tissue transplant. In some embodiments, the tissue transplant is selected
from peripheral blood mononuclear cell (PBMC) transplant or bone marrow
transplant (BMT).
| In some embodiments, the cancer is lung cancer, gastrointestinal

cancer, genitourinary tract cancer, liver cancer, bone cancer, nervous system cancer,

- gynecological cancer, breast cancer, hematologic cancer, skin cancer, or adrenal gland

cancers.

The invention further provides a method for depleting
CD4"CD25"FoxP3" Tregs in a subject, the method comprising the step of
édministering a composition to the subject, wherein the composition increases the
activity of IL-18 in the subject, wherein the CD4"CD25 FoxP3" Tregs are selectively
depleted. ' '

BRIEF DESCRIPTION OF THE DRAWINGS

For the purpose of 'illustrating the invention, there are depicted in the
drawings certain embodiments of the invention. However, the invention is not limited
to the precise afr_angements and instrumentalities of the embodiments depicted in the
drawings.

Figure 1 1s a series of graphs depicting, in the presence and absence of
rhIL-18 treatment, tumor infiltration by human T cells in a mouse human tumor
xenograft model, as described in Experimental Example 1. Paratfin sections were
reacted with antibody specific for human CD45 (left panel), CD8 (middle panel), or
CD4 (right panel). Antibody-reactive cells per 100X field were enumerated blindly
and assigned as being either intra- or peri-tumoral in location. Solid bars depict
results from IL-18 treated animals. Open bars depict results from mock-treated |
animals. Asterisks indicate significant differences (p<0.05) between rhIL-18-treated
and untreated specimens, as measured by a T test for paired two-sample means.

Figure 2, comprising Figures 2A and 2B, is a series of graphs depicting
the number of Tregs as a result of IL-18 treatment of tumor-bearing B2-
microglobulin”/NOD/scid mice. Figure 2A depicts the results of immuno-

histochemistry on sections of spleen. Figure 2B depicts the results of

immunohistochemistry on sections of tumor. Antibody-reactive cells per 400X field
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were enumerated blindly. Solid bars depict sections from IL-18-treated animals,
while open bars represent sections from mock-IL-18-treated animals.

Figure 3 depicts a bar graph of measurements of CD4"CD25" T cells in

various tissues in non-tumor-bearing rhlL-18-treated 32-micro globulin”/NOD/scid

mice. Cells were stained with antibodies to human CD45, CD4, and CD2S and
analyzed by flow cytometry. The percentage of CD4"CD25" cells was determined by
first gating on CD45" cells. Filled bars represent values obtained in IL-1 8-treated
animals; open bars represent values obtained in mock-tfeated animals.

Figure 4 is a series of two bar graphs depicting the number of Tregs 1n

IL-18 treated B2-microglobulin”/NOD/scid mice without tumors. Antibody-reactive
cells per 400X field were enumerated blindly. Solid bars dep'iCt sections from IL-18-
treated animals, while open bars represent sections from mock-1L-18-treated animals.
. Figure S is a series of two bar graphs depicting the number of Tregs in
IL-18 treated B2-rnicroglobulin"'/NOD/scid mice wi.thout tumors injected with either
human peripheral blood mononuclear éells (PMBC) or human peripheral blood
lymphocytes (PBL). Paraffin sections of spleen were reacted with antibodies specific
for human FoxP3 (left graph) or human CD8 (right graph). Antibody-reactive cells
per 400X field were enumerated blindly. Solid bars depict sections from IL-18-
treated animals, while open bars represent sections from mock-IL-18-treated animals.

Figure 6 1s a series of graphs' depicting data for NOD/scid/'yc’“‘”

mice
injected with PBMC:s as indicated above each graph. Human cell engraftment in the

peripheral blood was monitored 14, 28 and 36 days post-injection.

DETAILED DESCRIPTION

The present invention relates in part to the discovery that
administration of IL-18 exerts differential effects on engraftment of human T cell
subsets. The present disclosure demonstrates that administration of human IL-18 in a
human lung cancer xenograft mouse model treated with allogeneic PMBCs results 1n
a significantly decreased number of Tregs intratumorally. Additionally, there 1s also a
systemic decrease in Tregs as a result of IL-18 administration. Furthermore, IL-1 8-
administration has very little effect on overall CD4" T cell engraftment. The present

disclosure also demonstrates that IL-18 administration promotes CD8" T cell

engraftment, both intratumorally and systemically. These IL-18-induced etfects are
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also observed in the absénce of tumors. As such, the present invention includes

methods of decreasing the number of Tregs in a subject and methods of increasing

CDS8" cells in a subject.

Definitions
As used herein, each of the following terms has the meaning associated
with it in this section. '
- The articles “a” and “an’ are used herein to refer to one or to more

than one (i.e. to at least one) of the grammatical object of the article. By way of

example, “an element” means one element or more than one element.

" The term “about” will be understood by persons of ordinary skill in the
art and will vary to some extent on the context in which it is used.

As used herein, a "disease" is a state of health of an animal wherein the
animal cannot maintain homeostasis, and wherein, if the disease is not ameliorated
then the animal's health continues to deteriorate. In contrast, a "disorder" in an animal
is a state of health in which the aniinal is able to maintain homeostasis, but in which
the animal's state of health is less favorable than it would be in the absence of the |
disorder. Left untreated, a disorder does not necessarily cause a further decrease in
the animal's state of health. |

As used herein, a disease of disorder is "alleviated" if the severity of a
symptom of the disease or disorder, the frequen'cy with which such a symptom is
experienced by a patient, or both, are reduced.

As used herein, a “therapeutically effective amount” refers to a
nontoxic but sufficient amount of an agent to provide the desired biological result.
That result can be reduction and/or alleviation of the signs, symptoms, or causes of a
disease or disorder, or any other desired alteration of a biological system. An
appropriate therapeutic amount 1n any individual case may be determined by one of
ordinary skill in the art using routine experimentation.

A “therapeutic” treatment is a treatment administered to a subject who
exhibits signs of pathology for the purpose of diminishing or eliminating those signs.

A “subject” of diagnosis or treatment is a mammal, including a human.
Non-human animals subject to diagnosis or treatment in the methods of the invention

include, for example, primates, cattle, goats, sheep, horses, dogs, cats, mice, rats, and

the like.
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“Graft,” as used herein, refers to ény free (unattached) cell, tissue or
organ for transplantation.

“Allograft,” as used herein, refers to a transplanted cell, tissue or organ
derived from a different animal of the same species than the transplant recipient.

‘“Xenograft,” as used herein, refers to a transplanted cell, tissue or
organ dertved from an animal of a different species than the transplant recipient.

As used herein, “tissue transplant” refers to the transplant of any tissue
into a subject. Tissues that may be transplanted include, but afe not limited to;
peripheral blood mononuclear cells (PBMCS.), bone marrow, stem cells, and organs,
or portions thereof, including, but not limited to skin, liver, kidney, lung, heart,
pancreas, eyes, corneas, heart valves, bone, intestine, vein.and arteries.

As used here, “intratumoral,” as it refers to a T cell located within
tumor cell islets (i.e. juxtaposed to clearly malignant epithelial cells), while
peritumoral T cells are located in the stroma that surrounds and infiltrates a tumor.
Thus, a T cell may be located within the tumor, but by virtue of being intimately
associated with stromal rather than actual malignant cells, it may not be viewed as an
intratumoral T cell. Any method known in the art for detecfing a T cell that preserves
the tumor architecture may be used to ascertain if it is intratumoral. A non-limiting
example is the use of immunohistochemical detection methods on a pathology tissue
sample. .

"Polypeptide,”" as used herein, refers to 2 polymer composed of amino
acid residues, related naturally-occurring structural variants, and synthetic non-
naturally-occurring variants thereof, linked via peptide bonds. Synthetic polypeptides
can be synthesized, for example, using an automated polypeptide synthesizer.

The term “protein” typically refers to large polypeptides.

The term “‘peptide” typically refers to short polypeptides.

Conventional notation is used herein to portray polypeptide sequences:
thé left-hand end of a polypeptide sequence 1s the amino-terminus (N-terminus); the
right-hand end of a polypeptide sequence is the carboxyl-terminus (C-terminus).

The term "substantially pure" describes a compound, e.g., a protein or
polypeptide, which has been separated from components which naturally accompany

it. Typically, a compound is substantially pure when at least 10%, more preferably at

least 20%, more preferably at least 50%, more preferably at least 60%, more

preferably at least 75%, more preferably at least 90%, and most preferably at least
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99% of the total material (by volume, by wet or dry weight, or by mole percent or
mole fraction) in a sample is the compound of interest. Purity can be measured by
any appropriate method, e.g., in the case of polypeptides, by column chromatography,
gel electrophoresis or HPLC analysis. A compound, e.g., a protein, 1s also
substantially purified when it is essentially free of naturally associated components or
when it is separated from the native contaminants which accompany 1t in its natural
state. .

In the context of the present invention, the following abbreviations for
the commonly occurring nucleic acid bases are used. "A" refers to adenosine, "C"
refers to cytidine, "G" refers to guanosine, "T" refers to thymidine, and "U" refers to
uridine.

A "polynucleotide" means a single strand or parallel and anti-parallel
strands of a nucleic acid. Thus, a polynucleotide may be either a single-stranded or a
double-stranded nucleic acid. |

The term "nucleic acid" typically refers to large polynucleotides.

The term "oligonucleotide" typically refers to short polynucleotides,
generally no greater than about 50 nucleotides. It will be understood that when a
nucleotide sequence is represented by a DNA sequence (1.e., A, T, G, C), this also
includes an RNA sequence (i.e., A, U, G, C) in which “U” replaces "T.” '

| Conventional notation is used herein to describe polynucleotide

sequences: the left-hand end of a single-stranded polynucleotide sequence is the 5'-
end; the left-hand direction of a double-stranded polynucleotide sequence is referred
to as the S'-direction.

The direction of 5' to 3' addition of nucleotides to nascent RNA
transcripts is referred to as the transcription direction. The DNA strand having the
same sequence as an mRNA is referred to as the "coding strand”; sequences on the
DNA strand which are located 5' to a reterence point on the DNA are reterred to as
"upstream sequences”; sequences on the DNA strand which are 3' to a reference point
on the DNA are referred to as "downstream sequences.”

As used herein,” recombinant polynucleotide” refers to a
polynucleotide having sequences that are not naturally joined together. An amplified

or assembled recombinant polynucleotide may be included in a suitable vector, and

the vector can be used to transform a suitable host cell. A recombinant
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polynucleotide may serve a non-coding function (e.g., promoter, origin of replication,
ribosome-binding site, etc.) as well. |

As used herein, a “recombinant polypeptide” is one which is produced
upon expression of a recombinant polynucleotide.

A "vector" is a composition of matter which comprises an isolated
nucleic acid and which can be used to deliver the isolated nucleic acid to the intenor
of a cell.

As used herein, an “expression vector” refers to a vector comprising a
recombinant polynucleotide comprising expression contrbl sequences operatively
linked to a nucleotide sequence to be expressed. An expression vector COmprises
sufficient cis-acting elements for expression; other elements for expression can be
suppliéd by the host cell or in an in vitro expression system. Expression vectors
useful in the invention include all those known in the art, such as cosmids, plasmids

(e.g., naked or contained in liposomes) and viruses that incorporate the recombinant

polynucleotide.

By describing two polynucleotidesras "operably linked" is meant that a
single-stranded or double-stranded nucleic acid moiety comprises the two
polynucleotides arranged within the nucleic acid moiety in such a manner that at least
one of the two polynucleotides is able to exert a physiological effect by which it is

characterized upoh the other. By way of example, a promoter operably linked to the

coding region of a gene is able to promote transcription of the coding region.

As used herein, the term “promoter/regulatory sequence” means a
nucleic acid sequence which is required for expression of a gene product operably
linked to the promoter/regulator sequence. In some instances, this sequence may be
the core promoter sequence and in other instances, this sequence may also include an
enhancer sequence and other regulatory elements which are required for expression of
the gene product. The promoter/regulatory sequenCe may, for example, be one which
expresses the gene product in a tissue specific manner.

A “constitutive promoter’ is a promoter which drives expression of a
gene to which it is operably linked, in a constant manner in a cell. By way of
example; promoters which drive expression ot cellular housekeeping genes are

considered to be constitutive promoters.

An “inducible” promoter is a nucleotide sequence which, when

operably linked with a polynucleotide which encodes or specifies a gene product,
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causes the gene product to be produced in a living cell substantially only when an
inducer which corresponds to the promoter is present in the cell.

A “tissue-specific’” promoter is a nucleotide sequence which, when
operably linked with a polynucleotide which encodes or specifies a gene product,
causes the gene product to be produced in a living cell substantially only if the cell 1s
a cell of the tissue type corresponding to the promoter. '

A host cell that comprises a recombinant polynucleotide is referred to
herein as a "recombinant host cell.” A gene that is expressed in a recombinant host
cell, wherein the gene comprises a recombinant polynucleotide, produces a
recombinant polypeptide.

By the term "signal sequence" is meant a polynucleotide sequence
which encodes a peptide that directs the path a polypeptide takes within a cell, 1.e., 1t
directs the cellular processing of a polypeptide in a cell, irlcluding, but not limited to,
eventtlal secretion of a polypeptide from a cell. A signal peptide is a sequence of
amino acids which are typically, but not exclusively, found at the amino terminus of a
polypeptide which targets the synthesis of the polypeptide to the endoplasmic
reticulum. In some instances, the signal peptide is proteolytically removed from the
polypeptide and is thus absent from the mature protein.

A “receptor” is a compound that specifically binds to a ligand.

A"l gand" is a compound that specifically binds to a target receptor.
For instance, IL-18 1s a ligand for IL-18R.

The term T cell” as used herein is defined as a thymus-derived
lymphocyte that participates in a variety of cell-mediated immune reactions.

The term “regulatory T cell” as used herein refers to a
CD4"CD25 FoxP3™ T cell with suppressive properties. “Treg” is the abbreviation
used herem for a regulatory T cell. |

The term “helper T cell” as used herein refers to a CD4" T cell; helper
T cells recognize ahtigen bound to MHC Class Il molecules. There are at least two
types of helper T cells, Th1 and Th2, which produce different cytokines. Helper T
cells become CD25" when acti vated, but ronly transiently become F oxP3”.

The term “cytotoxic T cell” as used herein refers to a CD8" T cell;

cytotoxic T cells recognize antigen bound to MHC Class 1 molecules.

As used herein, “decreasing the number of systemic Tregs” refers to a

reduction in the number of systemic Tregs in a subject in response to the

10
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administration of IL-18 compared to the number of systemic Tregs in the subject 1n
the absence of the administration of IL-18. The phrase encompasses reducing the
number of Tregs to a zero number of detectable cells.

As used herein, “a zero number of detectable cells” refers to any
amount of a particular cell type in a subject that cannot be detected by any standard
method of cell detection, including, but not limited to, immunophenotype,
immunohistochemistry, flow cytometry and polymerase chain reaction.

“Depletion” of a given type of cell, as used herein, refers to reducing
or eliminating the function of the cell, réndering the cell ineffective, partially or
completely eliminating proliferation of the cell, and/or killing the cell. The term -
encompasses modulating expression of lineage specific factors, for instance inhibiting
expression of FoxP3, thereby altering the cell function. Depletion may be local, for
instance, intratumoral, or may be systemic.

A cell type 1s “selectively depleted” when the cell type 1s depleted 1n
comparison to another cell type. For instance, administration of IL-18 selectively
depletes CD4*CD25*FoxP3* Tregs with respect to CD4" cells.

As used herein, “administered as part of an allogeneic tissue
transpiant” refers to administration before, concurrent with, or subsequent to, the
transplant of the allogeneic tissue.

As used herein, “IL-18 activity’ refers to at least one bio]ogical
function of IL-18. Non-limiting examples of IL-18 biological functions include
induction of IFN-v in, for instance, PBMCs, induction of NFxB, activation of INK
activity, and binding to IL-18R. '

As used herein, “percentage,” when used herein to refer to a particular
type of T cell means that fraction of the overall T cell population which the particular
T cell compn'ses. Overall T cell population rnay.be quantified by expressionota T
cell common antigen. An overall T cell population may also be quantified by
quantifying different T cell sub types based on the expression, for instance, of
particular cell surface proteins.

It is understood that any and all whole or partial integers between any

ranges set forth herein are included herein.

Descrniption

11
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The invention relates to the depletion of Tregs in a subject resulting
from the administration of IL-18. Tregs are believed to underlie the failure of an
immune response to tumor-associated antigens by suppressing tumor-specific T cells,
such as CD8" T cytotoxic cells, from attacking tumor cells. Similarly, Tregs may
reduce the effectiveness of immunotherapy treatments, such as cancer vaccination
with tumor-antigen pulsed dendritic cells. Based on the present disclosure, the
number of Tregs in a eubject with cancer can be specifically depleted by the
administration of IL-18. Intratumoral Tregs can be reduced to an undetectable
number. The number of circulating Tregs can also be reduced. The percentage of
systemic or intratumoral T cells that are Tregs can also be reduced. Similarly, the
percentage of systemic or intratumoral T cells that are CD8" can be increased.
Advantageously, overall CD4" T cell engraftment is not adversely affected by 1L-18
administration. Fufthermbre, CD8" T cell engraftment is promoted by the
administration of IL-18. '

Accordingly, the invention provides a method of decreasing the
number or percentage of CD4 ' CD25 FoxP3" Tregs in a subject. IL-18 1s
administered to the subject which results in the selective depletion of
CD4*CD25"FoxP3* Tregs. The invention also provides a method of decreasing the
systemic, circulating Tregs in a subject afflicted with cancer, comprising
administering a therapeuticel]y-effective amount of IL-18. Similarly, the in\}ention

provides a method of decreasing the number of intratumoral Tregs in a subject

" afflicted with cancer, comprising administering a therapeutically-effective amount of

IL-18. Without being bound by theory, it is believed that the depletion of Tregs in a
subject with cancer increases the likelihood of an effective immune response
mediated, for instance, by tumor-specific CD8" cytotoxic T cells, being mounted
against tumof cells. This 1s believed because such an immune response will be
subjected to reduced or eliminated suppressien by Tregs in the method of the
invention. Depletion of CD4"CD25 FoxP3" Tregs by IL-18 treatment is also
expected to be beneficial for chronic viral infections, for instance retroviral infections.
The invention further prevides a method of increasing the number or
percentage of CD8™ T cells in a subject afflicted with cancer by administering to the

subject a therapeutically-effective amount of IL-18. The CD8" T cells that are -
increased may be circulating (that is, systemic) or intratumoral. Without being bound

by theory, it is believed increasing the number of CDS8" T cells results in a more

12
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effective immune response against a cancer because the number of tumor-specific

CDS8" T cells may be increased. Increasing CD8" T cells is also useful in accelerating

recovery of the immune system after marrow depleting or ablation events, including,

but not limited to, chemotherapy, radiotherapy and bone marrow transplantation. IL-

18 treatment may also permit the administration of a greater amount of or more

frequent or longer duration administration of a chemotherapeutic by virtue of

preventing or ameliorating T cell depletion caused by the chemotherapeutic. IL-18

treatment to increase CD8" T cells is also beneficial for recovering immune function
in patiénts experiencing prolonged periods of immunodeficiency, for instance, in
patients with HIV infection. |

' The invention further provides a method of decreasing the number of
CD4"CD25FoxP3" Treg cells in a subject by administering a therapeutically-
effective amount of a composition that increases IL-18 activity to the subject. The
composition can increase IL-18 activity in a vanety of ways, both directly and
indirectly. For instance, IL-18 activity is increased by increasing the amount of IL-
18. The amount of IL-18 can be increased, for instance, by increasing the expression
of endo genéus IL-18 or by increasing the processing of IL-18 precursor. Caspase 3
activity results in biologically inactive 1L-18. Accordingly, inhibition of éaspase 3
activity by administration of a caspase 3 inhibitor will effectively increase IL-18
activity. Caspase 3 inhibitors are known in the art. See, for instance, Han et al., 2002,
J. Biol. Chem. 227:301-28-30136; Chu et al., 20085, J. Med. Chem. 48:7637-47; and
Okun et al., 2006, J. Biomol. Screen 11:277-85. IL-18 activity may be increased by

- increasing the half-life of endogenous IL-18 polypeptide or IL-18 mRNA.

Alternatively, IL-18 activity may be increased by decreasing the activity of IL-18
binding protein (IL-18BP), which binds and inhibits IL-18. IL-18BP activity may be
reduced, for instance, by preventing its binding to IL-18, for instance by a small
molecule, or reducing expression of endogenous IL-18BP. The invention is therefore
not limited by the manner in which the composition increases IL-18 activity.

The methods of the invention, optionally, further comprise
administering at least one additional therapeutic component. Non-limiting examples

of therapeutic components include antibodies, antibody-toxin conjugates,
chemotherapeutic molecules, DNA vaccines, antisense molecules, siRNA molecules,

stem cells, such as hematopoietic stem cells, bone marrow and PBMCs, antigen-

presenting cells, such as dendritic cells, and tumor-specific T cells. Chemotherapeutic
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molecules include any type of agent intended to be toxic to cancer cells. Examples
include, but are not limited to, small molecules, radioactive moieties, proteosome
inhibitors, steroids, hormones, angiogenesis inhibitors, alkylating agents, antimitotic
agents, antimetabolites, plant alkaloids, topoisomerase inhibitors, antitumor
antibiotics, radiation, and the like.

Administration of the at least one additional therapeutic component
can occur before, concurrent with, or after administration of IL-18 or administration
of a composition that increases IL-18 activity. Administration of the at least one
additional therapeutic component Within about 6 months of IL-18 administration is
considered within the scope of the invention. In some embodiments, the at least one
additional therapeutic component i1s administered within about 3 months, within about
1 month, within about 1 day or within about 5 minutes to about 12 hours of IL-18
administration. The schedule of administrating the at least one additional therapeutic
component may be the same or different as that for IL-18 or a composition that
increases [L-18 activity.

The methods of the invention may be used for any mammal that would
benefit from a decrease in CD4 CD25 FoxP3" Treg cells and/or an increase in CD8”
T cells. Preferably, the mammal 1s a human. -

The method of the invention may be used for treatment of any disease
or disorder for which a decrease in CD4+CDZ 5*FoxP3" Tregs and/or an increase in
CDS8" T cells would provide a therapeutic benefit. Diseases or disorders involving
tumors, particularly cancerous tumors, or chronic viral or parasitic infection benefit
therapeutically from the depletion of CD4"CD25 FoxP3" Tregs.

More particularly, cancers that may be treated by the methods of the
invention include, but are not limited to the following:

cardiac cancers, including, for example sarcoma, e.g., angiosarcoma,
fibrosarcoma, rhabdomyosarcoma, and liposarcoma; myxoma; rhabdomyoma;
ﬁbrorna;' lipoma and teratoma,

lung cancers, including, for example, bronchogenic carcinoma, e.g.,
squamous cell, undifferentiated small cell, undifferentiated large cell, and
adenocarcinoma, alveolar and bronchiolar carcinoma; bronchial adenoma; sarcoma;

lymphoma; chondromatous hamartoma; and mesothehioma;

gastrointestinal cancer, including, for example, cancers of the

esophagus, e.g., squamous cell carcinoma, adenocarcinoma, leiomyosarcoma, and
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lymphoma; cancers of the stomach, e.g., carcinoma, lymphoma, and lelomyosarcoma,
cancers of the pancreas, e.g., ductal adenocarcinoma, insulinoma, glucagonoma,
gastrinoma, carcinoid tumors, and vipoma; cancers of the small bowel, e.g.,
adenocarcinoma, lymphoma, carcinoid tumors, Kaposi's sarcoma, leiomyoma,
hemangioma, lipoma, neurofibroma, and fibroma; cancers of the large bowel, e.g.,
adenocarcinoma, tubular adenoma, villous adenoma, hamartoma, and leiomyoma,;
genitourinary tract cancers, including, for example, cancers of the

kidney, e.g., adenocarcinoma, Wilm's tumor (nephroblastoma), lymphoma, and

leukemia; cancers of the bladder and urethra, e.g., squamous cell carcinoma,

transitional cell carcinoma, and adenocarcinoma; cancers of the prostate, e.g.,
adenocarcinoma, and sarcoma; cancer of the tesﬁs, e.g., seminoma, teratoma,
embryonal carcinoma, teratocarcinoma, choridcarcinoma, sarcoma, interstitial cell
carcinoma, ﬁbroma, fibroadenoma, adenomatoid tumors, and lipoma,;

liver cancers including, for example, hepatoma, e.g., hepatocellular
carcinoma; cholangiocarcinoma; hepatoblastoma; angiosarcoma; hepatocellular
adenoma; and hemangioma,;

bone cancer including, for example, osteogenic sarcoma
(osteosarcoma), fibrosarcoma, malignant fibrous histiocytoma, chondrosarcoma,
Ewing's sarcoma, malignant lymphoma (reticulum cell sarcoma), multiple myeloma,
malignant giant cell tumor chordoma, osteochrdndroma (OSteocartilaginous
exostoses), benign chondroma, chondroblastoma, Chondromyxoﬁbroma, osteoid
osteoma and giant cell tumors;

nervous system cancers including, for example, cancers of the skull,
e.g., osteoma, hemangioma, granuloma, xanthoma, and osteitis deformans; cancers of
the meninges, e.g., meningioma, meningiosarcoma, and gliomatosis; cancers of the
brain, e.g., astrocytoma, medulloblastoma, glioma, ependymoma, germinoma
(pinealoma), glioblastoma multiform, oligodendroglioma, schwannoma,
retinoblastoma, and congenital tumors; and cancers of the spinal cord, e.g.;
neurofibroma, meningioma, glioma, and sarcoma;

gynecological cancers including, for example, cancers of the uterus,
e.g., endometnal carcinoma; cancers of the cervix, e.g., cervical carcinoma, and
pre-tumor cervical dysplasia; cancers of the ovaries, e.g., ovarian carcinoma,
including serous cystadenocarcinoma, mucinous cystadenocarcinoma, unclassified

carcinoma, granulosa-thecal cell tumors, Sertoli-Leydig cell tumors, dysgerminoma,
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and malignant teratoma; cancers of the vulva, e.g., squamous cell carcinoma,
intraepithehal "carcinoma, adenocarcinoma, fibrosarcoma, and melanoma; cancers of
the vagina, e.g., clear cell carcinoma, squamous cell carcinoma, botryoid sarcoma,
and embryonal rhabdomyosarcoma; and cancers of the fallopian tubes, e.g.,
carcinoma,

hematologic cancers including, for example, cancers of the blood, e.g.,
acute myeloid leukernia,. chronic myeloid leukemia, acute lymphoblastic leukemaa,
chronic lymphocytic leukemia, myeloproliferative diseases, multiple myeloma, and
myelodysplastic syndrome, Hodgkin's lymphoma, non-Hodgkin's lymphoma
(malignant lymphoma) and Waldenstrom's macroglobulinemia;

skin cancers including, for example, malignant melanoma, basal cell
carcinoma, squamous cell carcinoma, Kaposi's sarcoma, moles dysplastic nevi,
lipoma, angioma, dermatofibroma, keloids, and psoniasis;

breast cancers including, for example, ductal carcinoma, lobular
carcinoma, inflammatory breast cancer, medullary carcinoma, mucinous (colloid)
carcinoma, Paget’s diséase of the breast, tubular carcinoma, phylloides tumor,
metaplastic carcinoma, sarcoma, microcapillary carcinoma and adenoid cystic
carcinoma; and -

adrenal gland cancers including, for example, neuroblastoma.

Cancers may be solid tumors that may br may not be metastatic.
Cancers may also occur, as 1n leukemia, as a diffuse tissue. Thus, the term "tumor
cell" as provided herein, includes a cell afflicted by any one of the above 1dentified

diseases.

Chronic viral or parasitic infections are also beneficially treated by
decreasing CD4 CD25 FoxP3" Tregs. Non-limiting examples of such infections
include retroviral infections, and parasitic infections, including, but not limited to,
Leishmania, malaria, Wucheria sp., Brugia sp.,Onchocerca volvulus, Loa loa,

Mansonell streptocerca, and Dracunculus medinensis.

IL-18

The IL-18 polypeptide used in the method of the invention can be from
any organism. Preferably, to avoid the possibility of antigenicity of a xeno-IL-18 and

a resultant anti-xeno-IL-18 immune response and. to assure bioactivity, the IL-18 1s
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the same species as the siibject to which it is administered. For instance, human IL-18
is preferable in the treatment of humans.
IL-18 genes have been cloned and sequenced in many mammals,

including human, mouse (Mus musculus), cow (Bos taurus), wild boar (Sus scrofa),

‘chicken (Gallus gallus), rat (Rattus norvegicus, Sigmodon hispidus), goat (Capra

hircus), gerbil (Meriones unguiculatus), dog (Canis familiaris), cat (Felis catus),

rhesus monkey (Macaca mulatta), sheep (Ovis aries) and water buffalo (Bubalus
bubalis).
. In preferred embodiments, 1L.-18 1s human IL-18. |
The amino acid sequence of the active form of human IL-18 1s
YFGKLESKLSVIRNLNDQVLFIDQGNRPLFEDMTDSDCRDNA‘PRTIFIISMYKD
SQPRGMAVTISVKCEKISTLSCENKIISFKEMNPPDNIKDTKSDIIFFQRSVPGH

DNKMQFESSSYEGYFLACEKERDLFKLILKKEDELGDRSIMFTVQNED (SEQ

ID NO: 1). An exemplary coding sequence for the active form of human IL-18 1s
tacttiggcaagcttgaatctaaattatcagtcataagaaatttgaatgaccaagttctcttcattgaccaaggaaatcggcctct
atttgaagatatgactgattctgactgtagagataatgcaccccggaccatatttattataagtatg’tataaagatagccagcct
agaggtatggctgtaactatctctgtgaagtgtgagaaaatttcaactctctcctgtgagaacaaaattatttcctttaaggaaat
gaatcctcctgataacatcaaggatacaaaaagtgacatcatattctttcagagaagtgtcccaggacatgataataagat gC
aatttgaatcttcatcatacgaaggatactttctagcttgtgaaaaagagagagacctttttaaactcattttgaaaaaagaggat
gaattgggggatagatctataatgttcactgttcaaaacgaagac (SEQ ID NO: 2). The amino acid
sequence of the active form of murine IL-18 is NFGRLHCTTAVIRNINDQ
VLFVDKRQPVFEDMTDIDQSASEPQTRLIIYMYKDSEVRGLAVTLSVKDSKM |
STLSCKNKIISFEEMDPPENIDDIQSDLIFFQKRVPGHNKMEFESSLYEGHFLAC
QKEDDAFKLILKKKDENGDKSVMFTLTNLHQS (SEQ ID NO: 3). An exemplary
coding sequence for the active form of murine IL-18 1s aactttggccgacttcactgtacaacc
gcagtaatacggaatataaatgaccaagttctcttcgttgacaaaégacagcctgtgttcgaggatatgactgatattgatcaa
agtgccagtgaaccccagaccagactgataatatacatgtacaaagacagtgaagtaagaggactggcetgtgaccctcetct
gtgaaggatagtaaaatgtctaccctctcctgtaagaacaagatcatticctitgaggaaatggatccacctgaaaatatigat
gatatacaaagtgatctcatattctttcagaaacgt gttccaggacacaacaag‘a_x‘t ggagtttgaatcttcactgtatgaagga
cactttcttgcttgccaaaaggaagatgatgctttcaaactcattctgaaaaaaaaggatgaaaatggggataaatctgtaatg
ttcactcfcactaacttacatcaaagt (SEQ ID NO: 9).

IL-18 polypeptides useful in the invention may also have

modifications. Modifications (which do not normally alter primary sequence) include

in vivo, or in vitro chemical derivatization of polypeptides, e.g., acetylation, or
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carboxylation. Also included are modifications of glycosylation, e.g., those made by
modifying the glycosylation patterns of a polypeptide during its synthesis and
processing or in further processing steps, e.g., by exposing the polypeptide to
enzymes which affect glycosylation, e.g., mammalian glycosylating or
deglycosylating enzymes. Also embraced are sequences whibh have phosphorylated
amino acid residues, e.g., phosphotyrosine, phosphoserine, or phosphothreonine.
Also included are IL-18 polypeptides that have been modified using
ordinary molecular biological techniques so as to improve their resistance to
proteolytic degradation or to optimize solubility properties or to render them more
suitable as a therapéutic agent. Analogs of such polypeptides include those
containing residues other than naturally occurring L-amino acids, e.g., D-amino acids
or non-naturally occurring synthetic amino acids. The IL-18 polypeptides useful in
the invention may further be conjugated to non-amino acid moieties that are useful 1n
theif therapeutic application. In particular, moieties that improve the stability,
biological half-life, water solubility, and immunologic characteristics of the peptide
are useful. A non-limiting example of such a moiety is polyethylene glycol (PEG).
Covalent attachment of biologically active compounds to water-soluble
polymers is one method for alteration and control of biodistribution,
pharmacokinetics, and often, toxicity for these compounds (Duncan et al., 1984, Adv.
Polym. Sci. 57:53-101). Many water-soluble polymers have been lised to achieve
these effects, such as poly(sialic acid), dextran, poly(N-(2-
hydroxypropyl)methacrylamide) (PHPMA), poly(N-vinylpyrrolidone) (PVP),
poly(vinyl alcohol) (PVA), poly(ethylene glycol-co-propylene glycol), poly(IN-
acryloyl morpholine (PAcM), and poly(ethylene glycol) (PEG) (Powell, 1980,
Polyethylene glycol. In R. L. Davidson (Ed.) HANDBOOK OF WATER SOLUBLE
GUMS AND RESINS. McGraw-Hill, New York, chapter 18). PEG possess an ideal
set of properties: very low toxicity (Pang, 1993, J. Am. Coll. Toxicol. 12: 429-456)
excellent solubility in aqueous solution (Powell, supra), low immunogenicity and
antigenicity (Dreborg et al., 1990, Crit. Rev. Ther. Drug Carrier Syst. 6: 315-365).
PEG-conjugated or "PEGylated" protein therapeutics, containing single or multiple

chains of polyethylene glycol on the protein, have been described in the scientific
literature (Clark et al., 1996, J. Biol. Chem. 271: 21969-21977; Hershfield, 1997,

Biochemistry and immunology of poly(ethylene glycol)-modified adenosine
deaminase (PEG-ADA). In J. M. Harris and S. Zalipsky (Eds) Poly(ethylene glycol):
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Chemistry and Biological Applications. American Chemical Society, Washington,
D.C., p 145-154; Olson et al.,1997, Preparation and characterization of poly(ethylene
glycol)ylated human growth hormone antagonist. In J. M. Harris and S. Zalipsky
(Eds) Poly(ethylene glycol): Chemistry and Biological Applications. American
Chemical Society, Washington, D.C., p 170-181). Exemplary PEGylated IL-18
molecules are disclosed in WO 2004/091517 (corresponding to U.S. Pat. Publication
No. 2005000861), each of which is incorporated herein by reference in its entirety;
use of any of these PEGylated IL-18 1s envisioned in the methods of the invention.

The IL-18 polypeptides useful in the method of the invention may be
prepared by chemical or biological means. Biological methods include, without
limitation, purification from a biological sample having endogenous IL-18
production, expression of a nucleic acid encoding an IL-18 polypeptide in a host cell
and in vitro translation systems. o

To ensure that the polypeptide obtained from either chemical or
biological synthetic techniques is the desired polypeptide, analysis of the peptide
composition can be conducted. Such amino acid composition analysis may be
conducted using high resolution mass spectrometry to determine the molecular weight
of the peptide. Alternatively, or additionally, the amino acid content of the peptide
can be confirmed by hydrolyzing the peptide in aqueous acid, and separating,
identifying and quantifying the components of the mixture using HPLC, or an amino
acid analyzer. Protein sequenatofs, which sequentially degrade the peptide and
identify the amino acids in order, may also be used to determine definitely the
sequence of the peptide.

Prior to its use in‘the method of the invention, the IL-18 polypeptide 1s
purified to remove contaminants. In this regard, it will be appreciated that the peptide
will be purified so as to meet the standards set out by the appropnate regulatory
agencies. Any one of a number of a conventional purification procedures may be
used to attain the required level of purity. An exemplary method for obtaining
purified, active IL-18 for use in the instant invention 1s disclosed in WO 2001/98455
(corresponding to U.S. Pat. Publication No. 20030143198), which are each herein
incorporated by reference in its entirety.

In preparing a substantially pure polypeptide, an immunological,
enzymatic or other assay can be used to monitor purification at each stage in the

procedure. Protein purification methods are well known in the art, and are described,
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for example in Deutscher et al. (ed., 1990, Guide to Protein Purification, Harcourt

Brace Jovanovich, San Diego, CA).

Administration, dosing and dosing schedule
Administration of IL-18 in a method of the invention can be achieved

in a number of difterent Ways, using methods known in the art. Such methods
include, but are not limited to, providing exogenous I1L-18 protein to a subject,
expressing a recombinant IL-18 gene, upregulating expression of an endogenous IL-
18 gene, incrcasing-the half-life or stability of IL-18 mRNA, increasing the translation
of IL-18 mRNA, downregulating expression of IL-18BP, and/or inhibiting the binding
of IL-18BP to 1L-18. '

In a preferred embodiment, exogenous IL-18 1s administered to a
subject. The exogenous IL-18 protein may be identical 1n sequence to the .enddgenous
IL-18 protein or may be a different sequence. The exogenous protein may also be a
hybrid or fusion protein to facilitate distinguishing it from endogenous IL-18 or to
facilitate delivery to target cells. For instance, a hybnd IL-18 protein may comprise a
tumor-specific targeting sequenée. |

Upregulating expression of an endogenous IL-18 gene can be achieved
by any method known in the art. For instance, the IL-18 gene promoter can be
genetically moditfied to increase transcription. Constitutive and inducible pfomoters
are well-known in the art, as are means for genetic modification. Upregulating
expression of IL-18 gene expression can also be accomplished indirectly by
upregulating expression of IL-18 gene-specific transcriptional activator proteins in
cells that express an endogenous IL-18 gene. Upregulating expression of IL-18 1s
preferably accompanied by an increase 1n c‘aspase-l (ICE) activity by means known to
the skilled artisan. Caspase-1 1s responsible'for processing biologically-active IL-18
precursor in vivo to yield biologically-active I11.-18.

Cells expressing an endogenous 1L-18 gene can be targefed for in vivo
genetic modification. Alternatively, cells may be isolated, genetically modified ex
vivo and then administered to the subject, thereby achieving IL-18 administration.

The genomic structure and promoter of human IL-18 gene is known (Gracie et al.,

2003, J. Leukocyte Biol. 73:213-224; el Kares et al., 2000, Arch. Inst. Pasteur Tunis
77(1-4):55-58). The IL-18 gene has two promoters, a constitutive promoter and a

promoter inducible by LPS and IFNy.

20



CA 02662609 2009-03-05

WO 2008/033499 PCT/US2007/0199935

10

15

20

25

30

Expression vectors and methods for the introduction of exogenous
DNA into cells with concomitant expression of the exogenous DNA in the cells are
described, for example, in Sambrook et al. (2001, Molecular Cloning: A Laboratory
Manual, Cold Spring Harbor Laboratory Press, Cold Spring Harbor, NY), and 1n
Ausubel et al. (eds, 2005, Current Protocols in Molecular Biology, John Wiley &
Sons, New York, NY). Any expression vector compatible with the expression of IL-

18 is suitable for use in the 1instant invention, and can be selected from the group

~ consisting of a plasmid DNA, a viral vector, and a mammalian vector. The

expression vector, or a vector that is co-introduced with the expression vector, can‘
further comprise a marker gene. Marker genes are useful, for instance, to monitor
transfection efficiencies. Marker genes include: genes for selectable markers,
including but not limited to, G418, hygromycin, and methotrexate, and genes for
detectable markers, ihchiding, but not limited to, luciferase and GFP. The expression
vector can further comprise an integration signal sequence which facilitates
integration of the isolated polynucleotide into the genome of a target cell.

Molecules that upregulate endogenous IL-18 gene expression,
upregulate endogenous IL-18 gene-speciﬁc transcriptional activator proteins,
downregulate exptession of IL-18BP, inhibit binding of IL-18BP to IL-18, increase
the half-life and/or stability of IL-18 polypeptide and/or IL-18 mRNA, increase the
translation of IL-18 mRNA, or ihcrease the processing of the pro-1L-18 polypeptide to
form active IL-18 can be readily identified by methods known to the skilled artisan.

Compounds that may be tested for desired activity may be obtained
using any of the numerous approaches in combinatorial library methods known 1n the
art, including biological libraries, spatially-addressable parallel solid phase or solution
phase libraries, synthetic library methods requiring deconvolution, the “one-bead one-
compound” library method, and synthetic library methods using atfinity
chromatography selection. The biological library approach is limited to peptide
libraries, while the other four approaches are applicable to peptide, nonpeptide
oligomer, or small molecule libraries of compounds (Lam, 1997, Anticancer Drug
Des. 12:145). '

Examples of methods for the synthesis of molecular libraries may be
found in the art, for example, in: DeWitt et al., 1993, Proc. Natl. Acad. Sci. USA
90:6909-6913; Erb et al., 1994, Proc. Natl. Acad. Sci. USA 91:11422-11426;
Zuckermann et al., 1994, J. Med. Chem. 37:2678-2685; Cho et al., 1992, Science
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261:1303-1305; Carell et al., 1994, Angew. Chem. Int. Ed. Engl. 33:2059-2061;
Carell et al., 1994, Angew. Chem. Int. Ed. Engl. 33:2061-2064; and Gallop et al.,
1994, J. Med. Chem. 37:1233-1251.

Libraries of compounds may be presented in solution (e.g., Houghten,
1992, Bio/Techniques 13:412-421), or on beads (Lam, 1991, Nature 354:82-84), chips
(Fodor, 1993, Nature 364:555-556), bacteria (U.S. Pat. No. 5,223,409), spores (U.S.
Pat. Nos. 5.571,698; 5,403,484; and 5,223,409), plasmids (Cull et al., 1992, Proc.
Natl. Acad. Sci. USA 89:1865-1869), or phage (Scott and Smith, 1990, Science

' 249:386-390; Devlin, 1990, Science 249:404-406; Cwirla et al., 1990, Proc. Natl.

Acad. Sci. USA 87:6378-6382; and Felici, 1991, J Mol. Biol. 222:301-310).

The therapeutic methods of the invention thus encompass the use of
pharmaceutical compositions of an appropriate small molecule, protein or peptide
and/or isolated nucleic acid to practice the methods of the invention. The '

pharmaceutical compositions useful for practicing the invention may be administered

to deliver a dose of between 1 ng/kg/day and 100 mg/kg/day. In one embodiment, the

invention envisions administration of a dose which results in a concentration of the

compound of the present invention between 1 uM and 10 pM 1n a mammal.
Typically, dosages which may be administered 1n a method of the

invention to an animal, preferably a human, range in amount from 0.5 pg to about 50

mg per kilogram of body weight of the animal. The precise dosage administered will

vary depending upon any number of factors, including but not limited to, the type of
animal and type of disease state being treated, the age of the animal and the route of
administration. Preferably, the dosage of the compound will vary from about 1 pg to
about 10 mg per kilogram of body weight of the animal. More preferably, the dosage
will vary from about 3 pg to abouf 1 mg per kilogram of body weight of the animal.
The compound may be administered to an animal as frequently as
several times daily, or it may be administered less frequently, such as once a day,
once a week, once every two weeks, once a month, or even less frequently, such as
once every several months or even once a year or less. The frequency of the dose will
be readily apparent to the skilled artisan and will depend upon any number of factors,
such as, but not limited to, the type and severity of the disease being treated, the type

and age of the animal, etc. The formulations of the pharmaceutical compositions

described herein may be prepared by any method known or hereafter developed 1n the

art of pharmacology. In general, such preparatory methods include the step of
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bringing the active ingredient into association with a carrier or one or more other
accessory ingredients, and then, if necessary or desirable, shaping or packaging the
product into a desired single- or multi-dose unat.

Although the description of pharmaceutical compositions provided
herein are principally directed to pharmaceutical compositions which are suitable for
ethical administration to humans, it will be understood by the skilléd artisan that such
compositions are generally suitable for administration to animals of all sorts.
Modification of pharmaceutical compositions suitable for administration to humans in
order to render the compositions suitable for administration to various animals is well
understood, and the ordinarily skilled veterinary pharmacologist can design and
perform such modification with merely ordinary, if any, experimentation. Subjects to
which administration of the pharmaceutical compositions of the invention 1s
conterhplated include, but are not limited to, humans and other pfimates, and
mammals including commercially relevant mammals, such as non-human pnmates,
cattle, pigs, horses, sheep, cats, and dogs.

Pharmaceutical compositions that are useful in the methods of the
invention may be prepared, packaged, or sold in formulations suitable for oral, rectal,
vaginal, parenteral, topical, pulmonary, intranasal, buccal, Ophthalmic, or another
route of administration. Other contemplated formulations include projected
nanoparticles, liposomal preparations, resealed erythrocytes containing the active
ingredient, and immunologically-based formulations.

A pharmaceutical composition of the invention may be prepared,
packaged, or sold in bulk, as a single unit dose, or as a plurality of single unit doses.
As used herein, a ““unit dose” is discrete amount of the pharmaceutical composition
comprising a predetermined amount of the active ingredient. The amount of the
active ingredient is generally equal to the dosage of the active ingredient which would
be administered to a subject or a convenient fraction of such a dosage such as, for
example, one-half or one-third of such a dosage.

The relative amounts of the active ingredient, the pharmaceutically
acceptable carrier, and any additional ingredients in a pharmaceutical composition of
the invention will vary, depending upon the identity, size, and condition of the subject

treated and further depending upon the route by which the composition 1s to be

administered. By way of example, the composition may comprise between 0.1% and

100% (w/w) active ingredient.
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In addition to the active ingredient, a pharmaceutical composition of
the invention may further comprise one or more additional pharmaceutically active
agents.

Controlled- or sustained-release formulations of a pharmaceutical
composition of the invention may be made using conventional technology.

As used herein, “parenteral administration” ot a pharmaceutical

composition includes any route of administration characterized by physical breaching

of a tissue of a subject and administration of the pharmaceutical composition through
the breach in the tissue. Parenteral administration thus includes, but is not limited to,
administration of a pharmaceutical composition by injection of the composition, by
application of the composition through a surgical incision, by application of the
composition through a tissue-penetrating non-surgical wound, and the hke. In
particular, parenteral administration 1s contérnplated to include, but is not limited to,
subcutaneous, intraperitoneal, intramuscular, intrasternal injection, intratumoral, and
kidney dialytic infusion techmques.

' Formulations of a pharmaceutical composition suitable for parenteral
administration comprise the active ingredient combined with a pharmaceutically
acceptable carrier, such as sterile water or sterile isotonic saline. Such formulations
may be prepared, packaged, or sold in a form suitable for bolus administration or for
continuous administration. Injectable formulations may be prepared, packaged, or
sold in unit dosage form, such as in ampules or in multi-dose containers containing a
preservative. Formulations for parenteral administration include, but are not limited
to, suspensions, soluﬁons, emulsions in oily or aqueous vehicles, pastes, and
implantab]e sustained-release or biodegradable formulations. Such formulations may
further comprise one or more additional ingredients including, but not limited to,
suspending, stabilizing, or dispersing agents. In one embodiment of a formulation for
parenteral administration, the active ingredient is provided in dry (i.e. powder or
granular) form for reconstitution with a suitable vehicle (e.g. sterile pyrogen-free
water) prior to parenteral administration of the reconstituted composition.

The pharmaceutical compositions may be prepared, packaged, or sold
in the form of a sterile injectable aqueous or o1ly suspension or solution. This

suspension or solution may be formulated according to the known art, and may
comprise, in addition to the active ingredient, additional ingredients such as the

dispersing agents, wetting agents, or suspending agents described herein. Such stenle
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injectable formulations may be prepared using a non-toxic parenterally-acceptable
diluent or solvent, such as water or 1,3-butane diol, for example. Other acceptable

diluents and solvents include, but are not limited to, Ringer's solution, isotonic sodium

chloride solution, and fixed oils such as synthetic mono- or di-glycendes. Other

parenterally-administrable formulations which are useful include those which
comprise the active ingredient in microcrystalline form, in a liposomal preparation, or
as a component of a biodegradable polymer systems. Compositions for sustained
release or implantation may comprise pharmaceutically acceptable polymeric or
hydrophobic materials such as an emulsion, an ion exchange resin, a sparingly soluble
polymer, or a sparingly soluble salt. | .

As used herein, “additional ingredieﬁts” include, but are not limited to;

‘one or more of the following: excipients; surface active agents; dispersing agents;

inert diluents; granulating and disintegrating agents; binding agents; lubnicating
agents; sweetening agents; flavoring agents; coloring agents; preservatives;
physiologically degradable cbmpositions such as gelatin; aqueous vehicles and
solvents; oily vehicles and solvents; suspending agents; dispersihg or wetting agents;
emulsifying agents, demulcents; buffers; salts; thickening agents; fillers; emulsifying
agents; antioxidants; antibiotics; antifungal agents; stabilizing agents; and
pharmaceutically acceptable polymeric or hydrophobic materials. Other “additional
ingredients” which may be included in the pharmaceutical ¢ompositions of the
invention are known in the art and descrnibed, for example in Remington's
Pharmaceutical Sciences (1985, Genaro, ed., Mack Publishing Co., Easton, PA),

which is incorporated herein by reference.

EXAMPLES
The invention is now described with reterence to the following
Examples. These Examples are provided for the purpose of illustration only, and the
invention is not limited to these Examples, but rather encompasses all variations

which are evident as a result of the teachings provided herein.

Experimental Example 1: IL.-18 Treatment of tumor-bearing mice
B2-microglobulin™"/NOD/scid mice were injected subcutaneously

with a lung adenocarcinoma cell line (L5S). After tumors were established (100-200

mm’), the mice were injected intraperitoneally with 50 x 10° human peripheral blood
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mononuclear cells (PBMCs), followed by a three week course of daily subcutaneous
(s.c.) injections of 0.75 mg/kg recombinant human IL-18 (rhIL-18) in 6 mice and
mock-rhIL-18 treatment in 4 mice. Tumor volumes were monitored, and upon
sacrifice (24 hours after the final rhIL-18 injection), the intratumoral distribution and
number of human T cell subsets was determined by immunohi stochemistry. Paratfin
sections from the tumor were reacted with an antibody specific for human CD45
(Figure 1, left panel), human CD8 (Figure 1, middle paqel), or human CD4 (Figure 1,
right panel). |

As shown in Figure 1, the overall level of human CD45+ cell
engraftment was increased (left panel) in IL-18 treated mice (black bars); compared to
mock-treated mice (open bars). IL-18 injections also increased the infiltration of
tumors by CD8" human T cells (middle panel) but not CD4" human T cells (right
panel). This increase was entirely due to an increase ih the number of CD8" T cells.

No increase in the number of CD4" T cells was observed.

Table 1

il cpy DA’ cpycoy

-18

PB" PC' Lw"  SpP PB PC Lwvr Spl PB PC Lvr Spl

20

25

30

132 43 92 531 ) 60 31 44 230 | 78 08 3.8 18.5

) | 47 103 +10 53 | £25 07 0.5 £29 | 332 101 04  +1.4

27.9 4.3 11.1  106.7 §} 10.5 4.3 4.1 33.5 5.0 0.9 7.6 60.1

+ |
) +11.8 +0.3 405 #13.2 | 27 +04 +1.2 113 | 02 0.1 10.1* 10.1*

‘Values are represented as averages +/- S.E.M.

TPB: peripheral blood

*PC: Peritoneal cavity

“Lvr: Liver

°Spl: Spleen .

* indicates a significant difference (p<0.02) between control and rhIL-18-treated mice

The effect of human IL-18 on systemic T cell distnbution was
examined by injecting non-tumor-bearing Bz-microglobulin'/ " NOD/SCID mice with
50 million human PBMCs. Twenty-four hours later, a three week course of daily
rhlIL-18 injections (0.75 mg/kg) or mock rhIL-18 injections was initiated. Table 1
summarizes the absolute counts (x 10°%) of human CD45*, CD3*CD4* and CD3*CD8"

recovered following sacrifice of the mice. rhIL-18 increased the number of human
CDS8"* T cells in the spleen and liver. In contrast, the number of CD8" T cells did not

increase in the peripheral blood or peritoneal cavity in responée to rhiL-18

26



CA 02662609 2009-03-05

WO 2008/033499 PCT/US2007/0199935

10

15

20

25

30

administration. Notably, rhIL-18 injection had no effect on the overall engraftment
levels or localization of CD4" T cells.

Although rhIL-18 treatment did not result in overall changes in the
number or distribution of human CD4" cells, it did result in a substantial decrease in
the overall number of CD4"CD25 FoxP3" regulatory T cells (Tregé). Tumor-bearing
mice were injected subcutaneously with 5 x 10’ allogeneic human PBMCs, followed
by a three week course of daily subcutaneous injections of thIL-18. The animals were
then sacrificed, and paraffin sections of tumor and spleen were prepared. The
sections were feacted With antibodies épeciﬁc for human CD4, human CD25, or
human FoxP3. As shown in Figure 2, rhIL-18 treatment resulted in a marked
diminution in the number of Tregs in both tumor (Figure 2B) and spleen (Figure 2A).

Experimental Example 2: IL.-18 Treatment of non-tumor-bearing mice

B2-microglobulin™'/NOD/scid mice (n=6) were injected
intraperitoneally (1.p.) with 50 x 10° human PBMC:s, followed by a three week course
of déily subcutaneous injection of 0.75 mg/kg rhIL-18. IL-18 injections began 24
hours after the PBMC injection. After the three week course of IL-18 1njections, the
animals were sacrificed. Peripheral blood and fluid from the peritoneal cavity were
obtained and processed for flow cytometry. In addition, the liver and the spleen were
isolated from the animals. Portions of the organs were fixed, embedded in parafﬁn,'
and sectioned for immunohistochemical analysis. The remainder of the organs were -
processed for flow cytometry. Antibodies specific for human CD45, CD4, CDS,
CD25, or FoxP3 were used in both immunohistochemical and flow cytometric
analyses. In some experiments, the distribution of cells of human origin in other
organs, including the lungs, kidney, skin and bone marrow was examined.

Figure 3 depicts the flow cytometry data measuring Tregs in the
peripheral blood, peritoneal cavity, spleen, and liver. The number of Tregs 1s
markedly reduced in mice treated with IL-18 compared to mice that were mock-
treated. ' .

Tregs in the spleen were quantified by immunohistochemistry. The
data is shown in Figure 4. These data also indicate that IL-18 treatment resulted 1n
marked reduced numbers of Tregs. Thus, the IL-18-mediated reduction in Tregs

observed does not require the presence of a tumor.
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The data described herein demonstrate that human IL-18 treatment
results in marked alterations in the composition and distribution of human T cells.
The most profound difference is the dramatic decrease in the number of
CD4'CD25'FoxP3" Treg cells. This decrease appears to be systemic and is not
dependeht on the presence of an allogeneic human tumor. IL-18 treatment also
increased the number of CD8" T cells, both intratumorally and systemically. Thus,
IL-18 treatment can be used to modulate the composition and distribution of T cells in
ViVO.

Expennmental Exarnp_lg3: IL-18 treatment of non-tumor-bearing mice injected with
PBMCs or PBLs

Bz-microglobulin-/-/N OD/scid mice were injected intraperitoneally
with 50 x 106 human PBMCs or 30 x 106 human peripheral blood lymphocytes
(PBLs), followed by a tﬁree week course of daily subcutaneous (s.c.) injections of
0.75 mg/kg rhlL-18. After. the three week course of IL-18, the animals were
sacrificed. The spleen was isolated from each animal, fixed, embedded in paraffin
and sectioned for immunohistochemical analeis. Paraffin sections from the spleen ‘
were reacted with antibodies specific for human FoxP3 or human CDS.

The results are depicted in Figure 5. A statistically-significant
decrease in Tregs occurs both with injection of PBMCs and of PBLs (left graph).
However, a statistically-si gnificant increase in CD8+ T cells occurs only with the
injection of PBMCs (right graph). Therefore, the results demonstrate that the IL-18-
mediated increase in CD8" T cells is dependent on the presence of
monocyte/macrophages. In contrast,- the IL-18-mediated decrease in Tregs is

independent of the presence of monocyte/macrophages.

Experimental Example 4: IL-18 treatment of different strain of non-tumor-bearnng

mice

Treg-depleted human PBMCs were prepared by passing human
PBMCs over columns (Miltenyi) that were calibrated to remove CD25-high cells,
thereby removing Tregs. NOD/scid/y,»# (NOG) mice were injected intraperitoneally
with 20 x 106 Treg-depleted human PBMCs supplemented with either 4 x 106

autologous CD4+ T cells (left panel) or 4 x 10¢ autologous Tregs (middle and right
panels). A group of NOG mice receiving Treg-depleted PBMCs and autologous
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Tregs received daily s.c. injections of 0.75 mg/kg rhlL-18 for three weeks. Human
cell engraftment in the peripheral blood was monitored 14, 28, and 36 days post-
injection, and the number of CD8" T cells/ul peripheral blood was determined. '

The results are depicted in Figure 6. Comparison of the left panel
(mice administered Treg-depleted PBMCs) and middle panel (mice administered
Treg-depleted PBMCs supplemented with Tregs) demonstrates that addition of Tregs
decreased peripheral blood CD8" T cell numbers. However, daily IL-18
administration prevented the Treg-mediated suppressive effect (right panel). In fact,
human T cell proliferation was so robust in the IL-18-treated animals that grafi-
versus-host disease symptoms became evident around day 28, necessitating the
sacrifice of the animals in this grbup.

This experiment also demonstrates that the suppressive effect of rhIL-
18 on human Treg activity was observed in two different strains of immune-deficient
mice. Accordingly, the activity of human IL-18 on human Tregs is independent of the

mouse model.

The disclosures of each and every patent, patent application, and
publication cited herein are hereby incorporated herein by reference in their entirety.

While this invention has been disclosed with reference to specific
embodiments, it is apparent that other embodiments and variations of this invention

may be devised by others skilled in the art without departing from the true spirit and

scope of the invention. The appended claims are intended to be construed to include

all such embodiments and equivalent variations.
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CLAIMS

1. A method for decreasing the number of CD4"CD25 FoxP3"
5 Tregs in a subject, said method comprising administering a therapeutically-effective
amount of interleukin 18 (IL-18) to said subject, wherein said CD4"CD25 "FoxP3"

Tregs are selectively depleted in said subject.

| 2. The method of claim 1, wherein said IL-18 is human IL-18.
10
' 3. The method of claim 1, wherein said subject 1s a human

- subject.

4. The method of claim 3, wherein said human subject is afflicted
15 with at least one disorder selected from cancer, a retroviral infection or a parasitic

infection.

S. A method for decreasing the number of systemic Treg cells in a
subject afflicted with cancer, said method comprising administering a therapeutically-
20 effective amount of IL-18 to said subject, wherein the number of systemic Treg cells

is decreased in said subject.

6. A method for decreasing the number of intratumoral Treg cells
" in a subject afflicted with cancer, said method comprising administering a
25 therapeutically-;effective amount of IL-18 to said subject, wherein the number of

intratumoral Treg cells is decreased in said subject.

7. A method for increasing the number of systemic CD8" effector
T-cells in a subject afflicted with cancer, said method comprising administering a
30 therapeutically-eftective amount of IL-18 to said subject, wherein the number of

systemic CD8" effector T-cells is increased in said subject.

8. A method for increasing the number of intratumoral CD8"

effector T-cells in a subject afflicted with cancer, said method comprising
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administering a therapeutically-effective amount of IL-18 to said subject, wherein the

number of intratumoral CD8" effector T-cells is increased in said subject.

9. The method of any of claims 1-8, wherein said IL-18 1s

administered in conjunction with at least one additional therapeutic component.

10. The method of claim 9, wherein said therapeutic component is
an antibody, an antibody-toxin conjugate, a toxin, a chemotherapeutic molecule, a
DNA vaccine, an antisense molecule, an siRNA molecule, a stem cell, a tumor-
specific T cell, or an antigen-presenting cell.

11. The method of any of claims 1-8, wherein said 1L-18 1s

administered as part of an allogeneic tissue transplant.

12. The method of claim 11 wherein said tissue transplant is
selected from peripheral blood mononuclear cell (PBMC) transplant or bone marrow

transplant (BMT).

- 13.  The method of any of claims 4-8, wherein said cancer is lung
cancer, gastrointestinal cancer, genitourinary tract cancer, liver cancer, bone cancer,
nervous system cancer, gynecological cancer, breast cancer, hematologic cancer, skin

cancer, or adrenal gland cancers.

14. The method of claim 13, wherein the cancer is lung cancer.

15. A method for depleting CD4'CD25"FoxP3” Tregs in a subject,
said method comprising administering a composition to said subject, wherein said

composition increases the activity of IL-18 in said subject, wherein said

CD4'CD25'FoxP3* Tregs are selectively depleted in said subject.

16. The method of any of the preceding claims, wherein said IL-18
is conjugated to polyethylene glycol (PEG).
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