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METHODS OF MODULATING IMMUNE FUNCTION

[0001] This application claims priority to U.S. provisional patent application No.

61/233,650, filed August 13, 2009 and U.S. provisional patent application No. 61/289,95 1,

filed December 23, 2009, each of which is incorporated herein by reference in its entirety.

[0002] This invention was made, in part, with United States Government support under

award numbers ROl CA97085 and ROl A 172592 from the National Institutes of Health

(NIH). The United States Government may have certain rights in this invention.

1. INTRODUCTION

[0003] Presented herein are therapeutic agents that modulate one or more immune

functions and uses of such therapeutic agents in the prevention, treatment and management of

diseases. In one aspect, the therapeutic agents modulate one or more signal transduction

pathways induced by the binding of B7-H7 to B7-H7CR, or the binding of B7-H2 to either

ICOS, CD28, or CTLA-4. In another aspect, the therapeutic agents modulate the binding of

B7-H7 to B7-H7CR, or the binding of B7-H2 to either ICOS, CD28, or CTLA-4. The

therapeutic agents can be used in the prevention, treatment and/or management of diseases in

which it might be useful to modulate one or more immune functions (e.g., cancer, infectious

disease, autoimmune disease, and transplantation rejection). In another aspect, presented

herein are methods for identifying receptor-ligand interactions.

2. BACKGROUND

[0004] Activation of T cells is an important aspect of the immune system. T cell

activation is required for specific immune responses against infectious agents. T cell

activation also plays an important role in tumor immunity and in autoimmune and

inflammatory disorders. T cell activation is initiated when T cell antigen receptors (TCR) of

T cells recognize their specific antigen (Ag) in the context of major histocompatibility

complex (MHC) molecules. Although TCR signal transduction is required for naive T cell

activation, TCR activation alone is not sufficient to generate an immune response. A

secondary signal, known as costimulation, is needed for optimal activation of naive T cells.

In particular, signal transduction through the TCR and CD28, known as a costimulatory

receptor, are required for activation of naive T cells. B7-1 (CD80) and B7-2 (CD86), known

as costimulatory molecules, are two ligands for CD28. B7-1 and B7-2 are typically

expressed on professional antigen-presenting cells (APCs). In addition to binding CD28, B7-



1 and B7-2 also bind to the co-stimulatory receptor known as CTLA-4 (CD 152) on T cells.

Another co-stimulatory receptor found on T cells is ICOS.

[0005] B7 molecules mediate both positive and negative signals to T cells by binding to

costimulatory receptors on T cells. CD28 is the most extensively studied receptor that

accepts a secondary signal from B7-l(CD80) and B7-2(CD86, B70} to costimulate naive T

cells to full activation in the presence of T cell receptor signaling (Linsley et all, 1990, PNAS

USA 87: 5031-5035). On the other hand, CTLA-4, a CD28 homolog expressed on activated

T cells and interacting with the same set of ligands, attenuates T cell responses (Krummel et

al, 1995, J . Exp. Med. 182: 469-465; Walnus et al, 1994, Immunity 1: 405-413). ICOS,

another CD28 homolog, is expressed o activated T ceils a d eostimulates T ceil activation

upon binding of a distinct ligaiid B7-H2 (ICOSLG, GL50, B7RP1, CD275, ICOSL, LICOS)

(Hutloffet al., 1999, Nature 397: 263-266; Yoshinaga et al., 1999, Nature 402: 827-832).

CD28, CTLA-4 and ICOS form a tight gene cluster on human chromosome 2q33 and on

mouse chromosome 1, suggesting they originated by gene duplication during evolution

(Swallow et al., 1999, Immunity 11: 423-432). Although CD28 and ICOS have distinct

ligands, they share significant functional redundancy including their capacity in costimulating

growth, survival and differentiation of T cells as well as their requirement for antibody

response (Ling et al., 2000, J . Immunol. 164: 1653-1657; Ling et al., 2001, Genomics 78:

155-168; Dong et al., 2001, Nature 409: 97-101; McAdam et al., 2001, Nature 409: 102-105;

Tafuri et al., 2001, Nature 409: 105-109; Linterman et al., 2009, Immunity 30: 228-241).

Both CD28 and ICOS signals have been shown to costimulate an array of cytokines.

However, only CD28 signal induces high level of IL-2, while ICOS preferentially stimulates

IL-IO (Hutloffet al., 1999, Nature 397: 263-266).

[0006] Modulation of costimulatory molecules and their receptors permits the modulation

of various immune functions. Agents that modulate the interaction between costimulatory

molecules and their receptors may have beneficial use in a variety of applications, including,

e.g., therapeutic and prophylactic uses and vaccinations. The present invention fulfills these

and other needs.

3. SUMMARY

[0007] Presented herein is the discovery of the interaction between the orphan proteins

B7-H7 and B7-H7CR. Also presented herein is the discovery that B7-H2 is a ligand for

CD28 as well as CTLA-4. Various embodiments presented herein are based, in part, on the



discovery of these interactions and that modulation of such interactions can used to modulate

immune function or response.

[0008] In one aspect, described herein are antibodies the specifically bind to B7-H7, B7-

H7CR, or the complex of B7-H7 and B7-HCR. In another aspect, presented herein are

methods for modulating the interaction between B7-H7 and its receptor or the interaction

between B7-H2 and one or more of its receptors. In a specific embodiment, presented herein

are methods for modulating the interaction between B7-H7 and B7-H7CR. In another

embodiment, presented herein are methods for modulating the interaction between B7-H2

and one or more of the following receptors: ICOS, CD28 or CTLA-4.

[0009] In another aspect, presented herein are methods for modulating one or more signal

transduction pathways induced by the binding of B7-H7CR to one or more of its ligands. In a

specific embodiment, presented herein are methods for modulating one or more signal

transduction pathways induced by the binding of B7-H7CR to B7-H7.

[0010] In another aspect, presented herein are methods for modulating one or more signal

transduction pathways induced by B7-H7 binding to its receptor or B7-H2 binding to one or

more of its receptors. In a specific embodiment, presented herein are methods for modulating

one or more signal transduction pathways induced by B7-H7 binding to B7-H7CR. In

another embodiment, presented herein are methods for modulating one or more signal

transduction pathways induced by B7-H2 binding to one or more of the following receptors:

ICOS, CD28 or CTLA-4.

[0011] Presented herein are Therapeutic Agents that are based, in part, on the discovery

of the receptor-ligand interaction between B7-H7 and B7-H7CR and the receptor-ligand

interactions between B7-H2 and ICOS, CD28, and CTLA-4. The Therapeutic Agents or

compositions thereof can be used in cell culture to modulate immune cell functions (e.g.,

lymphocyte proliferation, cytokine production, or antibody production). In particular, a cell

may be contacted with a Therapeutic Agent to modulate one or more immune cell functions.

In addition, Therapeutic Agents can be administered to a subject to prevent, treat or manage

certain diseases, such as cancer, an infectious disease, an autoimmune disease, an

inflammatory disease, and transplant rejection.

[0012] In certain embodiments, presented herein are pharmaceutical compositions

comprising a Therapeutic Agent, and pharmaceutically acceptable carrier. In specific

embodiments, the Therapeutic Agent is present in the pharmaceutical composition in an

amount effective to modulate T lymphocyte proliferation, modulate one or more immune

functions, or to prevent, treat or manage cancer, an infectious disease, an autoimmune



disorder, an inflammatory disorder, graft versus host disease, or organ transplant rejection. In

some embodiments, presented herein are methods for modulating T lymphocyte proliferation,

modulating one or more immune functions, or preventing, treating or managing cancer, an

infectious disease, an autoimmune disorder, an inflammatory disorder, graft versus host

disease, or organ transplant rejection utilizing an effective amount of Therapeutic Agent.

[0013] In one embodiment, the Therapeutic Agent is an antibody that specifically binds

to B7-H7CR, an antibody that specifically binds to B7-H7, an antibody that specifically binds

to a B7-H7CR/B7-H7 complex, a B7-H7CR derivative, or a B7-H7 derivative. In another

embodiment, the Therapeutic Agent is a fusion protein comprising: (i) the extracellular

domain of B7-H7 or a fragment thereof and the Fc domain of an immunoglobulin or a

constant region thereof; or (ii) the extracellular domain of B7-H7CR or a fragment thereof

and the Fc domain of an immunoglobulin or a constant region thereof. In certain

embodiments, the therapeutic agent modulates one or more signal transduction pathways

mediated by the interaction of B7-H7CR with one or more of its ligands (e.g., B7-H7).

[0014] In another embodiment, the Therapeutic Agent is an antibody that specifically

binds to ICOS, an antibody that specifically binds to B7-H2, an antibody that specifically

binds to a B7-H2/ICOS complex, an ICOS derivative, a B7-H2 derivative, a fusion protein

comprising the extracellular domain of ICOS or a fragment thereof and the Fc domain of an

immunoglobulin or a constant region thereof, or a fusion protein comprising the extracellular

domain of B7-H2 or a fragment thereof and the Fc domain of an immunoglobulin or a

constant region thereof. In another embodiment, the Therapeutic Agent is an antibody that

specifically binds to CD28, an antibody that specifically binds to CTLA-4, an antibody that

specifically binds to a CD28/B7-H2 complex, an antibody that specifically binds to a CTLA-

4/B7-H2 complex, a CD28 derivative, a CTLA-4 derivative, a fusion protein comprising the

extracellular domain of CD28 or a fragment thereof and the Fc domain of an immunoglobulin

or a constant region thereof, or a fusion protein comprising the extracellular domain of

CTLA-4 or a fragment thereof and the Fc domain of an immunoglobulin or a constant region

thereof. In certain embodiments, the Therapeutic Agent selectively modulates one or more

signal transduction pathways induced by B7-H2 binding to one or more of its receptors (e.g.,

ICOS, CD28 or CTLA-4). In some embodiments, the Therapeutic Agent selectively

modulates the binding of B7-H2 to one or more of its receptors (e.g., ICOS, CD28 or CTLA-



[0015] In another aspect, described herein are methods of identifying receptor-ligand

interactions. Such methods can be used to identify interactions between ligands and

receptors, such as costimulatory ligands and costimulatory receptors.

3.1 TERMINOLOGY

[0016] As used herein, the term "abnormal" in the context of expression of a

proteinaceous agent refers to a proteinaceous agent for which the expression is increased or

decreased by at least 5%, 10%, 20%, 25%, 50%, 75%, 85%, 90%, or 95%, or 5% to 10%, 5%

to 25%, 10% to 25%, 10% to 50%, 25% to 75%, 50% to 75%, 50% to 95%, ot 75% to 95% to

the expression of the proteinaceous agent by a normal subject or population (e.g., 5 or more

normal subjects).

[0017] As used herein, the terms "about" and "approximately," when used to modify a

numeric value or numeric range, indicate that deviations of 5% to 15% above and 5% to 15%

below the value or range remain within the intended meaning of the recited value or range.

[0018] As used herein, the term "agonist(s)" refers to a molecule(s) that binds to another

molecule and induces a biological reaction. In a specific embodiment, an agonist is a

molecule that binds to a receptor on a cell and triggers one or more signal transduction

pathways. For example, an agonist includes an antibody or ligand that binds to a receptor on

a cell and induces one or more signal transduction pathways. In certain embodiments, the

antibody or ligand binds to a receptor on a cell, induces one or more signal transduction

pathways, and blocks or prevents a native ligand of the receptor from binding to the receptor.

In certain embodiments, a Therapeutic Agent is an agonist of signal transduction normally

mediated by binding of a native ligand (e.g., B7-H7) to B7-HCR. In other embodiments, a

Therapeutic Agent is an agonist of signal transduction normally mediated by binding of a

native ligand (e.g., B7-H2) to one, two or all of the following receptors: ICOS, CD28, or

CTLA-4.

[0019] As used herein, the term "Immunostimulating Therapeutic Agent(s)" refers to a

Therapeutic Agent(s) that induces, activates or enhances one or more immune functions or

responses.

[0020] As used herein, the term "antagonist(s)" refers to a molecule(s) that inhibits the

action of another molecule without provoking a biological response itself. In a specific

embodiment, an antagonist is a molecule that binds to a receptor on a cell and blocks or

dampens the biological activity of an agonist. For example, an antagonist includes an

antibody or ligand that binds to a receptor on a cell and blocks or dampens binding of the



native ligand to the cell without inducing one or more signal transduction pathways. Another

example of an antagonist includes an antibody or soluble receptor that competes with the

native receptor on cells for binding to the native ligand, and thus, blocks or dampens one or

more signal transduction pathways induced when the native receptor binds to the native

ligand. In certain embodiments, a Therapeutic Agent is an antagonist of signal transduction

normally mediated by binding of a native ligand (e.g., B7-H7) to B7-HCR. In other

embodiments, a Therapeutic Agent is an antagonist of signal transduction normally mediated

by binding of a native ligand (e.g., B7-H2) to one, two or all of the following receptors:

ICOS, CD28, or CTLA-4.

[0021] As used herein, the term "Inhibitory Therapeutic Agent(s)" refers to a Therapeutic

Agent(s) that suppresses or reduces one or more immune functions or responses.

[0022] As used herein, the terms "antibody" and "antibodies" refer to molecules that

contain an antigen binding site, e.g., immunoglobulins. Antibodies include, but are not

limited to, monoclonal antibodies, bispecific antibodies, multispecific antibodies, human

antibodies, humanized antibodies, synthetic antibodies, chimeric antibodies, polyclonal

antibodies, single domain antibodies, camelized antibodies, single-chain Fvs (scFv), single

chain antibodies, Fab fragments, F(ab') fragments, disulfide-linked bispecific Fvs (sdFv),

intrabodies, and anti-idiotypic (anti-Id) antibodies (including, e.g., anti-Id and anti-anti-Id

antibodies to antibodies), and epitope-binding fragments of any of the above. In particular,

antibodies include immunoglobulin molecules and immunologically active fragments of

immunoglobulin molecules. Immunoglobulin molecules can be of any type (e.g., IgG, IgE,

IgM, IgD, IgA and IgY), class (e.g., IgGi, IgG2, IgG3, IgG , IgAi and IgA2) or subclass. In a

specific embodiment, an antibody is a human or humanized monoclonal antibody.

[0023] As used herein and unless otherwise specified, the term "B7-H2" refers to either a

native B7-H2, a B7-H2 derivative, or both.

[0024] As used herein and unless otherwise specified, the term "B7-H2 polypeptide"

refers to either a native B7-H2, a B7-H2 derivative, or both.

[0025] As used herein and unless otherwise specified, the terms "B7-H2/CD28 complex"

and "CD28/B7-H2 complex" refer to complexes formed as a result of the interaction between

a native B7-H2 and a native CD28, a native B7-H2 and a CD28 derivative, a B7-H2

derivative and a native CD28, or a B7-H2 derivative and a CD28 derivative.

[0026] As used herein and unless otherwise specified, the term "B7-H2/CTLA-4

complex" and "CTLA-4/B7-H2 complex" refer to complexes formed as a result of the

interaction between a native B7-H2 and a native CTLA-4, a native B7-H2 and a CTLA-4



derivative, a B7-H2 derivative and a native CTLA-4, or a B7-H2 derivative and a CTLA-4

derivative.

[0027] As used herein and unless otherwise specified, the term "B7-H2/ICOS complex"

and "ICOS/B7-H2 complex" refer to complexes formed as a result of the interaction between

a native B7-H2 and a native ICOS, a native B7-H2 and an ICOS derivative, a B7-H2

derivative and a native ICOS, or a B7-H2 derivative and an ICOS derivative.

[0028] As used herein and unless otherwise specified, the term "B7-H7" refers to either a

native B7-H7, a B7-H7 derivative, or both.

[0029] As used herein and unless otherwise specified, the term "B7-H7 polypeptide"

refers to either a native B7-H7, a B7-H7 derivative, or both.

[0030] As used herein and unless otherwise specified, the term "B7-H7CR" refers to

either a native B7-H7CR, a B7-H7CR derivative, or both.

[0031] As used herein and unless otherwise specified, the term "B7-H7CR polypeptide"

refers to either a native B7-H7CR, a B7-H7CR derivative, or both.

[0032] As used herein and unless otherwise specified, the terms "B7-H7/B7-H7CR

complex" and "B7-H7CR/B7-H7 complex" refer to complexes formed as a result of the

interaction between a native B7-H7 and a native B7-H7CR, a native B7-H7 and a B7-H7CR

derivative, a B7-H7 derivative and a native B7-H7CR, or a B7-H7 derivative and a B7-H7CR

derivative.

[0033] As used herein and unless otherwise specified, the term "CD28" refers to either a

native CD28, a CD28 derivative (e.g., a CD28 polypeptide), or both.

[0034] As used herein and unless otherwise specified, the term "CTLA-4" refers to either

a native CTLA-4, a CTLA-4 derivative (e.g., a CTLA-4 polypeptide), or both.

[0035] As used herein, the term "derivative" in the context of proteins or polypeptides

refers to: (a) a polypeptide that is at least 40%, 45%, 50%, 55%, 60%, 65%, 70%, 75%, 80%,

85%, 90%, 95%, 98%, or 99% or is 40% to 65%, 50% to 90%, 65% to 90%, 70% to 90%,

75% to 95%, 80% to 95%, or 85% to 99% identical to a native polypeptide; (b) a polypeptide

encoded by a nucleic acid sequence that is at least 40%, 45%, 50%, 55%, 60%, 65%, 70%,

75%, 80%, 85%, 90%, 95%, 98%, or 99% or is 40% to 65%, 50% to 90%, 65% to 90%, 70%

to 90%, 75% to 95%, 80% to 95%, or 85% to 99% identical a nucleic acid sequence encoding

a native polypeptide; (c) a polypeptide that contains 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14,

15, 16, 17, 18, 19, 20 or more, or 2 to 5, 2 to 10, 5 to 10, 5 to 15, 5 to 20, 10 to 15, or 15 to 20

amino acid mutations (i.e., additions, deletions and/or substitutions) relative to a native

polypeptide; (d) a polypeptide encoded by nucleic acid sequence that can hybridize under



high, moderate or typical stringency hybridization conditions to a nucleic acid sequence

encoding a native polypeptide; (e) a polypeptide encoded by a nucleic acid sequence that can

hybridize under high, moderate or typical stringency hybridization conditions to a nucleic

acid sequence encoding a fragment of a native polypeptide of at least 20 contiguous amino

acids, at least 30 contiguous amino acids, at least 40 contiguous amino acids, at least 50

contiguous amino acids, at least 75 contiguous amino acids, at least 100 contiguous amino

acids, at least 125 contiguous amino acids, at least 150 contiguous amino acids, or 20 to 50,

25 to 75, 25 to 100, 25 to 150, 50 to 75, 50 to 100, 75 to 100, 50 to 150, 75 to 150, 100 to

150, or 100 to 200 contiguous amino acids; or (f) a fragment of a native polypeptide.

Derivatives also include a polypeptide that comprises the amino acid sequence of a naturally

occurring mature form of a mammalian polypeptide and a heterologous signal peptide amino

acid sequence. In addition, derivatives include polypeptides that have been chemically

modified by, e.g., glycosylation, acetylation, pegylation, phosphorylation, amidation,

derivitization by known protecting/blocking groups, proteolytic cleavage, linkage to a cellular

ligand or other protein moiety, etc. Further, derivatives include polypeptides comprising one

or more non-classical amino acids. In one embodiment, a derivative is isolated or purified.

In specific embodiments, a derivative retains one or more functions of the native polypeptide

from which it was derived.

[0036] Percent identity can be determined using any method known to one of skill in the

art. In a specific embodiment, the percent identity is determined using the "Best Fit" or

"Gap" program of the Sequence Analysis Software Package (Version 10; Genetics Computer

Group, Inc., University of Wisconsin Biotechnology Center, Madison, Wisconsin).

Information regarding hybridization conditions (e.g., high, moderate, and typical stringency

conditions) have been described, see, e.g., U.S. Patent Application Publication No. US

2005/0048549 (e.g., paragraphs 72-73).

[0037] As used herein, the terms "disease" and "disorder" are used interchangeably to

refer to a condition, in particular, a pathological condition.

[0038] As used herein, the term "elderly human" refers to a human 65 years or older.

[0039] As used herein, the term "effective amount" in the context of the administration of

a therapy to a subject refers to the amount of a therapy that achieves a desired prophylactic or

therapeutic effect. Examples of effective amounts are provided in Section 5.8.2, infra.

[0040] As used herein, the term "fragment" in the context of a nucleotide sequence refers

to a nucleotide sequence comprising an nucleic acid sequence of at least 5 contiguous nucleic

acid bases, at least 10 contiguous nucleic acid bases, at least 15 contiguous nucleic acid



bases, at least 20 contiguous nucleic acid bases, at least 25 contiguous nucleic acid bases, at

least 40 contiguous nucleic acid bases, at least 50 contiguous nucleic acid bases, at least 60

contiguous nucleic acid bases, at least 70 contiguous nucleic acid bases, at least 80

contiguous nucleic acid bases, at least 90 contiguous nucleic acid bases, at least 100

contiguous nucleic acid bases, at least 125 contiguous nucleic acid bases, at least 150

contiguous nucleic acid bases, at least 175 contiguous nucleic acid bases, at least 200

contiguous nucleic acid bases, at least 250 contiguous nucleic acid bases, at least 300

contiguous nucleic acid bases, at least 400 contiguous nucleic acid bases, or at least 500

contiguous nucleic acid bases, or in the range of between 5 to 25 contiguous nucleic acid

bases, 5 to 50 contiguous nucleic acid bases, 5 to 100 contiguous nucleic acid bases, 25 to 50

contiguous nucleic acid bases, 25 to 75 contiguous nucleic acid bases, 25 to 100 contiguous

nucleic acid bases, 25 to 150 contiguous nucleic acid bases, 25 to 200 contiguous nucleic acid

bases, 25 to 250 contiguous nucleic acid bases, 50 to 250 contiguous nucleic acid bases, 50 to

300 contiguous nucleic acid bases, 50 to 500 contiguous nucleic acid bases, 100 to 250

contiguous nucleic acid bases, 100 to 500 contiguous nucleic acid bases, or 250 to 500

contiguous nucleic acid bases of the nucleotide sequence of the gene of interest, e.g., the B7-

H2, B7-H7, ICOS, B7-H7CR, CD28 or CTLA-4 gene or coding region thereof. The nucleic

acid may be RNA, DNA, or a chemically modified variant thereof. In a specific

embodiment, the fragment is a fragment of the B7-H2, B7-H7, ICOS, B7-H7CR, CD28 or

CTLA-4 gene. In another specific embodiment, the fragment is a fragment of the coding

region of the B7-H2, B7-H7, ICOS, B7-H7CR, CD28 or CTLA-4 gene. In certain

embodiments, the fragment of the nucleic acid sequence of interest encodes a polypeptide

that retains one or more functions of the polypeptide encoded by the nucleic acid sequence of

interest - in other words, it is a functional fragment. For example, the polypeptide retains the

ability to interact with another protein or to induce one or more signal transduction pathways.

[0041] As used herein, the term "fragment" is the context of a fragment of a

proteinaceous agent {e.g., a protein) refers to a fragment that is 8 or more contiguous amino

acids, 10 or more contiguous amino acids, 15 or more contiguous amino acids, 20 or more

contiguous amino acids, 25 or more contiguous amino acids, 50 or more contiguous amino

acids, 75 or more contiguous amino acids, 100 or more contiguous amino acids, 150 or more

contiguous amino acids, 200 or more contiguous amino acids, or in the range of between 10

to 300 contiguous amino acids, 10 to 200 contiguous amino acids, 10 to 250 contiguous

amino acids, 10 to 150 contiguous amino acids, 10 to 100 contiguous amino acids, 10 to 50

contiguous amino acids, 50 to 100 contiguous amino acids, 50 to 150 contiguous amino



acids, 50 to 200 contiguous amino acids, 50 to 250 contiguous amino acids, 50 to 300

contiguous amino acids, 25 to 50 contiguous amino acids, 25 to 75 contiguous amino acids,

25 to 100 contiguous amino acids, or 75 to 100 contiguous amino acids of a proteinaceous

agent, e.g., Bl-Wl, B7-H7CR, B7-H2, ICOS, CD28 or CTLA-4 polypeptides. In a specific

embodiment, a fragment of a proteinaceous agent retains one or more functions of the

proteinaceous agent - in other words, it is a functional fragment. For example, a fragment of

a proteinaceous agent retains the ability to interact with another protein or to induce one or

more signal transduction pathways.

[0042] As used herein, the term "functional fragment," in the context of a proteinaceous

agent, refers to a portion of a proteinaceous agent that retains one or more activities or

functions of the proteinaceous agent. For example, a functional fragment of a B7-H7

polypeptide may retain the ability to bind one or more of its receptors (e.g., B7-H7CR) and/or

induce or activate one or more signal transduction pathways mediated by the B7-H7

polypeptide binding to one or more of its receptors (e.g., B7-H7CR).

[0043] As used herein, the term "heterologous" refers an entity not found in nature to be

associated with another entity.

[0044] As used herein, the term "human adult" refers to a human that is 18 years or older.

[0045] As used herein, the term "human child" refers to a human that is 1 year to 18 years

old.

[0046] As used herein, the term "human infant" refers to a newborn to 1 year old human.

[0047] As used herein and unless otherwise specified, the term "ICOS" refers to either a

native ICOS, an ICOS derivative, or both.

[0048] As used herein and unless otherwise specified, the term "ICOS polypeptide" refers

to either a native ICOS, an ICOS derivative, or both.

[0049] As used herein, the terms "immunospecifically binds," "immunospecifically

recognizes," "specifically binds," and "specifically recognizes" are analogous terms in the

context of antibodies and refer to molecules that specifically bind to an antigen {e.g., epitope

or immune complex) as understood by one skilled in the art. A molecule that specifically

binds to an antigen may bind to other peptides or polypeptides with lower affinity as

determined by, e.g., immunoassays (e.g., ELISA), surface plasmon resonance (e.g.,

BIAcore®), a KinEx assay (using, e.g., a KinExA 3000 instrument (Sapidyne Instruments,

Boise, ID)), or other assays known in the art. In a specific embodiment, molecules that

specifically bind to an antigen bind to the antigen with a dissociation constant (i.e., Ka) that is

at least 2 logs, 2.5 logs, 3 logs, 3.5 logs, 4 logs or greater than the Kawhen the molecules bind



to another antigen. In a another specific embodiment, molecules that specifically bind to an

antigen do not cross react with other proteins.

[0050] As used herein, the term "in combination" refers to the use of more than one

therapies (e.g., one or more prophylactic and/or therapeutic agents). The use of the term "in

combination" does not restrict the order in which therapies are administered to a subject with

a disease or disorder, or the route of administration. A first therapy (e.g., a prophylactic or

therapeutic agent) can be administered prior to (e.g., 5 minutes, 15 minutes, 30 minutes, 45

minutes, 1 hour, 2 hours, 4 hours, 6 hours, 12 hours, 24 hours, 48 hours, 72 hours, 96 hours, 1

week, 2 weeks, 3 weeks, 4 weeks, 5 weeks, 6 weeks, 8 weeks, or 12 weeks before),

concomitantly with, or subsequent to (e.g., 5 minutes, 15 minutes, 30 minutes, 45 minutes, 1

hour, 2 hours, 4 hours, 6 hours, 12 hours, 24 hours, 48 hours, 72 hours, 96 hours, 1 week, 2

weeks, 3 weeks, 4 weeks, 5 weeks, 6 weeks, 8 weeks, or 12 weeks after) the administration of

a second therapy (e.g., a prophylactic or therapeutic agent) to a subject with a disease or

disorder or a symptom thereof.

[0051] As used herein, the terms "manage," "managing," and "management," in the

context of the administration of a therapy to a subject, refer to the beneficial effects that a

subject derives from a therapy, which does not result in a cure of a disease. In certain

embodiments, a subject is administered one or more therapies to "manage" a disease or

disorder so as to prevent the progression or worsening of symptoms associated with a disease.

[0052] As used herein, the term "native B7-H2" in the context of proteins or polypeptides

refers to any naturally occurring B7-H2 amino acid sequences, including immature or

precursor and mature forms. Non-limiting examples of Accession Nos. for the amino acid

sequence of native mammalian B7-H2 include: 075144-1 {homo sapiens), 075144-2 {homo

sapiens), NP_056074.1 (GL27477039; homo sapiens), Q9JHJ8-1 (mouse), Q9JHJ8-2

(mouse), and NP_05 6605.1 (GL7657220; mouse). A representative amino acid sequence of

the immature/precursor form of native human B7-H2 isoform 1, which comprises the signal

peptide (underlined) and the mature human native B7-H2 (italicized), is provided:

MRLGSPGLLF LLFSSLRAD QEKEVRAMVG SDVELSCACP EGSRFDLNDV
YVYWQTSESK TWTYHIPQNSSLENVDSRYRNRALMSPAGMLRGDFSLRL
FNVTPQDEQK FHCLVLSQSL GFQEVLSVEV TLHVAANFSVPVVSAPHSPS
QDELTFTCTSINGYPRPNVY WINKTDNSLL DQALQNDTVF LNMRGLYDW
SVLRIARTPS VNIGCCIENVLLQQNLTVGS QTGNDIGERD KITENPVSTG EKNAATWSIL
AVLCLLVVVA VAIGWVCRDR CLQHSYAGAWAVSPETELTGHV

(SEQ ID NO: 1). Human B7-H2 isoform 2 differs from isoform 1 as follows: 300-302 GHV

to ESWNLLLLLS. In some embodiments, native B7-H2 is the immature or precursor form



of a naturally occurring mammalian B7-H2. In other embodiments, native B7-H2 is the

mature form of a naturally occurring mammalian B7-H2. In a specific embodiment, native

B7-H2 is the precursor form of naturally occurring human B7-H2. In another embodiment,

native B7-H2 is the mature form of naturally occurring human B7-H2. In one embodiment,

the native B7-H2 protein/polypeptide is isolated or purified.

[0053] The human B7-H2 polypeptide is otherwise referred to as ICOS ligand, B7RP1,

ICOSL, and KIAA0653 in the literature. At least one isoform of human B7-H2 polypeptide

is 302 amino acids in length and has been reported to contain the following: a signal

sequence, an extracellular domain, an Ig-like V-type domain, an Ig-like C2-type domain, a

transmembrane domain, and a cytoplasmic domain. In particular, at least one form of human

B7-H2 isoform 1 has been reported to contain the following: a signal sequence at amino acid

residues 1 to 18 of the sequence at Accession No. 075144-1, an Ig-like V-type domain at

amino acid residues 19 to 129 of the sequence at Accession No. 075144-1, an Ig-like C-2

type domain at amino acid residues 141 to 227 of the sequence at Accession No. 075144-1,

an extracellular domain from amino acid residues 19 to 256 of the sequence at Accession No.

075144-1, a transmembrane domain at amino acid residues 257 to 302 of the sequence at

Accession No. 075144-1, and a cytoplasmic domain at amino acids 278 to 302 of Accession

No. 075144-1. Other isoforms may exist in nature and the specific positions of domains may

vary, but can can be identified by those skilled in the art using standard techniques. Such

other isoforms are encompassed herein.

[0054] As used herein, the term "native B7-H2" in the context of nucleic acids refers to

any naturally occurring nucleic acid sequences encoding B7-H2, including the immature or

precursor and mature forms. Non-limiting examples of Accession Nos. for the nucleotide

sequence of native mammalian B7-H2 include: AF289028.1 (GL9858866; homo sapiens) and

BC029227.1 (GL22137738; mouse). A respresentative nucleotide sequence encoding the

immature/precursor form of native human B7-H2, which comprises the nucleotide sequence

encoding the signal peptide (underlined) and the nucleotide sequence encoding the mature

human native B7-H2 (italicized), is provided:

1 gagtagagcc gatctcccgc gccccgaggt tgctcctctc cgaggtctcc cgcggcccaa
61 gttctccgcg ccccgaggtc tccgcgcccc gaggtctccg cggcccgagg tctccgcccg

121 cacc atgcgg ctgggcagtc ctggactgct cttcctgctc ttcagcagcc ttcgagctg a
181 tactcaggag aaggaagtca gagcga tggt aggcagcga c gtggagctca gctgcgcttg
2 41 ccctgaagga agccgt t ttg at ttaaa tga tgt ttacgta t attggcaaa ccagtgagtc
301 gaaaa ccgtg gtga cctacc aca tccca ca gaa cagctcc ttggaaaa cg tggacagccg
3 61 cta ccggaa c cgagccctga tgtcaccggc cggca tgctg cggggcga ct tctccctgcg
421 cttgt tcaa c gtca cccccc agga cgagca gaagt ttca c tgcctggtgt tgagccaa t c
481 cctggga ttc caggaggt t t tgagcgttga ggt t acactg ca tgtggcag caaacttcag
541 cgtgcccgtc gtcagcgccc ccca cagccc ctcccagga t gagctcacct tca cgtgta c



601 atccataaac ggctacccca ggcccaacgt gtactggatc aataagacgg acaacagcct
661 gctggaccag gctctgcaga atgacaccgt cttcttgaac atgcggggct tgtatgacgt
721 ggtcagcgtg ctgaggatcg cacggacccc cagcgtgaac attggctgct gcatagagaa
781 cgtgcttctg cagcagaacc tgactgtcgg cagccagaca ggaaatgaca tcggagagag
841 agacaagatc acagagaatc cagtcagtac cggcgagaaa aacgcggcca cgtggagcat
901 cctggctgtc ctgtgcctgc ttgtggtcgt ggcggtggcc ataggctggg tgtgcaggga
961 ccgatgcctc caacacagct atgcaggtgc ctgggctgtg agtccggaga cagagctcac

1021 tggccacgtt tgaccggagc tcaccgccca gagcgtggac agggcttcca tgagacgcca
1081 ccgtgagagg ccaggtggca gcttgagcat ggactcccag actgcagggg agcacttggg
1141 gcagccccca gaaggaccac tgctggatcc cagggagaac ctgctggcgt tggctgtgat
1201 cctggaatga ggccctttca aaagcgtcat ccacaccaaa ggcaaatgtc cccaagtgag
12 61 tgggctcccc gctgtcactg ccagtcaccc acaggaaggg actggtgatg ggctgtctct
1321 acccggagcg tgcgggattc agcaccaggc tcttcccagt accccagacc cactgtgggt
1381 cttcccgtgg gatgcgggat cctgagaccg aagggtgttt ggtttaaaaa gaagactggg
1441 cgtccgctct tccaggacgg cctctgtgct gctggggtca cgcgaggctg tttgcagggg
1501 acacggtcac aggagctctt ctgccctgaa cgcttccaac ctgctccggc cggaagccac
1561 aggacccact ca

(SEQ ID NO: 2). In a specific embodiment, the nucleic acid is an isolated or purified

nucleic acid. In some embodiments, nucleic acids encode the immature or precursor form of

a naturally occurring mammalian B7-H2. In other embodiments, nucleic acids encode the

mature form of a naturally occurring mammalian B7-H2. In a specific embodiment, nucleic

acids encoding native B7-H2 encode the precursor form of naturally occurring human B7-H2.

In another embodiment, nucleic acids encoding native B7-H2 encode the mature form of

naturally occurring human B7-H2.

[0055] As used herein, the term "native B7-H7" in the context of proteins or polypeptides

refers to any naturally occurring B7-H7 amino acid sequences, including immature or

precursor and mature forms. Non-limiting examples of Accession Nos. for the amino acid

sequence of native mammalian B7-H7 include: O9UM44-1 (homo sapiens), NP_009003 (GI:

5901964, homo sapiens), and AAD48396 (GI: 15726285, homo sapiens). A representative

amino acid sequence of the immature/precursor form of native human B7-H7, which

comprises the signal peptide (underlined) and the mature human native B7-H7 (the amino

acid sequence after the signal peptide), is provided:

MKAOTALSFFLILITSLSGSOG IFPLAFFIYVPMNEQIVIGRLDEDIILPSSFERGSEVVI
HWKYQDSYKVHSYYKGSDHLESQDPRYANRTSLFYNEIQNGNASLFFRRVSLLZ)
EGIYTCYVGTAIQVITNKWLKVGVFLTPVMKYEKRNTNSFLICSVLSVYPRPIITWKMD
NTPISENNMEETGSLDSFSINSPLNITGSNSSYECTIENSLLKQTWTGRWIMKDGIM
KMQSEHVSLSCQPVNDYFSPNQDFKVTWSRMKSGTFSVLAYYLSSSQNTIINESR
FSWNKELINQSDFSMNLMDLNLSDSGEYLCNISSDEYTLLTIHTVHVEPSQETASH
NKGLWILVPSAILAAFLLIWSV KCCRAOLEARRSRHPADGAOOERCCVPPGERCPS
APDNGEENVPLSGKV

(SEQ ID NO: 3).

[0056] In some embodiments, native B7-H7 is the immature or precursor form of a

naturally occurring mammalian B7-H7. In other embodiments, native B7-H7 is the mature

form of a naturally occurring mammalian B7-H7. In a specific embodiment, native B7-H7 is



the precursor form of naturally occurring human B7-H7. In another embodiment, native B7-

H7 is the mature form of naturally occurring human B7-H7. In one embodiment, the native

B7-H7 protein/polypeptide is isolated or purified.

[0057] The human B7-H7 polypeptide is otherwise referred to as human endogenous

retrovirus-H long terminal repeat-associating protein 2 (HHLA2) in the literature/databases

but the function of B7-H7 was not previously identified. Human B7-H7 polypeptide is 414

amino acids in length and has been reported to contain the following: a signal sequence, an

extracellular domain, 3 immunoglobulin-like (Ig-like) domains, a transmembrane domain,

and a cytoplasmic domain. In particular, the human B7-H7 polypeptide has been reported to

contain an Ig-like V-type 1 domain, an Ig-like C-1 type domain, and an Ig-like V-type 2

domain. The human B7-H7 has been reported to contain the following: a signal sequence at

amino acid residues 1 to 22 of the sequence at Accession No. O9UM44-1, an Ig-like V-type 1

domain at amino acid reisdues 6 1 to 131 of the sequence at Accession No. O9UM44-1, an Ig-

like C-I type domain at amino acid residues 138 to 222 of the sequence at Accession No.

O9UM44-1, an Ig-like V-type 2 domain at amino acid residues 235 to 328 of the sequence at

Accession No. O9UM44-1, and a transmembrane domain at amino acid residues 345 to 365

of the sequence at Accession No. O9UM44-1. The predicted dimer interface for human B7-

H7 polypeptide is amino acid residues 141-144, 156, 158, 160, 162, 193-196, 198, 200, 201,

224, and 225. The predicted N-linked glycosylation sites for human B7-H7 polypeptide are

at amino acid residues 90, 103, and 318. Natural variations of human B7-H7 polypeptide

include DOT, N344K, and S346R (UniProt Q9UM44). With respect to SEQ ID NO:3 above,

the reported signal peptide is underlined (signal peptide ), the IgV domains are in bold (IgV

domains), the IgC domain is italicized and in bold (IgC domain), the IgV/IgC domain

overlap is italicized (IgV/IgC overlap), the transmembrane domain is underlined and in bold

(transmembrane domain ). The Ig domains of human B7-H7 comprise a pair of conserved

cysteines that may form a disulphide bond. Cys residues at positions 159 and 210 of the IgC

domain may form such disulphide bonds. Cys residues at positions 243 and 317 of the

second IgV domain may form such disulphide bonds.

[0058] A representative amino acid sequence of the immature/precursor form of native

pan troglodytes B7-H7, which comprises the signal peptide (underlined) and the mature pan

troglodytes native B7-H7 (the amino acid sequence after the signal peptide), is provided:

MKAOTALSFFLILITSLSGSOAIFPMAFSTYVPVNEQIVIGRLDEDIILPSSFERGSEVV
IHWKYQDSYKVHSYYKGSDHLESQDPRYTNRTSLFYNEIQGNASLFSPRVSZZZ)Zi
GIYTCYVGTAIQVITNKVVLKVGVFLTPVMKYEKRNTNSFLICSVLSVYPRPIITWKMDN
TPISENNMEETGSLDSFSINSPLNITGSNSSYECTIENSLLKQTWTGRWTMKDGIMK



MQSEHVSLSCQPVNDYFSPNQDFKVTWSRMKSGTFSILAYYLSSSQNTIINESRFS
WNKELINQSDFSMNLMDLNLSDSGEYLCNISSDEYTLLTIHTVHVEPSQETASHN
KGLWILVPSVILAAFLLIWTV KRCRAOPEARRSRHPADGAOOERYCVPPGEHCPSA
PDNGEENVRSVSGKV (SEQ ID NO:17)

With respect to SEQ ID NO: 17, the reported signal is underlined (signal peptide ), the IgV

domains are in bold (IgV domains), the IgC domain is italicized and in bold (IgC domain),

the IgV/IgC overlap is italicized (IgV/IgC overlap), and the transmembrane domain is

underlined and in bold (transmembrane domain ) .

[0059] A representative amino acid sequence of the immature/precursor form of native

macaca mulatto B7-H7, which comprises the signal peptide (underlined) and the mature

macaca mulatta native B7-H7 (the amino acid sequence after the signal peptide), is provided:

MKAOTSFFLILISSLSGSOGIFLSAFFTYVPMNEOIIIGRLGEDIILPSSFERGSEVVIH
WKYQDSYNSYNVHSYYKGSGRLESQDTRYANRTSLFYNEIQNGNASLFFRRLSL
LDEGIYTCYVGTAIQAITNKWLKVGVFLTPMMKYEKRNTNSFLICNVLSVYPRPIITWK
MDNTPISENNMQETGSLGPFSINSTLNITGSNSSYECTIENSLLKQTWTGRWIMKDG
LHKMQSEHVSLSCELVNDYFSPNQDFKVTWSRMESGISSILAYYLSSSQNTTFYE
SRFSWNKELKNQSDFSMNLTDLSLSDSGEYLCNISSDEYTLLTIHTVHVEPSQETA
SDNKGLWILVASLILVLCLIWLIWKVKCSTAOIEARRSRYPADGAO (SEQ ID
NO:18)

With respect to SEQ ID NO: 18, the reported signal is underlined (signal peptide ), the IgV

domains are in bold (IgV domains), the IgC domain is italicized and in bold (IgC domain),

the IgV/IgC overlap is italicized (IgV/IgC overlap), and the transmembrane domain is

underlined and in bold (transmembrane domain ) .

[0060] A representative amino acid sequence comprising a partial sequence of the native

bovine B7-H7 is provided:

MNEQΓVTGRLGEDVILPCSFESGPNVVIHWKNQDTNVYSYYRDSDQLEKQDPRYVN
RISLFHGEIHNGNASLSFRRLTLQDEGIYVCYVGTSLGKITKKΓVLKVGAFVTPVMKY
EKNTTNSFLICNVLSVFPYPΠTWKVDNNTSISENNGKEVGSLGPFHΓNSRVNITGSNSS
YQCEIENPLLKQTWTGRWTRKDKERNTKRKEMHLQSSLEVKQIFSVNLHTVDLQYY
FSIK (SEQ ID NO:19)

Figure 23 shows an alignment of the amino acid sequences of representative native human

B7-H7, native pan troglodytes B7-H7 and native macaca mulatta B7-H7.

[0061] As used herein, the terms "native B7-H7" in the context of nucleic acids refer to

any naturally occurring nucleic acid sequences encoding B7-H7, including the immature or

precursor and mature forms. Non-limiting examples of Accession Nos. for the nucleotide

sequence of native mammalian B7-H7 include: BC035971 (GL23272002; homo sapiens) and

AK126162 (GL5726284; homo sapiens). A representative nucleotide sequence encoding the

immature/precursor form of native human B7-H7, which comprises the nucleotide sequence



encoding the signal peptide (underlined) and the nucleotide sequence encoding the mature

human native B7-H7 (italicized), is provided:

i agttctcttc aagtcatgta atcgactttt ttgaattagt tttcagtttc attttgtttt
61 ccctaattca agttgggaac acttcatttt ccccaattca agttgggaac acttccttgg

121 tatttccttg ctacatggac tttagcaaat gctactttac tctccttcca gctactcagg
181 aggctgaggc aggagaatcg cttgaacccg ggaggcggag gttacagtga gccttttcct
241 agttttactg ttggaagcct aactcacagg agagattatg caatacagtc ctgaagtcaa
301 ggaaggagag catgtaggag aatactaacc ctgcacagat tgtgatggtg atgtggaata
361 tactaaagcc tagaacgcac ctcctctgca tgactaatat gttctgcaca agacatgaag
421 gcacagacag cactgtcttt cttcctcatt ctcataacat ctctgagtgg atctcaaggc
481 atattccctt tggctttctt catttatgtt cctatgaatg aacaaatcgt cattggaaga
541 cttgatgaag atataattct cccttcttca tttgagaggg gatccgaagt cgtaatacac
601 tggaagtatc aagatagcta taaggttcat agttactaca aaggcagtga ccatttggaa
661 agccaagatc ccagatatgc aaacaggaca tcccttttct ataatgagat tcaaaatggg
721 aatgcgtcac tatttttcag aagagtaagc cttctggacg aaggaattta cacctgctat
781 gtaggaacag caattcaagt gattacaaac aaagtggtgc taaaggtggg agtttttctc
841 acacccgtga tgaagtatga aaagaggaac acaaacagct tcttaatatg cagcgtgtta
901 agtgtttatc ctcgtccaat tatcacgtgg aaaatggaca acacacctat ctctgaaaac
961 aacatggaag aaacagggtc tttggattct ttttctatta acagcccact gaatattaca

1021 ggatcaaatt catcttatga atgtacaatt gaaaattcac tgctgaagca aacatggaca
1081 gggcgctgga cgatgaaaga tggccttcat aaaatgcaaa gtgaacacgt ttcactctca
1141 tgtcaacctg taaatgatta tttttcacca aaccaagact tcaaagttac ttggtccaga
1201 atgaaaagtg ggactttctc tgtcctggct tactatctga gctcctcaca aaatacaatt
1261 atcaatgaat cccgattctc atggaacaaa gagctgataa accagagtga cttctctatg
1321 aatttgatgg atcttaatct ttcagacagt ggggaatatt tatgcaatat ttcttcggat
1381 gaatatactt tacttaccat ccacacagtg catgtagaac cgagccaaga aacagcttcc
1441 cataacaaag gcttatggat tttggtgccc tctgcgattt tggcagcttt tctgctgatt
1501 tggagcgtaa aatgttgcag agcccagcta gaagccagga ggagcagaca ccctgctgat
1561 ggagcccaac aagaaagatg ttgtgtccct cctggtgagc gctgtcccag tgcacccgat
1621 aatggcgaag aaaatgtgcc tctttcagga aaagtatagq aaatgagaga agactgtgac
1681 aactcatgac ctgcatcctt aatatccagt gacttcatct cccctttctt caccacaatt
1741 ccaggcaatg gcctgtcgga ccagacaatt ctaccactgc aaagagttgt aaccattttc
1801 tggtatcaca tttatttttc aagacatact tttcaagaca tcattcactg acccactacc
1861 tgcattgagt ataaatgcct ggatgttaag gattccaatt taactttgaa aagaactgtc
1921 tcattcattt acatttctgt tacagtcagc ccaggaggtt acagtgagct ctccactaag
1981 aatctggaag aaatgcatca ctaggggttg attcccaatc tgatcaactg ataatgggtg
2041 agagagcagg taagagccaa agtcacctta gtggaaaggt taaaaaccag agcctggaaa
2101 ccaagatgat tgatttgaca aggtatttta gtctagtttt atatgaacgg ttgtatcagg
2161 gtaaccaact cgatttggga tgaatcttag ggcaccaaag actaagacag tatctttaag
2221 attgctaggg aaaagggccc tatgtgtcag gcctctgagc ccaagccaag catcgcatcc
2281 cctgtgattt gcacgtatac atccagatgg cctaaagtaa ctgaagatcc acaaaagaag
2341 taaaaatagc cttaactgat gacattccac cattgtgatt tgttcctgcc ccaccctaac
2401 tgatcaatgt actttgtaat ctcccccacc cttaagaagg tactttgtaa tcttccccac
2461 ccttaagaag gttctttgta attctcccca cccttgagaa tgtactttgt gagatccacc
2521 ctgcccacaa aacattgctc ttaacttcac cgcctaaccc aaaacctata agaactaatg
2581 ataatccatc acccttcgct gactctcttt tcggactcag cccacctgca cccaggtgaa
2641 ataaacagct ttattgctca aaaaaaaaaa aaaaaaaaaa aaaaaaaaa

(SEQ ID NO: 4).

[0062] Another representative nucleotide sequence encoding the native human B7-H7 is

provided:

ATGAAGGCACAGACAGCACTGTCTTTCTTCCTCATTCTCATAACATCTCTGAGTGGATCTCA
AGGCATATTCCCTTTGGCTTTCTTCATTTATGTTCCTATGAATGAACAAATCGTCATTGGAA
GACTTGATGAAGATATAATTCTCCCTTCTTCATTTGAGAGGGGATCCGAAGTCGTAATACAC
TGGAAGTATCAAGATAGCTATAAGGTTCACAGTTACTACAAAGGCAGTGACCATTTGGAAAG
CCAAGATCCCAGATATGCAAACAGGACATCCCTTTTCTATAATGAGATTCAAAATGGGAATG



CGTCGCTATTTTTCAGAAGAGTAAGCCTTCTGGACGAAGGAATTTACACCTGCTATGTAGGA
ACAGCAATTCAAGTGATTACAAACAAAGTGGTGCTAAAGGTGGGAGTTTTTCTCACACCCGT
GATGAAGTATGAAAAGAGGAACACAAACAGCTTCTTAATATGCAGCGTGTTAAGTGTTTATC
CTCGTCCAATTATCACGTGGAAAATGGACAACACACCTATCTCTGAAAACAACATGGAAGAA
ACAGGGTCTTTGGATTCTTTTTCTATTAACAGCCCACTGAATATTACAGGATCAAATTCATC
TTATGAATGTACAATTGAAAATTCACTGCTGAAGCAAACATGGACAGGGCGCTGGACGATGA
AAGATGGCCTTCATAAAATGCAAAGTGAACACGTTTCACTCTCATGTCAACCTGTAAATGAT
TATTTTTCACCAAACCAAGACTTCAAAGTTACTTGGTCCAGAATGAAAAGTGGGACTTTCTC
TGTCCTGGCTTACTATCTGAGCTCCTCACAAAATACAATTATCAATGAATCCCGATTCTCAT
GGAACAAAGAGCTGATAAACCAGAGTGACTTCTCTATGAATTTGATGGATCTTAATCTTTCA
GACAGTGGGGAATATTTATGCAATATTTCTTCGGATGAATATACTTTACTTACCATCCACAC
AGTGCATGTAGAACCGAGCCAAGAAACAGCTTCCCATAACAAAGGCTTATGGATTTTGGTGC
CCTCTGCGATTTTGGCAGCTTTTCTGCTGATTTGGAGCGTAAAATGTTGCAGAGCCCAGCTA
GAAGCCAGGAGGAGCAGACACCCTGCTGATGGAGCCCAACAAGAAAGATGTTGTGTCCCTCC
TGGTGAGCGCTGTCCCAGTGCACCCGATAATGGCGAAGAAAATGTGAGGTCTGTTTCTGGGA

AAGTG (SEQ ID NO: 13)

[0063] A representative nucleotide sequence encoding pan trolodytes is provided:

ATGAAGGCACAGACAGCACTGTCTTTCTTCCTCATTCTCATAACATCTCTGAGTGGATCTCA
AGCCATATTCCCTATGGCTTTCTCCACTTATGTTCCTGTGAATGAACAAATCGTCATTGGAA
GACTTGATGAAGATATAATTCTCCCTTCTTCATTTGAGAGGGGATCGGAAGTCGTAATACAC
TGGAAGTATCAAGATAGCTATAAGGTTCACAGTTACTACAAAGGCAGTGACCATTTGGAAAG
CCAAGATCCCAGATATACAAACAGGACATCCCTTTTCTATAATGAGATTCAAGGGAATGCGT
CGCTATTTTCCCCAAGAGTAAGCCTTCTGGACGAAGGAATTTACACCTGCTATGTAGGAACA
GCAATTCAAGTGATTACAAACAAAGTGGTGCTAAAGGTGGGAGTTTTTCTCACACCCGTGAT
GAAGTATGAAAAGAGGAACACAAACAGCTTCTTAATATGCAGCGTGTTAAGTGTTTATCCTC
GTCCAATTATCACGTGGAAAATGGACAACACACCTATCTCTGAAAACAACATGGAAGAAACA
GGGTCTTTGGATTCTTTTTCTATTAACAGCCCACTGAATATTACAGGATCAAATTCATCTTA
TGAATGTACAATTGAAAATTCACTGCTGAAGCAAACATGGACAGGGCGCTGGACAATGAAAG
ATGGCCTTCATAAAATGCAAAGTGAACACGTTTCACTCTCATGTCAACCTGTAAATGATTAT
TTTTCACCAAACCAAGACTTCAAAGTTACTTGGTCCAGAATGAAAAGTGGGACTTTCTCTAT
CCTGGCTTACTATCTGAGCTCCTCACAAAATACAATTATCAATGAATCCCGATTCTCATGGA
ACAAAGAGCTGATAAACCAGAGTGACTTCTCTATGAATTTGATGGATCTTAATCTTTCAGAC
AGTGGGGAATATTTATGCAATATTTCTTCAGATGAATATACTTTACTTACCATCCACACAGT
GCATGTAGAACCAAGCCAAGAAACAGCTTCCCATAACAAAGGCTTATGGATTTTGGTGCCCT
CTGTGATTTTGGCAGCTTTTCTGCTGATTTGGACAGTAAAACGTTGCAGAGCCCAGCCAGAA
GCCAGGAGGAGCAGACACCCTGCTGATGGAGCCCAACAAGAAAGATATTGTGTCCCTCCTGG
TGAGCACTGTCCCAGTGCACCCGATAATGGCGAAGAAAATGTGAGGTCTGTTTCTGGGAAAG
TG (SEQ ID NO: 14)

[0064] A representative nucleotide sequence encoding macaca mulatto is provided:

ATGAAGGCACAGACGTCTTTCTTCCTCATTCTCATATCATCTCTGAGTGGATCTCAAGGCAT
ATTCCTTTCAGCTTTCTTCACTTACGTTCCTATGAATGAACAAATCATCATTGGAAGACTTG
GTGAAGATATAATTCTCCCTTCTTCATTTGAGAGGGGATCCGAAGTTGTAATACACTGGAAG
TATCAAGACAGCTACAATAGCTACAATGTTCACAGTTACTACAAAGGCAGTGGCCGTTTGGA
AAGCCAAGATACCAGATATGCAAACAGGACATCCCTTTTCTATAATGAGATTCAAAATGGGA
ATGCGTCTCTATTTTTCAGAAGATTAAGCCTTCTGGATGAAGGAATTTATACCTGCTATGTA
GGAACAGCAATTCAAGCGATTACAAACAAAGTGGTGCTAAAGGTGGGAGTTTTTCTCACACC
CATGATGAAGTATGAAAAGAGGAACACAAACAGCTTCTTAATATGCAACGTGTTAAGTGTTT
ATCCTCGTCCAATTATCACGTGGAAAATGGACAACACACCTATCTCTGAAAACAATATGCAA



GAAACAGGGTCTTTGGGTCCTTTTTCGATTAACAGCACGCTGAATATTACAGGATCAAATTC
ATCTTATGAATGTACAATTGAAAATTCACTTCTGAAGCAAACATGGACAGGGCGCTGGACAA
TGAAAGATGGCCTTCATAAAATGCAAAGTGAACATGTTTCACTCTCATGTGAACTTGTAAAT
GATTATTTTTCACCAAACCAAGACTTCAAAGTTACTTGGTCCAGAATGGAAAGTGGGATTTC
CTCTATCCTGGCTTACTATCTGAGCTCCTCACAAAATACAACTTTCTATGAATCCCGATTCT
CATGGAACAAAGAGCTGAAAAACCAGAGTGACTTCTCTATGAATTTGACGGATCTTAGTCTT
TCAGACAGTGGGGAATATTTGTGCAATATTTCTTCGGATGAATATACTTTACTCACCATACA
CACGGTGCACGTAGAACCAAGCCAAGAAACAGCTTCCGATAACAAAGGCTTATGGATTTTGG
TGGCCAGTCTGATTTTGGTGCTCTGTCTGATTTGGCTGATTTGGAAAGTAAAATGTTCCACA
GCCCAAATAGAAGCCAGGAGGAGCAGATACCCTGCTGATGGAGCCCAA (SEQ ID NO: 15)

[0065] A representative nucleotide sequence encoding bovine is provided:

ATGAATGAGCAAATCGTCACTGGAAGACTAGGTGAAGATGTCATTCTCCCTTGCTCATTTGA
GAGTGGACCCAATGTCGTAATTCACTGGAAGAACCAAGATACCAATGTTTACTCATACTACA
GAGACAGCGACCAGTTGGAAAAGCAAGATCCCAGATATGTAAACAGGATATCCCTCTTCCAT
GGTGAGATTCACAATGGGAATGCCTCCCTGTCTTTCAGAAGATTAACCCTTCAGGATGAAGG
AATCTACGTATGCTATGTGGGAACATCACTTGGAAAAATCACAAAGAAAATAGTCCTAAAAG
TGGGAGCTTTTGTCACACCTGTGATGAAGTATGAAAAGAATACCACCAACAGCTTCTTAATA
TGCAATGTGTTAAGTGTTTTTCCTTATCCAATTATCACATGGAAAGTGGATAATAATACATC
TATCTCTGAAAACAATGGGAAAGAAGTTGGATCTTTGGGTCCTTTTCATATAAACAGCAGAG
TAAATATTACAGGATCAAATTCATCATATCAGTGTGAAATTGAAAACCCACTGCTGAAGCAA
ACATGGACAGGAAGATGGACAAGGAAAGATAAAGAAAGGAATACAAAAAGGAAGGAAATGCA
TTTGCAGAGTTCACTAGAAGTAAAGCAAATTTTTTCTGTAAATCTCCATACAGTGGACTTAC
AATATTATTTCAGTATAAAA (SEQ ID NO: 16)

[0066] In a specific embodiment, the nucleic acid is an isolated or purified nucleic acid.

In some embodiments, nucleic acids encode the immature or precursor form of a naturally

occurring mammalian B7-H7. In other embodiments, nucleic acids encode the mature form

of a naturally occurring mammalian B7-H7. In a specific embodiment, nucleic acids

encoding native B7-H7 encode the precursor form of naturally occurring human B7-H7. In

another embodiment, nucleic acids encoding native B7-H7 encode the mature form of

naturally occurring human B7-H7.

[0067] As used herein, the term "native B7-H7CR" in the context of proteins or

polypeptides refers to any naturally occurring B7-H7CR amino acid sequences, including

immature or precursor and mature forms. Non-limiting examples of Accession Nos. for the

amino acid sequence of native mammalian B7-H7CR include: Q96BF3-1 {homo sapiens),

Q96BF3-2 {homo sapiens), and NP_6532 16.1 (GI: 21389429; homo sapiens). A

representative amino acid sequence of the immature/precursor form of one isoform of native

human B7-H7CR, which comprises the signal peptide (underlined) and the mature human

native B7-H7CR (italicized), is provided:

MGSPGMVLGL LVOIWALOEA SSL SVOOGPNLLOVROGSOA TLVCQVDQAT
A WERLRVKWTKDGAILCQPYITNGSLSLGVCGPQGRLSWQ APSHLTLQLD



PVSLNHSGAY VCWAAVEIPE LEEAEGNITR LFVDPDDPTQ NRNRIASFPG
FLFVLLGVGSMGVAAIVWGA WFWGRRSCQQRDSGNSPGNA FYSNVLYRPR
GAPKKSEDCS GEGKDQRGQSIYSTSFPQPA PRQPHLASRP CPSPRPCPSP
RPGHPVSMVR VSPRPSPTQQPRPKGFPKVG EE

(SEQ ID NO: 5). The amino acid sequence of a second isoform of native human B7-H7CR

differs from this first isoform in that amino acid residues 186 to 189 of SEQ ID NO:5 are

missing in the second isoform.

[0068] Another representative amino acid sequence of native human B7-H7CR is

provided:

MGSPGMVLGLLVQIWALQEASSLSVQQGPNLLQVRQGSQATLVCQVDQATAWERL
RVKWTKDGAILCQPYITNGSLSLGVCGPQGRLSWQAPSHLTLQLDPVSLNHSGAYV
CWAAVEIPELEEAEGNITRLFVDPDDPTQNRNRIASFPGFLFVLLGVGSMGVAAIVW
GAWFWGRRSCQQRDSGNSPGNAFYSNVLYRPRGPPKKSEDCSGEGKDQRGQSIYST
SFPQPAPRQPHLASRP CPSPRPCPSPRPGHPVSMVRVSPRPSPTQQPRPKGFPKVGEE
(SEQ ID NO: 20)

[0069] A representative amino acid sequence of native pan troglodytes B7-H7CR is

provided:

MGSPGMVLGLLVQIWALQEASSLSVQQGPNLLQVRQGSQATLVCQVDQAPAWERL
RVKWTKDGAILCQPYITNGSLSLGVCGPQGRLSWQAPSHLTLQLDPVNLNHSGAYV
CWAAVEIPELEEAESNITRLFVDPDDPTQNRNRITSFPGFLFVLLGVGSGAVAAIVLG
AWFWGRRSCQQRDSGNSPGNAFYSNVLYRPRGAPKKSEDCSGEGKDQRGQSIYSTS
FPQPATRQPHLAPRPCPSPRPCPSPRPGHPVSMVRVSPRPSPTQQPRPKGFPKVG EE
(SEQ ID NO: 21)

[0070] A representative amino acid sequence of native bos taurus B7-H7CR is provided:

MGSPGTVLVLLVQFWVLQGVTGLTVQQAPKLLQVRQDSQVTLACQVMHAQAWEW
LRVEWIKDADIFCQTHIINGSLSKDVCGPQGWLSWQPPGNLTLQLNHVSLNDSGL YV
CGATVEIPVWEEAQGNGTQLLVERGVWLQDHSFSGLYFAPLVTGAVAVAVFALGA
GIWGRRRCRNGDAGSPIYSNVLYRPRRAARKKAWPVERKVLDSEDQKGQSFYSISFP
QRPKSHMAPKFCPSPRPIHPISAVRISPGPGSSGQPRSRGFLEVGREIRTAGEPEKT
YPQRLYKDVTYS (SEQ ID NO: 22)

Figure 24 shows an alignment of the amino acid sequences of representative native human

B7-H7CR, native pan troglodytes B7-H7CR, and native bos taurus B7-H7CR.

[0071] In some embodiments, native B7-H7CR is the immature or precursor form of a

naturally occurring mammalian B7-H7CR. In other embodiments, native B7-H7CR is the

mature form of a naturally occurring mammalian B7-H7CR. In a specific embodiment,

native B7-H7CR is the precursor form of naturally occurring human B7-H7CR. In another

embodiment, native B7-H7CR is the mature form of naturally occurring human B7-H7CR.

In one embodiment, the native B7-H7CR protein/polypeptide is isolated or purified.



[0072] The human B7-H7CR polypeptide is otherwise referred to as transmembrane and

immunoglobulin domain containing 2 (TMIGD2) in the literature/databases but the function

of B7-H7CR was not previously elucidated. At least one isoform of human B7-H7CR

polypeptide is 282 amino acids in length and has been reported to contain the following: a

signal sequence, an immunoglobulin-like (Ig-like) domain, a transmembrane domain, and a

cytoplasmic domain. In particular, at least one isoform of human B7-H7CR has been

reported to contain the following: a signal sequence at amino acid residues 1 to 22 of the

sequence at Accession No. Q96BF3-1, an Ig-like domain at amino acid reisdues 23 to 129 of

the sequence at Accession No. Q96BF3-1, an extracelluar domain at amino acid residues 23

to 150 of the sequence at Accession No. Q96BF3-1, a transmembrane domain at amino acid

residues 151 to 171 of the sequence at Accession No. Q96BF3-1, and a cytoplasmic domain

at amino acid residues 172 to 282 of the sequence at Accession No. Q96BF3-1. The

cytoplasmic domain of human B7-H7CR includes a proline rich region (amino acid residues

227-277), which may be involved in binding to SH3 domain-containing adaptor proteins.

The cytoplasmic domain of human B7-H7CR includes a serine residue (S220), which may be

phosphorylated. Human B7-H7CR is also predicted to have N-linked glycosylation sites at

amino acid residues 73, 105, and 127. The IgV domain of human B7-H7CR comprises a pair

of conserved cysteines at positions 44 and 112 that may form a disulphide bond. Cys

residues at positions 67 and 81 may also form structurally important disulphide bonds. In

addition, tyrosine residues of importance are found at positions 192, 197, and 222 of native

human B7-H7CR (e.g., SEQ ID NO:5).

[0073] Two splices of human B7-H7CR have been predicted with the difference between

the splice forms being the presence or absence of amino acid residues 186-189. There are

two known naturally occurring variants of human B7-H7CR (W168L and A202P).

[0074] As used herein, the term "native B7-H7CR" in the context of nucleic acids refers

to any naturally occurring nucleic acid sequences encoding B7-H7CR, including the

immature or precursor and mature forms. Non-limiting examples of Accession Nos. for the

nucleotide sequence of native mammalian B7-H7CR include: AK358964 {homo sapiens) and

BCO 15655 {homo sapiens). A representative nucleotide sequence encoding the

immature/precursor form of native human B7-H7CR, which comprises the nucleotide

sequence encoding the signal peptide (underlined) and the nucleotide sequence encoding the

mature human native B7-H7CR (italicized), is provided:

ggaagtctgt caactgggag ggggagaggg gggtgatggg ccaggaatgg ggtccccggg 60

catggtgctg ggcctcctgg tgcagatctg ggccctgcaa gaagcctcaa gcctgagcgt 120
gcagcagggg cccaacttgc tgcaggtgag gcagggcagt caggcgaccc tggtctgcca 180



ggtggaccag gccacagcct gggaacggct ccgtgttaag tggacaaagg atggggccat 240
cctgtgtcaa ccgtacatca ccaacggcag cctcagcctg ggggtctgcg ggccccaggg 300
acggctctcc tggcaggcac ccagccatct caccctgcag ctggaccctg tgagcctcaa 360
ccacagcggg gcgtacgtgt gctgggcggc cgtagagatt cctgagttgg aggaggctga 420
gggcaacata acaaggctct ttgtggaccc agatgacccc acacagaaca gaaaccggat 480
cgcaagcttc ccaggattcc tcttcgtgct gctgggggtg ggaagcatgg gtgtggctgc 540
gatcgtgtgg ggtgcctggt tctggggccg ccgcagctgc cagcaaaggg actcaggtaa 600
cagcccagga aatgcattct acagcaacgt cctataccgg ccccgggggc ccccaaagaa 660
gagtgaggac tgctctggag aggggaagga ccagaggggc cagagcattt attcaacctc 720
cttcccgcaa ccggcccccc gccagccgca cctggcgtca agaccctgcc ccagcccgag 780
accctgcccc agccccaggc ccggccaccc cgtctctatg gtcagggtct ctcctagacc 840
aagccccacc cagcagccga ggccaaaagg gttccccaaa gtgggagagg agtgagagat 900
cccaggagac ctcaacagga ccccacccat aggtacacac aaaaaagggg ggatcgaggc 960
cagacacggt ggctcacgcc tgtaatccca gcagtttggg aagccgaggc gggtggaaca 1020
cttgaggtca ggggtttgag accagcctgg cttgaacctg ggaggcggag gttgcagtga 1080
gccgagattg cgccactgca ctccagcctg ggcgacagag tgagactccg tctcaaaaaa 1140
aacaaaaagc aggaggattg ggagcctgtc agccccatcc tgagaccccg tcctcatttc 1200
tgtaatgatg gatctcgctc ccactttccc ccaagaacct aataaaggct tgtgaagaaa 1260
aaaaaaaaaa aaaaaa

(SEQ ID NO: 6).

[0075] Another representative nucleotide sequence encoding a native human B7-H7CR is

provided:

1 atggggtccc cgggcatggt gctgggcctc ctggtgcaga tctgggccct gcaagaagcc
6 1 tcaagcctga gcgtgcagca ggggcccaac ttgctgcagg tgaggcaggg cagtcaggcg
121 accctggtct gccaggtgga ccaggccaca gcctgggaac ggctccgtgt taagtggaca
181 aaggatgggg ccatcctgtg tcaaccgtac atcaccaacg gcagcctcag cctgggggtc
241 tgcgggcccc agggacggct ctcctggcag gcacccagcc atctcaccct gcagctggac
301 cctgtgagcc tcaaccacag cggggcgtac gtgtgctggg cggccgtaga gattcctgag
361 ttggaggagg ctgagggcaa cataacaagg ctctttgtgg acccagatga ccccacacag
421 aacagaaacc ggatcgcaag cttcccagga ttcctcttcg tgctgctggg ggtgggaagc
481 atgggtgtgg ctgcgatcgt gtggggtgcc tggttctggg gccgccgcag ctgccagcaa
541 agggactcag gtaacagccc aggaaatgca ttctacagca acgtcctata ccggccccgg
601 gggcccccaa agaagagtga ggactgctct ggagagggga aggaccagag gggccagagc
661 atttattcaa cctccttccc gcaaccggcc ccccgccagc cgcacctggc gtcaagaccc
721 tgccccagcc cgagaccctg ccccagcccc aggcccggcc accccgtctc tatggtcagg
781 gtctctccta gaccaagccc cacccagcag ccgaggccaa aagggttccc caaagtggga
841 gaggagtga (SEQ ID NO: 23)

[0076] A representative nucleotide sequence encoding native pan troglodytes is provided:

1 atggggtccc cgggcatggt gctgggcctc ctggtgcaga tctgggccct gcaagaagcc

61 tcaagcctga gcgtgcagca ggggcccaac ttgctgcagg tgaggcaggg cagtcaggcg

121 accctggtct gccaggtgga ccaggcccca gcctgggaac ggctccgtgt taagtggaca

181 aaggatgggg ccatcctgtg tcaaccgtac atcaccaacg gcagcctcag cctgggggtc

241 tgcgggcccc agggacggct ctcctggcag gcacccagcc atctcaccct gcagctggac

301 cctgtgaacc tcaaccacag cggggcgtac gtgtgctggg cggccgtaga gattcctgag

361 ttggaggagg ctgagagcaa cataacaagg ctctttgtgg acccagatga ccccacacag

421 aacagaaacc ggatcacaag cttcccagga ttcctcttcg tgctgctggg ggtgggaagc

481 ggggctgtgg ccgcgatcgt gttgggtgcc tggttctggg gccgccgcag ctgccagcaa

541 agggactcag gtaacagccc aggaaatgca ttctacagca acgtcctata ccggccccgg

601 ggggccccaa agaagagtga ggactgctct ggagagggga aggaccagag gggccagagc

661 atttattcaa cctccttccc gcaaccggcc acccgccagc cgcacctggc gccaagaccc

721 tgccccagcc cgagaccctg ccccagcccc aggcccggcc accccgtctc tatggtcagg

781 gtctctccta gaccaagccc cacccagcag ccgaggccaa aagggttccc caaagtggga

841 gaggagtaa (SEQ ID NO: 24)

[0077] A representative nucleotide sequence encoding native bos taurus is provided:



1 atggggtccc cgggcacagt gctggtcctc ctggtgcagt tctgggtcct acaaggagtc
61 acaggcctga ctgtgcagca ggcaccgaag ttgctgcagg tgagacagga cagccaggtg
121 actttggcct gccaggtgat gcacgcccag gcctgggagt ggctccgtgt cgagtggatc
181 aaggatgctg acatcttttg ccagacacac atcatcaatg gcagtctgag caaggatgtc
241 tgtgggcctc agggatggct atcctggcag ccgcctggca acctcaccct gcagctgaac
301 cacgtgagcc tcaatgacag tggactctat gtgtgtgggg caaccgtgga gatccctgtt
361 tgggaggagg cccagggcaa cgggacgcag ctcctggtgg agagaggtgt ctggctgcag
421 gaccacagct tctcaggcct ctacttcgcg ccgctggtga cgggggccgt ggccgttgcc
481 gttttcgctc tgggcgctgg gatctggggc cgccgccgct gccggaacgg ggatgcaggc
541 agtccaatct acagcaacgt cctataccgg ccccggagag ccgcaaggaa gaaggcatgg
601 cctgtggaaa ggaaggtgct ggacagtgag gatcagaagg gccaaagctt ctactcgatc
661 tctttccccc agcgccccaa gtcgcatatg gctcccaaat tttgccccag tcccagaccc
721 attcacccca tctctgcagt cagaatctct cctggcccag gctcctctgg gcagccaagg
781 tcaagagggt tccttgaagt gggaagagaa atcagaaccg caggagagcc agagaagacc

841 tacccccagc gactatataa agatgtgact tattcctag (SEQ ID NO: 25)

A nucleic acid alignment of representative native human B7-H7CR, native pan troglodytes

B7-H7CR, and native bos taurus B7-H7CR is included as Figure 25.

[0078] In a specific embodiment, the nucleic acid is an isolated or purified nucleic acid.

In some embodiments, nucleic acids encode the immature or precursor form of a naturally

occurring mammalian B7-H7CR. In other embodiments, nucleic acids encode the mature

form of a naturally occurring mammalian B7-H7CR. In a specific embodiment, nucleic acids

encoding native B7-H7CR encode the precursor form of naturally occurring human B7-

H7CR. In another embodiment, nucleic acids encoding native B7-H7CR encode the mature

of naturally occurring human B7-H7CR.

[0079] As used herein, the term "native CD28" in the context of proteins or polypeptides

refers to any naturally occurring CD28 amino acid sequences, including immature or

precursor and mature forms. Non-limiting examples of Accession Nos. for the amino acid

sequence of various species of native mammalian CD28 include: P10747-1 {homo sapiens),

P10747-2 (homo sapiens), P10747-3 (homo sapiens), P10747-4 (homo sapiens), P10747-5

(homo sapiens), P10747-6 (homo sapiens), NP_006130.1 (GL545361 1; homo sapiens),

P31041-1 (mouse), and Q28071-1 (bovine). A representative amino acid sequence of one

isoform of the immature/precursor form of native human CD28, which comprises the signal

peptide (underlined) and the mature human native CD28 (italicized), is provided:

MLRLLLALNL FPSIQVTGNK ILVKQSPML AYDNAVNLSC KYSYNLFSRE
FRASLHKGLD SAVEVCVVYG NYSQQLQVYS KTGFNCDGKL GNESVTFYLQ
NLYVNQTDIY FCKIEVMYPP PYLDNEKSNG TIIHVKGKHL CPSPLFPGPS
KPFWVLVVVG GVLACYSLLV TVAFIIFWVR SKRSRLLHSD YMNMTPRRPG
PTRKHYQPYA PPRDFAAYRS

(SEQ ID NO: 7). There are a number of isoforms of CD28 that have been reported (see, e.g.,

Accession Nos. P10747-1 to P 10747-6 for various isoforms of human CD28). In some

embodiments, native CD28 is the immature or precursor form of a naturally occurring



mammalian CD28. In other embodiments, native CD28 is the mature form of a naturally

occurring mammalian CD28. In a specific embodiment, native CD28 is the precursor form of

naturally occurring human CD28. In another embodiment, native CD28 is the mature form of

naturally occurring human CD28. In a specific embodiment, the native CD28 is not a

naturally occurring mouse CD28. In one embodiment, the native CD28 protein/polypeptide

is isolated or purified.

[0080] At least one isoform of human CD28 polypeptide is 220 amino acids in length and

has been reported to contain the following: a signal sequence, an immunoglobulin-like (Ig-

like) V-type domain, an extracellular domain, a transmembrane domain, and a cytoplasmic

domain. In particular, a human CD28 isoform has been reported to contain the following: a

signal sequence at amino acid residues 1 to 18 of the sequence at Accession No. P10747-1, an

Ig-like V-type domain at amino acid reisdues 28 to 137 of the sequence at Accession No.

P10747-1, an extracellular domain at amino acid residues 19 to 152 of the sequence at

Accession No. P10747-1, a transmembrane domain at amino acid residues 153 to 179 of the

sequence at Accession No. P10747-1, and a cytoplasmic domain at amino acid residues 180

to 220 of the sequence at Accession No. P10747-1.

[0081] As used herein, the term "native CD28" in the context of nucleic acids refers to

any naturally occurring nucleic acid sequences encoding CD28, including the immature or

precursor and mature forms. Non-limiting examples of Accession Nos. for the nucleotide

sequence of various species of native mammalian CD28 include: J02988.1 (GL338444;

homo sapiens), BC093698.1 (GL62739452; homo sapiens), M34563.1 (GI: 19248; mouse),

and X93304. 1 (GI: 1369933; bovine). A representative nucleotide sequence encoding the

immature/precursor form of native human CD28, which comprises the nucleotide sequence

encoding the signal peptide (underlined) and the nucleotide sequence encoding the mature

human native CD28 (italicized), is provided:

1 ggaggagggg ctggaaccct agcccatcgt caggacaaag atgctcaggc tgctcttggc
61 tctcaactta ttcccttcaa ttcaagtaac aggaa acaag at t ttggtga agcagtcgcc

12 1 catgcttgta gcgtacgaca atgcggtcaa cct tagctgc aagta t tcct acaa tctct t
1 81 ctcaagggag ttccgggca t ccct tcacaa aggactgga t agtgctgtgg aagtctgtgt
2 41 tgta t atggg aa ttactccc agcagcttca ggt ttactca aaaa cggggt tcaactgtga
3 01 tgggaaa ttg ggcaa tgaa t cagtga ca t t cta cctccag aa t t tgta t g t taaccaaa c
3 61 aga t at t t ac ttctgcaaaa ttgaagtta t gta tcctcct ccttacctag acaa tgagaa
42 1 gagcaa tgga acca tta tcc atgtgaaagg gaaacacct t tgtccaagtc cccta t t tcc
4 81 cggacct tct aagccctt t t gggtgctggt ggtggttggt ggagtcctgg cttgcta tag
5 41 cttgctagta acagtggcct tta t t at t t t ctgggtgagg agtaagagga gcaggctcct
601 gca cagtga c t aca tgaa ca tgactccccg ccgccccggg ccca cccgca agca t t acca
6 61 gcccta tgcc ccacca cgcg acttcgcagc cta tcgctcc tgacacggac gcctatccag
72 1 aagccagccg gctggcagcc cccatctgct caa



(SEQ ID NO: 8). In a specific embodiment, the nucleic acid is an isolated or purified

nucleic acid. In some embodiments, nucleic acids encode the immature or precursor form of

a naturally occurring mammalian CD28. In other embodiments, nucleic acids encode the

mature form of a naturally occurring mammalian CD28. In a specific embodiment, nucleic

acids encoding native CD28 encode the precursor form of naturally occurring human CD28.

In another embodiment, nucleic acids encoding native CD28 encode the mature of naturally

occurring human CD28. In a specific embodiment, the nucleic acids do not encode native

mouse CD28.

[0082] As used herein, the term "native CTLA-4" in the context of proteins or

polypeptides refers to any naturally occurring CTLA-4 amino acid sequences, including

immature or precursor and mature forms. Non-limiting examples of Accession Nos. for the

amino acid sequence of various species of native mammalian CTLA-4 include: P 164 10-1

(homo sapiens), NP_00 1032720.1 (GL83700231; homo sapiens), NP_005205.2

(GL21361212; homo sapiens), P09793-1 (mouse), NP_033973.2 (mouse), and Q28090-1

(bovine). A representative amino acid sequence of the immature/precursor form of native

human CTLA-4, which comprises the signal peptide (underlined) and the mature human

native CTLA-4 (italicized), is provided:

MACLGFQRHK AQLNLATRTW PCTLLFFLLF IFVFCKAMHV AQPAWLASS RGIASFVCEY

ASPGKATEVR VTVLRQADSQ VTEVCAATYM MGNELTFLDD SICTGTSSGN QVNLTIQGLR

AMDTGLYICK VELMYPPPYY LGIGNGTQIY VIDPEPCPDS DFLLWILAAV SSGLFFYSFL

LTAVSLSKML KKRSPLTTGV YVKMPPTEPE CEKQFQPYFI PIN

(SEQ ID NO: 9). In some embodiments, native CTLA-4 is the immature or precursor form

of a naturally occurring mammalian CTLA-4. In other embodiments, native CTLA-4 is the

mature form of a naturally occurring mammalian CTLA-4. In a specific embodiment, native

CTLA-4 is the precursor form of naturally occurring human CTLA-4. In another

embodiment, native CTLA-4 is the mature form of naturally occurring human CTLA-4. In

one embodiment, the native CTLA-4 protein/polypeptide is isolated or purified.

[0083] CTLA-4 polypeptide is also known as Cytotoxic T-lymphocyte-associated

antigen 4 and CD52. At least one isoform of human CTLA-4 polypeptide is 223 amino acids

in length and has been reported to contain the following: a signal sequence, an

immunoglobulin-like (Ig-like) V-type domain, an extracellular domain, a transmembrane

domain, and a cytoplasmic domain. In particular, a human CTLA-4 isoform has been

reported to contain the following: a signal sequence at amino acid residues 1 to 35 of the

sequence at Accession No. P 164 10-1, an Ig-like V-type domain at amino acid reisdues 39 to



140 ofthe sequence at Accession No. P 164 10-1, an extracellular domain at amino acid

residues 36 to 161 of the sequence at Accession No. P 164 10-1, a transmembrane domain at

amino acid residues 162 to 182 ofthe sequence at Accession No. P16410-1, and a

cytoplasmic domain at amino acid residues 183 to 223 ofthe sequence at Accession No.

P16410-1.

[0084] A sused herein, the term "native CTLA-4" in the context ofnucleic acids refers to

any naturally occurring nucleic acid sequences encoding CTLA-4, including the immature or

precursor and mature forms. Non-limiting examples ofAccession Nos. for the nucleotide

sequence ofvarious species ofnative mammalian CTLA-4 include: AF414120.1

(GI: 15778585; homo sapiens), X051 19.1 (GL50592; mouse), and X93305.1 (GI: 1369935;

bovine). A representative nucleotide sequence encoding the immature/precursor form of

native human CTLA-4, which comprises the nucleotide sequence encoding the signal peptide

(underlined) and the nucleotide sequence encoding the mature human native CTLA-4

(italicized), is provided:

i cttctgtgtg tgcacatgtg taatacatat ctgggatcaa agctatctat ataaagtcct

61 tgattctgtg tgggttcaaa cacatttcaa agcttcagga tcctgaaagg ttttgctcta

121 cttcctgaag acctgaacac cgctcccata aagcc atggc ttgccttgga tttcagcggc

181 acaaggctca gctgaacctg gctaccagga cctggccctg cactctcctg ttttttcttc

241 tcttcatccc tgtcttctgc aagcaatgc acgtggccca gcctgctgtg gtactggcca

301 gcagccgagg catcgccagc tttgtgtgtg agtatgcatc tccaggcaaa gccactgagg

361 tccgggtgac agtgcttcgg caggctgaca gccaggtgac tgaagtctgt gcggcaacct
421 acatgatggg gaatgagttg accttcctag atgattccat ctgcacgggc acctccagtg

481 gaaatcaagt gaacctcact atccaaggac tgagggccat ggacacggga ctctacatct

541 gcaaggtgga gctcatgtac ccaccgccat actacctggg cataggcaac ggaacccaga

601 tttatgtaat tgatccagaa ccgtgcccag attctgactt cctcctctgg atccttgcag

661 cagttagttc ggggttgttt ttttatagct ttctcctcac agctgtttct ttgagcaaaa
721 tgctaaagaa aagaagccct cttacaacag gggtctatgt gaaaatgccc ccaacagagc

781 cagaatgtga aaagcaattt cagccttatt ttattcccat caattgagaa accattatga

841 agaagagagt ccatatttca atttccaaga gctgaggcaa ttctaacttt tttgctatcc

901 agctattttt atttgtttgt gcatttgggg ggaattcatc tctctttaat ataaagttgg

961 atgcggaacc caaattacgt gtactacaat ttaaagcaaa ggagtagaaa gacagagctg

1021 ggatgtttct gtcacatcag ctccactttc agtgaaagca tcacttggga ttaatatggg

1081 gatgcagcat tatgatgtgg gtcaaggaat taagttaggg aatggcacag cccaaagaag

1141 gaaaaggcag ggagcgaggg agaagactat attgtacaca ccttatattt acgtatgaga

1201 cgtttatagc cgaaatgatc ttttcaagtt aaattttatg ccttttattt cttaaacaaa

1261 tgtatgatta catcaaggct tcaaaaatac tcacatggct atgttttagc cagtgatgct

1321 aaaggttgta ttgcatatat acatatatat atatatatat atatatatat atatatatat

1381 atatatatat tttaatttga tagtattgtg catagagcca cgtatgtttt tgtgtatttg

1441 ttaatggttt gaatataaac actatatggc agtgtctttc caccttgggt cccagggaag

1501 ttttgtggag gagctcagga cactaataca ccaggtagaa cacaaggtca tttgctaact

1561 agcttggaaa ctggatgagg tcatagcagt gcttgattgc gtggaattgt gctgagttgg

1621 tgttgacatg tgctttgggg cttttacacc agttcctttc aatggtttgc aaggaagcca

1681 cagctggtgg tatctgagtt gacttgacag aacactgtct tgaagacaat ggcttactcc

1741 aggagaccca caggtatgac cttctaggaa gctccagttc gatgggccca attcttacaa

1801 acatgtggtt aatgccatgg acagaagaag gcagcaggtg gcagaatggg gtgcatgaag

1861 gtttctgaaa attaacactg cttgtgtttt taactcaata ttttccatga aaatgcaaca

1921 acatgtataa tatttttaat taaataaaaa tctgtggtgg tcgttttaaa aaaaaaaaaa

1981 aaaaaaaaaa aaaaaaaaaa aaaaaaaaaa aaaaaaaaaa aaaaa



(SEQ ID NO: 10). In a specific embodiment, the nucleic acid is an isolated or purified

nucleic acid. In some embodiments, nucleic acids encode the immature or precursor form of

a naturally occurring mammalian CTLA-4. In other embodiments, nucleic acids encode the

mature form of a naturally occurring mammalian CTLA-4. In a specific embodiment, nucleic

acids encoding native CTLA-4 encode the precursor form of naturally occurring human

CTLA-4. In another embodiment, nucleic acids encoding native CTLA-4 encode the mature

of naturally occurring human CTLA-4.

[0085] As used herein, the term "native ICOS" in the context of proteins or polypeptides

refers to any naturally occurring ICOS amino acid sequences, including immature or

precursor and mature forms. Non-limiting examples of Accession Nos. for the amino acid

sequence of various species of native mammalian ICOS include: Q9Y6W8-1 {homo sapiens),

Q9Y6W8-1 (homo sapiens), _036224Λ (GL15029518; homo sapiens), Q9WVS0-1

(mouse), NP_059508.2 (GL224809335; mouse), Q9R1T7-1 (rat), Q9R1T7-2 (rat), Q58DF9-

1 (bovine), and NP_00 1029447.1 (GL77735505; bovine). A representative amino acid

sequence of a first isoform the immature/precursor of native human ICOS, which comprises

the signal peptide (underlined) and the mature human native ICOS (italicized), is provided:

MKSGLWYFFL FCLRIKVLTG EINGS ΆNYEM FIFHNGGVQI LCKYPDIVQQ
FKMQLLKGGQ ILCDLTKTKG SGNTVSIKSL KFCHSQLSNN SVSFFLYNLD
HSHANYYFCN LSIFDPPPFK VTLTGGYLHI YESQLCCQLK FWLPIGCAAF
VVVCILGCIL ICWLTKKKYS SSVHDPNGEY MFMRAVNTAK KSRLTDVTL

(SEQ ID NO: 11). The amino acid sequence of a second isoform of native human ICOS

differs from this first isoform in that amino acid residues 168 to 199 of SEQ ID NO: 11 are as

follows: KYSSSVHDPNGEYMFMRAVNTAKKSRLTDVTL (SEQ ID NO:26) M. This

second isoform is predicted to be secreted. In some embodiments, native ICOS is the

immature or precursor form of a naturally occurring mammalian ICOS. In other

embodiments, native ICOS is the mature form of a naturally occurring mammalian ICOS. In

a specific embodiment, native ICOS is the precursor form of naturally occurring human ICOS.

In another embodiment, native ICOS is the mature form of naturally occurring human ICOS.

In one embodiment, the native ICOS protein/polypeptide is isolated or purified.

[0086] ICOS is otherwise referred to as Inducible T-cell costimulator, Activation-

inducible lymphocyte immunomediatory molecule, and CD278 in the literature. At least one

isoform of human ICOS polypeptide is 199 amino acids in length and has been reported to

contain the following: a signal sequence, an immunoglobulin-like (Ig-like) V-type domain, an

extracellular domain, a transmembrane domain, and a cytoplasmic domain. A human ICOS

isoform has been reported to contain the following: a signal sequence at amino acid residues



1 to 20 of the sequence at Accession No. Q9Y6W8-1, an Ig-like V-type domain at amino acid

reisdues 30 to 140 of the sequence at Accession No. Q9Y6W8-1, an extracellular domain at

amino acid residues 2 1 to 140 of the sequence at Accession No. Q9Y6W8-1, a

transmembrane domain at amino acid residues 141 to 160 of the sequence at Accession No.

Q9Y6W8-1, and a cytoplasmic domain at amino acid residues 161 to 199.

[0087] As used herein, the term "native ICOS" in the context of nucleic acids refers to

any naturally occurring nucleic acid sequences encoding ICOS, including the immature or

precursor and mature forms. Non-limiting examples of Accession Nos. for the nucleotide

sequence of various species of native mammalian ICOS include: AF218312.1 (GL7963649;

homo sapiens), AF216748.1 (GL7288512; mouse), and BT021638.1 (GL61553958; bovine).

The nucleotide sequence encoding the immature/precursor form of native human ICOS,

which comprises the nucleotide sequence encoding the signal peptide (underlined) and the

nucleotide sequence encoding the mature human native ICOS (italicized), is provided:

1 ggcccaagct tgccatgaag tcaggacttt ggtatttctt tctcttctgc ttgcgcatta
61 aagttttaac aggagaaatc aatggttctg ccaattatga gatgtttata tttcacaacg

121 gaggtgtaca aattttatgc aaatatcctg acattgtcca gcaatttaaa atgcagttgc
181 tgaaaggggg gcaaatactc tgcgatctca ctaagacaaa aggaagtgga aacacagtgt
241 ccattaagag tctgaaattc tgccattctc agttatccaa caacagtgtc tccttttttc
301 tatacaactt ggaccattct catgccaact attacttctg taacctatca atttttgatc
361 ctcctccttt taaagtaact cttacaggag gatatttgca tatttatgaa tcacaacttt
421 gttgccagct gaagttctgg ttacccatag gatgtgcagc ctttgttgta gtctgcattt
481 tgggatgcat acttatttgt tggcttacaa aaaagaagta ttcatccagt gtgcacgacc
541 ctaacggtga atacatgttc atgagagctg tgaataccgc taagaaatct cgcctgacag
601 acgtcacact ctgattctag a

(SEQ ID NO: 12). In a specific embodiment, the nucleic acid is an isolated or purified

nucleic acid. In some embodiments, nucleic acids encode the immature or precursor form of

a naturally occurring mammalian ICOS. In other embodiments, nucleic acids encode the

mature form of a naturally occurring mammalian ICOS. In a specific embodiment, nucleic

acids encoding native ICOS encode the precursor form of naturally occurring human ICOS.

In another embodiment, nucleic acids encoding native ICOS encode the mature form of

naturally occurring human ICOS.

[0088] As used herein, the term "native ligand" refers to any naturally occurring ligand

that binds to a naturally occurring receptor. In a specific embodiment, the ligand is a

mammalian ligand. In another specific embodiment, the ligand is a human ligand.

[0089] As used herein, the term "native receptor" refers to any naturally occurring

receptor that binds to a naturally occurring ligand. In a specific embodiment, the receptor is a

mammalian receptor. In another specific embodiment, the receptor is a human receptor.



[0090] As used herein, the terms "nucleic acid", "nucleotide" and "polynucleotide" refers

to deoxyribonucleotides, deoxyribonucleic acids, ribonucleotides, and ribonucleic acids, and

polymeric forms thereof, and includes either single- or double-stranded forms. Nucleic acids

include naturally occurring nucleic acids, such as deoxyribonucleic acid ("DNA") and

ribonucleic acid ("RNA") as well as nucleic acid analogs. Nucleic acid analogs include those

which include non-naturally occurring bases, nucleotides that engage in linkages with other

nucleotides other than the naturally occurring phosphodiester bond or which include bases

attached through linkages other than phosphodiester bonds. Thus, nucleic acid analogs

include, for example and without limitation, phosphorothioates, phosphorodithioates,

phosphorotriesters, phosphoramidates, boranophosphates, methylphosphonates, chiral-methyl

phosphonates, 2-O-methyl ribonucleotides, peptide-nucleic acids (PNAs), locked-nucleic

acids (LNAs), and the like.

[0091] As used herein, the term "premature human infant" refers to a human infant born

at less than 37 weeks of gestational age.

[0092] As used herein, terms "prevent", "preventing" and "prevention" in the context of

administering a therapy to a subject refers to the prophylactic effect that a subject derives

from receiving a therapy. In a specific embodiment, such terms refer to the inhibition of the

development or onset of a disease or a symptom associated therewith, or inhibition of the

recurrence of a disease or a symptom thereof.

[0093] As used herein, the terms "purified" and "isolated" in the context of an agent

(including, e.g., proteinaceous agents such as antibodies) that is chemically synthesized refers

to an agent that is substantially free of chemical precursors or other chemicals when

chemically synthesized, i.e., it is separated from chemical precursors or other chemicals

which are involved in the synthesis of the protein. In a specific embodiment, the agent is

60%, 65%, 75%, 80%, 85%, 90%, 95%, or 99% free (by dry weight) of other, different

compounds or agents.

[0094] As used herein, the terms "purified " and "isolated" when used in the context of an

agent (including proteinaceous agents such as antibodies and polypeptides) that can be

obtained from a natural source, e.g., cells, refers to an agent which is substantially free of

contaminating materials from the natural source, e.g., soil particles, minerals, chemicals from

the environment, and/or cellular materials from the natural source, such as but not limited to

cell debris, cell wall materials, membranes, organelles, the bulk of the nucleic acids,

carbohydrates, proteins, and/or lipids present in cells. The phrase "substantially free of

natural source materials" refers to preparations of an agent that has been separated from the



material (e.g., cellular components of the cells) from which it is isolated. Thus, an agent that

is isolated includes preparations of a compound or agent having less than about 30%, 20%,

10%, 5%, 2%, or 1% (by dry weight) of cellular materials and/or contaminating materials.

[0095] An "isolated" nucleic acid sequence or nucleotide sequence is one which is

separated from other nucleic acid molecules which are present in a natural source of the

nucleic acid sequence or nucleotide sequence. Moreover, an "isolated", nucleic acid

sequence or nucleotide sequence, such as a cDNA molecule, can be substantially free of other

cellular material or culture medium when produced by recombinant techniques, or

substantially free of chemical precursors when chemically synthesized. In certain

embodiments, an "isolated" nucleic acid sequence or nucleotide sequence is a nucleic acid

sequence or nucleotide sequence that is recombinantly expressed in a heterologous cell.

[0096] As used herein, unless otherwise specified, the terms "protein(s)" and

"polypeptide(s)" interchangeably to refer to a chain of amino acids linked together by peptide

bonds. In some embodiments, the terms "protein(s)" and "polypeptide(s)" refer to a

macromolecule which comprises amino acids that are linked together by peptide bonds.

[0097] As used herein, the terms "subject" and "patient" are used interchangeably and

refer to an animal. In a specific embodiment, such terms refer to a mammal such as a non-

primate (e.g., cows, pigs, horses, cats, dogs, rats etc.) and a primate (e.g., monkey and

human), most preferably a human. In certain embodiments, such terms refer to a non-human

animal (e.g., a non-human animal such as a pig, horse, cow, cat, or dog). In some

embodiments, such terms refer to a pet or farm animal. In specific embodiments, such terms

refer to a human.

[0098] As used herein, the term "Therapeutic Agent(s)" refers to an agent(s) that

modulates one or more immune system functions or responses. In a specific embodiment, a

Therapeutic Agent modulates one or more of the signal transduction pathways induced when

a native ligand binds to a native receptor. In another specific embodiment, a Therapeutic

Agent modulates the interaction between a native receptor and one or more of its native

ligands. In another specific embodiment, a Therapeutic Agent modulates the expression of a

native receptor or a native ligand. In some embodiments, a therapeutic agent is an agonist.

In other embodiments, a therapeutic agent is an antagonist.

[0099] As used herein, the terms "therapies" and "therapy" can refer to any protocol(s),

method(s), compositions, formulations, and/or agent(s) that can be used in the prevention,

treatment, management, or amelioration of a disease, e.g., cancer, infectious disease,

autoimmune disease, graft versus host disease, and transplantation rejection, or a symptom



associated therewith. In certain embodiments, the terms "therapies" and "therapy" refer to

drug therapy, adjuvant therapy, radiation, surgery, biological therapy, supportive therapy,

and/or other therapies useful in treatment, management, prevention, or amelioration of a

condition or disorder or a symptom thereof. In a specific embodiment, a therapy includes the

use of a Therapeutic Agent as an adjuvant therapy. For example, using a Therapeutic Agent

in conjunction with a drug therapy, biological therapy, surgery, and/or supportive therapy. In

a specific embodiment, a therapy includes a Therapeutic Agent.

[00100] In one embodiment, a therapy includes an Immunostimulating Therapeutic Agent.

In an alternative embodiment, a therapy includes an Inhibitory Therapeutic Agent. In another

embodiment, a therapy is not an Immunostimulating Therapeutic Agent. In an alternative

embodiment, a therapy is not an Inhibitory Therapeutic Agent.

[00101] As used herein, the terms "treat", "treating" and "treatment" in the context of the

administration of a therapy to a subject refer to the beneficial effects that a subject derives

from a therapy. In certain embodiments, treatment of a subject with a Therapeutic Agent

achieves one, two, three, four, or more of the following effects: (i) reduction or amelioration

the severity of disease or symptom associated therewith; (ii) reduction in the duration of a

symptom associated with a disease; (iii) prevention of the progression of a disease or

symptom associated therewith; (iv) regression of a disease or symptom associated therewith;

(v) prevention of the development or onset of a symptom associated with a disease; (vi)

prevention of the recurrence of a symptom associated with a disease; (vii) reduction in the

hospitalization of a subject; (viii) reduction in the hospitalization length; (ix) an increase in

the survival of a subject with a disease; (x) a reduction in the number of symptoms associated

with a disease; (xi) an enhancement, improvement, supplementation, complementation, or

augmentation of the prophylactic or therapeutic effect(s) of another therapy.

4. DESCRIPTION OF THE TABLE & FIGURES

[00102] Table 1. List of the cDNA clone collection used in the receptor-ligand proteome.

Over 1,900 human genes encoding for full length plasma membrane cDNA in mammalian

expression vector are included in this proteome system for screening of receptor and ligand

interactions.

[00103] Figure 1. Schematic view of the receptor-ligand proteome. A set of -1,900

plasmids encoding human transmembrane genes are placed individually into five 384-well

plates and transfected into 293T cells by lipofectamine. A target fusion protein and a

secondary fluorescence-labeled antibody are subsequently added to the transfected cells after



eight hours. Twenty-four hours later, the Applied Biosystem 8200 Cellular Detection System

(CDS) performs the scanning on cell surface for positive wells. Individual plasmids within

each well with positive hits will be picked and study further for validation.

[00104] Figure 2. Identification of B7-H2 and CD28 interaction by the receptor-ligand

proteomic system. A set of ~l,900 plasmids with human transmembrane genes at 30ng/well

were placed individually into four 384-well plates, and transiently transfected into 293T cells

by lipofectamine. Human CD28Ig (R&D systems, Minneapolis, MN) and anti-human Ig

FMAT blue secondary antibody (Applied Biosystems, Foster City, CA) were added into the

wells 8hr after transfection. The plates were read 24 hrs after transfection by the Applied

Biosystems 8200 cellular detection system and analyzed by CDS 8200 software. The 3-D

illustration represents the result of a 384-well plate. The position of each well is indicated at

the bottom (from 1 to 24) and at the side (from A to P) of the plate. Each bar represents the

total fluorescence intensity in the FLl gate in each well of the 384-well plate. The well

transfected with human B7-H2 gene (Kl 1) was shown to be positive in addition to B7-1

(C17) and B7-2 (K24). The Fc Receptors (D15, 05) are positive controls for transfection

because they bind directly to labeled 2nd antibody. P24 is the negative control with mock-

transfected 293T cells. *Occludin (Pl), a tight junction adhesion molecules, was also shown

positive binding to B7-H2. However, further experiments demonstrated that occludin binds

the secondary antibody non-specifically.

[00105] Figures 3A-3K. Identification and characterization of B7-H2 as the third ligand

for CD28 and CTLA-4.

[00106] (A-E) Specificity of B7-H2 bindings to CD28/CTLA-4. 293T cells were

transiently transfected with human full length B7-H2 plasmids, and were stained by specific

mAb to B7-H2, B7-1, B7-2 as well as ICOSIg (A), CD28Ig (B) and CTLA4Ig (C). Specific

mAb to CD28 (clone CD28.6) and CTLA-4 (clone 14D3) were also included in the cultures

to examine specificity of the binding. (D) CD28-trans feted (D) or CTLA-4-transfected 293T

cells (E) were also stained by B7-H2Ig with or without blocking mAb against B7-H2 (clone

MIH12). All data were analyzed by a FACScan flow cytometry.

[00107] (F) Binding affinity of B7-H2 to ICOS, CD28 and CTLA-4. ICOSIg and CD28Ig

at the indicated concentrations were injected into flow cells that were coated with B7-H2Ig at

500RUs and the responses were determined by Surface Plasmon Resonance. Similarly,

CTLA4Ig at the indicated concentration were injected into a flow cell coated with B7-H2Ig at

5000RUs. In all experiments, injections of these fusion proteins into uncoated control flow



cells were served as the control. Binding data were overlaid with the fit of 1:1 interaction

model with drifting baseline.

[00108] (G-I) Interactions between B7-H2/ICOS and B7/CD28 pathways. To examine the

interactions of B7-H2 and other ligands of CD28/CTLA-4, 293T cells were transiently

transfected with full length human B7-H2 plasmids. CD28Ig and CTLA4Ig were used to stain

the transfectants, and analyzed by flow cytometry. Isotype-matched human Ig (control Ig)

was included as controls (upper panels). For competitive binding, CD28Ig and CTLA4Ig at

10 µg/ml were pre-incubated with excessive amount of B7-lIg (middle panels) or B7-2Ig

(lower panels) at 40 µg/ml for 15 minutes before staining B7-H2+ 293T cells. To determine

the interactions of B7-H2 with CD28/CTLA-4 vs. ICOS, CD28 (H) or CTLA-4 (I)

transfected 293T cells were stained by B7-H2Ig at 10 µg/ml, and excess amount of ICOSIg at

20 µg/ml was included to compete the binding. All data were analyzed by a FACScan flow

cytometry.

[00109] (J, K) Costimulation of human T cells through B7-H2/CD28 interaction. (J)

Peripheral blood T cells from healthy donor were negatively selected and purified by Pan T

cell isolation kit on affinity column. Purified CD3+ T cells at 3x1 05 cells/well were

stimulated with immobilized anti-human CD3 mAb (OKT3) at the indicated concentrations

and 5 µg/ml B7-H2Ig or control Ig (ctl Ig) . For blocking experiments, blocking mAb against

ICOS (clone C398.4A) and/or CD28 (clone CD28.6) at 10 µg/ml were included in soluble

form at the beginning of the culture for three days. 3HTdR was added during the final six

hours of culture, and the incorporation of 3HTdR was determined by a scintillation counter.

(K) Purified CD3+ T cells at 2.5xlO5 cells/wells were stimulated by CD3 mAb/B7-H2Ig as

described in (J). B7-H2 mAb (clone MIH 12 or 9F.8A4) or control Ig (ctl Ig) at 10 µg/ml was

included to block coated B7-H2Ig for lhr and unbound mAbs were subsequently washed

away by media before addition of T cells.

[00110] Figure 4. Comparison of binding affinities of B7-H2 to ICOS, CD28 and CTLA-

4. Human B7-H2-GFP plasmids were transiently transfected into 293T cell. GFP high

population was gated and assessed for binding of ICOS, CD28 and CTLA4 fusion proteins at

10 µg/ml and analyzed by flow cytometry.

[00111] Figures 5A-5B. Interactions of the B7-CD28 family molecules. 293T cells were

transfected with full length human (A) or mouse (B) B7-CD28 family genes as indicated on

the X axis. Human (A) or mouse (B) fusion proteins were added to the culture as indicated on

the Y axis to evaluate their bindings to the transfectants by CDS. Graphic view of individual

wells is captured by 8200 CDS software.



[00112] Figures 6A-6B. B7-H2 interacts with ICOS, CD28 and CTLA4 through

overlapping domains. (A) Cartoon illustration of B7-H2-ICOS interaction is modeled using

crystal structure of B7-2-CTLA4 (RCSB PDB H85), and generated by Pymol software

(DeLano Scientific LLC). (B) Binding site analysis of B7-H2 with its receptors by site-

directed mutagenesis. Human B7-H2 full length gene was cloned into pcDNA3.1 so that the

gene as fused with C terminal GFP tag. Single point mutations were introduced into B7-H2-

GFP plasmid at residues buried at ligand-receptor interacting interface (shown in purple in

cartoon). B7-H2 plasmids (wild-type and mutants) were then transiently transfected into

293T cells and the expression of B7-H2 was confirmed by anti-B7-H2 staining. Binding of

human ICOS, CD28, CTLA4 fusion proteins to B7-H2 mutant-GFP plasmids were measured

by flow cytometry and normalized against 293T cells expressing wild-type B7-H2-GFP

(100%) and vector control (0%). Binding percentages relative to wild type B7-H2 (100%)

and vector control (0%) are positive and negative controls.

[00113] Figure 7. B7-H7 sequence homology to previously described B7 family

molecules. Human B7-H7 protein sequence was aligned by ClustalW program with other B7

ligand family members including B7-1, B7-2, B7-H1, B7-DC, B7-H3 and B7-H4.

[00114] Figure 8. Identification of B7-H7 and B7-H7R interaction by the CDS system.

Using the identical procedure as described in Figure 2, B7-H7Ig and anti-mlg FMAT blue

secondary antibody were added to the 384-well plates 8 hours after transfection. The plates

were read by the Applied Biosystems 8200 cellular detection system and analyzed by CDS

8200 software 24 hrs after transfection. Human B7-H7CR (Jl 8) was identified as a positive

hit in addition to positive controls, FcR (05) and OLN (Pl).

[00115] Figure 9. B7-H7CR sequence homology to previously described CD28 family

members. Human B7-H7CR protein sequence was aligned by ClustalW program with other

CD28 family members including CD28, CTLA-4, PD-I and ICOS.

[00116] Figures 10A-10F. Identification and characterization of a novel T cell

costimulatory pathway through B7-H7 and B7-H7CR interaction.

[00117] (A) Binding of B7-H7CR by B7-H7Ig on transfected cells. 293T cells were

transiently transfected with the plasmid containing human B7-H7CR cDNA or vector

plasmid, and were subsequently stained by specific mAb to B7-H7CR (clone 4-5, upper

panels) or B7-H7Ig (lower panels). Data were analyzed by a FACScan flow cytometry.

[00118] (B) Constitutive and inducible expression of B7-H7 on macrophages and dendritic

cells. Human monocytes were purified from blood of healthy donors and cultured in vitro for

one week at the presence of GM-CSF or GM-CSF + IL-4 to differentiate into macrophages



(M ) or dendritic cells (DC), respectively. Cells were also treated without (None) or with

IFN-γ, poly LC or heat-killed Listeria monocytogenes (HKLM) for 24 hrs and subsequently

stained by a anti-B7-H7 mAb (clone 2D3). Data were analyzed by a FACScan flow

cytometry.

[00119] (C) Constitutive and inducible expression of B7-H7CR on lymphocytes. Human

peripheral blood mononuclear cells were purified and stained by specific mAb against CD3,

CD19, CD56 and CD16 together with anti-B7-H7CR mAb (clone 4-5). Data were analyzed

by a FACScan flow cytometry.

[00120] (D)B7-H7Ig costimulates CD4+ T cell proliferation and cytokine production.

Peripheral blood CD4+ T cells from healthy donor were negatively selected and purified by

affinity column. Purified CD4+ T cells at 2.5xlO5 cells/well were stimulated with

immobilized anti-human CD3 mAb (OKT3) at the indicated concentrations and 5 µg/ml B7-

H7Ig or control Ig (ctl Ig) . 3HTdR was added during the final six hours of culture and the

incorporation of 3HTdR was determined by a scintillation counter. In a parallel experiment,

culture supernatants were collected and cytokines were measured by sandwich ELISA kits

with specific pairs of mAb.

[00121] (E, F) Costimulation of CD4+ T cell proliferation by agonistic B7-H7CR mAb.

(E) CD4+ T cells were purified and stimulated as described in (D). Instead of B7-H7Ig, an

anti-B7-H7CR mAb (clone 4-5) was co-immobilized with anti-CD3 mAb in the plate (left

panel). To test the synergistic effect with CD28 costimulation, a CD28 mAb (clone CD28.2,

1 µg/ml) was added to the culture together with B7-H7CR mAb (right panel). (F) Human

CD4+ T cells were costimulated with plate-immobilized B7-H7Ig and anti-CD3 mAb as

described in (E) in the presence of 10 µg/ml soluble B7-H7 mAb or B7-H7CRIg. 3HTdR was

added during the final six hours of culture and the incorporation of 3HTdR was determined

by a scintillation counter.

[00122] Figure 11. B7-H7 mAb 2D3 completely blocks the binding of B7-H7CR to B7-

H7+ cells. CHO cells were transfected with the plasmid encoding human B7-H7 and

subsequently stained by 10 µg/ml B7-H7CRIg without (left panel) or with (right panel) a B7-

H7 mAb (clone 2D3) at 20 µg/ml as described previously.

[00123] Figure 12. B7-H7CR specifically binds B7-H7 but not other B7 family members.

293T cells were transfected with individual B7 family members including B7-1, B7-2, B7-

Hl, B7-DC, B7-H2, B7-H3 (both 2Ig and 4 Ig forms) and B7-H4. After staining with B7-

H7CRIg at l Oµg/ml and fluorescence-labeled secondary mAb, cells were analyzed by flow

cytometry and the data is shown as density of fluorescence.



[00124] Figure 13. Detection of human B7-H7 and B7-H7CR mRNA in tissues. Human

tissue cDNA arrays (Clontech) were used as templates with B7-H7 and B7-H7CR specific

primer pairs, respectively, to perform RT-PCR. G3PDH primer pairs serve as controls.

[00125] Figure 14. Failure to detect cell surface B7-H7 on T, B, NK cells and monocytes.

Human peripheral blood mononuclear cells were purified and co-stained with anti-B7-H7

mAb and cell type specific antibody against T cells (CD3), B cells (CD 19), NK cells (CD56)

and monocytes (CD 14). After staining, cells were analyzed by flow cytometry and the data is

shown as density of fluorescence.

[00126] Figures 15A-15B. Illustration of new costimulatory pathways. (A) Intersection

between the B7-CD28 and B7-H2/ICOS pathways. Previously described interactions are

indicated in black lines and newly described interactions are shown in bold. (B) Newly

described interactions between B7-H7 and B7-H7CR.

[00127] Figures 16A-16D.

[00128] (A-C) Specificity of B7-H2 bindings to CD28 and CTLA-4. 293T cells were

transiently transfected with human full length B7-H2 (a), CD28 (b) or CTLA-4 (c) plasmids,

and were subsequently stained by the indicated specific mAb or fusion proteins. In some

experiments, mAb or fusion proteins were also included with other agents to examine

specificity of the binding. Cells were analyzed using FACScan flow cytometry.

[00129] (D) Binding affinity of B7-H2 to ICOS, CD28 and CTLA-4. ICOSIg (left panel)

and CD28Ig (middle panel) at the indicated concentrations were injected into flow cells that

were coated with B7-H2Ig at 500RUs and the responses were determined by Surface

Plasmon Resonance. Similarly, CTLA-4Ig (right panel) at the indicated concentration was

injected into a flow cell coated with B7-H2Ig at 5000RUs. For all experiments, the same

fusion proteins were injected into uncoated control flow cells to serve as the control. Binding

data was overlaid with the fit of 1:1 interaction model.

[00130] (E) Interactions of CD28/CTLA-4 with their three ligands. To examine the

relationship of B7-H2, B7-1 and B7-2 for their binding to CD28/CTLA-4, 293T cells were

transiently transfected with full length human B7-H2 plasmids. CD28Ig and CTLA-4Ig were

used to stain the transfectants, and then analyzed by flow cytometry. Isotype-matched human

Ig (control Ig) was included as controls (upper panels). For competitive binding, CD28Ig and

CTLA-4Ig at l Oµg/ml were pre-incubated with excessive amount of B7-lIg (middle panels)

or B7-2Ig (lower panels) at 40µg/ml for 15 minutes before staining.

[00131] Figures 17A-17B. Illustration of the new costimulatory pathways. (A)

Intersection between the B7-CD28 and B7-H2/ICOS pathways. Previously described



interactions are indicated in black lines and newly described interactions are shown in bold.

(B) The model of CD28 interaction with its three ligands on cell surface.

[00132] Figure 18. Identification of mAbs that differentially abrogate B7-H2/CD28 and

B7-H2/ICOS interactions. 293T cells were transiently transfected with human full length

ICOS (ICOS+ 293T), CD28 (CD28+ 293T) or CTLA-4 (CTLA-4+ 293T) plasmids, and were

stained by B7-H2Ig or control (ctl) Ig. Specific mAbs to B7-H2, clone MIH 12 or 9F.8A4 as

well as control mouse Ig, were included in the cultures to examine their blocking effects of

B7-H2Ig binding. Cells were analyzed by flow cytometry.

[00133] Figures 19A-19B. Mouse B7-H2 does not interact with mouse CD28 and CTLA-

4. (A) 293T cells were transiently transfected with mouse full length B7-H2 plasmids, and

were stained by mouse ICOSIg, CD28Ig and CTLA-4Ig. (B) A mouse B7-H2/hB7-H2IgV

chimera construct was made by replacing mouse B7-H2 Ig V region (Metl-Vall49) with the

human corresponding region (Metl-Glnl23) in the mouse B7-H2 full length gene. 293T

cells were transiently transfected to express this chimera gene, and were stained by mouse

ICOSIg, CD28Ig and CTLA-4Ig. The results were analyzed by flow cytometry.

[00134] Figures 20A-20E. B7-H2 costimulation of human T cells through CD28.

[00135] (A) B7-H2/CD28 interaction costimulates human T cell proliferation. Peripheral

blood T cells from a healthy donor were negatively selected and purified using a Pan T cell

isolation kit ( Miltenyi). Purified CD3+ T cells at 2.5x10 /well were stimulated with

immobilized anti-human CD3 mAb (OKT3) at the indicated concentrations and 5µg/ml of

immobilized B7-H2Ig or control Ig (ctl Ig). B7-H2 mAb (clone M1H12 or 9F.8A4) or control

mouse Ig (ctl Ig) at l Oµg/ml was included in soluble form to block coated B7-H2Ig for lhr

and unbound mAbs were subsequently washed away by media before addition of T cells.

3HTdR was added during the final six hours of culture, and the incorporation of 3HTdR was

determined by a scintillation counter.

[00136] (B) B7-H2 costimulates cytokine production from human T cells through CD28.

Purified CD4+ T cells at 2.5x1 Ov'wclls were stimulated by immobilized CD3 mAb and B7-

H2Ig as described in (a). MIH 12, 9F.8A4 or control mouse Ig (ctl Ig) at l Oµg/ml was used in

soluble form to block B7-H2Ig interaction with its receptors. Supernatants were collected

daily up to three days. Cytokine levels were measured by BD Cytometric Bead Array (CBA)

human Thl/Th2 cytokine kit and CBA IL- 17A Flex set, and analyzed by FCAP Array

software. Each data point is an average of triplicates with standard deviation.

[00137] (C & D) B7-H2/CD28 interaction enhances response of tetanus toxoid-specific

memory T cells. (C) Monocyte-derived dendritic cells at 2.5xlO4/well and purified



autologous T cells at 3xlO5/well were mixed together and incubated with tetanus toxoid at

indicated concentration for five days. Blocking mAbs against CD28 (clone CD28.6), B7-H2

(clone MTH 12 and 9F.8A4) or control mouse Tg at l Oµg/ml was included in soluble form at

the beginning of the culture. HTdR was added during the final sixteen hours of culture, and

the incorporation of HTdR was determined by a scintillation counter. (D) Interferon gamma

concentration was measured in day 5 supernatants by BD (CBA) Human Thl/Th2 cytokine

kit and analyzed by FCAP Array software. Each data point is an average of triplicates with

standard deviation.

[00138] (E) B7-H2/CD28 interaction promotes IFN-gamma release in allogeneic T cell

response. Monocyte derived dendritic cells at 2.5xlO4/well and purified allogeneic T cells at

3xlO5/well were mixed together. Blocking mAbs against CD28 (clone CD28.6), B7-H2

(clone MIH 12 and 9F.8A4) or control mouse Ig at 1Oµg/nil was included in soluble form at

the beginning of the culture for five days. Interferon gamma concentration was measured in

day 5 supernatants by BD (CBA) Human Thl/Th2 cytokine kit and analyzed by FCAP Array

software. Each data point is an average of triplicates with standard deviation.

[00139] Figure 21. B7-H2/CD28 interaction promotes division of human T cells.

Peripheral blood T cells from a healthy donor were negatively selected and purified by Pan T

cell isolation kit on affinity column. Purified CD3+ T cells were labled with 5 µM CSFE.

Labeled human T cells at 2.5 x 105 cells/well were stimulated with immobilized anti-human

CD3 niAB (OKT3) at the indicated concentrations and 5 µg/ml B7-H2Ig or control Ig (ctl Ig).

B7-H2 rnAB (clone MIH 12 or 9F.8A4) or control Ig (ctl Ig) at 10 µg/ml was included to

block coated B7-H2Ig for 1 hour and unbound mAbs were subsequently washed away by

media before addition of T cells. T cells were collected on day 4 and analyzed by FACScan

flow cytometry.

[00140] Figure 22. Comparison of cytokine production induced by B7-1 and B7-2

costimulation. Purified CD4+ T cells from PBMC of a healthy donor at 2.5 x 105 cells/well

were stimulated by immobilized CD3 mAb and B7-lIg or B7-2Ig. Supernatants were

collected daily up to three days. Cytokine levels were measured by BD Cytometric Bead

Array (CBA) Human Thl/Th2 cytokine kit and CBA IL- 17A Flex set, and analyzed by

FCAP Array software. Each data point is an average of triplicates.

[00141] Figure 23. An alignment of amino acid sequences of representative native human

B7-H7, native pan troglodytes B7-H7, and native macaca mulatta B7-H7.

[00142] Figure 24. An alignment of the amino acid sequences of representative native

human B7-H7CR, native pan troglodytes B7-H7CR, and native bos taurus B7-H7CR.



[00143] Figure 25. An alignment of the nucleic acid sequences of representative native

human B7-H7CR, native pan troglodytes B7-H7CR, and native bos taurus B7-H7CR.

5. DETAILED DESCRIPTION

[00144] In one aspect, described herein is the discovery of B7-H7CR as a co-stimulatory

receptor and the modulation of one or more signal transduction pathways mediated by B7-

H7CR to one or more of its ligands (e.g., B7-H7). In another aspect, described herein are

antibodies that specifically bind to B7-H7, B7-H7CR, or the complex of B7-H7 and B7-HCR.

In another aspect, described herein are Therapeutic Agents that modulate the interaction

between certain co-stimulatory receptors and one or more of their ligands, and the use of such

Therapeutic Agents for modulating one or more immune system functions. The Therapeutic

Agents described herin are based, in part, on the discovery of new co-stimulatory receptor-

ligand interactions. The Therapeutic Agents can be used in cell culture to modulate immune

cell functions (e.g., lymphocyte proliferation, cytokine production, or antibody production).

In particular, a cell may be contacted with a Therapeutic Agent to modulate one or more

immune cell functions. In addition, a Therapeutic Agent can be administered to a subject to

prevent, treat or manage certain diseases, such as cancer, an infectious disease, an

autoimmune disease, and an inflammatory disease.

[00145] In another aspect, described herein are methods of identifying receptor-ligand

interactions. Such methods can be used to identify interactions between costimulatory

ligands and costimulatory receptors.

5.1 ANTIBODIES SPECIFIC FOR B7-H7 OR B7-H7CR

[00146] In one aspect, presented herein are antibodies that specifically bind to a B7-H7

polypeptide. In a specific embodiment, presented herein are antibodies that specifically bind

to a human B7-H7 polypeptide. In another specific embodiment, presented herein are

antibodies that specifically bind to a native B7-H7 polypeptide {e.g., a native human B7-H7

polypeptide) and inhibit or reduce the binding of the native B7-H7 polypeptide to one or

more B7-H7 receptors {e.g., a native B7-H7CR polypeptide). In a more specific

embodiment, presented herein are antibodies that specifically bind to a native B7-H7

polypeptide {e.g., a native human B7-H7 polypeptide) and inhibit or reduce the binding of

native B7-H7 polypeptide {e.g., a native human B7-H7 polypeptide) to a native B7-H7CR

polypeptide {e.g., a native human B7-H7CR polypeptide). Such antibodies, in accordance

with this embodiments, may block (sterically or non-sterically) the binding of the B7-H7



polypeptide to B7-H7CR polypeptide. In a specific embodiment, an antibody reduces the

binding of the B7-H7 polypeptide to B7-H7CR polypeptide by at least 10%, 15%, 25%, 30%,

40%, 50%, 75%, 80%, 85%, 90%, 95%, 98% or 99%, or in the range of between 10% to

25%, 10% to 50%, 10% to 75%, 25% to 50%, 25% to 75%, 25% to 98%, 50% to 98%, or

75% to 100% relative to a negative control (e.g., binding of the B7-H7 polypeptide to B7-

H7CR polypeptide in the absence of the antibody or in the presence of a negative control

antibody that is known not to bind to B7-H7) as determined by methods well known in the

art, e.g., ELISA, cell-based assays including flow cytometry, KinEx A assay, and plasmon

surface resonance assay (e.g., BIAcore® assay).

[00147] In another aspect, presented herein are antibodies that specifically bind to a B7-

H7CR polypeptide. In a specific embodiment, presented herein are antibodies that

specifically bind to a human B7-H7CR polypeptide. In another specific embodiment,

presented herein are antibodies that specifically bind to a native B7-H7CR polypeptide (e.g.,

a native human B7-H7CR) and inhibits or reduces the binding of the native B7-H7CR to one

or more B7-H7CR ligands (e.g., a native B7-H7 polypeptide). In a more specific

embodiment, presented herein are antibodies that specifically bind to a native B7-H7CR

polypeptide (e.g., a native human B7-H7CR polypeptide) and inhibit or reduce the binding of

a native B7-H7CR polypeptide (e.g., a native human B7-H7CR polypeptide) to a native B7-

H7 polypeptide (e.g., native human B7-H7 polypeptide). Such antibodies, in accordance with

this embodiments, may block (sterically or non-sterically) the binding of the B7-H7

polypeptide to B7-H7CR polypeptide. In a specific embodiment, an antibody reduces the

binding of the B7-H7 to B7-H7CRby at least 10%, 15%, 25%, 30%, 40%, 50%, 75%, 80%,

85%, 90%, 95%, 98% or 99%, or in the range of between 10% to 25%, 10% to 50%, 10% to

75%, 25% to 50%, 25% to 75%, 25% to 98%, 50% to 98%, or 75% to 100% relative to a

negative control (e.g., binding of the B7-H7 polypeptide to B7-H7CR polypeptide in the

absence of the antibody or in the presence of a negative control antibody that is known not to

bind to B7-H7) as determined by methods well known in the art, e.g., ELISA, cell-based

assays including flow cytometry, KinEx A assay, and plasmon surface resonance assay (e.g.,

BIAcore® assay). In certain embodiments, the antibody that specifically binds to a B7-H7CR

polypeptide is an agonist. In other embodiments, the antibody that specifically binds to a B7-

H7CR polypeptide is an antagonist.

[00148] In another aspect, presented herein are antibodies that specifically bind to B7-

H7CR/B7-H7 complex. In a specific embodiment, presented herein are antibodies that

specifically bind to human B7-H7CR/human B7-H7 complex. In another specific



embodiment, presented herein are antibodies that specifically bind to a native B7-

H7CR/native B7-H7 complex (e.g., a native human B7-H7CR/native human B7-H7 complex)

and inhibit or reduce the binding of a native B7-H7CR polypeptide to one or moreB7-H7CR

ligands. Such antibodies, in accordance with this embodiment, may block (sterically or non-

stericaally) the native B7-H7CR to one or more B7-H7CR ligands. In a specific embodiment,

the antibody reduces the binding of the native B7-H7CR polypeptide to one or more native

B7-H7CR ligands by at least 10%, 15%, 25%, 30%, 40%, 50%, 75%, 80%, 85%, 90%, 95%,

98% or 99%, or in the range of between 10% to 25%, 10% to 50%, 10% to 75%, 25% to

50%, 25% to 75%, 25% to 98%, 50% to 98%, or 75% to 100% relative to a negative control

(e.g., binding of the native B7-H7CR polypeptide to one or more native B7-H7CR ligands in

the absence of the antibody or in the presence of a negative control antibody that is known

not to bind to B7-H7) as determined by methods well known in the art, e.g., ELISA, cell-

based assays including flow cytometry, KinEx A assay, and plasmon surface resonance assay

(e.g., BIAcore" assay). In certain embodiments, an antibody that specifically binds to a B7-

H7CR/B7-H7 complex inhibits or reduces the binding of native B7-H7 to one or more of its

receptors. Such antibodies may block (sterically or non-sterically) the binding of native B7-

H7 to one or more its receptors.

[00149] In another aspect, presented herein are antibodies that bind to B7-H7 and

neutralize B7-H7. In another aspect, presented herein are antibodies that bind to B7-H7CR

and neutralize B7-H7CR.

[00150] In certain embodiments, an antibody described in this section comprises a

modified Fc domain. Exemplary Fc domain modifications are described in Mueller et al,

1997, Molecular Immunology 34(6):441-452; Swann et al., 2008, Current Opinion in

Immunology 20:493-499; and Presta, 2008, Current Opinion in Immunology 20:460-470.

[00151] In some aspects, presented herein are antibodies that bind B7-H7 and increase

degradation.

[00152] Antibodies that specifically bind to the B7-H7 polypeptide, B7-H7CR

polypeptide, or the B7-H7/B7-H7CR complex can be produced by any method well known in

the art, e.g., as described in U.S. Patent Nos. 5,807,715, 6,331,415, and 6,818,216; U.S.

Patent Application Publication Nos. US 2002/0098189, US 2004/0028685, US

2005/0019330, US 2006/01 15485, and US 2007/0086943; International Publication Nos. WO

02/46237 and WO 04/010935; and Harlow et al., Antibodies. A Laboratory Manual, (Cold

Spring Harbor Laboratory Press, 2nd ed. 1988); Hammerling, et al., in: Monoclonal



Antibodies and T-CeIl Hybridomas 563-681 (Elsevier, N.Y., 1981) (said references are

incorporated by reference herein in their entireties).

[00153] In a specific embodiment, presented herein is the monoclonal antibody designated

2D3. This antibody as discussed in the example section below was generated from a

hybridoma derived from the fusion of SP2 myeloma with B cells from a mouse immunized

with human B7-H7-Ig. In another specific embodiment, presented herein is the monoclonal

antibody designated 4-5. This antibody as discussed in the example section was generated

from a hybridoma derived from the fusion of SP2 myeloma with B cells from a hamster

immunized with human B7-H7CR-Ig. Encompassed herein are antigen-binding fragments

(e.g., Fab fragments, F(ab') fragments, F(ab') 2 fragments) of the antibody designated 2D3 or

4-5.

[00154] In another aspect, presented herein are antibodies (such as monoclonal antibodies)

that compete with the 2D3 antibody or the 4-5 antibody for binding to a native B7-H7

polypeptide or a native B7-H7CR polypeptide, respectively. Competition assays known to

one of skill in the art may be used to assess the competition of the 2D3 antibody or the 4-5

antibody for binding to native B7-H7 polypeptide or native B7-H7CR polypeptide,

respectively. For example, an immunoassay (e.g., an ELISA) in a competitive format may be

used.

[00155] In another aspect, presented herein are antibodies that specifically bind to B7-H7

polypeptide comprising a variable light (VL) chain and/or a variable heavy (VH) chain of the

antibody 2D3. In one embodiment, an antibody that specifically binds to B7-H7 polypeptide

comprises the VL chain or VH chain of the antibody 2D3. In another embodiment, an

antibody that specifically binds to B7-H7 polypeptide comprises the VL chain of the antibody

2D3 and the VH chain of another antibody. In another embodiment, an antibody that

specifically binds to B7-H7 polypeptide comprises the VH chain of the antibody 2D3 and the

VL chain of another antibody. In a specific embodiment, an antibody that specifically binds

to B7-H7 polypeptide comprises the VL chain of the antibody 2D3 and the VH chain of the

antibody 2D3.

[00156] In another aspect, presented herein are antibodies that specifically bind to B7-H7

polypeptide comprising a VL domain and/or a VH domain of the antibody 2D3. In one

embodiment, an antibody that specifically binds to B7-H7 polypeptide comprises the VL

domain or VH domain of the antibody 2D3. In another embodiment, an antibody that

specifically binds to B7-H7 polypeptide comprises the VL domain of the antibody 2D3 and



the VH domain of another antibody. In another embodiment, an antibody that specifically

binds to B7-H7 polypeptide comprises the VH domain of the antibody 2D3 and the VL

domain of another antibody. In a specific embodiment, an antibody that specifically binds to

B7-H7 polypeptide comprises the VL domain of the antibody 2D3 and the VH domain of the

antibody 2D3.

[00157] In another aspect, presented herein are antibodies specifically that bind to B7-

H7CR polypeptide comprising a VL chain and/or a VH chain of the antibody 4-5. In one

embodiment, an antibody that specifically binds to B7-H7CR polypeptide comprises the VL

chain or VH chain of the antibody 4-5. In another embodiment, an antibody that specifically

binds to B7-H7CR polypeptide comprises the VL chain of the antibody 4-5 and the VH chain

of another antibody. In another embodiment, an antibody that specifically binds to B7-H7CR

polypeptide comprises the VH chain of the antibody 4-5 and the VL chain of another

antibody. In a specific embodiment, an antibody that specifically binds to B7-H7CR

polypeptide comprises the VL chain of the antibody 4-5 and the VH chain of the antibody 4-

5.

[00158] In another aspect, presented herein are antibodies specifically that bind to B7-

H7CR polypeptide comprising a VL domain and/or a VH domain of the antibody 4-5. In one

embodiment, an antibody that specifically binds to B7-H7CR polypeptide comprises the VL

domain or VH domain of the antibody 4-5. In another embodiment, an antibody that

specifically binds to B7-H7CR polypeptide comprises the VL domain of the antibody 4-5 and

the VH domain of another antibody. In another embodiment, an antibody that specifically

binds to B7-H7CR polypeptide comprises the VH domain of the antibody 4-5 and the VL

domain of another antibody. In a specific embodiment, an antibody that specifically binds to

B7-H7CR polypeptide comprises the VL domain of the antibody 4-5 and the VH domain of

the antibody 4-5.

[00159] In another aspect, presented herein are antibodies that specifically bind to B7-H7

comprising one, two or three complementarity determining regions (CDRs) of the variable

heavy chain (VH CDRs) of the antibody 2D3 and/or one, two or three CDRs of the variable

light chain (VL CDRs) of the antibody 2D3. In certain embodiments, an antibody that

specifically binds to B7-H7, comprises (or alternatively, consists of) a VH CDRl and a VL

CDRl; a VH CDRl and a VL CDR2; a VH CDRl and a VL CDR3; a VH CDR2 and a VL

CDRl; VH CDR2 and a VL CDR2; a VH CDR2 and a VL CDR3; a VH CDR3 and a VL

CDRl; a VH CDR3 and a VL CDR2; a VH CDR3 and a VL CDR3; a VHl CDRl, a VH

CDR2 and a VL CDRl; a VH CDRl, a VH CDR2 and a VL CDR2; a VH CDRl, a VH



CDR2 and a VL CDR3; a VH CDR2, a VH CDR3 and a VL CDRl; a VH CDR2, a VH

CDR3 and a VL CDR2; a VH CDR2, a VH CDR3 and a VL CDR3; a VH CDRl, a VL

CDRl and a VL CDR2; a VH CDRl, a VL CDRl and a VL CDR3; a VH CDR2, a VL

CDRl and a VL CDR2; a VH CDR2, a VL CDRl and a VL CDR3; a VH CDR3, a VL

CDRl and a VL CDR2; a VH CDR3, a VL CDRl and a VL CDR3; a VH CDRl, a VH

CDR2, a VH CDR3 and a VL CDRl ; a VH CDRl, a VH CDR2, a VH CDR3 and a VL

CDR2; a VH CDRl, a VH CDR2, a VH CDR3 and a VL CDR3; a VH CDRl, a VH CDR2, a

VL CDRl and a VL CDR2; a VH CDRl, a VH CDR2, a VL CDRl and a VL CDR3; a VH

CDRl, a VH CDR3, a VL CDRl and a VL CDR2; a VH CDRl, a VH CDR3, a VL CDRl

and a VL CDR3; a VH CDR2, a VH CDR3, a VL CDRl and a VL CDR2; a VH CDR2, a

VH CDR3, a VL CDRl and a VL CDR3; a VH CDR2, a VH CDR3, a VL CDR2 and a VL

CDR3; a VH CDRl, a VH CDR2, a VH CDR3, a VL CDRl and a VL CDR2; a VH CDRl, a

VH CDR2, a VH CDR3, a VL CDRl and a VL CDR3; a VH CDRl, a VH CDR2, a VL

CDRl, a VL CDR2, and a VL CDR3; a VH CDRl, a VH CDR3, a VL CDRl, a VL CDR2,

and a VL CDR3; a VH CDR2, a VH CDR3, a VL CDRl, a VL CDR2, and a VL CDR3; or

any combination thereof of the VH CDRs and VL CDRs of the antibody 2D3.

[00160] In another aspect, presented herein are antibodies that specifically bind to B7-

H7CR polypeptide comprising one, two or three complementarity determining regions

(CDRs) of the variable heavy chain (VH CDRs) of the antibody 4-5 and/or one, two or three

CDRs of the variable light chain (VL CDRs) of the antibody 4-5. In certain embodiments, an

antibody that specifically binds to B7-H7CR, comprises (or alternatively, consists of) a VH

CDRl and a VL CDRl; a VH CDRl and a VL CDR2; a VH CDRl and a VL CDR3; a VH

CDR2 and a VL CDRl; VH CDR2 and a VL CDR2; a VH CDR2 and a VL CDR3; a VH

CDR3 and a VL CDRl; a VH CDR3 and a VL CDR2; a VH CDR3 and a VL CDR3; a VHl

CDRl, a VH CDR2 and a VL CDRl; a VH CDRl, a VH CDR2 and a VL CDR2; a VH

CDRl, a VH CDR2 and a VL CDR3; a VH CDR2, a VH CDR3 and a VL CDRl ; a VH

CDR2, a VH CDR3 and a VL CDR2; a VH CDR2, a VH CDR3 and a VL CDR3; a VH

CDRl, a VL CDRl and a VL CDR2; a VH CDRl, a VL CDRl and a VL CDR3; a VH

CDR2, a VL CDRl and a VL CDR2; a VH CDR2, a VL CDRl and a VL CDR3; a VH

CDR3, a VL CDRl and a VL CDR2; a VH CDR3, a VL CDRl and a VL CDR3; a VH

CDRl, a VH CDR2, a VH CDR3 and a VL CDRl; a VH CDRl, a VH CDR2, a VH CDR3

and a VL CDR2; a VH CDRl, a VH CDR2, a VH CDR3 and a VL CDR3; a VH CDRl, a

VH CDR2, a VL CDRl and a VL CDR2; a VH CDRl, a VH CDR2, a VL CDRl and a VL

CDR3; a VH CDRl, a VH CDR3, a VL CDRl and a VL CDR2; a VH CDRl, a VH CDR3, a



VL CDRl and a VL CDR3; a VH CDR2, a VH CDR3, a VL CDRl and a VL CDR2; a VH

CDR2, a VH CDR3, a VL CDRl and a VL CDR3; a VH CDR2, a VH CDR3, a VL CDR2

and a VL CDR3; a VH CDRl, a VH CDR2, a VH CDR3, a VL CDRl and a VL CDR2; a

VH CDRl, a VH CDR2, a VH CDR3, a VL CDRl and a VL CDR3; a VH CDRl, a VH

CDR2, a VL CDRl, a VL CDR2, and a VL CDR3; a VH CDRl, a VH CDR3, a VL CDRl, a

VL CDR2, and a VL CDR3; a VH CDR2, a VH CDR3, a VL CDRl, a VL CDR2, and a VL

CDR3; or any combination thereof of the VH CDRs and VL CDRs of the antibody 4-5.

[00161] The sequences of the antibody 2D3 and 4-5 can be determined using standard

techniques known to one skilled in the art and the VH chain, VL chain, VH domain, VL

domain, VH CDRs, and VL CDRs can be determined using, e.g. , the Kabat numbering

system (such as the EU index in Kabat).

[00162] The antibodies presented herein include derivatives that are chemically modified

by, e.g., the covalent or non-covalent attachment of any type of molecule to the antibody.

Antibody derivatives also include antibodies that have been chemically modified by, e.g.,

glycosylation, acetylation, pegylation, phosphorylation, amidation, derivatization by known

protecting/blocking groups, proteolytic cleavage, linkage to a cellular ligand or other protein,

etc. Any of numerous chemical modifications may be carried out by known techniques,

including, but not limited to specific chemical cleavage, acetylation, formylation, metabolic

synthesis of tunicamycin, etc. Additionally, the derivative may contain one or more non-

classical amino acids.

[00163] The antibodies provided herein presented herein can comprise a framework region

known to those of skill in the art (e.g., a human or non-human fragment). The framework

region may be naturally occurring or consensus framework regions.

[00164] In another aspect, presented herein are nucleic acids encoding the antibodies

presented herein. In some embodiments, a nucleic acid molecule(s) encoding an antibody

presented herein is isolated. In other embodiments, a nucleic acid(s) encoding an antibody

presented herein or generated in accordance with the methods provided herein is not isolated.

In yet other embodiments, a nucleic acid(s) encoding an antibody presented herein is

integrated, e.g., into chromosomal DNA or an expression vector. In a specific embodiment, a

nucleic acid(s) presented herein encodes for the antibody 2D3, the antibody 4-5 or a fragment

thereof (in particular, an antigen-binding fragment thereof).

[00165] The antibodies described herein can be affinity matured using techniques known

to one of skill in the art. The monoclonal antibodies described herein can be chimerized

using techniques known to one of skill in the art. A chimeric antibody is a molecule in which



different portions of the antibody are derived from different immunoglobulin molecules.

Methods for producing chimeric antibodies are known in the art. See, e.g., Morrison, 1985,

Science 229:1202; Oi et al, 1986, BioTechniques 4:214; Gillies et al, 1989, J . Immunol.

Methods 125:191-202; and U.S. Patent Nos. 5,807,715, 4,816,567, 4,816,397, and 6,331,415,

which are incorporated herein by reference in their entirety.

[00166] The monoclonal antibodies described herein can be humanized. A humanized

antibody is an antibody which is capable of binding to a predetermined antigen and which

comprises a framework region having substantially the amino acid sequence of a human

immunoglobulin and a CDR having substantially the amino acid sequence of a non-human

immunoglobulin. A humanized antibody comprises substantially all of at least one, and

typically two, variable domains (Fab, Fab', F(ab')2, Fv) in which all or substantially all of the

CDR regions correspond to those of a non human immunoglobulin (i.e., donor antibody) and

all or substantially all of the framework regions are those of a human immunoglobulin

consensus sequence. Preferably, a humanized antibody also comprises at least a portion of an

immunoglobulin constant region (Fc), typically that of a human immunoglobulin. Ordinarily,

the antibody will contain both the light chain as well as at least the variable domain of a

heavy chain. The antibody also may include the CHl, hinge, CH2, CH3, and CH4 regions of

the heavy chain. The humanized antibody can be selected from any class of

immunoglobulins, including IgM, IgG, IgD, IgA and IgE, and any isotype, including IgGl,

IgG2, IgG3 and IgG4. Usually the constant domain is a complement fixing constant domain

where it is desired that the humanized antibody exhibit cytotoxic activity, and the class is

typically IgGl. Where such cytotoxic activity is not desirable, the constant domain may be

of the IgG2 class. Examples of VL and VH constant domains that can be used in certain

embodiments include, but are not limited to, C-kappa and C-gamma-1 (nGlm) described in

Johnson et al. (1997) J . Infect. Dis. 176, 1215-1224 and those described in U.S. Patent No.

5,824,307. The humanized antibody may comprise sequences from more than one class or

isotype, and selecting particular constant domains to optimize desired effector functions is

within the ordinary skill in the art. The framework and CDR regions of a humanized

antibody need not correspond precisely to the parental sequences, e.g., the donor CDR or the

consensus framework may be mutagenized by substitution, insertion or deletion of at least

one residue so that the CDR or framework residue at that site does not correspond to either

the consensus or the import antibody. Such mutations, however, will not be extensive.

Usually, at least 75% of the humanized antibody residues will correspond to those of the

parental framework (FR) and CDR sequences, more often 90%, and most preferably greater



than 95%. Humanized antibodies can be produced using variety of techniques known in the

art, including but not limited to, CDR-grafting (European Patent No. EP 239,400;

International publication No. WO 91/09967; and U.S. Patent Nos. 5,225,539, 5,530,101, and

5,585,089), veneering or resurfacing (European Patent Nos. EP 592, 106 and EP 519,596;

Padlan, 1991, Molecular Immunology 28(4/5):489-498; Studnicka et al, 1994, Protein

Engineering 7(6):805-814; and Roguska et al., 1994, PNAS 91:969-973), chain shuffling

(U.S. Patent No. 5,565,332), and techniques disclosed in, e.g., U.S. Pat. No. 6,407,213, U.S.

Pat. No. 5,766,886, WO 9317105, Tan et al., J . Immunol. 169:11 19 25 (2002), Caldas et al.,

Protein Eng. 13(5):353-60 (2000), Morea et al., Methods 20(3):267 79 (2000), Baca et al., J .

Biol. Chem. 272(16): 10678-84 (1997), Roguska et al., Protein Eng. 9(10):895 904 (1996),

Couto et al., Cancer Res. 55 (23 Supp):5973s- 5977s (1995), Couto et al., Cancer Res.

55(8): 1717-22 (1995), Sandhu JS, Gene 150(2):409-10 (1994), and Pedersen et al., J . MoI.

Biol. 235(3):959-73 (1994). See also U.S. Patent Pub. No. US 2005/0042664 A l (Feb. 24,

2005), which is incorporated by reference herein in its entirety. Often, framework residues in

the framework regions will be substituted with the corresponding residue from the CDR

donor antibody to alter, preferably improve, antigen binding. These framework substitutions

are identified by methods well known in the art, e.g., by modeling of the interactions of the

CDR and framework residues to identify framework residues important for antigen binding

and sequence comparison to identify unusual framework residues at particular positions.

(See, e.g., Queen et al., U.S. Patent No. 5,585,089; and Reichmann et al., 1988, Nature

332:323, which are incorporated herein by reference in their entireties.)

5.1.1 Increased Half-Life

[00167] In one aspect, antibodies presented herein are modified to have an extended (or

increased) half-life in vivo. In one embodiment, presented herein are antibodies which have a

half-life in a subject, preferably a mammal and most preferably a human, of from about 3

days to about 180 days (or more), and in some embodiments greater than 3 days, greater than

7 days, greater than 10 days, greater than 15 days, greater than 20 days, greater than 25 days,

greater than 30 days, greater than 35 days, greater than 40 days, greater than 45 days, greater

than 50 days, at least about 60 days, greater than 75 days, greater than 90 days, greater than

105 days, greater than 120 days, greater than 135 days, greater than 150 days, greater than

165 days, or greater than 180 days.

[00168] In a specific embodiment, modified antibodies having an increased half-life in

vivo are generated by introducing one or more amino acid modifications (i.e., substitutions,



insertions or deletions) into an IgG constant domain, or FcRn-binding fragment thereof

(preferably a Fc or hinge-Fc domain fragment). See, e.g., International Publication Nos. WO

02/060919; WO 98/23289; and WO 97/34631; and U.S. Patent No. 6,277,375; each of which

is incorporated herein by reference in its entirety. In a specific embodiment, the antibodies

may have one or more amino acid modifications in the second constant domain (i.e., the CH2

domain at, e.g., residues 231-340 of human IgGl) and/or the third constant domain (i.e., the

CH3 domain at, e.g., residues 341-447 of human IgGl), with numbering according to the

Kabat numbering system (e.g., the EU index in Kabat).

[00169] In some embodiments, to prolong the in vivo serum circulation of antibodies, inert

polymer molecules such as high molecular weight polyethyleneglycol (PEG) are attached to

the antibodies with or without a multifunctional linker either through site-specific

conjugation of the PEG to the N- or C-terminus of the antibodies or via epsilon-amino groups

present on lysine residues. Linear or branched polymer derivatization that results in minimal

loss of biological activity will be used. The degree of conjugation can be closely monitored

by SDS-PAGE and mass spectrometry to ensure proper conjugation of PEG molecules to the

antibodies. Unreacted PEG can be separated from antibody-PEG conjugates by size-

exclusion or by ion-exchange chromatography. PEG-derivatized antibodies can be tested for

binding activity as well as for in vivo efficacy using methods well-known to those of skill in

the art, for example, by immunoassays described herein.

[00170] In another embodiment, antibodies are conjugated to albumin in order to make the

antibody more stable in vivo or have a longer half-life in vivo. The techniques are well-

known in the art, see, e.g., International Publication Nos. WO 93/15199, WO 93/15200, and

WO 01/77137; and European Patent No. EP 413,622, all of which are incorporated herein by

reference.

5.1.2 Antibody Conjugates

[00171] In some embodiments, antibodies are conjugated or recombinantly fused to a

diagnostic, detectable or therapeutic agent or any other molecule. When in vivo half-life is

desired to be increased, said antibodies can be modified. The conjugated or recombinantly

fused antibodies can be useful, e.g., in detecting tissues or cells that express B7-H7

polypeptide or B7-H7CR polypeptide. In a specific embodiment, a method for detecting B7-

H7 expressing cells or tissue, comprises contacting an antibody that specifically binds to B7-

H7 with cells or tissues of a subject and detecting the cells or tissues to which the antibody

binds. In a specific embodiment, a method for detecting B7-H7CR expressing cells or tissue,



comprises contacting an antibody that specifically binds to B7-H7CR with cells or tissues of

subject and detecting the cells or tissues to which the antibody binds. In accordance with

such embodiments, the antibody can be conjugated to a detectable moiety and the binding of

an antibody to cells or tissues can be detected by detecting the presence of the detectably

moiety. Alternatively, the binding of the antibody to cells or tissues can be detected by

detecting using a labeled secondary antibody that binds to the antibody and detecting the

presence of the labeled secondary antibody. In certain embodiments, after cells or tissue are

incubated with the appropriate antibody, unbound antibody is removed by one or more

washes prior to detecting the cells or tissue to which the antibody is bound. In some

embodiments, the methods for detecting B7-H7- or B7-H7CR-expressing cells or tissues

includes the use of positive and/or negative controls. For example, cells or tissues known to

express B7-H7 or B7-H7CR can be used in the methods as a positive control and cells or

tissues known not to express B7-H7 or B7-H7CR can be used in the methods as a negative

control. Examples of detectable moieties include, but not limited to, various enzymes, such

as, but not limited to, horseradish peroxidase, alkaline phosphatase, beta-galactosidase, or

acetylcholinesterase; prosthetic groups, such as, but not limited to, streptavidin/biotin and

avidin/biotin; fluorescent materials, such as, but not limited to, umbelliferone, fluorescein,

fluorescein isothiocynate, rhodamine, dichlorotriazinylamine fluorescein, dansyl chloride or

phycoerythrin; luminescent materials, such as, but not limited to, luminol; bioluminescent

materials, such as but not limited to, luciferase, luciferin, and aequorin; radioactive materials,

such as, but not limited to, iodine (131I, 125I, 123I, and 121I,), carbon ( 14C), sulfur (35S), tritium

(3H), indium (115In, 113In, 112In, and 111In,), technetium (99Tc), thallium (201Ti), gallium (68Ga,

67Ga), palladium (103Pd), molybdenum (99Mo), xenon (133Xe), fluorine (18F), 153Sm, 177Lu,

159Gd, 149Pm, 140La, 175Yb, 166Ho, 90Y, 47Sc, 186Re, 188Re 142Pr, 105Rh, 97Ru, 68Ge, 57Co, 65Zn,

85Sr, 32P, 153Gd, 169Yb, 5 1Cr, 54Mn, 75Se, 113 Sn, and 117Sn; and positron emitting metals using

various positron emission tomographies, and non-radioactive paramagnetic metal ions.

[00172] Encompassed herein are antibodies recombinantly fused or chemically conjugated

(including both covalent and non-covalent conjugations) to a heterologous protein or

polypeptide (or fragment thereof, preferably to a polypeptide of about 5, about 10, about 20,

about 30, about 40, about 50, about 60, about 70, about 80, about 90 or about 100 amino

acids) to generate fusion proteins. In particular, provided herein are fusion proteins

comprising an antigen-binding fragment of a monoclonal antibody (e.g., a Fab fragment, Fd

fragment, Fv fragment, F(ab)2 fragment, a VH domain, a VH CDR, a VL domain or a VL

CDR) and a heterologous protein, polypeptide, or peptide. In a specific embodiment, the



heterologous protein, polypeptide, or peptide that the antibody is fused to is useful for

targeting the antibody to a particular cell type.

[00173] Encompassed herein are uses of the antibodies conjugated or recombinantly fused

to a therapeutic moiety or drug moiety that modifies a given biological response. Therapeutic

moieties or drug moieties are not to be construed as limited to classical chemical therapeutic

agents. For example, the drug moiety may be a peptide or polypeptide possessing a desired

biological activity. Such proteins may include, for example, interferon-γ, interferon- β,

interferon-α, interleukin-2 ("IL-2"), interleukin-7 ("IL-7"), interleukin 9 ("IL-9"), interleukin-

10 ("IL-10"), interleukin- 12 ("IL-12"), interleukin- 15 ("IL- 15"), interleukin-2 3 ("IL-23"),

granulocyte macrophage colony stimulating factor ("GM-CSF"), granulocyte colony

stimulating factor ("G-CSF" )), or a growth factor. The therapeutic moiety or drug

conjugated or recombinantly fused to an antibody should be chosen to achieve the desired

prophylactic or therapeutic effect(s). A clinician or other medical personnel should consider

the following when deciding on which therapeutic moiety or drug to conjugate or

recombinantly fuse to an antibody: the nature of the disease, the severity of the disease, and

the condition of the subject.

[00174] Moreover, antibodies can be fused to marker sequences, such as a peptide to

facilitate purification. In preferred embodiments, the marker amino acid sequence is a hexa-

histidine peptide, such as the tag provided in a pQE vector (QIAGEN, Inc.), among others,

many of which are commercially available. As described in Gentz et al, 1989, Proc. Natl.

Acad. Sci. USA 86:821-824, for instance, hexa-histidine provides for convenient purification

of the fusion protein. Other peptide tags useful for purification include, but are not limited to,

the hemagglutinin ("HA") tag, which corresponds to an epitope derived from the Influenza

hemagglutinin protein (Wilson et al., 1984, Cell 37:767), and the "flag" tag.

[00175] Methods for fusing or conjugating therapeutic moieties (including polypeptides)

to antibodies are well known, see, e.g., Arnon et al., "Monoclonal Antibodies For

Immunotargeting Of Drugs In Cancer Therapy", in Monoclonal Antibodies And Cancer

Therapy, Reisfeld et al. (eds.), pp. 243-56 (Alan R. Liss, Inc. 1985); Hellstrom et al.,

"Antibodies For Drug Delivery", in Controlled Drug Delivery (2nd Ed.), Robinson et al.

(eds.), pp. 623-53 (Marcel Dekker, Inc. 1987); Thorpe, "Antibody Carriers Of Cytotoxic

Agents In Cancer Therapy: A Review", in Monoclonal Antibodies 84: Biological And

Clinical Applications, Pinchera et al. (eds.), pp. 475-506 (1985); "Analysis, Results, And

Future Prospective Of The Therapeutic Use Of Radiolabeled Antibody In Cancer Therapy",

in Monoclonal Antibodies For Cancer Detection And Therapy, Baldwin et al. (eds.), pp. 303-



16 (Academic Press 1985), Thorpe et al., 1982, Immunol. Rev. 62:119-58; U.S. Pat. Nos.

5,336,603, 5,622,929, 5,359,046, 5,349,053, 5,447,851, 5,723,125, 5,783,181, 5,908,626,

5,844,095, and 5,112,946; EP 307,434; EP 367,166; EP 394,827; International publication

Nos. WO 91/06570, WO 96/04388, WO 96/22024, WO 97/34631, and WO 99/04813;

Ashkenazi et al., Proc. Natl. Acad. Sci. USA, 88: 10535-10539, 1991; Traunecker et al.,

Nature, 331:84-86, 1988; Zheng et al., J . Immunol, 154:5590-5600, 1995; ViI et al., Proc.

Natl. Acad. Sci. USA, 89: 11337-1 1341, 1992; which are incorporated herein by reference in

their entireties.

[00176] In particular, fusion proteins may be generated, for example, through the

techniques of gene-shuffling, motif-shuffling, exon-shuffling, and/or codon-shuffling

(collectively referred to as "DNA shuffling"). DNA shuffling may be employed to alter the

activities of the monoclonal antibodies described herein or generated in accordance with the

methods provided herein (e.g., antibodies with higher affinities and lower dissociation rates).

See, generally, U.S. Patent Nos. 5,605,793, 5,811,238, 5,830,721, 5,834,252, and 5,837,458;

Patten et al., 1997, Curr. Opinion Biotechnol. 8:724-33; Harayama, 1998, Trends Biotechnol.

16(2):76-82; Hansson, et al., 1999, J . MoI. Biol. 287:265-76; and Lorenzo and Blasco, 1998,

Biotechniques 24(2):308- 313 (each of these patents and publications are hereby incorporated

by reference in its entirety). Antibodies, or the encoded antibodies, may be altered by being

subjected to random mutagenesis by error-prone PCR, random nucleotide insertion or other

methods prior to recombination. A polynucleotide encoding a monoclonal antibody

described herein or generated in accordance with the methods provided herein may be

recombined with one or more components, motifs, sections, parts, domains, fragments, etc. of

one or more heterologous molecules.

[00177] An antibody can also be conjugated to a second antibody to form an antibody

heteroconjugate as described by Segal in U.S. Patent No. 4,676,980, which is incorporated

herein by reference in its entirety.

[00178] An antibody can also be linked to two, three, or more antibodies to form a

bispecific or multispecific antibody.

[00179] An antibody can also be attached to solid supports, which are particularly useful

for immunoassays or purification of an antigen. Such solid supports include, but are not

limited to, glass, cellulose, polyacrylamide, nylon, polystyrene, polyvinyl chloride or

polypropylene.

[00180] In certain embodiments, an antibody described in this section comprises a

modified Fc domain. Exemplary Fc domain modifications are described in Mueller et al.,



1997, Molecular Immunology 34(6):441-452; Swann et al, 2008, Current Opinion in

Immunology 20:493-499; and Presta, 2008, Current Opinion in Immunology 20:460-470.

5.2 THERAPEUTIC AGENTS THAT MODULATE THE
B7-H7 & B7-H7CR INTERACTION

[00181] In one aspect, presented herein are Therapeutic Agents that modulate one or more

of the signal transduction pathways mediated by a native B7-H7 polypeptide binding to one

or more of its ligands (e.g., B7-H7CR). In another aspect, presented herein are Therapeutic

Agents that modulate one or more of the signal transduction pathways mediated by a native

B7-H7CR binding to one or more of its ligands (e.g., B7-H7). In a specific embodiment,

presented herein are Therapeutic Agents that modulate one or more of the signal transduction

pathways induced when a native B7-H7 polypeptide binds to a native B7-H7CR polypeptide.

In another specific embodiment, a Therapeutic Agent modulates the interaction between a

native B7-H7CR polypeptide and a native B7-H7 polypeptide. In another aspect, presented

herein are Therapeutic Agents that modulate the expression of a native B7-H7CR polypeptide

or a native B7-H7 polypeptide. In a specific embodiment, a Therapeutic Agent selectively

modulates the expression of a native B7-H7CR polypeptide or a native B7-H7 polypeptide.

See Sections 5.2.1 to 5.2.6, infra, for specific examples of Therapeutic Agents.

[00182] In a specific embodiment, one or more signal transduction pathways are

modulated by contacting a Therapeutic Agent with an immune cell or a population of

immune cells. In another embodiment, the interaction between B7-H7 and one or more of its

receptors (e.g., B7-H7CR) is modulated by contacting a Therapeutic Agent with an immune

cell or a population of immune cells. In another embodiment, the interaction between B7-

H7CR and its ligands (e.g., B7-H7) is modulated by contacting a Therapeutic Agent with an

immune cell or a population of immune cells. In another embodiment, the expression of B7-

H7 or B7-H7CR is modulated by contacting a Therapeutic Agent with an immune cell or a

population of immune cells expressing B7-H7 or B7-HCR, respectively..

[00183] In a specific embodiment, a Therapeutic Agent modulates one or more of the

signal transduction pathways induced by B7-H7 binding to B7-H7CR. In certain

embodiments, a Therapeutic Agent selectively modulates one or more signal transduction

pathways induced by B7-H7 binding to B7-H7CR. In certain embodiments, a Therapeutic

Agent selectively induces one or more of the signal transduction pathways induced by the

binding of B7-H7 to B7-H7CR. In specific embodiments, a Therapeutic Agent induces one

or more of the signal transduction pathways induced by the binding of B7-H7 to B7-H7CR

by at least 25%, 30%, 40%, 50%, 60%, 75%, 80%, 85%, 90%, 95%, 98% or 99%, or in the



range of between 25% to 50%, 25% to 75%, 50% to 75%, 50% to 95%, 75% to 95%, or 75%

to 100% relative to the one or more signal transduction pathways induced by the binding of

B7-H7 to B7-H7CR in the absence of the Therapeutic Agent. In specific embodiments, a

Therapeutic Agent: (i) induces one or more of the signal transduction pathways induced by

the binding of B7-H7 to B7-H7CR by at least 25%, 30%, 40%, 50%, 60%, 75%, 80%, 85%,

90%, 95%, 98% or 99%, or in the range of between 25% to 50%, 25% to 75%, 50% to 75%,

50% to 95%, 75% to 95%, or 75% to 100% relative to the one or more signal transduction

pathways induced by the binding of B7-H7 to B7-H7CR in the absence of the Therapeutic

Agent; and (ii) does not induce, or induces one or more of the signal transduction pathways

induced by the binding of B7-H7CR to one or more other ligands by less than 20%, 15%,

10%, 5%, or 2%, or in the range of between 2% to 5%, 2% to 10%, 5% to 10%, 5% to 15%,

5% to 20%, 10% to 15%, or 15% to 20% relative to the one or more signal transduction

pathways induced by the binding of B7-H7CR to such one or more other ligands in the

absence of the Therapeutic Agent.

[00184] In specific embodiments, a Therapeutic Agent: (i) induces one or more of the

signal transduction pathways induced by the binding of B7-H7 to B7-H7CR by at least 25%,

30%, 40%, 50%, 60%, 75%, 80%, 85%, 90%, 95%, 98% or 99%, or in the range of between

25% to 50%, 25% to 75%, 50% to 75%, 50% to 95%, 75% to 95%, or 75% to 100% relative

to the one or more signal transduction pathways induced by the binding of B7-H7 to B7-

H7CR in the absence of the Therapeutic Agent; and (ii) does not induce, or induces one or

more of the signal transuction pathways induced by the binding of B7-H7 to one or more

other receptors by less than 20%, 15%, 10%, 5%, or 2%, or in the rnage of between 2% to

5%, 2% to 10%, 5% to 10%, 5% to 15%, 5% to 20%, 10% to 15%, or 15% to 20% relative to

the one or more signal transduction pathways induced by the binding of B7-H7 to such one or

more other receptors in the absence of the Therapeutic Agent.

[00185] In certain embodiments, a Therapeutic Agent selectively activates or enhances one

or more of the signal transduction pathways induced by the binding of B7-H7 to B7-H7CR.

In specific embodiments, a Therapeutic Agent activates or enhances one or more of the signal

transduction pathways induced by the binding of B7-H7 to B7-H7CR by at least 25%, 30%,

40%, 50%, 60%, 75%, 80%, 85%, 90%, 95%, 98% or 99%, or in the range of between 25%

to 50%, 25% to 75%, 50% to 75%, 50% to 95%, 75% to 95%, or 75% to 100% relative to the

one or more signal transduction pathways induced by the binding of B7-H7 to B7-H7CR in

the absence of the Therapeutic Agent. In specific embodiments, a Therapeutic Agent: (i)

activates or enhances one or more of the signal transduction pathways induced by the binding



of B7-H7 to B7-H7CRby at least 25%, 30%, 40%, 50%, 60%, 75%, 80%, 85%, 90%, 95%,

98% or 99%, or in the range of between 25% to 50%, 25% to 75%, 50% to 75%, 50% to

95%, 75% to 95%, or 75% to 100% relative to the one or more signal transduction pathways

induced by the binding of B7-H7 to B7-H7CR in the absence of the Therapeutic Agent; and

(ii) does not activate or enhance, or activates or enhances one or more of the signal

transduction pathways induced by the binding of B7-H7 to one or more other receptors by

less than 20%, 15%, 10%, 5%, or 2%, or in the range of between 2% to 5%, 2% to 10%, 5%

to 10%, 5% to 15%, 5% to 20%, 10% to 15%, or 15% to 20% relative to the one or more

signal transduction pathways induced by the binding of B7-H7 to such one or more other

receptors in the absence of the Therapeutic Agent.

[00186] In specific embodiments, a Therapeutic Agent: (i) activates or enhances one or

more of the signal transduction pathways induced by the binding of B7-H7 to B7-H7CR by at

least 25%, 30%, 40%, 50%, 60%, 75%, 80%, 85%, 90%, 95%, 98% or 99%, or in the range

of between 25% to 50%, 25% to 75%, 50% to 75%, 50% to 95%, 75% to 95%, or 75% to

100% relative to the one or more signal transduction pathways induced by the binding of B7-

H7 to B7-H7CR in the absence of the Therapeutic Agent; and (ii) does not activate or

enhance, or activates or enhances one or more of the signal transduction pathways induced by

the binding of B7-H7CR to one or more other ligands by less than 20%, 15%, 10%, 5%, or

2%, or in the range of between 2% to 5%, 2% to 10%, 5% to 10%, 5% to 15%, 5% to 20%,

10% to 15%, or 15% to 20% relative to the one or more signal transduction pathways induced

by the binding of B7-H7CR to such one or more other ligands in the absence of the

Therapeutic Agent.

[00187] In some embodiments, a Therapeutic Agent selectively inhibits or reduces one or

more of the signal transduction pathways induced by the binding of B7-H7 to B7-H7CR. In

specific embodiments, a Therapeutic Agent inhibits or reduces one or more of the signal

transduction pathways induced by the binding of B7-H7 to B7-H7CR by at least 25%, 30%,

40%, 50%, 60%, 75%, 80%, 85%, 90%, 95%, 98% or 99%, or in the range of between 25%

to 50%, 25% to 75%, 50% to 75%, 50% to 95%, 75% to 95%, or 75% to 100% relative to the

one or more signal transduction pathways induced by the binding of B7-H7 to B7-H7CR in

the absence of the Therapeutic Agent. In specific embodiments, a Therapeutic Agent: (i)

inhibits or reduces one or more of the signal transduction pathways induced by the binding of

B7-H7 to B7-H7CRby at least 25%, 30%, 40%, 50%, 60%, 75%, 80%, 85%, 90%, 95%,

98% or 99%, or in the range of between 25% to 50%, 25% to 75%, 50% to 75%, 50% to

95%, 75% to 95%, or 75% to 100% relative to the one or more signal transduction pathways



induced by the binding of B7-H7 to B7-H7CR in the absence of the Therapeutic Agent; and

(ii) does not inhibit or reduce, or inhibits or reduces one or more of the signal transduction

pathways induced by the binding of B7-H7 to one or more other receptors by less than 20%,

15%, 10%, 5%, or 2%, or in the range of between 2% to 5%, 2% to 10%, 5% to 10%, 5% to

15%, 5% to 20%, 10% to 15%, or 15% to 20% relative to the one or more signal

transduction pathways induced by the binding of B7-H7 to such one or more other receptors

in the absence of the Therapeutic Agent.

[00188] In specific embodiments, a Therapeutic Agent: (i) inhibits or reduces one or more

of the signal transduction pathways induced by the binding of B7-H7 to B7-H7CR by at least

25%, 30%, 40%, 50%, 60%, 75%, 80%, 85%, 90%, 95%, 98% or 99%, or in the range of

between 25% to 50%, 25% to 75%, 50% to 75%, 50% to 95%, 75% to 95%, or 75% to 100%

relative to the one or more signal transduction pathways induced by the binding of B7-H7 to

B7-H7CR in the absence of the Therapeutic Agent; and (ii) does not inhibit or reduce, or

inhibits or reduces one or more of the signal transduction pathways induced by the binding of

B7-H7CR to one or more other ligands by less than 20%, 15%, 10%, 5%, or 2%, or in the

range of between 2% to 5%, 2% to 10%, 5% to 10%, 5% to 15%, 5% to 20%, 10% to 15%,

or 15% to 20% relative to the one or more signal transduction pathways induced by the

binding of B7-H7CR to such one or more other ligands in the absence of the Therapeutic

Agent.

[00189] In another embodiment, a Therapeutic Agent modulates the B7-H7 polypeptide

and B7-H7CR polypeptide interaction. In certain embodiments, the Therapeutic Agent

selectively modulates the B7-H7 and B7-H7CR interaction. In another embodiment, a

Therapeutic Agent inhibits or reduces the binding of B7-H7 to B7-H7CR by at least 25%,

30%, 40%, 50%, 60%, 75%, 80%, 85%, 90%, 95%, 98% or 99%, or in the range of between

25% to 50%, 25% to 75%, 50% to 75%, 50% to 95%, 75% to 95%, or 75% to 100% relative

to the binding of B7-H7 to B7-H7CR in the absence of the Therapeutic Agent. In another

embodiment, a Therapeutic Agent: (i) inhibits or reduces the binding of B7-H7 to B7-H7CR

by at least 25%, 30%, 40%, 50%, 60%, 75%, 80%, 85%, 90%, 95%, 98% or 99%, or in the

range of between 25% to 50%, 25% to 75%, 50% to 75%, 50% to 95%, 75% to 95%, or 75%

to 100% relative to the binding of B7-H7 to B7-H7CR in the absence of the Therapeutic

Agent, and (ii) does not inhibit or reduce, or inhibits or reduces the binding of B7-H7 to one

or more other receptors by less than 20%, 15%, 10%, 5%, or 2%, or in the range of between

2% to 5%, 2% to 10%, 5% to 10%, 5% to 15%, 5% to 20%, 10% to 15%, or 15% to 20%



relative to the binding of B7-H7 to such one or more other receptors in the absence of the

Therapeutic Agent.

[00190] In another embodiment, a Therapeutic Agent: (i) inhibits or reduces the binding of

B7-H7 to B7-H7CRby at least 25%, 30%, 40%, 50%, 60%, 75%, 80%, 85%, 90%, 95%,

98% or 99%, or in the range of between 25% to 50%, 25% to 75%, 50% to 75%, 50% to

95%, 75% to 95%, or 75% to 100% relative to the binding of B7-H7 to B7-H7CR in the

absence of the Therapeutic Agent, and (ii) does not inhibit or reduce, or inhibits or reduces

the binding of B7-H7CR to one or more other ligands by less than 20%, 15%, 10%, 5%, or

2%, or in the range of between 2% to 5%, 2% to 10%, 5% to 10%, 5% to 15%, 5% to 20%,

10% to 15%, or 15% to 20% relative to the binding of B7-H7CR to such one or more other

ligands in the absence of the Therapeutic Agent.

[00191] In certain embodiments, the Therapeutic Agents induce, activate or enhance one

or more immune functions or responses (i.e, the agents are Immunostimulating Therapeutic

Agents). In other embodiments, the Therapeutic Agents suppress or reduce one or more

immune functions or responses (i.e.., the agents are Inhibitory Therapeutic Agents). The

modulation of one or more immune functions or responses can be in the form of, e.g., an

antibody response (humoral response) or a cellular immune response, e.g., cytokine secretion

(e.g., interferon-gamma), helper activity or cellular cytotoxicity. In one embodiment,

cytokine secretion, antibody production, effector function, T cell proliferation, and/or NK cell

proliferation is modulated following contact with a Therapeutic Agent. In a specific

embodiment, one or more immune functions or responses is modulated by contacting a

Therapeutic Agent with an immune cell or a population of immune cells.

5.2.1 Antibodies Specific for B7-H7 or B7-H7CR

[00192] In one aspect, the Therapeutic Agent is an antibody that specifically binds to a

native B7-H7 polypeptide and modulates one or more of the signal transduction pathways

mediated by the binding of the native B7-H7 polypeptide to one or more of its ligands (e.g.,

B7-H7CR). In another aspect, the Therapeutic Agent is an antibody that specifically binds to

a native B7-H7CR polypeptide and modulates one or more of the signal transduction

pathways mediated by the native B7-H7CR polypeptide binding to one or more of its ligands

(e.g., B7-H7). In some embodiments, the Therapeutic Agent activates, enhances, or induces

one or more of the signal transduction pathways. In other embodiments, the Therapeutic

Agent inhibits or reduces one or more of the signal transduction pathways. In another aspect,

the Therapeutic Agent is an antibody that modulates one or more of the signal transduction



pathways induced by the B7-H7 polypeptide and B7-H7CR polypeptide interaction. In a

specific embodiment, a Therapeutic Agent is an antibody that modulates the interaction

between B7-H7CR and B7-H7. In a specific embodiment, the Therapeutic Agent is an

antibody that specifically binds to B7-H7 polypeptide and inhibits or reduces the binding of

B7-H7 polypeptide to B7-H7CR polypeptide. In another specific embodiment, the

Therapeutic Agent is an antibody that specifically binds to B7-H7 polypeptide and inhibits or

reduces the binding of B7-H7CR polypeptide to B7-H7 polypeptide. See Section 5.1 et seq.,

supra, for antibodies and conjugates or fusion thereof that modulate the B7-H7 polypeptide

and B7-H7CR polypeptide interaction. In some embodiments, such antibodies are

Immunostimulating Therapeutic Agents. In other embodiments, such antibodies are

Inhibitory Therapeutic Agents.

[00193] In some embodiments, an antibody that modulates the B7-H7 polypeptide and B7-

H7CR polypeptide interaction induces at least 25%, 30%, 35%, 40%, 45%, 50%, 55%, 60%,

65%, 70%, 75%, 80%, 85%, 90%, 95%, 98% or 99%, or in the range of between 25% to

50%, 25% to 75%, 25% to 98%, 50% to 75%, or 75% to 100% one or more of the signal

transduction pathways induced when a native mammalian B7-H7 polypeptide binds to a

native receptor of B7-H7 polypeptide {e.g., a native B7-H7CR polypeptide), as measured by

assays well-known in the art. In some embodiments, an antibody that modulates the B7-H7

polypeptide and B7-H7CR polypeptide interaction activates or enhances by at least 25%,

30%, 35%, 40%, 45%, 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, 95%, 98% or

99%, or in the range of between 25% to 50%, 25% to 75%, 25% to 98%, 50% to 75%, or

75% to 100% one or more of the signal transduction pathways induced when a native

mammalian B7-H7 polypeptide binds to a native receptor of B7-H7 polypeptide {e.g., a

native B7-H7CR polypeptide), as measured by assays well-known in the art. In other

embodiments, an antibody that modulates the B7-H7 polypeptide and B7-H7CR polypeptide

interaction does not induce or induces less than 20%, 15%, 10%, 5% or 2%, or in the range of

between 2% to 20%, 2% to 15%, 2% to 10%, or 2% to 5% of one or more of the signal

transduction pathways induced when a native mammalian B7-H7 polypeptide binds to a

receptor of B7-H7 polypeptide {e.g., a native B7-H7CR polypeptide), as measured by assays

well-known in the art. The one or more signal transduction pathways induced by the binding

of a native receptor of B7-H7 (e.g., B7-H7CR polypeptide) to a B7-H7 polypeptide can be

measured by, e.g., assessing the activation of a signal transduction moiety {e.g., Jun kinase

activation, MAP kinase activation, PKC activation), the translocation of a transcription factor

{e.g., NF-kappa B or Statl), and cytokine production {e.g., IL-2, IL-4, IL-5, IL-10, IL-17,



interferon-gamma, or tumor necrosis factor-alpha) using techniques such as ELISAs, Western

blots, electromobility shift assays, and other immunoassays.

[00194] In certain embodiments, a Therapeutic Agent is the antibody designated 2D3, or

an antigen-bindign fragment thereof, or a human or humanized for thereof. In some

embodiments, a Therapeutic Agent is the antibody designated 4-5, or an antigen-bindign

fragment thereof, or a human or humanized for thereof.

[00195] In certain embodiments, an antibody described in this section comprises a

modified Fc domain. Exemplary Fc domain modifications are described in Mueller et al,

1997, Molecular Immunology 34(6):441-452; Swann et al., 2008, Current Opinion in

Immunology 20:493-499; and Presta, 2008, Current Opinion in Immunology 20:460-470.

5.2.2 Polypeptides & Derivatives

5.2.2.1 B7-H7 Polypeptides & Derivatives

[00196] In one aspect, a Therapeutic Agent is a B7-H7 polypeptide. In one embodiment,

such a Therapeutic Agent modulates one or more of the signal transduction pathways

mediated by B7-H7CR. In one embodiment, the B7-H7 protein binds to and agonizes signal

transduction through B7-H7CR. In another embodiment, the B7-H7 protein binds to B7-

H7CR and antagonizes signal transduction by blocking binding of a native ligand (e.g., B7-

H7). In a specific embodiment, such a Therapeutic Agent modulates one or more of the

signal transduction pathways induced by B7-H7 binding to B7-H7CR. In another specific

embodiment, such a Therapeutic Agent modulates the B7-H7 polypeptide and B7-H7CR

polypeptide interaction.

[00197] In another aspect, a Therapeutic Agent is a B7-H7 derivative. In one embodiment,

a Therapeutic Agent is a B7-H7 derivative that modulates one or more signal transduction

pathways mediated by B7-H7CR. In a specific embodiment, a Therapeutic Agent is a B7-H7

derivative that modulates one or more of the signal transduction pathways induced by B7-H7

binding to B7-H7CR. In another embodiment, a Therapeutic Agent is a B7-H7 derivative

that modulates the B7-H7 polypeptide and B7-H7CR polypeptide interaction. In certain

embodiments, the B7-H7 derivative is an Immunostimulating Therapeutic Agent. In other

embodiments, the B7-H7 derivative is an Inhibitory Therapeutic Agent.

[00198] In specific embodiments, a B7-H7 derivative is: (a) a polypeptide that is at least

40%, 45%, 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, 95%, 98%, or 99% or is 40%

to 65%, 50% to 90%, 65% to 90%, 70% to 90%, 75% to 95%, 80% to 95%, or 85% to 99%

identical to a native mammalian B7-H7 polypeptide; (b) a polypeptide encoded by a nucleic



acid sequence that is at least 40%, 45%, 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%,

95%, 98%, or 99% or is 40% to 65%, 50% to 90%, 65% to 90%, 70% to 90%, 75% to 95%,

80% to 95%, or 85% to 99% identical a nucleic acid sequence encoding a native mammalian

B7-H7 polypeptide; (c) a polypeptide that contains 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14,

15, 16, 17, 18, 19, 20 or more or 2 to 5, 2 to 10, 5 to 10, 5 to 15, 5 to 20, 10 to 15, or 15 to 20

amino acid mutations (i.e., additions, deletions and/or substitutions) relative to a native

mammalian B7-H7 polypeptide; (d) a polypeptide encoded by nucleic acids can hybridize

under high, moderate or typical stringency hybridization conditions to nucleic acids encoding

a native mammalian B7-H7 polypeptide; (e) a polypeptide encoded by a nucleic acid

sequence that can hybridize under high, moderate or typical stringency hybridization

conditions to a nucleic acid sequence encoding a fragment of a native mammalian B7-H7

polypeptide of at least 20 contiguous amino acids, at least 30 contiguous amino acids, at least

40 contiguous amino acids, at least 50 contiguous amino acids, at least 75 contiguous amino

acids, at least 100 contiguous amino acids, at least 125 contiguous amino acids, or at least

150 contiguous amino acids or 20 to 50, 25 to 75, 25 to 100, 25 to 150, 50 to 75, 50 to 100,

75 to 100, 50 to 150, 75 to 150, 100 to 150, or 100 to 200 contiguous amino acids; or (f) a

fragment of a native mammalian B7-H7 polypeptide. B7-H7 derivatives also include a

polypeptide that comprises the amino acid sequence of a naturally occurring mature form of a

mammalian B7-H7 polypeptide and a heterologous signal peptide amino acid sequence.

[00199] In one embodiment, a B7-H7 derivative is a derivative of a native human B7-H7

polypeptide. In another embodiment, a B7-H7 derivative is a derivative of an immature or

precursor form of naturally occurring human B7-H7 polypeptide. In another embodiment, a

B7-H7 derivative is a derivative of a mature form of naturally occurring human B7-H7

polypeptide. In a specific embodiment, a B7-H7 derivative is isolated or purified.

[00200] In another embodiment, a B7-H7 derivative comprises (or consists) of the amino

acid sequence ofnative B7-H7 with 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18,

19, 20 or more, or in the range of 1 to 5, 1 to 10, 2 to 15, 5 to 20, 5 to 30, 10 to 50, 25 to 75

mutations (e.g., amino acid substitutions, insertions and/or deletions). In certain

embodiments, a B7-H7 derivative comprises one or more mutations that increase the affinity

of B7-H7 for one or more of its receptors, e.g., B7-H7CR (in particular, native B7-H7CR). In

other embodiments, a B7-H7 derivative comprises one or more mutations that decrease the

affinity of B7-H7 for one or more of its receptors, e.g., B7-H7CR (in particular, native B7-

H7CR). In some embodiments, a B7-H7 derivative comprises one or more mutations in one

or more of the Ig-like V-type domains and/or Ig-like C-I type domains of native B7-H7 and



such mutations change (e.g., increase) the affinity of B7-H7 for B7-H7CR. In some

embodiments, a B7-H7 derivative comprises one or more mutations at one or more of the

following amino acid residues of native B7-H7: 141-144, 156, 158, 160, 162, 193-196, 198,

200, 201, 224, and/or 225. In certain embodiments, a B7-H7 derivative comprises one or

more mutations at one or more of the following amino acid residues which are predicted to be

N-linked glycosylation sites: 90, 103, and/or 127. Mutations can be introduced at specific

positions with native B7-H7 using, e.g., site-directed mutagenesis techniques and/or PCR-

mediated mutagenesis techniques. Mutations can also be introduced randomly along all or

part of the coding sequence using, e.g., saturation mutagenesis techniques. In specific

embodiments, the mutations are conservative amino acid substitutions.

[00201] In another embodiment, a B7-H7 derivative comprises (or consists) of the amino

acid sequence ofnative B7-H7 with 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18,

19, 20 or more, or in the range of 1 to 5, 1 to 10, 2 to 15, 5 to 20, 5 to 30, 10 to 50, or 25 to 75

amino acid substitutions. Such amino acid substitutions can be either conservative, non-

conservative, or a combination of both. In a specific embodiment, the amino acid

substitutions are conservative amino acid substitutions, and in certain embodiments,

introduced at one or more predicted non-essential amino acid residues. A conservative amino

acid substitution is one in which the amino acid residue is replaced with an amino acid

residue having a side chain with a similar charge. Families of amino acid residues having side

chains with similar charges have been defined in the art. These families include amino acids

with basic side chains {e.g., lysine, arginine, histidine), acidic side chains {e.g., aspartic acid,

glutamic acid), uncharged polar side chains {e.g., glycine, asparagine, glutamine, serine,

threonine, tyrosine, cysteine), nonpolar side chains {e.g., alanine, valine, leucine, isoleucine,

proline, phenylalanine, methionine, tryptophan), beta-branched side chains (e.g., threonine,

valine, isoleucine) and aromatic side chains {e.g. , tyrosine, phenylalanine, tryptophan,

histidine).

[00202] In another embodiment, a B7-H7 derivative comprises (or consists of) one or

more mutations in the Ig-like V-type 2 domain. In another embodiment, a B7-H7 derivative

comprises (or consists) of the amino acid sequence of native B7-H7 with 1, 2, 3, 4, 5, 6, 7, 8,

9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20 or more, or in the range of 1 to 5, 1 to 10, 2 to 15,

5 to 20, 5 to 30, 10 to 50, or 25 to 75 amino acid substitutions in the Ig-like V-type 2 domain.

In another embodiment, a B7-H7 derivative comprises (or consists of) one or more mutations

in the Ig-like C-type 1 domain. In another embodiment, a B7-H7 derivative comprises (or

consists) of the amino acid sequence of native B7-H7 with 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12,



13, 14, 15, 16, 17, 18, 19, 20 or more, or in the range of 1 to 5, 1 to 10, 2 to 15, 5 to 20, 5 to

30, 10 to 50, or 25 to 75 amino acid substitutions in the Ig-like C-type 1 domain.

[00203] In another embodiment, a B7-H7 derivative comprises a fragment of native B7-

H7. In certain embodiments, a B7-H7 derivative comprises (or consists of) amino acid

residues 23 to 280, 23 to 275, 23 to 250, 23 to 225, 23 to 200, 23 to 175, 23 to 150, 23 to 125,

23 to 100, 23 to 95, 23 to 75, 23 to 70, 23 to 65, 23 to 60, 23 to 50, 15 to 30 or 5 to 25 of

native B7-H7 of the sequence found at Accession No. O9UM44-1 (UniParc).

[00204] In one embodiment, a B7-H7 derivative is a soluble form of B7-H7. In a specifc

embodiment, a B7-H7 derivative comprises (or consists of) the extracellular domain of native

B7-H7, or the extracellular domain of native B7-H7 containing 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 12,

15, 20 or more amino acid substitutions, deletions, and/or additions. In a specific

embodiment, a B7-H7 derivative comprises (or consists of) amino acid residues 23 to 344 of

the sequence found at Accession No. O9UM44-1 (UniParc). In another embodiment, a B7-

H7 derivative comprises (or consists of) a fragment of the extracellular domain of native B7-

H7, or a fragment of the extracellular domain of native B7-H7 containing 1, 2, 3, 4, 5, 6, 7, 8,

9, 10, 12, 15, 20 or more mutations (e.g., amino acid substitutions, deletions, and/or

additions). In specific embodiments, a B7-H7 derivative comprises (or consists of) at least

25, 50, 75, 100, 125, 150, 175, 200, 225, 250, 275, 300 or 325 amino acids of the

extracellular domain of native B7-H7. In certain embodiments, a B7-H7 derivative

comprises (or consists of) amino acid residues 23 to 340, 23 to 325, 23 to 300, 23 to 275, 23

to 250, 23 to 225, 23 to 200, 23 to 175, 23 to 150, 23 to 125, 23 to 100, 23 to 75, or 23 to 50

of native B7-H7. In specific embodiments, a B7-H7 derivative comprises (or consists of)

amino acid residues 23 to 375, 23 to 350, 23 to 23 to 340, 23 to 325, 23 to 300, 23 to 275, 23

to 250, 23 to 225, 23 to 200, 23 to 175, 23 to 150, 23 to 125, 23 to 100, 23 to 75, 23 to 50, 15

to 30 or 5 to 25 of the sequence found at Accession No. O9UM44-1 (UniParc).

[00205] In another embodiment, a B7-H7 derivative comprises (or consists of) the Ig-like

V-type 1 domain of native B7-H7. In a specific embodiment, a B7-H7 derivative comprises

(or consists of) amino acid residues 6 1 to 131 or 6 1 to 122 of the sequence found at

Accession No. O9UM44-1 (UniParc). In another embodiment, a B7-H7 derivative comprises

(or consists of) the Ig-like C-I type domain of native B7-H7. In a specific embodiment, a

B7-H7 derivative comprises (or consists of) amino acid residues 138 to 222 or 140 to 225 of

the sequence found at Accession No. O9UM44-1 (UniParc). In another embodiment, a B7-

H7 derivative comprises (or consists of) the Ig-like V-type 2 domain of native B7-H7. In a

specific embodiment, a B7-H7 derivative comprises (or consists of) amino acid residues 235



to 328 or 239 to 3 17 of the sequence found at Accession No. O9UM44-1 (UniParc). In a

specific embodiment, a B7-H7 derivative comprises (or consists of) amino acid residues 140

to 222 of native B7-H7.

[00206] In another embodiment, a B7-H7 derivative comprises (or consists of) the Ig-like

V-type 1 and Ig-like C-I type domains of native B7-H7. In a specific embodiment, a B7-H7

derivative comprises (or consists of) amino acid residues 6 1 to 222 or 6 1 to 225 of the

sequence found at Accession No. O9UM44-1 (UniParc). In another embodiment, a B7-H7

derivative comprises (or consists of) the Ig-like C-I type and Ig-like V-type 2 domains of the

extracelluar domain of native B7-H7. In a specific embodiment, a B7-H7 derivative

comprises (or consists of) amino acid residues 138 to 328 or 140 to 317 of the sequence

found at Accession No. O9UM44-1 (UniParc). In another embodiment, a B7-H7 derivative

comprises (or consists of the Ig-like V-type 1 and Ig-like V-type 2 of the extracellular domain

of native B7-H7. In another embodiment, a B7-H7 derivative comprises (or consists of) the

Ig-like V-type 1, Ig-like C-I type, and Ig-like V-type 2 domains of the extracellular domain

of native B7-H7. In a specific embodiment, a B7-H7 derivative comprises (or consists of)

amino acid residues 6 1 to 3 17 or 6 1 to 328 of the sequence found at Accession No. O9UM44-

1 (UniParc).

[00207] In certain embodiments, a B7-H7 derivative comprises an amino acid substitution

at one, two, or more of the following positions: 159, 210, 243, or 317 of native B7-H7 (e.g.,

native human B7-H7).

[00208] In another embodiment, a B7-H7 derivative comprises (or consists of) the

extracellular and cytoplasmic domains of native B7-H7 or fragments thereof. In another

embodiment, a B7-H7 derivative comprises (or consists of) the extracellular and cytoplasmic

domains of native B7-H7 or fragments thereof containing 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 12, 15,

20 or more or 5 to 15, 5 to 20, 2 to 10, or 2 to 5 amino acid substitutions, deletions, and/or

additions. In another embodiment, a B7-H7 derivative comprises (or consists) a fragment of

the extracellular domain of native B7-H7 and the cytoplasmic domain of native B7-H7 or a

fragment thereof. In another embodiment, a B7-H7 derivative comprises (or consists of) the

extracellular domain of native B7-H7 and a fragment of the cytoplasmic domain of native

B7-H7. In another embodiment, a B7-H7 derivative lacks the transmembrane domain of

native B7-H7 or a fragment thereof. In certain embodiments, a B7-H7 derivative comprises a

heterologous transmembrane domain in place of the transmembrane domain of native B7-H7.

In another embodiment, a B7-H7 derivative comprises (or consists of) the extracellular



domain of native B7-H7 or a fragment thereof and the transmembrane domain of native B7-

H7 or a fragment thereof.

[00209] The biological activity of B7-H7 derivatives can be assessed using techniques

known to those skilled in the art, or described herein. For example, the ability of a B7-H7

derivative to bind to one or more receptors may be assessed using techniques described

herein, or known to those skilled in the art. More specifically, the ability of a B7-H7

derivative to bind to B7-H7CR may be assessed. In addition, the ability of a B7-H7

derivative to bind to one or more receptors and induce one or more of the signal transduction

pathways induced by native B7-H7 binding to the one or more receptors may be assessed

using techniques described herein, or known to those skilled in the art. More specifically, the

ability of a B7-H7 derivative to bind to B7-H7CR and induce one or more of the signal

transduction pathways induced by native B7-H7 binding to native B7-H7CR may be

assessed.

[00210] In certain embodiments, a B7-H7 derivative retains at least 25%, 30%, 35%, 40%,

45%, 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, 95%, 98% or 99%, or in the range

of between 25% to 50%, 25% to 75%, 25% to 98%, 50% to 75%, or 75% to 100% of the

function of a native B7-H7 polypeptide to bind to a native receptor of B7-H7 (e.g. , B7-

H7CR), as measured by assays/techniques well known in the art, e.g., ELISA, Biacore, or co-

immunoprecipitation. In a specific embodiment, a B7-H7 derivative retains at least 25%,

30%, 35%, 40%, 45%, 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, 95%, 98% or

99%, or in the range of between 25% to 50%, 25% to 75%, 25% to 98%, 50% to 75%, or

75% to 100% of the function of a native B7-H7 polypeptide to bind to B7-H7CR.

[00211] In certain embodiments, a B7-H7 derivative binds to a native receptor of B7-H7

(e.g., B7-H7CR) with a higher affinity than the native B7-H7 binds to the same receptor, as

measured by assays/techniques well known in the art, e.g., ELISA, cell-based assays

including flow cytometry, KinEx A assay, plasmon surface resonance assay (e.g., Biacore®

assay), or co-immunoprecipitation. In one embodiment, a B7-H7 derivative binds to a native

receptor of B7-H7 (e.g., B7-H7CR) with a 50%, 75%, 80%, 85%, 90%, 95%, or 98%, or 25%

to 50%, 25% to 75%, 50% to 95%, or 75% to 95% higher affinity than the native B7-H7

binds to the same receptor as measured by well-known assays/techniques. In a specific

embodiment, a B7-H7 derivative binds to a native receptor of B7-H7 (e.g., B7-H7CR) with

0.5 log, 1 log, 1.5 log, 2 log, 2.5 log, or 3 log higher affinity than the native B7-H7 binds to

the same receptor, as measured by assays/techniques well known in the art, e.g., ELISA,

Biacore, or co-immunoprecipitation.



[00212] In some embodiments, a B7-H7 derivative binds to a native receptor of B7-H7

(e.g., B7-H7CR) with a lower affinity than the native B7-H7 binds to the same receptor, as

measured by assays/techniques well known in the art. In one embodiment, a B7-H7

derivative binds to a native receptor of B7-H7 (e.g., B7-H7CR) with a 50%, 75%, 80%, 85%,

90%, 95%, or 98%, or 25% to 50%, 25% to 75%, 50% to 95%, or 75% to 95% lower affinity

than the native B7-H7 binds to the same receptor as measured by assays/techniques known in

the art. In another embodiment, a B7-H7 derivative binds to a native receptor of B7-H7 (e.g.,

B7-H7CR) with a 0.5 log, 1 log, 1.5 log, 2 log, 2.5 log, or 3 log lower affinity than the native

B7-H7 binds to the same receptor, as measured by assays/techniques well known in the art.

[00213] In certain other embodiments, a B7-H7 derivative retains less than 20%, 15%,

10%, 5% or 2%, or in the range of between 2% to 20%, 2% to 15%, 2% to 10%, or 2% to 5%

of the function of a native B7-H7 polypeptide to bind to a native receptor of B7-H7 (e.g., B7-

H7CR), as measured by assays/techniques well known in the art, e.g., ELISA, cell-based

assays including flow cytometry, KinEx A assay, plasmon surface resonance assay (e.g.,

Biacore® assay), or co-immunoprecipitation. In a specific embodiment, a B7-H7 derivative

retains less than 20%, 15%, 10%, 5% or 2%, or in the range of between 2% to 20%, 2% to

15%, 2% to 10%, or 2% to 5% of the function of a native B7-H7 polypeptide to bind to B7-

H7CR.

[00214] In some embodiments, a B7-H7 derivative retains at least 25%, 30%, 35%, 40%,

45%, 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, 95%, 98% or 99%, or in the range

of between 25% to 50%, 25% to 75%, 25% to 98%, 50% to 75%, or 75% to 100% of the

ability to activate or induce one or more of the signal transduction pathways induced when a

native B7-H7 polypeptide binds to a native receptor of B7-H7 (e.g., B7-H7CR), as measured

by assays well-known in the art. The one or more signal transduction pathways induced by

the binding of a native receptor of B7-H7 (e.g., B7-H7CR) to a B7-H7 polypeptide can be

measured by, e.g., assessing the activation of a signal transduction moiety (e.g., Jun kinase

activation, MAP kinase activation, PKC activation), the translocation of a transcription factor

(e.g., NF-kappa B or Statl), and cytokine production (e.g., IL-2, IL-4, IL-5, IL-10, IL-17,

interferon-gamma, or tumor necrosis factor-alpha) using techniques such as ELISAs, Western

blots, electromobility shift assays, and other immunoassays. In a specific embodiment, a B7-

H7 derivative retains at least 25%, 30%, 35%, 40%, 45%, 50%, 55%, 60%, 65%, 70%, 75%,

80%, 85%, 90%, 95%, 98% or 99%, or in the range of between 25% to 50%, 25% to 75%,

25% to 98%, 50% to 75%, or 75% to 100% of the ability to activate or induce one or more of



the signal transduction pathways induced by the binding of a native B7-H7 polypeptide to

B7-H7CR.

[00215] In certain embodiments, a B7-H7 derivative binds to its native receptor (e.g.,

native B7-H7CR) and induces a higher level of activity than native B7-H7 binding to the

native receptor as assessed by, e.g., the induction of one or more signal transduction

molecules. In specific embodiments, a B7-H7 derivative binds to native B7-H7CR and

induces a higher level of activity than native B7-H7 binding to native B7-H7CR as assessed

by, e.g., the activation or induction of one or more signal transduction molecules. In some

embodiments, a B7-H7 derivative binds to native B7-H7CR and induces at least 25%, 30%,

35%, 40%, 45%, 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, 95%, 98% or 99%, or

in the range of between 25% to 50%, 25% to 75%, 25% to 98%, 50% to 75%, 50% to 98%,

or 75% to 100% higher level of activity than native B7-H7 binding to native B7-H7CR as

assessed by, e.g., the activation or induction of one or more signal transduction molecules.

[00216] In some other embodiments, a B7-H7 derivative retains less than 20%, 15%, 10%,

5% or 2%, or in the range of between 2% to 20%, 2% to 15%, 2% to 10%, or 2% to 5% of

the ability to activate or induce one or more of the signal transduction pathways induced

when a native B7-H7 polypeptide binds to a receptor of B7-H7 (e.g., B7-H7CR), as measured

by assays well-known in the art. In a specific embodiment, a B7-H7 derivative retains less

than 20%, 15%, 10%, 5% or 2%, or in the range of between 2% to 20%, 2% to 15%, 2% to

10%, or 2% to 5% of the ability to activate or induce one or more of the signal transduction

pathways induced by the binding of a native B7-H7 polypeptide to B7-H7CR.

5.2.2.2 B7-H7CR Polypeptides & Derivatives

[00217] In one aspect, a Therapeutic Agent is a B7-H7CR polypeptide. In one

embodiment, a Therapeutic Agent is a B7-H7CR polypeptide that modulates one or more of

the signal transduction pathways mediated by B7-H7. In one embodiment the B7-H7CR

protein binds to and agonizes signal transduction through the B7-H7. In another embodiment

the B7-H7CR protein binds to B7-H7 and blocks binding to B7-H7CR. In a specific

embodiment, a Therapeutic Agent is a B7-H7CR polypeptide that modulates one or more of

the signal transduction pathways induced by B7-H7 binding to B7-H7CR. In another specific

embodiment, a Therapeutic Agent is a B7-H7CR polypeptide that modulates the B7-H7

polypeptide and B7-H7CR polypeptide interaction.

[00218] In another aspect, a Therapeutic Agent is a B7-H7CR derivative. In one

embodiment, a Therapeutic Agent is a B7-H7CR derivative that modulates one or more of the



signal transduction pathways mediated by B7-H7. In a specific embodiment, a Therapeutic

Agent is a B7-H7CR derivative that modulates one or more of the signal transduction

pathways induced by B7-H7 binding to B7-H7CR. In another embodiment, such a

Therapeutic Agent modulates the B7-H7 polypeptide and B7-H7CR polypeptide interaction.

In certain embodiments, the B7-H7 derivative is an Immunostimulating Therapeutic Agent.

In other embodiments, the B7-H7 derivative is an Inhibitory Therapeutic Agent.

[00219] In specific embodiments, a B7-H7CR derivative is: (a) a polypeptide that is at

least 40%, 45%, 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, 95%, 98%, or 99% or is

40% to 65%, 50% to 90%, 65% to 90%, 70% to 90%, 75% to 95%, 80% to 95%, or 85% to

99% identical to a native B7-H7CR polypeptide; (b) a polypeptide encoded by a nucleic acid

sequence that is at least 40%, 45%, 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, 95%,

98%, or 99% or is 40% to 65%, 50% to 90%, 65% to 90%, 70% to 90%, 75% to 95%, 80% to

95%, or 85% to 99% identical a nucleic acid sequence encoding a native B7-H7CR

polypeptide; (c) a polypeptide that contains 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16,

17, 18, 19, 20 or more, or 2 to 5, 2 to 10, 5 to 10, 5 to 15, 5 to 20, 10 to 15, or 15 to 20 amino

acid mutations (i.e., additions, deletions and/or substitutions) relative to a native B7-H7CR

polypeptide; (d) a polypeptide encoded by nucleic acids can hybridize under high, moderate

or typical stringency hybridization conditions to nucleic acids encoding a native B7-H7CR

polypeptide; (e) a polypeptide encoded by a nucleic acid sequence that can hybridize under

high, moderate or typical stringency hybridization conditions to a nucleic acid sequence

encoding a fragment of a native B7-H7CR polypeptide of at least 20 contiguous amino acids,

at least 30 contiguous amino acids, at least 40 contiguous amino acids, at least 50 contiguous

amino acids, at least 75 contiguous amino acids, at least 100 contiguous amino acids, at least

125 contiguous amino acids, or at least 150 contiguous amino acids or 20 to 50, 25 to 75, 25

to 100, 25 to 150, 50 to 75, 50 to 100, 75 to 100, 50 to 150, 75 to 150, 100 to 150, or 100 to

200 contiguous amino acids; or (f) a fragment of a native B7-H7CR polypeptide. B7-H7CR

derivatives also include a polypeptide that comprises the amino acid sequence of a naturally

occurring mature form of a mammalian B7-H7CR polypeptide and a heterologous signal

peptide amino acid sequence. In a specific embodiment, a B7-H7CR derivative is a

derivative of a native human B7-H7CR polypeptide. In another embodiment, a B7-H7CR

derivative is a derivative of an immature or precursor form of naturally occurring human B7-

H7CR polypeptide. In another embodiment, a B7-H7CR derivative is a derivative of a

mature form of naturally occurring human B7-H7CR polypeptide. In one embodiment, a B7-

H7CR derivative is isolated or purified.



[00220] In another embodiment, a B7-H7CR derivative comprises (or consists) of the

amino acid sequence ofnative B7-H7CR with 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15,

16, 17, 18, 19, 20 or more, or in the range of 1 to 5, 1 to 10, 2 to 15, 5 to 20, 5 to 30, 10 to 50,

25 to 75 mutations (e.g., amino acid substitutions, insertions and/or deletions). In certain

embodiments, a B7-H7CR derivative comprises one or more mutations that increase the

affinity of B7-H7CR for one or more of its ligands, e.g., B7-H7 (in particular, native B7-H7).

In other embodiments, a B7-H7CR derivative comprises one or more mutations that decrease

the affinity of B7-H7CR for one or more of its ligands, e.g., B7-H7 (in particular, native B7-

H7). In specific embodiments, a B7-H7CR derivative comprises one or more mutations in

the Ig-like V-type domain of native B7-H7CR and such mutations increase the affinity of B7-

H7CR for B7-H7. Mutations can be introduced at specific positions with native B7-H7CR

using, e.g. , site-directed mutagenesis techniques and/or PCR-mediated mutagenesis

techniques. Mutations can also be introduced randomly along all or part of the coding

sequence using, e.g. , saturation mutagenesis techniques.

[00221] In another embodiment, a B7-H7CR derivative comprises (or consists) of the

amino acid sequence ofnative B7-H7CR with 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15,

16, 17, 18, 19, 20 or more, or in the range of 1 to 5, 1 to 10, 2 to 15, 5 to 20, 5 to 30, 10 to 50,

or 25 to 75 amino acid substitutions. Such amino acid substitutions can be either

conservative, non-conservative, or a combination of both. In a specific embodiment, the

amino acid substitutions are conservative amino acid substitutions, and in certain

embodiments, introduced at one or more predicted non-essential amino acid residues.

[00222] In another embodiment, a B7-H7CR derivative comprises a fragment of native

B7-H7CR. In certain embodiments, a B7-H7CR derivative comprises (or consists of) amino

acid residues 23 to 280, 23 to 275, 23 to 250, 23 to 225, 23 to 200, 23 to 175, 23 to 150, 23 to

125, 23 to 100, 23 to 95, 23 to 75, 23 to 70, 23 to 65, 23 to 60, 23 to 50, 15 to 30 or 5 to 25 of

native B7-H7CR of the sequence found at Accession No. Q96BF3-1 (UniParc). In certain

embodiments, a B7-H7CR derivative has one or more mutations in amino acid residues 227-

277. In some embodiments, a B7-H7CR derivative has one or more mutations at the N-

linked glycosylation sites (amino acid residues 73, 105, and 127). In certain embodiments, a

B7-H7CR derivative has a mutation (e.g., a substitution) at the serine residue 220.

[00223] In one embodiment, a B7-H7CR derivative is a soluble form of B7-H7CR. In a

specifc embodiment, a B7-H7CR derivative comprises (or consists of) the extracellular

domain of native B7-H7CR, or the extracellular domain of native B7-H7CR containing 1, 2,

3, 4, 5, 6, 7, 8, 9, 10, 12, 15, 20 or more or 2 to 5, 5 to 10, 5 to 15, or 10 to 20 amino acid



substitutions, deletions, and/or additions. In a specific embodiment, a B7-H7CR derivative

comprises (or consists of) amino acid residues 23 to 150 of the sequence found at Accession

No. Q9BF3-1 (UniParc). In another embodiment, a B7-H7CR derivative comprises (or

consists of) a fragment of the extracellular domain of native B7-H7CR, or a fragment of the

extracellular domain of native B7-H7CR containing 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 12, 15, 20 or

more mutations (e.g., amino acid substitutions, deletions, and/or additions). In specific

embodiments, a B7-H7CR derivative comprises (or consists of) at least 25, 50, 75, 100, or

125 amino acids of the extracellular domain of native B7-H7CR. In certain embodiments, a

B7-H7CR derivative comprises (or consists of) amino acid residues 23 to 145, 23 to 140, 23

to 130, 23 to 125, 23 to 100, 23 to 95, 23 to 75, 23 to 70, 23 to 65, 23 to 60, or 23 to 50 of

native B7-H7CR. In specific embodiments, a B7-H7CR derivative comprises (or consists of)

23 to 145, 23 to 140, 23 to 130, 23 to 125, 23 to 100, 23 to 95, 23 to 75, 23 to 70, 23 to 65, 23

to 60, or 23 to 50 amino acid residues of the sequence found at Accession No. Q96BF3-1

(UniParc). In another embodiment, a B7-H7CR derivative comprises (or consists of) the Ig-

like domain of native B7-H7CR. In a specific embodiment, a B7-H7CR derivative comprises

(or consists of) amino acid residues 23 to 129 of the sequence found at Accession No.

Q96BF3-1 (UniParc). In another embodiment, a B7-H7CR derivative comprises (or consists

of) amino acid residues 23 to 129, 23 to 150, or 129 to 150 of the sequence Q96BF3-1.

[00224] In certain embodiments, a B7-H7CR derivative comprises an amino acid

substitution at one, two, or more of the following positions: 44, 67, 81, 112, 192, 197, or 222

of native B7-H7CR (e.g., native human B7-H7CR).

[00225] In another embodiment, a B7-H7CR derivative comprises (or consists of) the

extracellular and cytoplasmic domains of native B7-H7CR or fragments thereof. In another

embodiment, a B7-H7CR derivative comprises (or consists of) the extracellular and

cytoplasmic domains of native B7-H7CR or fragments thereof containing 1, 2, 3, 4, 5, 6, 7, 8,

9, 10, 12, 15, 20 or more, or 2to 5, 5 to 10, 5 to 15, 5 to 20, or 10 to 20 amino acid

substitutions, deletions, and/or additions. In another embodiment, a B7-H7CR derivative

comprises (or consists) a fragment of the extracellular domain of native B7-H7CR and the

cytoplasmic domain of native B7-H7CR or a fragment thereof. In another embodiment, a

B7-H7CR derivative comprises (or consists of) the extracellular domain of native B7-H7CR

and a fragment of the cytoplasmic domain of native B7-H7CR. In another embodiment, a

B7-H7CR derivative lacks the transmembrane domain of native B7-H7CR or a fragment

thereof. In certain embodiments, a B7-H7CR derivative comprises a heterologous

transmembrane domain in place of the transmembrane domain of native B7-H7CR. In



another embodiment, a B7-H7CR derivative comprises (or consists of) the extracellular

domain of native B7-H7CR or a fragment thereof and the transmembrane domain of native

B7-H7CR or a fragment thereof.

[00226] The biological activity of B7-H7CR derivatives can be assessed using techniques

known to those skilled in the art, or described herein. For example, the ability of a B7-H7CR

derivative to bind to one or more ligands may be assessed using techniques described herein,

or known to those skilled in the art. More specifically, the ability of a B7-H7CR derivative to

bind to B7-H7 may be assessed. In addition, the ability of a B7-H7CR derivative to bind to

one or more ligands and induce one or more of the signal transduction pathways induced by

native B7-H7CR binding to the one or more ligands may be assessed using techniques

described herein, or known to those skilled in the art. More specifically, the ability of a B7-

H7CR derivative to bind to B7-H7 and induce one or more of the signal transduction

pathways induced by native B7-H7 binding to native B7-H7CR may be assessed.

[00227] In certain embodiments, a B7-H7CR derivative retains at least 25%, 30%, 35%,

40%, 45%, 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, 95%, 98% or 99%, or in the

range of between 25% to 50%, 25% to 75%, 25% to 98%, 50% to 75%, or 75% to 100% of

the function of a native B7-H7CR polypeptide to bind to a native ligand of B7-H7CR (e.g. ,

B7-H7), as measured by assays/techniques well known in the art, e.g., ELISA, Biacore, or co-

immunoprecipitation. In a specific embodiment, a B7-H7CR derivative retains at least 25%,

30%, 35%, 40%, 45%, 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, 95%, 98% or

99%, or in the range of between 25% to 50%, 25% to 75%, 25% to 98%, 50% to 75%, or

75% to 100% of the function of a native B7-H7CR polypeptide to bind to B7-H7.

[00228] In certain embodiments, a B7-H7CR derivative binds to a native ligand of B7-

H7CR (e.g., B7-H7) with a higher affinity than native B7-H7CR binds to the same ligand, as

measured by assays/techniques well known in the art, e.g., ELISA, Biacore, or co-

immunoprecipitation. In one embodiment, a B7-H7CR derivative binds to a native ligand of

B7-H7CR (e.g., B7-H7) with a 25%, 50%, 75%, 80%, 85%, 90%, 95%, or 25% to 50%, 25%

to 75%, 50% to 95%, or 75% to 95% higher affinity than the native B7-H7CR binds to the

same ligand, as measured by known assays/techniques. In a specific embodiment, a B7-

H7CR derivative binds to a native ligand of B7-H7CR (e.g., B7-H7) with 0.5 logs, 1 log, 1.5

logs, 2 logs, 2.5 logs, or 3 logs higher affinity than the native B7-H7CR binds to the same

ligand, as measured by assays/techniques well known in the art, e.g., ELISA, Biacore, or co-

immunoprecipitation.



[00229] In certain embodiments, a B7-H7CR derivative binds to a native ligand of B7-

H7CR with a lower affinity than the native B7-H7CR binds to the same ligand, as measured

by well-known assays/techniques. In one embodiment, a B7-H7CR derivative binds to a

native ligand of B7-H7CR with 25%, 50%, 75%, 80%, 85%, 90%, 95%, 25% to 50%, 25% to

75%, 50% to 75%, 50% to 95%, or 75% to 95% lower affinity than the native B7-H7CR

binds to the same ligand, as measured by well-known assays/techniques. In another

embodiment, a B7-H7CR derivative binds to a native ligand of B7-H7CR with 0.5 logs, 1

log, 1.5 logs, 2 logs, 2.5 logs, or 3 logs lower affinity than the native B7-H7CR binds to the

same ligand, as measured by well-known assays/techniques.

[00230] In certain other embodiments, a B7-H7CR derivative retains less than 20%, 15%,

10%, 5% or 2%, or in the range of between 2% to 20%, 2% to 15%, 2% to 10%, or 2% to 5%

of the function of a native B7-H7CR polypeptide to bind to a native ligand of B7-H7CR (e.g. ,

B7-H7), as measured by assays/techniques well known in the art, e.g., ELISA, Biacore, or co-

immunoprecipitation. In a specific embodiment, a B7-H7CR derivative retains less than

20%, 15%, 10%, 5% or 2%, or in the range of between 2% to 20%, 2% to 15%, 2% to 10%,

or 2% to 5% of the function of a native B7-H7CR polypeptide to bind to B7-H7.

[00231] In some embodiments, a B7-H7CR derivative retains at least 25%, 30%, 35%,

40%, 45%, 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, 95%, 98% or 99%, or in the

range of between 25% to 50%, 25% to 75%, 25% to 98%, 50% to 75%, or 75% to 100% of

the ability to activate or induce one or more of the signal transduction pathways induced

when a native ligand of B7-H7CR (e.g., B7-H7) binds to a native B7-H7CR polypeptide

(e.g., a native mammalian B7-H7CR polypeptide), as measured by assays well-known in the

art. The one or more signal transduction pathways induced by the binding of a native ligand

of B7-H7CR to a B7-H7CR polypeptide can be measured by, e.g., assessing the activation of

a signal transduction moiety (e.g., Jun kinase activation, MAP kinase activation, PKC

activation), the translocation of a transcription factor (e.g., NF-kappa B or Statl), and

cytokine production (e.g., IL-2, IL-4, IL-5, IL-10, IL- 17, interferon-gamma, or tumor

necrosis factor-alpha) using techniques such as ELISAs, Western blots, electromobility shift

assays, and other immunoassays. In a specific embodiment, a B7-H7CR derivative retains at

least 25%, 30%, 35%, 40%, 45%, 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, 95%,

98% or 99%, or in the range of between 25% to 50%, 25% to 75%, 25% to 98%, 50% to

75%, or 75% to 100% of the ability to activate or induce one or more of the signal

transduction pathways induced by the binding of B7-H7 to a native B7-H7CR polypeptide.



[00232] In certain embodiments, a B7-H7CR derivative binds to its native ligand (e.g.,

native B7-H7) and induces a higher level of activity than native B7-H7CR binding to the

native ligand as assessed by, e.g., the induction of one or more signal transduction molecules.

In specific embodiments, a B7-H7CR derivative binds to native B7-H7 and induces a higher

level of activity than native B7-H7CR binding to native B7-H7 as assessed by, e.g., the

induction of one or more signal transduction molecules. In some embodiments, a B7-H7CR

derivative binds to B7-H7 and induces at least 25%, 30%, 35%, 40%, 45%, 50%, 55%, 60%,

65%, 70%, 75%, 80%, 85%, 90%, 95%, 98% or 99%, or in the range of between 25% to

50%, 25% to 75%, 25% to 98%, 50% to 75%, 50% to 98%, or 75% to 90% higher level of

activity than native B7-H7CR binding to native B7-H7 as assessed by, e.g., the induction of

one or more signal transduction molecules.

[00233] In some other embodiments, a B7-H7CR derivative retains less than 20%, 15%,

10%, 5% or 2%, or in the range of between 2% to 20%, 2% to 15%, 2% to 10%, or 2% to 5%

of the ability to activate or induce one or more of the signal transduction pathways induced

when a native ligand (e.g., B7-H7) binds to a native B7-H7CR polyeptide (e.g., a native

mammalian B7-H7CR polyeptide), as measured by assays well-known in the art. In a

specific embodiment, a B7-H7CR derivative retains less than 20%, 15%, 10%, 5% or 2%, or

in the range of between 2% to 20%, 2% to 15%, 2% to 10%, or 2% to 5% of the ability to

activate or induce one or more of the signal transduction pathways induced by the binding of

B7-H7 to a native B7-H7CR polypeptide.

5.2.3 Fusion Proteins

[00234] In one aspect, a Therapeutic Agent is a protein comprising B7-H7 polypeptide and

a heterologous molecule (e.g., a heterologous amino acid sequence). In one embodiment,

such a Therapeutic Agent modulates one or more of the signal transduction pathways

mediated B7-H7CR. In one embodiment the Therapeutic Agent binds to and agonizes signal

transduction through the B7-H7CR receptor. In another embodiment the Therapeutic Agent

binds to B7-H7CR and antagonizes signal transduction by blocking binding of a native ligand

(e.g. B7-H7). In a specific embodiment, such a Therapeutic Agent modulates one or more of

the signal transduction pathways induced by the binding of B7-H7 to B7-H7CR. In another

specific embodiment, such a Therapeutic Agent modulates the B7-H7 polypeptide and B7-

H7CR polypeptide interaction. In one embodiment, a Therapeutic Agent comprises native

B7-H7 and a heterologous molecule. In another embodiment, a Therapeutic Agent comprises

a B7-H7 derivative and a heterologous amino acid sequence. See Section 5.2.2.1, supra, for



B7-H7 derivatives. In some embodiments, such Therapeutic Agents are Immunostimulating

Therapeutic Agents. In other embodiments, such Therapeutic Agents are Inhibitory

Therapeutic Agents.

[00235] In a specific embodiment, a Therapeutic Agent is a fusion protein comprising B7-

H7 polypeptide and a heterologous amino acid sequence. In one embodiment, a Therapeutic

Agent is a fusion protein comprising a B7-H7 polypeptide and a constant region of an

immunoglobulin or a fragment thereof (e.g., CHl, CH2, and/or CH3). Fc regions from, e.g.,

native IgGl, IgG2, or IgG4 can be used to produce such a fusion protein. In addition, hybrid

IgGl/IgG4 Fc domains can be used to produce such a fusion protein as can modified IgGl Fc

domains (e.g., IgGl modified to improve binding to certain Fc gamma receptors; IgGl

modified to minimize effector function; IgGl with altered/no glycan; and IgGl with altered

pH-dependent binding to FcRn) and modified IgG4 Fc domains (e.g., IgG4 modified to

prevent binding to Fc gamma receptors and/or complement). Exemplary Fc domain

modifications are described in Mueller et al., 1997, Molecular Immunology 34(6):441-452;

Swann et al., 2008, Current Opinion in Immunology 20:493-499; and Presta, 2008, Current

Opinion in Immunology 20:460-470. In a specific embodiment, a Therapeutic Agent is the

B7-H7-Ig fusion protein described in Example 6, infra. In some embodiments, such

Therapeutic Agents are Immunostimulating Therapeutic Agents. In other embodiments, such

Therapeutic Agents are Inhibitory Therapeutic Agents.

[00236] In certain embodiments, a Therapeutic Agent is a fusion protein or a conjugate

comprising a B7-H7 polypeptide and an organic molecule of interest. In accordance with

these embodiments, the B7-H7 polypeptide can be used as a targeting moiety to target the

organic molecule to which it is fused or conjugated to particular organs or tissues (e.g.,

lymphoid organs or tissues). The Examples below provide information regarding the organs

and tissues expressing B7-H7. In specific embodiments, the B7-H7 polypeptide comprises

the extracellular domain of native B7-H7 or a fragment thereof that retains the ability to bind

to one or more receptors of B7-H7 (e.g., B7-H7CR). In certain embodiments, the B7-H7

polypeptide is a derivative of native B7-H7. The organic molecule fused or conjugated to the

B7-H7 polypeptide may be a molecule that one skilled in the art is interested in targeting to a

particular organ(s) or tissue(s) (e.g., lymphoid organs or tissues) (e.g., a cytokine, drug,

marker, etc.).

[00237] In another aspect, a Therapeutic Agent is a protein comprising B7-H7CR

polypeptide and a heterologous molecule. In one embodiment, such a Therapeutic Agent

modulates one or more signal transduction pathways mediated by B7-H7. In one



embodiment the Therapeutic Agent binds to and agonizes signal transduction through the B7-

H7. In another embodiment the Therapeutic Agent binds to native B7-H7 and blocks binding

to B7-H7CR. In a specific embodiment, such a Therapeutic Agent modulates the B7-H7 and

B7-H7CR interaction. In one embodiment, a Therapeutic Agent comprises native B7-H7CR

and a heterologous molecule. In another embodiment, a Therapeutic Agent comprises a B7-

H7CR derivative and a heterologous amino acid sequence. See Section 5.2.2.2, supra, for

B7-H7CR derivatives. In some embodiments, such Therapeutic Agents are

Immunostimulating Therapeutic Agents. In other embodiments, such Therapeutic Agents are

Inhibitory Therapeutic Agents.

[00238] In a specific embodiment, a Therapeutic Agent is a fusion protein comprising B7-

H7CR and a heterologous molecule. In one embodiment, a Therapeutic Agent is a fusion

protein comprising a B7-H7 polypeptide and a constant region of an immunoglobulin or a

fragment thereof (e.g., CHl, CH2, and/or CH3). Fc regions from, e.g., native IgGl, IgG2, or

IgG4 can be used to produce such a fusion protein. In addition, hybrid IgGl/IgG4 Fc

domains can be used to produce such a fusion protein as can modified IgGl Fc domains (e.g.,

IgGl modified to improve binding to certain Fc gamma receptors; IgGl modified to

minimize effector function; IgGl with altered/no glycan; and IgGl with altered pH-

dependent binding to FcRn) and modified IgG4 Fc domains (e.g., IgG4 modified to prevent

binding to Fc gamma receptors and/or complement). Exemplary Fc domain modifications

are described in Mueller et al, 1997, Molecular Immunology 34(6):441-452; Swann et al,

2008, Current Opinion in Immunology 20:493-499; and Presta, 2008, Current Opinion in

Immunology 20:460-470. In a specific embodiment, a Therapeutic Agent is the B7-H7CR-Ig

fusion protein described in Example 6, infra. In some embodiments, such Therapeutic

Agents are Immunostimulating Therapeutic Agents. In other embodiments, such Therapeutic

Agents are Inhibitory Therapeutic Agents.

[00239] In certain embodiments, a Therapeutic Agent is a fusion protein or a conjugate

comprising B7-H7CR polypeptide and an organic molecule. In accordance with these

embodiments, the B7-H7CR polypeptide can be used as a targeting moiety to target the

organic molecule to which it is fused or conjugated to particular organs or tissues (e.g.,

lymphoid organs or tissues). The examples below provide information regarding organs and

tissues expressing. B7-H7CR. In specific embodiments, the B7-H7CR polypeptide

comprises the extracellular domain of native B7-HCR or a fragment thereof that retains the

ability to bind to one or more ligands of B7-H7CR (e.g., B7-H7). In certain embodiments,

the B7-H7CR polypeptide is a derivative of native B7-H7CR. The organic molecule fused or



conjugated to the B7-H7CR polypeptide may be any molecule that one skilled in the art is

interested in targeting to particular organs or tissues (e.g., testis, colon, lung, kidney,

pancreas, small intestine, liver, or skeletal muscle) (e.g., a cytokine, drug, marker, etc.).

[00240] The B7-H7 polypeptide or B7-H7CR polypeptide may be covalently or non-

covalently linked to a heterologous molecule. In certain embodiments, B7-H7 polypeptide or

B7-H7CR polypeptide is covalently or non-covalently linked directly to a heterologous

molecule (e.g., by combining amino acid sequences via peptide bonds). In other

embodiments, B7-H7 polypeptide or B7-H7CR polypeptide is linked to a heterologous

molecule using one or more linkers. Linkers suitable for conjugating B7-H7 polypeptide or

B7-H7CR polypeptide to a heterologous molecule comprise peptides, alkyl groups,

chemically substituted alkyl groups, polymers, or any other covalently-bonded or non-

covalently bonded chemical substance capable of binding together two or more components.

Polymer linkers comprise any polymers known in the art, including polyethylene glycol

("PEG"). In some embodiments, the linker is a peptide that is 1, 2, 3, 4, 5,6, 7, 8, 9, 10, 11,

12, 13, 14, 15, 16, 17, 18, 19, 20 or more amino acids long. In a specific embodiment, the

linker is long enough to preserve the ability of B7-H7 polypeptide to bind to B7-H7CR

polypeptide. In other embodiments, the linker is long enough to preserve the ability of the

B7-H7 polypeptide to bind to B7-H7CR polypeptide and to induce one or more signal

transduction pathways induced by the interaction between native B7-H7 polypeptide and

native B7-H7CR polypeptide. In specific embodiments, the linker preserves the formation of

disulphide bonds.

[00241] In some embodiments, the heterologous molecule is the Fc domain of an IgG

immunoglobulin or a fragment thereof. In certain embodiments, the heterologous molecule is

polyethylene glycol (PEG). In some embodiments, the heterologous molecule is a

therapeutic moiety possessing a desired biological activity. In certain embodiments, the

heterologous molecule is interferon-γ , interferon- β, interferon-α, interleukin-2 ("IL-2"),

interleukin-7 ("IL-7"), interleukin 9 ("IL-9"), interleukin-10 ("IL-10"), interleukin-12 ("IL-

12"), interleukin- 15 ("IL-15"), interleukin-2 3 ("IL-23"), granulocyte macrophage colony

stimulating factor ("GM-CSF"), granulocyte colony stimulating factor ("G-CSF" )), or a

growth factor.

[00242] In some embodiments, the heterologous molecule increases protein stability.

Non-limiting examples of such molecules include polyethylene glycol (PEG), Fc domain of

an IgG immunoglobulin, a fragment thereof or modified form thereof, or albumin that

increase the half-life of B7-H7 or B7-H7CR in vivo. See, e.g., Section 5.1.1 for a discussion



regarding modified Fc domains. In certain embodiments, the heterologous molecules is not

an Fc domain of an immunoglobulin molecule or a fragment thereof. In other embodiments,

the heterologous molecules reduce binding to Fc receptors, e.g., the heterologous molecule is

an Fc domain of an immunoglobulin or a fragment therof with reduced affinity for an Fc

receptor (e.g., FcRn).

[00243] In some embodiments, the heterologous molecule is a detectable moiety. Non-

limiting examples of detectable moieties include various enzymes, such as, but not limited to,

horseradish peroxidase, alkaline phosphatase, beta-galactosidase, or acetylcholinesterase;

prosthetic groups, such as, but not limited to, streptavidin/biotin and avidin/biotin; fluorescent

materials, such as, but not limited to, umbelliferone, fluorescein, fluorescein isothiocynate,

rhodamine, dichlorotriazinylamine fluorescein, dansyl chloride or phycoerythrin; luminescent

materials, such as, but not limited to, luminol; bioluminescent materials, such as but not

limited to, luciferase, luciferin, and aequorin; radioactive materials, such as, but not limited

to, iodine (131I, 125I, 123I, and 121I,), carbon ( 14C), sulfur (35S), tritium (3H), indium (115In,

113In, 112In, and 111In,), technetium (99Tc), thallium (201Ti), gallium (68Ga, 67Ga), palladium

(103Pd), molybdenum (99Mo), xenon (133Xe), fluorine (18F), 153 Sm, 177Lu, 159Gd, 149Pm, 140La,

175Yb, 166Ho, 90Y, 47Sc, 186Re, 188Re 142Pr, 105Rh, 97Ru, 68Ge, 57Co, 65Zn, 85Sr, 32P, 153Gd,

169Yb, 5 1Cr, 54Mn, 75Se, 113Sn, and 117Sn; and positron emitting metals using various positron

emission tomographies, and non-radioactive paramagnetic metal ions.

[00244] In some embodiments, the heterologous molecule is a marker amino acid

sequence or a penetrating peptide. Marker amino acid sequences may facilitate purification

of a protein. Examples of marker amino acid sequences include, but are not limited to, a

hexa-histidine peptide (such as the tag provided in a pQE vector (QIAGEN, Inc.)), a

hemagglutinin ("HA") tag (which corresponds to an epitope derived from the Influenza

hemagglutinin protein (Wilson et al., 1984, Cell 37:767)), the Fc domain of an

immunoglobulin, and the "flag" tag.

5.2.4 Nucleic Acids

5.2.4.1 B7-H7 Nucleic Acids

[00245] In one aspect, presented herein are Therapeutic Agents that are nucleic acids

encoding B7-H7. In one embodiment, the B7-H7 encoded by the nucleic acid is capable of

binding to one or more receptors of native B7-H7 (e.g., B7-H7CR). In a specific

embodiment, the B7-H7 encoded by the nucleic acids is capable of binding to B7-H7CR. In

specific embodiments, the B7-H7 encoded by the nucleic acids are Immunostimulating



Therapeutic Agents. In other specific embodiments, the B7-H7 encoded by the nucleic acids

are Inhibitory Therapeutic Agents.

[00246] Nucleic acid sequences encoding native B7-H7 are known in the art and have

been described in the literature. For example, the nucleic acid sequences encoding native B7-

H7 can be found in publicly available publications and databases, e.g., National Center for

Biotechnology Information website at ncbi.nlm.nih.gov. Cloning techniques well known in

the art can be used to generate nucleic acids encoding B7-H7. See, e.g., Ausubel et al,

Current Protocols in Molecular Biology, John Wiley and Sons, Inc. (1995); Sambrook et al,

Molecular Cloning, A Laboratory Manual (2d ed.), Cold Spring Harbor Press, Cold Spring

Harbor, N.Y. (1989); Birren et al, Genome Analysis: A Laboratory Manual, volumes 1

through 4, Cold Spring Harbor Press, Cold Spring Harbor, N.Y. (1997-1999).

[00247] In one embodiment, the Therapeutic Agent comprises nucleic acids that encode

native B7-H7. In another embodiment, the Therapeutic Agent comprises nucleic acids that

encode a fusion protein described in Section 5.2.3, supra. In another embodiment, the

Therapeutic Agent comprises nucleic acids that encode a B7-H7 derivative. See Section

5.2.2.1, supra, for B7-H7 derivatives that the nucleic acids might encode.

[00248] In specific embodiments, nucleic acids encoding B7-H7 include: (a) a nucleic acid

sequence that is at least 40%, 45%, 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, 95%,

98%, or 99% or is 40% to 65%, 50% to 90%, 65% to 90%, 70% to 90%, 75% to 95%, 80% to

95%, or 85% to 99% identical to the naturally occurring nucleic acid sequence encoding a

native B7-H7 polypeptide; (b) a nucleic acid sequence encoding a polypeptide that is at least

40%, 45%, 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, 95%, 98%, or 99% or is 40%

to 65%, 50% to 90%, 65% to 90%, 70% to 90%, 75% to 95%, 80% to 95%, or 85% to 99%

identical the amino acid sequence of a native B7-H7 polypeptide; (c) a nucleic acid sequence

that contains 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20 or more, or 2 to

5, 2 to 10, 5 to 10, 5 to 15, 5 to 20, 10 to 15, or 15 to 20 nucleic acid base mutations (e.g.,

additions, deletions and/or substitutions) relative to the naturally occurring nucleic acid

sequence encoding a native B7-H7 polypeptide; (d) a nucleic acid sequence that hybridizes

under high, moderate or typical stringency hybridization conditions to a naturally occurring

nucleic acid sequence encoding a native B7-H7 polypeptide; (e) a nucleic acid sequence that

hybridizes under high, moderate or typical stringency hybridization conditions to a fragment

of a naturally occurring nucleic acid sequence encoding a native B7-H7 polypeptide; and (f) a

nucleic acid sequence encoding a fragment of a naturally occurring nucleic acid sequence

encoding a native B7-H7 polypeptide.



[00249] In a specific embodiment, a nucleic acid sequence encoding a B7-H7 polypeptide

is a derivative of a naturally occurring nucleic acid sequence encoding a native human B7-H7

polypeptide. In another embodiment, a nucleic acid sequence encoding a B7-H7 polypeptide

is a derivative of a naturally occurring nucleic acid sequence encoding an immature or

precursor form of a native human B7-H7 polypeptide. In another embodiment, a nucleic acid

sequence encoding a B7-H7 polypeptide is a derivative of a naturally occurring nucleic acid

sequence encoding a mature form of a native human B7-H7 polypeptide. In another

embodiment, a nucleic acid sequence encodes a B7-H7 derivative described in Section

5.2.2. 1, supra. In certain embodiments, the nucleic acid sequence encoding a B7-H7

polypeptide includes non-naturally occurring residues.

[00250] In certain embodiments, nucleic acid sequences include codon-optimized nucleic

acid sequences that encode native B7-H7 polypeptide, including mature and immature forms

of B7-H7 polypeptide. In other embodiments, nucleic acid sequences include nucleic acids

that encode B7-H7 RNA transcripts containing mutations that eliminate potential splice sites

and instability elements (e.g., A/T or A/U rich elements) without affecting the amino acid

sequence to increase the stability of the B7-H7 RNA transcripts.

[00251] In certain embodiments, nucleic acid sequences encode a B7-H7 polypeptide that

retains at least 25%, 30%, 35%, 40%, 45%, 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%,

90%, 95%, 98% or 99%, or in the range of between 25% to 50%, 25% to 75%, 25% to 98%,

50% to 75%, or 75% to 100% of the function of a native B7-H7 polypeptide to bind to a

native receptor of B7-H7 polypeptide (e.g., B7-H7CR), as measured by assays well known in

the art, e.g., ELISA, Biacore, or co-immunoprecipitation. In a specific embodiment, nucleic

acid sequences encode a B7-H7 polypeptide that retains at least 25%, 30%, 35%, 40%, 45%,

50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, 95%, 98% or 99%, or in the range of

between 25% to 50%, 25% to 75%, 25% to 98%, 50% to 75%, or 75% to 100% of the

function of a native B7-H7 polypeptide to bind to B7-H7CR.

[00252] In certain embodiments, nucleic acid sequences encode a B7-H7 polypeptide that

has a higher affinity for a native receptor of B7-H7 (e.g., native B7-H7CR) than native B7-

H7 for the same receptor, as measured by assays/techniques well known in the art, e.g.,

ELISA, Biacore, or co-immunoprecipitation. In one embodiment, nucleic acid sequences

encode a B7-H7 polypeptide that binds to a native receptor of B7-H7 (e.g., B7-H7CR) with

25%, 50%, 75%, 80%, 85%, 85%, 90%, 95%, or 25% to 50%, 50% to 75%, 75% to 95%, or

50% to 95% higher affinity than native B7-H7 for the same receptor, as measured by known

assays/techniques. In a specific embodiment, nucleic acid sequences encode a B7-H7



polypeptide that binds to a native receptor of B7-H7 (e.g., B7-H7CR) with 0.5 logs, 1 log, 1.5

logs, 2 logs, 2.5 logs, or 3 logs higher affinity than the native B7-H7 binds to the same

receptor, as measured by assays/techniques well known in the art, e.g., ELISA, Biacore, or

co-immunoprecipitation.

[00253] In certain embodiments, nucleic acid sequences encode a B7-H7 polypeptide that

binds to a native receptor of B7-H7 with a lower affinity than the native B7-H7 binds to the

same receptor, as measured by well-known assays/techniques. In one embodiment, nucleic

acid sequences encode a B7-H7 polypeptide that binds to a native receptor of B7-H7 with

25%, 50%, 75%, 80%, 85%, 90%, 95%, 25% to 50%, 25% to 75%, 50% to 75%, 50% to

95%, or 75% to 95% lower affinity than the native B7-H7 binds to the same receptor, as

measured by well-known assays/techniques. In another embodiment, nucleic acid sequences

encode a B7-H7 polypeptide that binds to a native receptor of B7-H7 with 0.5 logs, 1 log, 1.5

logs, 2 logs, 2.5 logs, or 3 logs lower affinity than the native B7-H7 binds to the same

receptor, as measured by well-known assays/techniques.

[00254] In certain other embodiments, nucleic acid sequences encode a B7-H7 polypeptide

that retains less than 20%, 15%, 10%, 5% or 2%, or in the range of between 2% to 20%, 2%

to 15%, 2% to 10%, or 2% to 5% of the function of a native B7-H7 polypeptide to bind to a

native receptor of B7-H7 (e.g., B7-H7CR), as measured by assays well known in the art, e.g.,

ELISA, Biacore, or co-immunoprecipitation. In a specific embodiment, nucleic acid

sequences encode a B7-H7 polypeptide that retains less than 20%, 15%, 10%, 5% or 2%, or

in the range of between 2% to 20%, 2% to 15%, 2% to 10%, or 2% to 5% of the function of a

native B7-H7 polypeptide to bind to B7-H7CR.

[00255] In some embodiments, nucleic acid sequences encode a B7-H7 polypeptide that

retains at least 25%, 30%, 35%, 40%, 45%, 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%,

90%, 95%, 98% or 99%, or in the range of between 25% to 50%, 25% to 75%, 25% to 98%,

50% to 75%, or 75% to 100% of the ability to activate or induce one or more of the signal

transduction pathways induced when a native receptor of B7-H7 (e.g., B7-H7CR) binds to a

native B7-H7 polypeptide, as measured by assays well-known in the art. The one or more

signal transduction pathways induced by the binding of a B7-H7 polypeptide to a receptor of

B7-H7 (e.g., B7-H7CR) can be measured by, e.g., assessing the activation of a signal

transduction moiety (e.g., Jun kinase activation, MAP kinase activation, PKC activation), the

translocation of a transcription factor (e.g., NF-kappa B or Statl), and cytokine production

(e.g., IL-2, IL-4, 11-5, IL-10, IL-17, interferon-gamma, or tumor necrosis factor-alpha) using

techniques such as ELISAs, Western blots, electromobility shift assays, and other



immunoassays. In a specific embodiment, nucleic acid sequences encode a B7-H7

polypeptide that retains at least 25%, 30%, 35%, 40%, 45%, 50%, 55%, 60%, 65%, 70%,

75%, 80%, 85%, 90%, 95%, 98% or 99%, or in the range of between 25% to 50%, 25% to

75%, 25% to 98%, 50% to 75%, or 75% to 100% of the ability to activate or induce one or

more of the signal transduction pathways induced by the binding of a native B7-H7

polypeptide to B7-H7CR.

[00256] In certain embodiments, nucleic acid sequences encode a B7-H7 polypeptide that

binds to its native receptor (e.g., native B7-H7CR) and induces a higher level of activity than

native B7-H7 binding to the native receptor as assessed by, e.g., the activation or induction of

one or more signal transduction molecules. In specific embodiments, nucleic acid sequences

encode a B7-H7 polypeptide that binds to B7-H7CR and induces a higher level of activity

than native B7-H7 binding to native B7-H7CR as assessed by, e.g., the activation or

induction of one or more signal transduction molecules. In some embodiments, nucleic acid

sequences encode a B7-H7 polypeptide that binds to B7-H7CR and induces at least 25%,

30%, 35%, 40%, 45%, 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, 95%, 98% or

99%, or in the range of between 25% to 50%, 25% to 75%, 25% to 98%, 50% to 75%, 50%

to 98%, or 75% to 90% higher level of activity than native B7-H7 binding to native B7-

H7CR as assessed by, e.g., the activation or induction of one or more signal transduction

molecules.

[00257] In some other embodiments, nucleic acid sequences encode a B7-H7 polypeptide

that retains less than 20%, 15%, 10%, 5% or 2%, or in the range of between 2% to 20%, 2%

to 15%, 2% to 10%, or 2% to 5% of the ability to activate or induce one or more of the signal

transduction pathways induced when a native B7-H7 polypeptide binds to a receptor of a

native receptor of B7-H7 (e.g., B7-H7CR, as measured by assays well-known in the art. In a

specific embodiment, nucleic acid sequences encode a B7-H7 polypeptide that retains less

than 20%, 15%, 10%, 5% or 2%, or in the range of between 2% to 20%, 2% to 15%, 2% to

10%, or 2% to 5% of the ability to activate or induce one or more of the signal transduction

pathways induced by the binding of a native B7-H7 polypeptide to B7-H7CR.

5.2.4.2 B7-H7CR Nucleic Acids

[00258] In one aspect, presented herein are Therapeutic Agents that are nucleic acids

encoding B7-H7CR. In one embodiment, the B7-H7CR encoded by the nucleic acids is

capable of binding to one or more ligands of native B7-H7CR (e.g., B7-H7). In a specific

embodiment, the B7-H7CR encoded by the nucleic acids is capable of binding to B7-H7. In



specific embodiments, the B7-H7CR encoded by the nucleic acids are Immunostimulating

Therapeutic Agents. In other specific embodiments, the B7-H7CR encoded by the nucleic

acids are Inhibitory Therapeutic Agents.

[00259] Nucleic acid sequences encoding native B7-H7CR are known in the art and have

been described in the literature. For example, the nucleic acid sequences encoding native B7-

H7CR can be found in publicly available publications and databases, e.g., National Center for

Biotechnology Information website at ncbi.nlm.nih.gov. Cloning techniques well known in

the art can be used to generate nucleic acids encoding B7-H7CR. See, e.g., Ausubel et ah,

Current Protocols in Molecular Biology, John Wiley and Sons, Inc. (1995); Sambrook et ah,

Molecular Cloning, A Laboratory Manual (2d ed.), Cold Spring Harbor Press, Cold Spring

Harbor, N.Y. (1989); Birren et ah, Genome Analysis: A Laboratory Manual, volumes 1

through 4, Cold Spring Harbor Press, Cold Spring Harbor, N.Y. (1997-1999).

[00260] In one embodiment, the Therapeutic Agent comprises nucleic acids that encode

native B7-H7CR. In another embodiment, the Therapeutic Agent comprises nucleic acids

that encode a fusion protein described in Section 5.2.3, supra. In another embodiment, the

Therapeutic Agent comprises nucleic acids that encode a B7-H7CR derivative. See Section

5.2.2.2, supra, for B7-H7CR derivatives that the nucleic acids might encode.

[00261] In specific embodiments, nucleic acids encoding B7-H7CR include: (a) a nucleic

acid sequence that is at least 40%, 45%, 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%,

95%, 98%, or 99% or is 40% to 65%, 50% to 90%, 65% to 90%, 70% to 90%, 75% to 95%,

80% to 95%, or 85% to 99% identical to the naturally occurring nucleic acid sequence

encoding a native B7-H7CR polypeptide; (b) a nucleic acid sequence encoding a polypeptide

that is at least 40%, 45%, 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, 95%, 98%, or

99% or is 40% to 65%, 50% to 90%, 65% to 90%, 70% to 90%, 75% to 95%, 80% to 95%, or

85% to 99% identical the amino acid sequence of a native B7-H7CR polypeptide; (c) a

nucleic acid sequence that contains 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18,

19, 20 or more, or 2 to 5, 2 to 10, 5 to 10, 5 to 15, 5 to 20, 10 to 15, or 15 to 20 nucleic acid

base mutations (e.g., additions, deletions and/or substitutions) relative to the naturally

occurring nucleic acid sequence encoding a native B7-H7CR polypeptide; (d) a nucleic acid

sequence that hybridizes under high, moderate or typical stringency hybridization conditions

to a naturally occurring nucleic acid sequence encoding a native B7-H7CR polypeptide; (e) a

nucleic acid sequence that hybridizes under high, moderate or typical stringency

hybridization conditions to a fragment of a naturally occurring nucleic acid sequence

encoding a native B7-H7CR polypeptide; and (f) a nucleic acid sequence encoding a



fragment of a naturally occurring nucleic acid sequence encoding a native B7-H7CR

polypeptide.

[00262] In a specific embodiment, a B7-H7CR derivative in the context of nucleic acids is

a derivative of a naturally occurring nucleic acid sequence encoding a human B7-H7CR

polypeptide. In another embodiment, a B7-H7CR derivative in the context of nucleic acids is

a derivative of a naturally occurring nucleic acid sequence encoding an immature or

precursor form of a native human B7-H7CR polypeptide. In another embodiment, a B7-

H7CR derivative in the context of nucleic acids is a derivative of a naturally occurring

nucleic acid sequence encoding a mature form of a native human B7-H7CR polypeptide.

[00263] In a specific embodiment, a nucleic acid sequence encoding a B7-H7CR

polypeptide is a derivative of a naturally occurring nucleic acid sequence encoding a native

human B7-H7CR polypeptide. In another embodiment, a nucleic acid sequence encoding a

B7-H7CR polypeptide is a derivative of a naturally occurring nucleic acid sequence encoding

an immature or precursor form of a native human B7-H7CR polypeptide. In another

embodiment, a nucleic acid sequence encoding a B7-H7CR polypeptide is a derivative of a

naturally occurring nucleic acid sequence encoding a mature form of a native human B7-H7

polypeptide. In another embodiment, a nucleic acid sequence encodes a B7-H7CR derivative

described in Section 5.2.2.2, supra. In certain embodiments, the nucleic acid sequence

encoding a B7-H7CR polypeptide includes non-naturally occurring residues.

[00264] In certain embodiments, nucleic acid sequences include codon-optimized nucleic

acid sequences that encode native B7-H7CR polypeptide, including mature and immature

forms of B7-H7CR polypeptide. In other embodiments, nucleic acid sequences include

nucleic acids that encode B7-H7CR RNA transcripts containing mutations that eliminate

potential splice sites and instability elements (e.g., A/T or A/U rich elements) without

affecting the amino acid sequence to increase the stability of the mammalian B7-H7CR RNA

transcripts.

[00265] In certain embodiments, nucleic acid sequences encode a B7-H7CR polypeptide

that retains at least 25%, 30%, 35%, 40%, 45%, 50%, 55%, 60%, 65%, 70%, 75%, 80%,

85%, 90%, 95%, 98% or 99%, or in the range of between 25% to 50%, 25% to 75%, 25% to

98%, 50% to 75%, or 75% to 100% of the function of a native B7-H7CR polypeptide to bind

to a native ligand of B7-H7CR (e.g., B7-H7), as measured by assays well known in the art,

e.g., ELISA, Biacore, or co-immunoprecipitation. In a specific embodiment, nucleic acid

sequences encode a B7-H7CR polypeptide that retains at least 25%, 30%, 35%, 40%, 45%,

50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, 95%, 98% or 99%, or in the range of



between 25% to 50%, 25% to 75%, 25% to 98%, 50% to 75%, or 75% to 100% of the

function of a native B7-H7CR polypeptide to bind to B7-H7.

[00266] In certain embodiments, nucleic acid sequences encode a B7-H7CR polypeptide

that has a higher affinity for a native ligand of B7-H7CR (e.g., native B7-H7) than native B7-

H7CR for the same ligand, as measured by assays/techniques well known in the art, e.g.,

ELISA, Biacore, or co-immunoprecipitation. In one embodiment, nucleic acid sequences

encode a B7-H7CR polypeptide that binds to a native ligand of B7-H7CR (e.g., B7-H7) with

25%, 50%, 75%, 80%, 85%, 85%, 90%, 95%, or 25% to 50%, 50% to 75%, 75% to 95%, or

50% to 95% higher affinity than native B7-H7CR for the same ligand, as measured by known

assays/techniques. In a specific embodiment, nucleic acid sequences encode a B7-H7CR

polypeptide that binds to a native ligand of B7-H7CR (e.g., B7-H7) with 0.5 logs, 1 log, 1.5

logs, 2 logs, 2.5 logs, or 3 logs higher affinity than the native B7-H7CR binds to the same

ligand, as measured by assays/techniques well known in the art, e.g., ELISA, Biacore, or co-

immunoprecipitation.

[00267] In certain embodiments, nucleic acid sequences encode a B7-H7CR polypeptide

that binds to a native ligand of B7-H7CR with a lower affinity than the native B7-H7CR

binds to the same ligand, as measured by well-known assays/techniques. In one embodiment,

nucleic acid sequences encode a B7-H7CR polypeptide that binds to a native ligand of B7-

H7CR with 25%, 50%, 75%, 80%, 85%, 90%, 95%, 25% to 50%, 25% to 75%, 50% to 75%,

50% to 95%, or 75% to 95% lower affinity than the native B7-H7CR binds to the same

ligand, as measured by well-known assays/techniques. In another embodiment, nucleic acid

sequences encode a B7-H7CR polypeptide that binds to a native ligand of B7-H7CR with 0.5

logs, 1 log, 1.5 logs, 2 logs, 2.5 logs, or 3 logs lower affinity than the native B7-H7CR binds

to the same ligand, as measured by well-known assays/techniques.

[00268] In certain other embodiments, nucleic acid sequences encode a B7-H7CR

polypeptide that retains less than 20%, 15%, 10%, 5% or 2%, or in the range of between 2%

to 20%, 2% to 15%, 2% to 10%, or 2% to 5% of the function of a native B7-H7CR

polypeptide to bind to a native ligand of B7-H7CR (e.g., B7-H7), as measured by assays well

known in the art, e.g., ELISA, Biacore, or co-immunoprecipitation. In a specific

embodiment, nucleic acid sequences encode a B7-H7CR polypeptide that retains less than

20%, 15%, 10%, 5% or 2%, or in the range of between 2% to 20%, 2% to 15%, 2% to 10%,

or 2% to 5% of the function of a native B7-H7CR polypeptide to bind to B7-H7.

[00269] In some embodiments, nucleic acid sequences encode a B7-H7CR polypeptide

that retains at least 25%, 30%, 35%, 40%, 45%, 50%, 55%, 60%, 65%, 70%, 75%, 80%,



85%, 90%, 95%, 98% or 99%, or in the range of between 25% to 50%, 25% to 75%, 25% to

98%, 50% to 75%, or 75% to 100% of the ability to activate or induce one or more of the

signal transduction pathways induced when a native ligand of B7-H7CR (e.g., B7-H7) binds

to a native B7-H7CR polypeptide, as measured by assays well-known in the art. The one or

more signal transduction pathways induced by the binding of a ligand of B7-H7CR

polypeptide to a B7-H7CR polypeptide can be measured by, e.g., assessing the activation of a

signal transduction moiety (e.g., Jun kinase activation, MAP kinase activation, PKC

activation), the translocation of a transcription factor (e.g., NF-kappa B or Statl), and

cytokine production (e.g., IL-2, IL-4, 11-5, IL-10, IL-17, interferon-gamma, or tumor necrosis

factor-alpha) using techniques such as ELISAs, Western blots, electromobility shift assays,

and other immunoassays. In a specific embodiment, B7-H7CR derivative nucleic acid

sequences encode a protein or polypeptide that retains at least 25%, 30%, 35%, 40%, 45%,

50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, 95%, 98% or 99%, or in the range of

between 25% to 50%, 25% to 75%, 25% to 98%, 50% to 75%, or 75% to 100% of the ability

to activate or induce one or more of the signal transduction pathways induced by the binding

of B7-H7 to a native B7-H7CR polypeptide.

[00270] In certain embodiments, nucleic acid sequences encode a B7-H7CR polypeptide

that binds to its native ligand (e.g., native B7-H7) and induces a higher level of activity than

native B7-H7CR binding to the native ligand as assessed by, e.g., the induction of one or

more signal transduction molecules. In specific embodiments, nucleic acid sequences encode

a B7-H7CR polypeptide that binds to B7-H7 and induces a higher level of activity than native

B7-H7CR binding to native B7-H7 as assessed by, e.g., the induction of one or more signal

transduction molecules. In some embodiments, nucleic acid sequences encode a B7-H7CR

polypeptide that binds to B7-H7 and induces at least 25%, 30%, 35%, 40%, 45%, 50%, 55%,

60%, 65%, 70%, 75%, 80%, 85%, 90%, 95%, 98% or 99%, or in the range of between 25%

to 50%, 25% to 75%, 25% to 98%, 50% to 75%, 50% to 98%, or 75% to 90% higher level of

activity than native B7-H7CR binding to native B7-H7 as assessed by, e.g., the induction of

one or more signal transduction molecules.

[00271] In some other embodiments, nucleic acid sequences encode a B7-H7CR

polypeptide that retains less than 20%, 15%, 10%, 5% or 2%, or in the range of between 2%

to 20%, 2% to 15%, 2% to 10%, or 2% to 5% of the ability to activate or induce one or more

of the signal transduction pathways induced when a native ligand (e.g., B7-H7) binds to a

native B7-H7CR polypeptide, as measured by assays well-known in the art. In a specific

embodiment, nucleic acid sequences encode a B7-H7CR polypeptide that retains less than



20%, 15%, 10%, 5% or 2%, or in the range of between 2% to 20%, 2% to 15%, 2% to 10%,

or 2% to 5% of the ability to activate or induce one or more of the signal transduction

pathways induced by the binding of B7-H7 to a native B7-H7CR polypeptide.

5.2.4.3 Nucleic Acids Encoding Antibodies

[00272] In one aspect, a Therapeutic Agent is a nucleic acid sequence encoding an

antibody that modulates the interaction between B7-H7 and one or more of its receptors (e.g.,

B7-H7CR). In another aspect, a Therapeutic Agent is a nucleic acid sequence encoding an

antibody that modulates the interaction between B7-H7CR and one or more of its ligands

(e.g., B7-H7). In a specific embodiment, a Therapeutic Agent is a nucleic acid sequence

encoding an antibody that modulates the B7-H7 polypeptide and B7-H7CR polypeptide

interaction. In a specific embodiment, the Therapeutic Agent is a nucleic acid sequence

encoding an antibody that specifically binds to B7-H7 polypeptide and inhibits or reduces the

binding of B7-H7 polypeptide to B7-H7CR polypeptide. In another specific embodiment, a

Therapeutic Agent is a nucleic acid sequence encoding an antibody that specifically binds to

B7-H7CR polypeptide and inhibits or reduces the binding of B7-H7CR polypeptide to B7-H7

polypeptide. In specific embodiments, a Therapeutic Agent is antibody (including antibody

conjugates or fusion proteins) described in Section 5.1, supra or Section 5.2. 1, supra. In

some embodiments, antibodies encoded by the nucleic acid sequences are

Immunostimulating Therapeutic Agents. In other embodiments, antibodies encoded by the

nucleic acid sequences are Inhibitory Therapeutic Agents.

5.2.4.4 Constructs & Recombinant Expression

[00273] The nucleic acids encoding a protein can be inserted into nucleic acid constructs

for expression in mammalian cells, non-mammalian animal cells, insect cells, plant cells,

bacteria, fungus, yeast, and viruses.

[00274] Nucleic acid constructs may comprise one or more transcriptional regulatory

element(s) operably linked to the coding sequence of a protein. The transcriptional

regulatory elements are typically 5' to the coding sequence and direct the transcription of the

nucleic acids encoding a protein. In some embodiments, one or more of the transcriptional

regulatory elements that are found in nature to regulate the transcription of the native gene

are used to control transcription. In other embodiments, one or more transcriptional

regulatory elements that are heterologous to the native gene are used to control transcription.

Any transcriptional regulatory element(s) known to one of skill in the art may be used. Non-

limiting examples of the types of transcriptional regulatory element(s) include a constitutive



promoter, a tissue-specific promoter, and an inducible promoter. In a specific embodiment,

transcription is controlled, at least in part, by a mammalian (in some embodiments, human)

transcriptional regulatory element(s). In a specific embodiment, transcription is controlled, at

least in part, by a strong promoter, e.g., CMV.

[00275] Specific examples of promoters which may be used to control transcription

include, but are not limited to, the SV40 early promoter region (Bernoist & Chambon, 1981,

Nature 290:304-310), the promoter contained in the 3' long terminal repeat of Rous sarcoma

virus (Yamamoto et al, 1980, Cell 22:787-797), the herpes thymidine kinase promoter

(Wagner et al., 1981, Proc. Natl. Acad. Sci. U.S.A. 78:1441-1445), the regulatory sequences

of the metallothionein gene (Brinster et al., 1982, Nature 296:39-42); adenovirus (ADV),

cytomegalovirus (CMV), bovine papilloma virus (BPV), parovirus B19p6 promoter,

prokaryotic expression vectors such as the .beta. -lactamase promoter (Villa-Kamaroff et al.,

1978, Proc. Natl. Acad. Sci. U.S.A. 75:3727-3731), or the tac promoter (DeBoer et al., 1983,

Proc. Natl. Acad. Sci. U.S.A. 80:21-25); see also "Useful proteins from recombinant

bacteria" in Scientific American, 1980, 242:74-94; plant expression vectors comprising the

nopaline synthetase promoter region (Herrera-Estrella et al., Nature 303:209-213) or the

cauliflower mosaic virus 35S RNA promoter (Gardner, et al., 1981, Nucl. Acids Res.

9:2871), and the promoter of the photosynthetic enzyme ribulose biphosphate carboxylase

(Herrera-Estrella et al., 1984, Nature 310:1 15-120); promoter elements from yeast or other

fungi such as the Gal 4 promoter, the ADC (alcohol dehydrogenase) promoter, PGK

(phosphoglycerol kinase) promoter, alkaline phosphatase promoter, and the following animal

transcriptional control regions, which exhibit tissue specificity and have been utilized in

transgenic animals: elastase I gene control region which is active in pancreatic acinar cells

(Swift et al., 1984, Cell 38:639-646; Ornitz et al., 1986, Cold Spring Harbor Symp. Quant.

Biol. 50:399-409; MacDonald, 1987, Hepatology 7:425-515); insulin gene control region

which is active in pancreatic beta cells (Hanahan, 1985, Nature 315:1 15-122),

immunoglobulin gene control region which is active in lymphoid cells (Grosschedl et al.,

1984, Cell 38:647-658; Adames et al., 1985, Nature 318:533-538; Alexander et al., 1987,

MoI. Cell. Biol. 7 :1436-1444), mouse mammary tumor virus control region which is active in

testicular, breast, lymphoid and mast cells (Leder et al., 1986, Cell 45:485-495), albumin

gene control region which is active in liver (Pinkert et al., 1987, Genes and Devel. 1:268-

276), alpha-fetoprotein gene control region which is active in liver (Krumlauf et al., 1985,

MoI. Cell. Biol. 5:1639-1648; Hammer et al., 1987, Science 235:53-58; alpha 1-antitrypsin

gene control region which is active in the liver (Kelsey et al., 1987, Genes and Devel. 1:161-



171), beta-globin gene control region which is active in myeloid cells (Mogram et al, 1985,

Nature 315:338-340; Kollias et al., 1986, Cell 46:89-94; myelin basic protein gene control

region which is active in oligodendrocyte cells in the brain (Readhead et al., 1987, Cell

48:703-712); myosin light chain-2 gene control region which is active in skeletal muscle

(Sani, 1985, Nature 314:283-286), and gonadotropic releasing hormone gene control region

which is active in the hypothalamus (Mason et al., 1986, Science 234:1372-1378). In other

aspects, an inducible promoter can be used.

[00276] Nucleic acid constructs also may comprise one or more post-transcriptional

regulatory element(s) operably linked to the coding sequence of a protein. The post-

transcriptional regulatory elements can be 5' and/or 3' to the coding sequence and direct the

post-transcriptional regulation of the translation of RNA transcripts encoding a protein.

[00277] In another aspect, the nucleic acid construct can be a gene targeting vector that

replaces a gene's existing regulatory region with a regulatory sequence isolated from a

different gene or a novel regulatory sequence as described, e.g., in International Publication

Nos. WO 94/12650 and WO 01/68882, which are incorporated by reference herein in their

entireties.

[00278] The nucleic acid construct chosen will depend upon a variety of factors, including,

without limitation, the strength of the transcriptional regulatory elements and the cell to be

used to express a protein. The nucleic acid constructs can be a plasmid, phagemid, cosmid,

viral vector, phage, artificial chromosome, and the like. In one aspect, the vectors can be

episomal, non-homologously, or homologously integrating vectors, which can be introduced

into the appropriate cells by any suitable means (transformation, transfection, conjugation,

protoplast fusion, electroporation, calcium phosphate-precipitation, direct microinjection,

etc.) to transform them.

[00279] The nucleic acid constructs can be a plasmid or a stable integration vector for

transient or stable expression of a protein in cells. For stable expression, the vector can

mediate chromosomal integration at a target site or a random chromosomal site. Non-

limiting examples of cell-vector systems that may be used to express a protein include

mammalian cell systems infected with virus (e.g., vaccinia virus, adenovirus, retroviruses,

lentiviruses, etc.); insect cell systems infected with virus (e.g., baculovirus); microorganisms

such as yeast containing yeast vectors, or bacteria transformed with bacteriophage, DNA,

plasmid DNA, or cosmid DNA; and stable cell lines generated by transformation using a

selectable marker. In some embodiments, the nucleic acid constructs include a selectable

marker gene including, but not limited to, neo, gpt, dhfr, ada, pac, hyg, CAD and hisD.



[00280] The nucleic acid constructs can be monocistronic or multicistronic. A

multicistronic nucleic acid construct may encode 2, 3, 4, 5, 6, 7, 8, 9, 10 or more, or in the

range of 2-5, 5-10 or 10-20 genes/nucleotide sequences. For example, a bicistronic nucleic

acid construct may comprise in the following order a promoter, a first gene and a second

gene. In such a nucleic acid construct, the transcription of both genes is driven by the

promoter, whereas the translation of the mRNA from the first gene is by a cap-dependent

scanning mechanism and the translation of the mRNA from the second gene is by a cap-

independent mechanism, e.g., by an IRES.

[00281] Techniques for practicing aspects of this invention will employ, unless otherwise

indicated, conventional techniques of molecular biology, microbiology, and recombinant

DNA manipulation and production, which are routinely practiced by one of skill in the art.

See, e.g., Sambrook, 1989, Molecular Cloning, A Laboratory Manual, Second Edition; DNA

Cloning, Volumes I and II (Glover, Ed. 1985); Oligonucleotide Synthesis (Gait, Ed. 1984);

Nucleic Acid Hybridization (Hames & Higgins, Eds. 1984); Transcription and Translation

(Hames & Higgins, Eds. 1984); Animal Cell Culture (Freshney, Ed. 1986); Immobilized

Cells and Enzymes (IRL Press, 1986); Perbal, A Practical Guide to Molecular Cloning

(1984); Gene Transfer Vectors for Mammalian Cells (Miller & Calos, Eds. 1987, Cold Spring

Harbor Laboratory); Methods in Enzymology, Volumes 154 and 155 (Wu & Grossman, and

Wu, Eds., respectively), (Mayer & Walker, Eds., 1987); Immunochemical Methods in Cell

and Molecular Biology (Academic Press, London, Scopes, 1987), Expression of Proteins in

Mammalian Cells Using Vaccinia Viral Vectors in Current Protocols in Molecular Biology,

Volume 2 (Ausubel et al, Eds., 1991).

[00282] Nucleic acid constructs comprising nucleic acids encoding a protein can be

administered in vivo to a mammal or transfected into primary or immortalized cells in culture.

In certain aspects, nucleic acid constructs comprising nucleic acids encoding a protein are

administered to a mammal for recombinant expression of a protein in vivo. In other aspects,

cells transfected with the nucleic acid constructs ex vivo are transplanted or implanted in a

subject. Thus, in certain embodiments, a nucleic acid construct is a Therapeutic Agent. In

other embodiments, cells transplanted with a nucleic acid construct are the Therapeutic

Agent.

[00283] In another aspect, the nucleic acids encoding a protein can be used to generate

mammalian cells that recombinantly express a protein in high amounts for the isolation and

purification. Recombinant protein production and purification are well known in the art, e.g.,

see International Publication No. WO 07/070488, which is incorporated by reference herein



in its entirety. Briefly, the polypeptide can be produced intracellularly, in the periplasmic

space, or directly secreted into the medium. Cell lysate or supernatant comprising the

polypeptide can be purified using, for example, hydroxylapatite chromatography, gel

electrophoresis, dialysis, and affinity chromatography. Other techniques for protein

purification such as fractionation on an ion-exchange column, ethanol precipitation, Reverse

Phase HPLC, chromatography on silica, chromatography on heparin SEPHAROSE™ (gel

filtration substance; Pharmacia Inc., Piscataway, New Jersey) chromatography on an anion or

cation exchange resin (such as a polyaspartic acid column), chromatofocusing, SDS-PAGE,

and ammonium sulfate precipitation are also available.

5.2.5 Cells

[00284] Cells can be engineered to express the protein(s) encoded by the nucleic acids and

nucleic acid constructs described in Section 5.2.4, supra (e.g., Section 5.2.4.4, supra). In one

embodiment, such cells express amounts of protein that are at least 1 fold, 2 fold, 3 fold, 4

fold, 5 fold, 6 fold, 7 fold, 8 fold, 9 fold, 10 fold, 20 fold, 30 fold, 40 fold, 50 fold or more

than 50 fold higher than amounts of protein expressed endogenously by control cells {e.g.,

cells that have not been genetically engineered to recombinantly express protein, or cells

comprising an empty vector). In addition, cells can be engineered to express the antibodies

described in Sections 5.1 and 5.2.1 supra, using techniques well-known to one of skill in the

art, see, e.g., U.S. Patent Nos. 5,807,715, 6,331,415, and 6,818,216; U.S. Patent Application

Publication Nos. US 2002/0098189, US 2004/0028685, US 2005/0019330, and US

2007/0086943; International Publication No. WO 02/46237; and Harlow et al, Antibodies. A

Laboratory Manual, (Cold Spring Harbor Laboratory Press, 2nd ed. 1988); Hammerling, et

al., in: Monoclonal Antibodies and T-CeIl Hybridomas 563-681 (Elsevier, N.Y., 1981) (said

references are incorporated by reference herein in their entireties). The cells chosen for

expression of nucleic acids will depend upon the intended use of the cells. Factors such as

whether a cell glycosylates similar to cells that endogenously express a protein may be

considered in selecting the cells.

[00285] Non-limiting examples of cells that can be used to express the protein(s) encoded

by the nucleic acid constructs described in Section 5.2.4.4, supra, or the antibodies described

in Sections 5.1 and 5.2.1, supra, include mammalian cells, non-mammalian animal cells,

bacterial cells, fungal cells, yeast cells, primary cells, immortalized cells, plant cells, and

insect cells. In a specific embodiment, the cells are a mammalian cell line. Examples of

mammalian cell lines include, but are not limited to, COS, CHO, HeLa, NIH3T3, HepG2,



MCF7, HEK, 293T, RD, PC 12, hybridomas, pre-B cells, 293, 293H, K562, SkBr3, BT474,

A204, M07Sb, Raji, Jurkat, MOLT-4, CTLL-2, MC-IXC, SK-N-MC, SK-N-MC, SK-N-DZ,

SH-SY5Y, C127, NO, and BE(2)-C cells. Other mammalian cell lines available as hosts for

expression are known in the art and include many immortalized cell lines available from the

American Type Culture Collection (ATCC). In another embodiment, the cells are

immortalized cell lines derived from a subject. In another embodiment, the cells are primary

or secondary cells from a subject. In a particular embodiment, the cells are cancer cells. In

another embodiment, the cells are fetal/embryonic cells. In some embodiments, the cells are

progenitor cells. In some embodiments, the cells are lymphocytes (e.g., T cells and B cells).

In another embodiment, the cells are stem cells. In yet another embodiment, the cells

engineered to express the nucleic acid constructs of Section 5.2.4.4, supra, are from an adult.

[00286] In a specific embodiment, reference to a cell transfected with nucleic acids

includes the particular subject cell transfected with the nucleic acids and the progeny or

potential progeny of such a cell. Progeny of such a cell may not be identical to the parent cell

transfected with the nucleic acid molecule due to mutations or environmental influences that

may occur in succeeding generations or integration of the nucleic acid molecule into the cell

genome.

[00287] In some embodiments, isolated cells are utilized herein. In a specific

embodiment, the isolated cells are at least 80%, 90%, 95% or 98% free of a different cell type

as measured by a technique known to one of skill in the art, such as flow cytometry. In other

words, at least 80%, 90%, 95% or 98% of the isolated cells are of the same cell type.

[00288] Any techniques known to one of skill in the art can be used to transfect or

transduce cells with nucleic acids including, e.g., transformation, transfection, conjugation,

protoplast fusion, electroporation, calcium phosphate-precipitation, direct microinjection, and

infection with viruses, including but not limited to adenoviruses, lentiviruses, and

retroviruses. In one embodiment, the cells are transiently transfected with nucleic acids. In

another embodiment, the cells are stably transfected with nucleic acids.

[00289] For long-term, high-yield production of a recombinant of a protein, stable cell

lines can be generated. For example, cell lines can be transformed using the nucleic acid

constructs of Section 5.2.4.4 which may contain a selectable marker gene on the same or on a

separate nucleic acid construct. The selectable marker gene can be introduced into the same

cell by co-transfection. Following the introduction of the vector, cells are allowed to grow

for 1-2 days in an enriched media before they are switched to selective media to allow growth

and recovery of cells that successfully express the introduced nucleic acids. Resistant clones



of stably transformed cells may be proliferated using tissue culture techniques well known in

the art that are appropriate to the cell type. In a particular embodiment, the cell line has been

adapted to grow in serum-free medium. In one embodiment, the cell line has been adapted to

grow in serum-free medium in shaker flasks. In one embodiment, the cell line has been

adapted to grow in stir or rotating flasks. In certain embodiments, the cell line is cultured in

suspension.

[00290] In a specific embodiment, a particularly preferred method of high-yield

production of a recombinant polypeptide of the present invention is through the use of

dihydro folate reductase (DHFR) amplification in DHFR-deficient CHO cells, by the use of

successively increasing levels of methotrexate as described in U.S. Patent No. 4,889,803,

which is incorporated by reference herein in its entirety. The polypeptide obtained from such

cells may be in a glycosylated form.

[00291] In a specific embodiment, the nucleic acid constructs are suitable for introduction

and expression in primary cells isolated from a subject. The primary cells are engineered to

express a protein. In a specific embodiment, the primary cells isolated from a subject are

further engineered to recombinantly express another therapeutic polypeptide, e.g. , a cytokine

(e.g., IL-I, IL-2, IL-6, IL-Il, IL-12, IL-13, TNF-alpha, GM-CSF, interferon-α, interferon-β,

or interferon-γ), CD3, a growth factor or a fragment or derivative thereof. In a specific

embodiment, the primary cells isolated from a subject are further engineered to

recombinantly express an antigen of a cancer.

[00292] In certain embodiments, cells engineered to express a protein are used as a

Therapeutic Agent and are implanted or transplanted into a subject to prevent, treat or

manage a disease.

5.2.6 Compounds

[00293] In another aspect, a Therapeutic Agent is a compound (e.g., a small molecule). In

some embodiments, a Therapeutic Agent is a compound that modulates the interaction

between B7-H7 and one or more of its receptors (e.g., B7-H7CR). In certain embodiments, a

Therapeutic Agent is a compound that modulates the interaction between B7-H7CR and one

or more of its ligands (e.g., B7-H7). In some embodiments, a Therapeutic Agent is a

compound that modulates the interaction between B7-H7 and B7-H7CR. In other

embodiments, a Therapeutic Agent is a compound that modulates the expression of B7-H7 or

B7-H7CR. In specific embodiments, a Therapeutic Agent is an Immunostimulating

Therapeutic Agent. In other specific embodiments, a Therapeutic Agent is an Inhibitory



Therapeutic Agent. Examples of compounds include, but are not limited to, peptides;

proteins; peptoids; random biooligomers; diversomers such as hydantoins, benzodiazepines,

dipeptides; vinylogous polypeptides; nonpeptidal peptidomimetics; oligocarbamates; peptidyl

phosphonates; nucleic acids (e.g., RNAi, antisense, and microRNA); antibodies; and

carbohydrates. In a specific embodiment, a Therapeutic Agent is a small molecule.

[00294] In certain embodiments, a Therapeutic Agent is an antisense nucleic acid molecule

that inhibits or reduces the expression of B7-H7 or B7-H7CR. An antisense molecule can

hydrogen bond to a sense nucleic acid. The antisense nucleic acid can be complementary to

an entire coding strand, or to only a fragment thereof, e.g. , all or part of the protein coding

region (or open reading frame). An antisense nucleic acid molecule can be antisense to all or

part of a non-coding region of the coding strand of a nucleotide sequence encoding a protein.

The non-coding regions ("5' and 3' untranslated regions") are the 5' and 3' sequences which

flank the coding region and are not translated into amino acids.

[00295] An antisense nucleic acid molecule can be, for example, about 5, 10, 15, 20, 25,

30, 35, 40, 45, or 50, or 5 to 25, 5 to 50, 10 to 25, 10 to 50, 15 to 25, 15 to 50, 20 to 30, 20 to

40, 20 to 50, 25 to 40, or 25 to 50 nucleotides or more in length. An antisense nucleic acid

molecule can be constructed using chemical synthesis and enzymatic ligation reactions using

procedures known in the art. For example, an antisense nucleic acid (e.g., an antisense

oligonucleotide) can be chemically synthesized using naturally occurring nucleotides or

variously modified nucleotides designed to increase the biological stability of the molecules

or to increase the physical stability of the duplex formed between the antisense and sense

nucleic acids, e.g., phosphorothioate derivatives and acridine substituted nucleotides can be

used. Examples of modified nucleotides which can be used to generate the antisense nucleic

acid molecule include 5-fluorouracil, 5-bromouracil, 5-chlorouracil, 5-iodouracil,

hypoxanthine, xanthine, 4-acetylcytosine, 5-(carboxyhydroxylmethyl) uracil, 5-

carboxymethylaminomethyl-2-thiouridine, 5-carboxymethylaminomethyluracil,

dihydrouracil, beta-D-galactosylqueosine, inosine, N6-isopentenyladenine, 1-methylguanine,

1-methylinosine, 2,2-dimethylguanine, 2-methyladenine, 2-methylguanine, 3-methylcytosine,

5-methylcytosine, N6-adenine, 7-methylguanine, 5-methylaminomethyluracil, 5-

methoxyaminomethyl-2-thiouracil, beta-D-mannosylqueosine, 5'-

methoxycarboxymethyluracil, 5-methoxyuracil, 2-methylthio-N6-isopentenyladenine, uracil-

5-oxyacetic acid (v), wybutoxosine, pseudouracil, queosine, 2-thiocytosine, 5-methyl-2-

thiouracil, 2-thiouracil, 4-thiouracil, 5-methyluracil, uracil-5-oxyacetic acid methylester,

uracil-5-oxyacetic acid (v), 5-methyl-2-thiouracil, 3-(3-amino-3-N-2-carboxypropyl) uracil,



(acp3)w, and 2,6-diaminopurine. Alternatively, the antisense nucleic acid can be produced

biologically using an expression vector into which a nucleic acid has been subcloned in an

antisense orientation (i.e., RNA transcribed from the inserted nucleic acid will be of an

antisense orientation to a target nucleic acid of interest, described further in the following

subsection). Techniques for generating antisense nucleic acid molecules are known to those

skilled in the art.

[00296] In some embodiments, a Therapeutic Agent is a ribozyme that is specific for B7-

H7 or B7-H7CR nucleic acids. Ribozymes are catalytic RNA molecules with ribonuclease

activity which are capable of cleaving a single-stranded nucleic acid, such as an mRNA, to

which they have a complementary region. Thus, ribozymes (e.g., hammerhead ribozymes

(described in Haselhoff and Gerlach (1988) Nature 334:585-591)) can be used to catalytically

cleave mRNA transcripts to thereby inhibit translation of the protein encoded by the mRNA.

A ribozyme having specificity for a nucleic acid molecule encoding a polypeptide can be

designed based upon the nucleotide sequence of a cDNA disclosed herein. For example, a

derivative of a Tetrahymena L-19 IVS RNA can be constructed in which the nucleotide

sequence of the active site is complementary to the nucleotide sequence to be cleaved in a

Cech et al. U.S. Pat. No. 4,987,071; and Cech et al. U.S. Pat. No. 5,1 16,742. Alternatively, an

mRNA encoding a polypeptide can be used to select a catalytic RNA having a specific

ribonuclease activity from a pool of RNA molecules. See, e.g., Bartel and Szostak (1993)

Science 261:1411-1418.

[00297] In some embodiments, a Therapeutic Agent is a small interfering RNA (siRNA)

that inhibits or reduces the expression of B7-H7 or B7-H7CR. Techniques for generating and

using siRNA are known in the art. See, e.g., U.S. Patent Nos. 7,65 1,541, 7,608,707, and

7,056,704; Lopez-Fraga et al., 2009, BioDrugs 23(5): 305-332; Hajeri et al., 2009, Drug

Discov Today 14(17-18):851-8; and Tilesi et al., 2009, Curr Opin MoI Ther. 11(2):156-64 for

information concerning siRNA.

5.3 THERAPEUTIC AGENTS THAT MODULATE THE
INTERACTION BETWEEN B7-H2 AND ITS RECEPTORS

[00298] In one aspect, presented herein are Therapeutic Agents that modulate one or more

of the signal transduction pathways induced when a native B7-H2 polypeptide binds to either

a native ICOS polypeptide, native CD28 polypeptide, or native CTLA-4 polypeptide. In a

specific embodiment, a Therapeutic Agent selectively modulates one or more of the signal

transduction pathways induced when a native B7-H2 binds to either a native ICOS

polypeptide, native CD28 polypeptide, or a native CTLA-4 polypeptide. In some



embodiments, a Therapeutic Agent modulates the interaction between a native B7-H2

polypeptide and a native ICOS polypeptide, native CD28 polypeptide, or native CTLA-4

polypeptide. In certain embodiments, a Therapeutic Agent selectively modulates the

interaction between either a native B7-H2 polypeptide and a native ICOS polypeptide, native

CD28 polypeptide, or native CTLA-4 polypeptide.

[00299] In another aspect, presented herein are Therapeutic Agents that modulate the

expression of a native B7-H2 polypeptide, native ICOS polypeptide, native CD28

polypeptide, or native CTLA-4 polypeptide. In a specific embodiment, a Therapeutic Agent

selectively modulates the expression of a native B7-H2 polypeptide, native ICOS

polypeptide, native CD28 polypeptide, or native CTLA-4 polypeptide. See Sections 5.3.1 to

5.3.6, infra, for specific examples of Therapeutic Agents.

[00300] In a specific embodiment, one or more signal transduction pathways mediated by

B7-H2 binding to one or more of its receptors are modulated by contacting a Therapeutic

Agent with an immune cell or a population of immune cells. In another embodiment, the

interaction between B7-H2 and one or more of its receptors (e.g., ICOS, CD28 or CTLA-4) is

modulated by contacting a Therapeutic Agent with an immune cell or a population of

immune cells. In another embodiment, the expression of B7-H2, ICOS, CD28 or CTLA-4 is

modulated by contacting a Therapeutic Agent with an immune cell or a population of

immune cells expressing B7-H2, ICOS, CD28 or CTLA-4, respectively.

[00301] In a specific embodiment, a Therapeutic Agent modulates one or more of the

signal transduction pathways induced by B7-H2 binding to ICOS. In certain embodiments, a

Therapeutic Agent selectively modulates one or more signal transduction pathways induced

by B7-H2 binding to ICOS. In certain embodiments, a Therapeutic Agent selectively

activates or enhances one or more of the signal transduction pathways induced by the binding

of B7-H2 to ICOS. In specific embodiments, a Therapeutic Agent activates or enhances one

or more of the signal transduction pathways induced by the binding of B7-H2 to ICOS by at

least 25%, 30%, 40%, 50%, 60%, 75%, 80%, 85%, 90%, 95%, 98% or 99%, or in the range

of between 25% to 50%, 25% to 75%, 50% to 75%, 50% to 95%, 75% to 95%, or 75% to

100% relative to the one or more signal transduction pathways induced by the binding of B7-

H2 to ICOS in the absence of the Therapeutic Agent. In specific embodiments, a Therapeutic

Agent: (i) activates or enhances one or more of the signal transduction pathways induced by

the binding of B7-H2 to ICOS by at least 25%, 30%, 40%, 50%, 60%, 75%, 80%, 85%, 90%,

95%, 98% or 99%, or in the range of between 25% to 50%, 25% to 75%, 50% to 75%, 50%

to 95%, 75% to 95%, or 75% to 100% relative to the one or more signal transduction



pathways induced by the binding of B7-H2 to ICOS in the absence of the Therapeutic Agent;

and (ii) does not activate or enhance, or activates or enhances one or more of the signal

transduction pathways induced by the binding of B7-H2 to one or more other receptors (e.g.,

CTLA-4 or CD28) by less than 20%, 15%, 10%, 5%, or 2%, or in the range of between 2% to

5%, 2% to 10%, 5% to 10%, 5% to 15%, 5% to 20%, 10% to 15%, or 15% to 20% relative to

the one or more signal transduction pathways induced by the binding of B7-H2 to such one or

more other receptors in the absence of the Therapeutic Agent.

[00302] In specific embodiments, a Therapeutic Agent: (i) activates or enhances one or

more of the signal transduction pathways induced by the binding of B7-H2 to ICOS by at

least 25%, 30%, 40%, 50%, 60%, 75%, 80%, 85%, 90%, 95%, 98% or 99%, or in the range

of between 25% to 50%, 25% to 75%, 50% to 75%, 50% to 95%, 75% to 95%, or 75% to

100% relative to the one or more signal transduction pathways induced by the binding of B7-

H2 to ICOS in the absence of the Therapeutic Agent; and (ii) does not activate or enhance, or

activates or enhances one or more of the signal transduction pathways induced by the binding

of ICOS to one or more other ligands by less than 20%, 15%, 10%, 5%, or 2%, or in the

range of between 2% to 5%, 2% to 10%, 5% to 10%, 5% to 15%, 5% to 20%, 10% to 15%,

or 15% to 20% relative to the one or more signal transduction pathways induced by the

binding of ICOS to such one or more other ligands in the absence of the Therapeutic Agent.

[00303] In certain embodiments, a Therapeutic Agent selectively induces one or more of

the signal transduction pathways induced by the binding of B7-H2 to ICOS. In specific

embodiments, a Therapeutic Agent induces one or more of the signal transduction pathways

induced by the binding of B7-H2 to ICOS by at least 25%, 30%, 40%, 50%, 60%, 75%, 80%,

85%, 90%, 95%, 98% or 99%, or in the range of between 25% to 50%, 25% to 75%, 50% to

75%, 50% to 95%, 75% to 95%, or 75% to 100% relative to the one or more signal

transduction pathways induced by the binding of B7-H2 to ICOS in the absence of the

Therapeutic Agent. In specific embodiments, a Therapeutic Agent: (i) induces one or more

of the signal transduction pathways induced by the binding of B7-H2 to ICOS by at least

25%, 30%, 40%, 50%, 60%, 75%, 80%, 85%, 90%, 95%, 98% or 99%, or in the range of

between 25% to 50%, 25% to 75%, 50% to 75%, 50% to 95%, 75% to 95%, or 75% to 100%

relative to the one or more signal transduction pathways induced by the binding of B7-H2 to

ICOS in the absence of the Therapeutic Agent; and (ii) does not induce, or induces one or

more of the signal transduction pathways induced by the binding of B7-H2 to one or more

other receptors (e.g., CTLA-4 or CD28) by less than 20%, 15%, 10%, 5%, or 2%, or in the

range of between 2% to 5%, 2% to 10%, 5% to 10%, 5% to 15%, 5% to 20%, 10% to 15%,



or 15% to 20% relative to the one or more signal transduction pathways induced by the

binding of B7-H2 to such one or more other receptors in the absence of the Therapeutic

Agent. In specific embodiments, a Therapeutic Agent: (i) induces one or more of the signal

transduction pathways induced by the binding of B7-H2 to ICOS by at least 25%, 30%, 40%,

50%, 60%, 75%, 80%, 85%, 90%, 95%, 98% or 99%, or in the range of between 25% to

50%, 25% to 75%, 50% to 75%, 50% to 95%, 75% to 95%, or 75% to 100% relative to the

one or more signal transduction pathways induced by the binding of B7-H2 to ICOS in the

absence of the Therapeutic Agent; and (ii) does not induce, or induces one or more of the

signal transduction pathways induced by the binding of ICOS to one or more other ligands by

less than 20%, 15%, 10%, 5%, or 2%, or in the range of between 2% to 5%, 2% to 10%, 5%

to 10%, 5% to 15%, 5% to 20%, 10% to 15%, or 15% to 20% relative to the one or more

signal transduction pathways induced by the binding of ICOS to such one or more other

ligands in the absence of the Therapeutic Agent.

[00304] In some embodiments, a Therapeutic Agent selectively inhibits or reduces one or

more of the signal transduction pathways induced by the binding of B7-H2 to ICOS. In

specific embodiments, a Therapeutic Agent inhibits or reduces one or more of the signal

transduction pathways induced by the binding of B7-H2 to ICOS by at least 25%, 30%, 40%,

50%, 60%, 75%, 80%, 85%, 90%, 95%, 98% or 99%, or in the range of between 25% to

50%, 25% to 75%, 50% to 75%, 50% to 95%, 75% to 95%, or 75% to 100% relative to the

one or more signal transduction pathways induced by the binding of B7-H2 to ICOS in the

absence of the Therapeutic Agent. In specific embodiments, a Therapeutic Agent: (i) inhibits

or reduces one or more of the signal transduction pathways induced by the binding of B7-H2

to ICOS by at least 25%, 30%, 40%, 50%, 60%, 75%, 80%, 85%, 90%, 95%, 98% or 99%, or

in the range of between 25% to 50%, 25% to 75%, 50% to 75%, 50% to 95%, 75% to 95%,

or 75% to 100% relative to the one or more signal transduction pathways induced by the

binding of B7-H2 to ICOS in the absence of the Therapeutic Agent; and (ii) does not inhibit

or reduce, or inhibits or reduces one or more of the signal transduction pathways induced by

the binding of B7-H2 to one or more other receptors (e.g., CTLA-4 or CD28) by less than

20%, 15%, 10%, 5%, or 2%, or in the range of between 2% to 5%, 2% to 10%, 5% to 10%,

5% to 15%, 5% to 20%, 10% to 15%, or 15% to 20% relative to the one or more signal

transduction pathways induced by the binding of B7-H2 to such one or more other receptors

in the absence of the Therapeutic Agent.

[00305] In specific embodiments, a Therapeutic Agent inhibits or reduces one or more of

the signal transduction pathways induced by the binding of B7-H2 to ICOS by at least 25%,



30%, 40%, 50%, 60%, 75%, 80%, 85%, 90%, 95%, 98% or 99%, or in the range of between

25% to 50%, 25% to 75%, 50% to 75%, 50% to 95%, 75% to 95%, or 75% to 100% relative

to the one or more signal transduction pathways induced by the binding of B7-H2 to ICOS in

the absence of the Therapeutic Agent. In specific embodiments, a Therapeutic Agent: (i)

inhibits or reduces one or more of the signal transduction pathways induced by the binding of

B7-H2 to ICOS by at least 25%, 30%, 40%, 50%, 60%, 75%, 80%, 85%, 90%, 95%, 98% or

99%, or in the range of between 25% to 50%, 25% to 75%, 50% to 75%, 50% to 95%, 75%

to 95%, or 75% to 100% relative to the one or more signal transduction pathways induced by

the binding of B7-H2 to ICOS in the absence of the Therapeutic Agent; and (ii) does not

inhibit or reduce, or inhibits or reduces one or more of the signal transduction pathways

induced by the binding of ICOS to one or more other ligands by less than 20%, 15%, 10%,

5%, or 2%, or in the range of between 2% to 5%, 2% to 10%, 5% to 10%, 5% to 15%, 5% to

20%, 10% to 15%, or 15% to 20% relative to the one or more signal transduction pathways

induced by the binding of ICOS to such one or more other ligands in the absence of the

Therapeutic Agent.

[00306] In another embodiment, a Therapeutic Agent modulates the B7-H2 polypeptide

and ICOS polypeptide interaction. In certain embodiments, the Therapeutic Agent

selectively modulates the B7-H2 and ICOS interaction. In another embodiment, a

Therapeutic Agent inhibits or reduces the binding of B7-H2 to ICOS by at least 25%, 30%,

40%, 50%, 60%, 75%, 80%, 85%, 90%, 95%, 98% or 99%, or in the range of between 25%

to 50%, 25% to 75%, 50% to 75%, 50% to 95%, 75% to 95%, or 75% to 100% relative to the

binding of B7-H2 to ICOS in the absence of the Therapeutic Agent. In another embodiment,

a Therapeutic Agent: (i) inhibits or reduces the binding of B7-H2 to ICOS by at least 25%,

30%, 40%, 50%, 60%, 75%, 80%, 85%, 90%, 95%, 98% or 99%, or in the range of between

25% to 50%, 25% to 75%, 50% to 75%, 50% to 95%, 75% to 95%, or 75% to 100% relative

to the binding of B7-H2 to ICOS in the absence of the Therapeutic Agent, and (ii) does not

inhibit or reduce, or inhibits or reduces the binding of B7-H2 to one or more other receptors

(e.g., CTLA-4 or CD28) by less than 20%, 15%, 10%, 5%, or 2%, or in the range of between

2% to 5%, 2% to 10%, 5% to 10%, 5% to 15%, 5% to 20%, 10% to 15%, or 15% to 20%

relative to the binding of B7-H2 to such one or more other receptors in the absence of the

Therapeutic Agent.

[00307] In another embodiment, a Therapeutic Agent: (i) inhibits or reduces the binding of

B7-H2 to ICOS by at least 25%, 30%, 40%, 50%, 60%, 75%, 80%, 85%, 90%, 95%, 98% or

99%, or in the range of between 25% to 50%, 25% to 75%, 50% to 75%, 50% to 95%, 75%



to 95%, or 75% to 100% relative to the binding of B7-H2 to ICOS in the absence of the

Therapeutic Agent, and (ii) does not inhibit or reduce, or inhibits or reduces the binding of

ICOS to one or more other ligands by less than 20%, 15%, 10%, 5%, or 2%, or in the range

of between 2% to 5%, 2% to 10%, 5% to 10%, 5% to 15%, 5% to 20%, 10% to 15%, or 15%

to 20% relative to the binding of ICOS to such one or more other ligands in the absence of

the Therapeutic Agent.

[00308] In a specific embodiment, a Therapeutic Agent modulates one or more of the

signal transduction pathways induced by B7-H2 binding to CD28. In certain embodiments, a

Therapeutic Agent selectively modulates one or more signal transduction pathways induced

by B7-H2 binding to CD28. In certain embodiments, a Therapeutic Agent selectively

activates or enhances one or more of the signal transduction pathways induced by the binding

of B7-H2 to CD28. In specific embodiments, a Therapeutic Agent activates or enhances one

or more of the signal transduction pathways induced by the binding of B7-H2 to CD28 by at

least 25%, 30%, 40%, 50%, 60%, 75%, 80%, 85%, 90%, 95%, 98% or 99%, or in the range

of between 25% to 50%, 25% to 75%, 50% to 75%, 50% to 95%, 75% to 95%, or 75% to

100% relative to the one or more signal transduction pathways induced by the binding of B7-

H2 to CD28 in the absence of the Therapeutic Agent. In specific embodiments, a

Therapeutic Agent: (i) activates or enhances one or more of the signal transduction pathways

induced by the binding of B7-H2 to CD28 by at least 25%, 30%, 40%, 50%, 60%, 75%, 80%,

85%, 90%, 95%, 98% or 99%, or in the range of between 25% to 50%, 25% to 75%, 50% to

75%, 50% to 95%, 75% to 95%, or 75% to 100% relative to the one or more signal

transduction pathways induced by the binding of B7-H2 to CD28 in the absence of the

Therapeutic Agent; and (ii) does not activate or enhance, or activates or enhances one or

more of the signal transduction pathways induced by the binding of B7-H2 to one or more

other receptors (e.g., ICOS or CTLA-4) by less than 20%, 15%, 10%, 5%, or 2%, or in the

range of between 2% to 5%, 2% to 10%, 5% to 10%, 5% to 15%, 5% to 20%, 10% to 15%,

or 15% to 20% relative to the one or more signal transduction pathways induced by the

binding of B7-H2 to such one or more other receptors in the absence of the Therapeutic

Agent.

[00309] In specific embodiments, a Therapeutic Agent: (i) activates or enhances one or

more of the signal transduction pathways induced by the binding of B7-H2 to CD28 by at

least 25%, 30%, 40%, 50%, 60%, 75%, 80%, 85%, 90%, 95%, 98% or 99%, or in the range

of between 25% to 50%, 25% to 75%, 50% to 75%, 50% to 95%, 75% to 95%, or 75% to

100% relative to the one or more signal transduction pathways induced by the binding of B7-



H2 to CD28 in the absence of the Therapeutic Agent; and (ii) does not activate or enhance, or

activates or enhances one or more of the signal transduction pathways induced by the binding

of CD28 to one or more other ligands (e.g., B7-1 and/or B7-2) by less than 20%, 15%, 10%,

5%, or 2%, or in the range of between 2% to 5%, 2% to 10%, 5% to 10%, 5% to 15%, 5% to

20%, 10% to 15%, or 15% to 20% relative to the one or more signal transduction pathways

induced by the binding of CD28 to such one or more other ligands in the absence of the

Therapeutic Agent.

[00310] In certain embodiments, a Therapeutic Agent selectively induces one or more of

the signal transduction pathways induced by the binding of B7-H2 to CD28. In specific

embodiments, a Therapeutic Agent induces one or more of the signal transduction pathways

induced by the binding of B7-H2 to CD28 by at least 25%, 30%, 40%, 50%, 60%, 75%, 80%,

85%, 90%, 95%, 98% or 99%, or in the range of between 25% to 50%, 25% to 75%, 50% to

75%, 50% to 95%, 75% to 95%, or 75% to 100% relative to the one or more signal

transduction pathways induced by the binding of B7-H2 to CD28 in the absence of the

Therapeutic Agent. In specific embodiments, a Therapeutic Agent: (i) induces one or more

of the signal transduction pathways induced by the binding of B7-H2 to CD28 by at least

25%, 30%, 40%, 50%, 60%, 75%, 80%, 85%, 90%, 95%, 98% or 99%, or in the range of

between 25% to 50%, 25% to 75%, 50% to 75%, 50% to 95%, 75% to 95%, or 75% to 100%

relative to the one or more signal transduction pathways induced by the binding of B7-H2 to

CD28 in the absence of the Therapeutic Agent; and (ii) does not induce, or induces one or

more of the signal transduction pathways induced by the binding of B7-H2 to one or more

other receptors (e.g., ICOS or CTLA-4) by less than 20%, 15%, 10%, 5%, or 2%, or in the

range of between 2% to 5%, 2% to 10%, 5% to 10%, 5% to 15%, 5% to 20%, 10% to 15%,

or 15% to 20% relative to the one or more signal transduction pathways induced by the

binding of B7-H2 to such one or more other receptors in the absence of the Therapeutic

Agent. In specific embodiments, a Therapeutic Agent: (i) induces one or more of the signal

transduction pathways induced by the binding of B7-H2 to CD28 by at least 25%, 30%, 40%,

50%, 60%, 75%, 80%, 85%, 90%, 95%, 98% or 99%, or in the range of between 25% to

50%, 25% to 75%, 50% to 75%, 50% to 95%, 75% to 95%, or 75% to 100% relative to the

one or more signal transduction pathways induced by the binding of B7-H2 to CD28 in the

absence of the Therapeutic Agent; and (ii) does not induce, or induces one or more of the

signal transduction pathways induced by the binding of CD28 to one or more other ligands

(e.g., B7-1 and/or B7-2) by less than 20%, 15%, 10%, 5%, or 2%, or in the range of between

2% to 5%, 2% to 10%, 5% to 10%, 5% to 15%, 5% to 20%, 10% to 15%, or 15% to 20%



relative to the one or more signal transduction pathways induced by the binding of CD28 to

such one or more other ligands in the absence of the Therapeutic Agent.

[00311] In some embodiments, a Therapeutic Agent selectively inhibits or reduces one or

more of the signal transduction pathways induced by the binding of B7-H2 to CD28. In

specific embodiments, a Therapeutic Agent inhibits or reduces one or more of the signal

transduction pathways induced by the binding of B7-H2 to CD28 by at least 25%, 30%, 40%,

50%, 60%, 75%, 80%, 85%, 90%, 95%, 98% or 99%, or in the range of between 25% to

50%, 25% to 75%, 50% to 75%, 50% to 95%, 75% to 95%, or 75% to 100% relative to the

one or more signal transduction pathways induced by the binding of B7-H2 to CD28 in the

absence of the Therapeutic Agent. In specific embodiments, a Therapeutic Agent: (i) inhibits

or reduces one or more of the signal transduction pathways induced by the binding of B7-H2

to CD28 by at least 25%, 30%, 40%, 50%, 60%, 75%, 80%, 85%, 90%, 95%, 98% or 99%,

or in the range of between 25% to 50%, 25% to 75%, 50% to 75%, 50% to 95%, 75% to

95%, or 75% to 100% relative to the one or more signal transduction pathways induced by

the binding of B7-H2 to CD28 in the absence of the Therapeutic Agent; and (ii) does not

inhibit or reduce, or inhibits or reduces one or more of the signal transduction pathways

induced by the binding of B7-H2 to one or more other receptors (e.g., ICOS or CTLA-4) by

less than 20%, 15%, 10%, 5%, or 2%, or in the range of between 2% to 5%, 2% to 10%, 5%

to 10%, 5% to 15%, 5% to 20%, 10% to 15%, or 15% to 20% relative to the one or more

signal transduction pathways induced by the binding of B7-H2 to such one or more other

receptors in the absence of the Therapeutic Agent.

[00312] In specific embodiments, a Therapeutic Agent: (i) inhibits or reduces one or more

of the signal transduction pathways induced by the binding of B7-H2 to CD28 by at least

25%, 30%, 40%, 50%, 60%, 75%, 80%, 85%, 90%, 95%, 98% or 99%, or in the range of

between 25% to 50%, 25% to 75%, 50% to 75%, 50% to 95%, 75% to 95%, or 75% to 100%

relative to the one or more signal transduction pathways induced by the binding of B7-H2 to

CD28 in the absence of the Therapeutic Agent; and (ii) does not inhibit or reduce, or inhibits

or reduces one or more of the signal transduction pathways induced by the binding of CD28

to one or more other ligands (e.g., B7-1 and/or B7-2) by less than 20%, 15%, 10%, 5%, or

2%, or in the range of between 2% to 5%, 2% to 10%, 5% to 10%, 5% to 15%, 5% to 20%,

10% to 15%, or 15% to 20% relative to the one or more signal transduction pathways induced

by the binding of CD28 to such one or more other ligands in the absence of the Therapeutic

Agent.



[00313] In another embodiment, a Therapeutic Agent modulates the B7-H2 polypeptide

and CD28 polypeptide interaction. In certain embodiments, the Therapeutic Agent

selectively modulates the B7-H2 and CD28 interaction. In another embodiment, a

Therapeutic Agent inhibits or reduces the binding of B7-H2 to CD28 by at least 25%, 30%,

40%, 50%, 60%, 75%, 80%, 85%, 90%, 95%, 98% or 99%, or in the range of between 25%

to 50%, 25% to 75%, 50% to 75%, 50% to 95%, 75% to 95%, or 75% to 100% relative to the

binding of B7-H2 to CD28 in the absence of the Therapeutic Agent. In another embodiment,

a Therapeutic Agent: (i) inhibits or reduces the binding of B7-H2 to CD28 by at least 25%,

30%, 40%, 50%, 60%, 75%, 80%, 85%, 90%, 95%, 98% or 99%, or in the range of between

25% to 50%, 25% to 75%, 50% to 75%, 50% to 95%, 75% to 95%, or 75% to 100% relative

to the binding of B7-H2 to CD28 in the absence of the Therapeutic Agent, and (ii) does not

inhibit or reduce, or inhibits or reduces the binding of B7-H2 to one or more other receptors

(e.g., ICOS or CTLA-4) by less than 20%, 15%, 10%, 5%, or 2%, or in the range of between

2% to 5%, 2% to 10%, 5% to 10%, 5% to 15%, 5% to 20%, 10% to 15%, or 15% to 20%

relative to the binding of B7-H2 to such one or more other receptors in the absence of the

Therapeutic Agent. In another embodiment, a Therapeutic Agent: (i) inhibits or reduces the

binding of B7-H2 to CD28 by at least 25%, 30%, 40%, 50%, 60%, 75%, 80%, 85%, 90%,

95%, 98% or 99%, or in the range of between 25% to 50%, 25% to 75%, 50% to 75%, 50%

to 95%, 75% to 95%, or 75% to 100% relative to the binding of B7-H2 to CD28 in the

absence of the Therapeutic Agent, and (ii) does not inhibit or reduce, or inhibits or reduces

the binding of CD28 to one or more other ligands (e.g., B7-1 and/or B7-2) by less than 20%,

15%, 10%, 5%, or 2%, or in the range of between 2% to 5%, 2% to 10%, 5% to 10%, 5% to

15%, 5% to 20%, 10% to 15%, or 15% to 20% relative to the binding of CD28 to such one or

more other ligands in the absence of the Therapeutic Agent.

[00314] In a specific embodiment, a Therapeutic Agent modulates one or more of the

signal transduction pathways induced by B7-H2 binding to CTLA-4. In certain

embodiments, a Therapeutic Agent selectively modulates one or more signal transduction

pathways induced by B7-H2 binding to CTLA-4. In certain embodiments, a Therapeutic

Agent selectively activates or enhances one or more of the signal transduction pathways

induced by the binding of B7-H2 to CTLA-4. In specific embodiments, a Therapeutic Agent

activates or enhances one or more of the signal transduction pathways induced by the binding

of B7-H2 to CTLA-4 by at least 25%, 30%, 40%, 50%, 60%, 75%, 80%, 85%, 90%, 95%,

98% or 99%, or in the range of between 25% to 50%, 25% to 75%, 50% to 75%, 50% to

95%, 75% to 95%, or 75% to 100% relative to the one or more signal transduction pathways



induced by the binding of B7-H2 to CTLA-4 in the absence of the Therapeutic Agent. In

specific embodiments, a Therapeutic Agent: (i) activates or enhances one or more of the

signal transduction pathways induced by the binding of B7-H2 to CTLA-4 by at least 25%,

30%, 40%, 50%, 60%, 75%, 80%, 85%, 90%, 95%, 98% or 99%, or in the range of between

25% to 50%, 25% to 75%, 50% to 75%, 50% to 95%, 75% to 95%, or 75% to 100% relative

to the one or more signal transduction pathways induced by the binding of B7-H2 to CTLA-4

in the absence of the Therapeutic Agent; and (ii) does not activate or enhance, or activates or

enhances one or more of the signal transduction pathways induced by the binding of B7-H2

to one or more other receptors (e.g., ICOS or CD28) by less than 20%, 15%, 10%, 5%, or

2%, or in the range of between 2% to 5%, 2% to 10%, 5% to 10%, 5% to 15%, 5% to 20%,

10% to 15%, or 15% to 20% relative to the one or more signal transduction pathways induced

by the binding of B7-H2 to such one or more other receptors in the absence of the

Therapeutic Agent.

[00315] In specific embodiments, a Therapeutic Agent: (i) activates or enhances one or

more of the signal transduction pathways induced by the binding of B7-H2 to CTLA-4 by at

least 25%, 30%, 40%, 50%, 60%, 75%, 80%, 85%, 90%, 95%, 98% or 99%, or in the range

of between 25% to 50%, 25% to 75%, 50% to 75%, 50% to 95%, 75% to 95%, or 75% to

100% relative to the one or more signal transduction pathways induced by the binding of B7-

H2 to CTLA-4 in the absence of the Therapeutic Agent; and (ii) does not activate or enhance,

or activates or enhances one or more of the signal transduction pathways induced by the

binding of CTLA-4 to one or more other ligands (e.g., B7-1 and/or B7-2) by less than 20%,

15%, 10%, 5%, or 2%, or in the range of between 2% to 5%, 2% to 10%, 5% to 10%, 5% to

15%, 5% to 20%, 10% to 15%, or 15% to 20% relative to the one or more signal transduction

pathways induced by the binding of CTLA-4 to such one or more other ligands in the absence

of the Therapeutic Agent.

[00316] In certain embodiments, a Therapeutic Agent selectively induces one or more of

the signal transduction pathways induced by the binding of B7-H2 to CTLA-4. In specific

embodiments, a Therapeutic Agent induces one or more of the signal transduction pathways

induced by the binding of B7-H2 to CTLA-4 by at least 25%, 30%, 40%, 50%, 60%, 75%,

80%, 85%, 90%, 95%, 98% or 99%, or in the range of between 25% to 50%, 25% to 75%,

50% to 75%, 50% to 95%, 75% to 95%, or 75% to 100% relative to the one or more signal

transduction pathways induced by the binding of B7-H2 to CTLA-4 in the absence of the

Therapeutic Agent. In specific embodiments, a Therapeutic Agent: (i) induces one or more

of the signal transduction pathways induced by the binding of B7-H2 to CTLA-4 by at least



25%, 30%, 40%, 50%, 60%, 75%, 80%, 85%, 90%, 95%, 98% or 99%, or in the range of

between 25% to 50%, 25% to 75%, 50% to 75%, 50% to 95%, 75% to 95%, or 75% to 100%

relative to the one or more signal transduction pathways induced by the binding of B7-H2 to

CTLA-4 in the absence of the Therapeutic Agent; and (ii) does not induce, or induces one or

more of the signal transduction pathways induced by the binding of B7-H2 to one or more

other receptors (e.g., ICOS or CD28) by less than 20%, 15%, 10%, 5%, or 2%, or in the range

of between 2% to 5%, 2% to 10%, 5% to 10%, 5% to 15%, 5% to 20%, 10% to 15%, or 15%

to 20% relative to the one or more signal transduction pathways induced by the binding of

B7-H2 to such one or more other receptors in the absence of the Therapeutic Agent. In

specific embodiments, a Therapeutic Agent: (i) induces one or more of the signal

transduction pathways induced by the binding of B7-H2 to CTLA-4 by at least 25%, 30%,

40%, 50%, 60%, 75%, 80%, 85%, 90%, 95%, 98% or 99%, or in the range of between 25%

to 50%, 25% to 75%, 50% to 75%, 50% to 95%, 75% to 95%, or 75% to 100% relative to the

one or more signal transduction pathways induced by the binding of B7-H2 to CTLA-4 in the

absence of the Therapeutic Agent; and (ii) does not induce, or induces one or more of the

signal transduction pathways induced by the binding of CTLA-4 to one or more other ligands

(e.g., B7-1 and/or B7-2) by less than 20%, 15%, 10%, 5%, or 2%, or in the range of between

2% to 5%, 2% to 10%, 5% to 10%, 5% to 15%, 5% to 20%, 10% to 15%, or 15% to 20%

relative to the one or more signal transduction pathways induced by the binding of CTLA-4

to such one or more other ligands in the absence of the Therapeutic Agent.

[00317] In some embodiments, a Therapeutic Agent selectively inhibits or reduces one or

more of the signal transduction pathways induced by the binding of B7-H2 to CTLA-4. In

specific embodiments, a Therapeutic Agent inhibits or reduces one or more of the signal

transduction pathways induced by the binding of B7-H2 to CTLA-4 by at least 25%, 30%,

40%, 50%, 60%, 75%, 80%, 85%, 90%, 95%, 98% or 99%, or in the range of between 25%

to 50%, 25% to 75%, 50% to 75%, 50% to 95%, 75% to 95%, or 75% to 100% relative to the

one or more signal transduction pathways induced by the binding of B7-H2 to CTLA-4 in the

absence of the Therapeutic Agent. In specific embodiments, a Therapeutic Agent: (i) inhibits

or reduces one or more of the signal transduction pathways induced by the binding of B7-H2

to CTLA-4 by at least 25%, 30%, 40%, 50%, 60%, 75%, 80%, 85%, 90%, 95%, 98% or 99%,

or in the range of between 25% to 50%, 25% to 75%, 50% to 75%, 50% to 95%, 75% to

95%, or 75% to 100% relative to the one or more signal transduction pathways induced by

the binding of B7-H2 to CTLA-4 in the absence of the Therapeutic Agent; and (ii) does not

inhibit or reduce, or inhibits or reduces one or more of the signal transduction pathways



induced by the binding of B7-H2 to one or more other receptors (e.g., ICOS or CD28) by less

than 20%, 15%, 10%, 5%, or 2%, or in the range of between 2% to 5%, 2% to 10%, 5% to

10%, 5% to 15%, 5% to 20%, 10% to 15%, or 15% to 20% relative to the one or more signal

transduction pathways induced by the binding of B7-H2 to such one or more other receptors

in the absence of the Therapeutic Agent.

[00318] In specific embodiments, a Therapeutic Agent: (i) inhibits or reduces one or more

of the signal transduction pathways induced by the binding of B7-H2 to CTLA-4 by at least

25%, 30%, 40%, 50%, 60%, 75%, 80%, 85%, 90%, 95%, 98% or 99%, or in the range of

between 25% to 50%, 25% to 75%, 50% to 75%, 50% to 95%, 75% to 95%, or 75% to 100%

relative to the one or more signal transduction pathways induced by the binding of B7-H2 to

CTLA-4 in the absence of the Therapeutic Agent; and (ii) does not inhibit or reduce, or

inhibits or reduces one or more of the signal transduction pathways induced by the binding of

CTLA-4 to one or more other ligands (e.g., B7-1 and/or B7-2) by less than 20%, 15%, 10%,

5%, or 2%, or in the range of between 2% to 5%, 2% to 10%, 5% to 10%, 5% to 15%, 5% to

20%, 10% to 15%, or 15% to 20% relative to the one or more signal transduction pathways

induced by the binding of CTLA-4 to such one or more other ligands in the absence of the

Therapeutic Agent.

[00319] In another embodiment, a Therapeutic Agent modulates the B7-H2 polypeptide

and CTLA-4 polypeptide interaction. In certain embodiments, the Therapeutic Agent

selectively modulates the B7-H2 and CTLA-4 interaction. In another embodiment, a

Therapeutic Agent inhibits or reduces the binding of B7-H2 to CTLA-4 by at least 25%,

30%, 40%, 50%, 60%, 75%, 80%, 85%, 90%, 95%, 98% or 99%, or in the range of between

25% to 50%, 25% to 75%, 50% to 75%, 50% to 95%, 75% to 95%, or 75% to 100% relative

to the binding of B7-H2 to CTLA-4 in the absence of the Therapeutic Agent. In another

embodiment, a Therapeutic Agent: (i) inhibits or reduces the binding of B7-H2 to CTLA-4 by

at least 25%, 30%, 40%, 50%, 60%, 75%, 80%, 85%, 90%, 95%, 98% or 99%, or in the

range of between 25% to 50%, 25% to 75%, 50% to 75%, 50% to 95%, 75% to 95%, or 75%

to 100% relative to the binding of B7-H2 to CTLA-4 in the absence of the Therapeutic

Agent, and (ii) does not inhibit or reduce, or inhibits or reduces the binding of B7-H2 to one

or more other receptors (e.g., ICOS or CD28) by less than 20%, 15%, 10%, 5%, or 2%, or in

the range of between 2% to 5%, 2% to 10%, 5% to 10%, 5% to 15%, 5% to 20%, 10% to

15%, or 15% to 20% relative to the binding of B7-H2 to such one or more other receptors in

the absence of the Therapeutic Agent. In another embodiment, a Therapeutic Agent: (i)

inhibits or reduces the binding of B7-H2 to CTLA-4 by at least 25%, 30%, 40%, 50%, 60%,



75%, 80%, 85%, 90%, 95%, 98% or 99%, or in the range of between 25% to 50%, 25% to

75%, 50% to 75%, 50% to 95%, 75% to 95%, or 75% to 100% relative to the binding of B7-

H2 to CTLA-4 in the absence of the Therapeutic Agent, and (ii) does not inhibit or reduce, or

inhibits or reduces the binding of CTLA-4 to one or more other ligands (e.g., B7-1 and/or B7-

2) by less than 20%, 15%, 10%, 5%, or 2%, or in the range of between 2% to 5%, 2% to

10%, 5% to 10%, 5% to 15%, 5% to 20%, 10% to 15%, or 15% to 20% relative to the

binding of CTLA-4 to such one or more other ligands in the absence of the Therapeutic

Agent.

[00320] In a specific embodiment, a Therapeutic Agent modulates one or more of the

signal transduction pathways induced by B7-H2 binding to CD28 and CTLA-4. In some

embodiments, a Therapeutic Agent activates or enhances one or more of the signal

transduction pathways induced by the binding of B7-H2 to CD28 and CTLA-4. In specific

embodiments, a Therapeutic Agent activates or enhances one or more of the signal

transduction pathways induced by the binding of B7-H2 to CD28 and CTLA-4 by at least

25%, 30%, 40%, 50%, 60%, 75%, 80%, 85%, 90%, 95%, 98% or 99%, or in the range of

between 25% to 50%, 25% to 75%, 50% to 75%, 50% to 95%, 75% to 95%, or 75% to 100%

relative to the one or more signal transduction pathways induced by the binding of B7-H2 to

CD28 and CTLA-4 in the absence of the Therapeutic Agent. In specific embodiments, a

Therapeutic Agent: (i) activates or enhances one or more of the signal transduction pathways

induced by the binding of B7-H2 to CD28 and CTLA-4 by at least 25%, 30%, 40%, 50%,

60%, 75%, 80%, 85%, 90%, 95%, 98% or 99%, or in the range of between 25% to 50%, 25%

to 75%, 50% to 75%, 50% to 95%, 75% to 95%, or 75% to 100% relative to the one or more

signal transduction pathways induced by the binding of B7-H2 to CD28 and CTLA-4 in the

absence of the Therapeutic Agent; and (ii) does not activate or enhance, or activates or

enhances one or more of the signal transduction pathways induced by the binding of B7-H2

to ICOS by less than 20%, 15%, 10%, 5%, or 2%, or in the range of between 2% to 5%, 2%

to 10%, 5% to 10%, 5% to 15%, 5% to 20%, 10% to 15%, or 15% to 20% relative to the one

or more signal transduction pathways induced by the binding of B7-H2 to ICOS in the

absence of the Therapeutic Agent.

[00321] In some embodiments, a Therapeutic Agent induces one or more of the signal

transduction pathways induced by the binding of B7-H2 to CD28 and CTLA-4. In specific

embodiments, a Therapeutic Agent induces one or more of the signal transduction pathways

induced by the binding of B7-H2 to CD28 and CTLA-4 by at least 25%, 30%, 40%, 50%,

60%, 75%, 80%, 85%, 90%, 95%, 98% or 99%, or in the range of between 25% to 50%, 25%



to 75%, 50% to 75%, 50% to 95%, 75% to 95%, or 75% to 100% relative to the one or more

signal transduction pathways induced by the binding of B7-H2 to CD28 and CTLA-4 in the

absence of the Therapeutic Agent. In specific embodiments, a Therapeutic Agent: (i) induces

one or more of the signal transduction pathways induced by the binding of B7-H2 to CD28

and CTLA-4 by at least 25%, 30%, 40%, 50%, 60%, 75%, 80%, 85%, 90%, 95%, 98% or

99%, or in the range of between 25% to 50%, 25% to 75%, 50% to 75%, 50% to 95%, 75%

to 95%, or 75% to 100% relative to the one or more signal transduction pathways induced by

the binding of B7-H2 to CD28 and CTLA-4 in the absence of the Therapeutic Agent; and (ii)

does not induce, or induces one or more of the signal transduction pathways induced by the

binding of B7-H2 to ICOS by less than 20%, 15%, 10%, 5%, or 2%, or in the range of

between 2% to 5%, 2% to 10%, 5% to 10%, 5% to 15%, 5% to 20%, 10% to 15%, or 15% to

20% relative to the one or more signal transduction pathways induced by the binding of B7-

H2 to ICOS in the absence of the Therapeutic Agent.

[00322] In some embodiments, a Therapeutic Agent inhibits or reduces one or more of the

signal transduction pathways induced by the binding of B7-H2 to CD28 and CTLA-4. In

specific embodiments, a Therapeutic Agent inhibits or reduces one or more of the signal

transduction pathways induced by the binding of B7-H2 to CD28 and CTLA-4 by at least

25%, 30%, 40%, 50%, 60%, 75%, 80%, 85%, 90%, 95%, 98% or 99%, or in the range of

between 25% to 50%, 25% to 75%, 50% to 75%, 50% to 95%, 75% to 95%, or 75% to 100%

relative to the one or more signal transduction pathways induced by the binding of B7-H2 to

CD28 and CTLA-4 in the absence of the Therapeutic Agent. In specific embodiments, a

Therapeutic Agent: (i) inhibits or reduces one or more of the signal transduction pathways

induced by the binding of B7-H2 to CD28 and CTLA-4 by at least 25%, 30%, 40%, 50%,

60%, 75%, 80%, 85%, 90%, 95%, 98% or 99%, or in the range of between 25% to 50%, 25%

to 75%, 50% to 75%, 50% to 95%, 75% to 95%, or 75% to 100% relative to the one or more

signal transduction pathways induced by the binding of B7-H2 to CD28 and CTLA-4 in the

absence of the Therapeutic Agent; and (ii) does not inhibit or reduce, or inhibits or reduces

one or more of the signal transduction pathways induced by the binding of B7-H2 to ICOS by

less than 20%, 15%, 10%, 5%, or 2%, or in the range of between 2% to 5%, 2% to 10%, 5%

to 10%, 5% to 15%, 5% to 20%, 10% to 15%, or 15% to 20% relative to the one or more

signal transduction pathways induced by the binding of B7-H2 to ICOS in the absence of the

Therapeutic Agent.

[00323] In another embodiment, a Therapeutic Agent modulates the interactions between

B7-H2 and CD28 and B7-H2 and CTLA-4. In another embodiment, a Therapeutic Agent



inhibits or reduces the binding of B7-H2 to CD28 and CTLA-4 by at least 25%, 30%, 40%,

50%, 60%, 75%, 80%, 85%, 90%, 95%, 98% or 99%, or in the range of between 25% to

50%, 25% to 75%, 50% to 75%, 50% to 95%, 75% to 95%, or 75% to 100% relative to the

binding of B7-H2 to CD28 and CTLA-4 in the absence of the Therapeutic Agent. In another

embodiment, a Therapeutic Agent: (i) inhibits or reduces the binding of B7-H2 to CD28 and

CTLA-4 by at least 25%, 30%, 40%, 50%, 60%, 75%, 80%, 85%, 90%, 95%, 98% or 99%,

or in the range of between 25% to 50%, 25% to 75%, 50% to 75%, 50% to 95%, 75% to

95%, or 75% to 100% relative to the binding of B7-H2 to CD28 and CTLA-4 in the absence

of the Therapeutic Agent, and (ii) does not inhibit or reduce, or inhibits or reduces the

binding of B7-H2 to ICOS by less than 20%, 15%, 10%, 5%, or 2%, or in the range of

between 2% to 5%, 2% to 10%, 5% to 10%, 5% to 15%, 5% to 20%, 10% to 15%, or 15% to

20% relative to the binding of B7-H2 to ICOS in the absence of the Therapeutic Agent.

[00324] In a specific embodiment, a Therapeutic Agent modulates one or more of the

signal transduction pathways induced by B7-H2 binding to CD28 and ICOS. In some

embodiments, a Therapeutic Agent activates or enhances one or more of the signal

transduction pathways induced by the binding of B7-H2 to CD28 and ICOS. In specific

embodiments, a Therapeutic Agent activates or enhances one or more of the signal

transduction pathways induced by the binding of B7-H2 to CD28 and ICOS by at least 25%,

30%, 40%, 50%, 60%, 75%, 80%, 85%, 90%, 95%, 98% or 99%, or in the range of between

25% to 50%, 25% to 75%, 50% to 75%, 50% to 95%, 75% to 95%, or 75% to 100% relative

to the one or more signal transduction pathways induced by the binding of B7-H2 to CD28

and ICOS in the absence of the Therapeutic Agent. In specific embodiments, a Therapeutic

Agent: (i) activates or enhances one or more of the signal transduction pathways induced by

the binding of B7-H2 to CD28 and ICOS by at least 25%, 30%, 40%, 50%, 60%, 75%, 80%,

85%, 90%, 95%, 98% or 99%, or in the range of between 25% to 50%, 25% to 75%, 50% to

75%, 50% to 95%, 75% to 95%, or 75% to 100% relative to the one or more signal

transduction pathways induced by the binding of B7-H2 to CD28 and ICOS in the absence of

the Therapeutic Agent; and (ii) does not activate or enhance, or activates or enhances one or

more of the signal transduction pathways induced by the binding of B7-H2 to CTLA-4 by

less than 20%, 15%, 10%, 5%, or 2%, or in the range of between 2% to 5%, 2% to 10%, 5%

to 10%, 5% to 15%, 5% to 20%, 10% to 15%, or 15% to 20% relative to the one or more

signal transduction pathways induced by the binding of B7-H2 to CTLA-4 in the absence of

the Therapeutic Agent.



[00325] In some embodiments, a Therapeutic Agent induces one or more of the signal

transduction pathways induced by the binding of B7-H2 to CD28 and ICOS. In specific

embodiments, a Therapeutic Agent induces one or more of the signal transduction pathways

induced by the binding of B7-H2 to CD28 and ICOS by at least 25%, 30%, 40%, 50%, 60%,

75%, 80%, 85%, 90%, 95%, 98% or 99%, or in the range of between 25% to 50%, 25% to

75%, 50% to 75%, 50% to 95%, 75% to 95%, or 75% to 100% relative to the one or more

signal transduction pathways induced by the binding of B7-H2 to CD28 and ICOS in the

absence of the Therapeutic Agent. In specific embodiments, a Therapeutic Agent: (i) induces

one or more of the signal transduction pathways induced by the binding of B7-H2 to CD28

and ICOS by at least 25%, 30%, 40%, 50%, 60%, 75%, 80%, 85%, 90%, 95%, 98% or 99%,

or in the range of between 25% to 50%, 25% to 75%, 50% to 75%, 50% to 95%, 75% to

95%, or 75% to 100% relative to the one or more signal transduction pathways induced by

the binding of B7-H2 to CD28 and ICOS in the absence of the Therapeutic Agent; and (ii)

does not induce, or induces one or more of the signal transduction pathways induced by the

binding of B7-H2 to CTLA-4 by less than 20%, 15%, 10%, 5%, or 2%, or in the range of

between 2% to 5%, 2% to 10%, 5% to 10%, 5% to 15%, 5% to 20%, 10% to 15%, or 15% to

20% relative to the one or more signal transduction pathways induced by the binding of B7-

H2 to CTLA-4 in the absence of the Therapeutic Agent.

[00326] In some embodiments, a Therapeutic Agent inhibits or reduces one or more of the

signal transduction pathways induced by the binding of B7-H2 to CD28 and ICOS. In

specific embodiments, a Therapeutic Agent inhibits or reduces one or more of the signal

transduction pathways induced by the binding of B7-H2 to CD28 and ICOS by at least 25%,

30%, 40%, 50%, 60%, 75%, 80%, 85%, 90%, 95%, 98% or 99%, or in the range of between

25% to 50%, 25% to 75%, 50% to 75%, 50% to 95%, 75% to 95%, or 75% to 100% relative

to the one or more signal transduction pathways induced by the binding of B7-H2 to CD28

and ICOS in the absence of the Therapeutic Agent. In specific embodiments, a Therapeutic

Agent: (i) inhibits or reduces one or more of the signal transduction pathways induced by the

binding of B7-H2 to CD28 and ICOS by at least 25%, 30%, 40%, 50%, 60%, 75%, 80%,

85%, 90%, 95%, 98% or 99%, or in the range of between 25% to 50%, 25% to 75%, 50% to

75%, 50% to 95%, 75% to 95%, or 75% to 100% relative to the one or more signal

transduction pathways induced by the binding of B7-H2 to CD28 and ICOS in the absence of

the Therapeutic Agent; and (ii) does not inhibit or reduce, or inhibits or reduces one or more

of the signal transduction pathways induced by the binding of B7-H2 to CTLA-4 by less than

20%, 15%, 10%, 5%, or 2%, or in the range of between 2% to 5%, 2% to 10%, 5% to 10%,



5% to 15%, 5% to 20%, 10% to 15%, or 15% to 20% relative to the one or more signal

transduction pathways induced by the binding of B7-H2 to CTLA-4 in the absence of the

Therapeutic Agent.

[00327] In another embodiment, a Therapeutic Agent modulates the interactions between

B7-H2 and CD28 and B7-H2 and ICOS. In another embodiment, a Therapeutic Agent

inhibits or reduces the binding of B7-H2 to CD28 and ICOS by at least 25%, 30%, 40%,

50%, 60%, 75%, 80%, 85%, 90%, 95%, 98% or 99%, or in the range of between 25% to

50%, 25% to 75%, 50% to 75%, 50% to 95%, 75% to 95%, or 75% to 100% relative to the

binding of B7-H2 to CD28 and ICOS in the absence of the Therapeutic Agent. In another

embodiment, a Therapeutic Agent: (i) inhibits or reduces the binding of B7-H2 to CD28 and

ICOS by at least 25%, 30%, 40%, 50%, 60%, 75%, 80%, 85%, 90%, 95%, 98% or 99%, or in

the range of between 25% to 50%, 25% to 75%, 50% to 75%, 50% to 95%, 75% to 95%, or

75% to 100% relative to the binding of B7-H2 to CD28 and ICOS in the absence of the

Therapeutic Agent, and (ii) does not inhibit or reduce, or inhibits or reduces the binding of

B7-H2 to CTLA-4 by less than 20%, 15%, 10%, 5%, or 2%, or in the range of between 2% to

5%, 2% to 10%, 5% to 10%, 5% to 15%, 5% to 20%, 10% to 15%, or 15% to 20% relative to

the binding of B7-H2 to CTLA-4 in the absence of the Therapeutic Agent.

[00328] In a specific embodiment, a Therapeutic Agent modulates one or more of the

signal transduction pathways induced by B7-H2 binding to ICOS and CTLA-4. In some

embodiments, a Therapeutic Agent activates or enhances one or more of the signal

transduction pathways induced by the binding of B7-H2 to ICOS and CTLA-4. In specific

embodiments, a Therapeutic Agent activates or enhances one or more of the signal

transduction pathways induced by the binding of B7-H2 to ICOS and CTLA-4 by at least

25%, 30%, 40%, 50%, 60%, 75%, 80%, 85%, 90%, 95%, 98% or 99%, or in the range of

between 25% to 50%, 25% to 75%, 50% to 75%, 50% to 95%, 75% to 95%, or 75% to 100%

relative to the one or more signal transduction pathways induced by the binding of B7-H2 to

ICOS and CTLA-4 in the absence of the Therapeutic Agent. In specific embodiments, a

Therapeutic Agent: (i) activates or enhances one or more of the signal transduction pathways

induced by the binding of B7-H2 to ICOS and CTLA-4 by at least 25%, 30%, 40%, 50%,

60%, 75%, 80%, 85%, 90%, 95%, 98% or 99%, or in the range of between 25% to 50%, 25%

to 75%, 50% to 75%, 50% to 95%, 75% to 95%, or 75% to 100% relative to the one or more

signal transduction pathways induced by the binding of B7-H2 to ICOS and CTLA-4 in the

absence of the Therapeutic Agent; and (ii) does not activate or enhance, or activates or

enhances one or more of the signal transduction pathways induced by the binding of B7-H2



to CD28 by less than 20%, 15%, 10%, 5%, or 2%, or in the range of between 2% to 5%, 2%

to 10%, 5% to 10%, 5% to 15%, 5% to 20%, 10% to 15%, or 15% to 20% relative to the one

or more signal transduction pathways induced by the binding of B7-H2 to CD28 in the

absence of the Therapeutic Agent.

[00329] In some embodiments, a Therapeutic Agent induces one or more of the signal

transduction pathways induced by the binding of B7-H2 to ICOS and CTLA-4. In specific

embodiments, a Therapeutic Agent induces one or more of the signal transduction pathways

induced by the binding of B7-H2 to ICOS and CTLA-4 by at least 25%, 30%, 40%, 50%,

60%, 75%, 80%, 85%, 90%, 95%, 98% or 99%, or in the range of between 25% to 50%, 25%

to 75%, 50% to 75%, 50% to 95%, 75% to 95%, or 75% to 100% relative to the one or more

signal transduction pathways induced by the binding of B7-H2 to ICOS and CTLA-4 in the

absence of the Therapeutic Agent. In specific embodiments, a Therapeutic Agent: (i) induces

one or more of the signal transduction pathways induced by the binding of B7-H2 to ICOS

and CTLA-4 by at least 25%, 30%, 40%, 50%, 60%, 75%, 80%, 85%, 90%, 95%, 98% or

99%, or in the range of between 25% to 50%, 25% to 75%, 50% to 75%, 50% to 95%, 75%

to 95%, or 75% to 100% relative to the one or more signal transduction pathways induced by

the binding of B7-H2 to ICOS and CTLA-4 in the absence of the Therapeutic Agent; and (ii)

does not induce, or induces one or more of the signal transduction pathways induced by the

binding of B7-H2 to CD28 by less than 20%, 15%, 10%, 5%, or 2%, or in the range of

between 2% to 5%, 2% to 10%, 5% to 10%, 5% to 15%, 5% to 20%, 10% to 15%, or 15% to

20% relative to the one or more signal transduction pathways induced by the binding of B7-

H2 to CD28 in the absence of the Therapeutic Agent.

[00330] In some embodiments, a Therapeutic Agent inhibits or reduces one or more of the

signal transduction pathways induced by the binding of B7-H2 to ICOS and CTLA-4. In

specific embodiments, a Therapeutic Agent inhibits or reduces one or more of the signal

transduction pathways induced by the binding of B7-H2 to ICOS and CTLA-4 by at least

25%, 30%, 40%, 50%, 60%, 75%, 80%, 85%, 90%, 95%, 98% or 99%, or in the range of

between 25% to 50%, 25% to 75%, 50% to 75%, 50% to 95%, 75% to 95%, or 75% to 100%

relative to the one or more signal transduction pathways induced by the binding of B7-H2 to

ICOS and CTLA-4 in the absence of the Therapeutic Agent. In specific embodiments, a

Therapeutic Agent: (i) inhibits or reduces one or more of the signal transduction pathways

induced by the binding of B7-H2 to ICOS and CTLA-4 by at least 25%, 30%, 40%, 50%,

60%, 75%, 80%, 85%, 90%, 95%, 98% or 99%, or in the range of between 25% to 50%, 25%

to 75%, 50% to 75%, 50% to 95%, 75% to 95%, or 75% to 100% relative to the one or more



signal transduction pathways induced by the binding of B7-H2 to ICOS and CTLA-4 in the

absence of the Therapeutic Agent; and (ii) does not inhibit or reduce, or inhibits or reduces

one or more of the signal transduction pathways induced by the binding of B7-H2 to CD28

by less than 20%, 15%, 10%, 5%, or 2%, or in the range of between 2% to 5%, 2% to 10%,

5% to 10%, 5% to 15%, 5% to 20%, 10% to 15%, or 15% to 20% relative to the one or more

signal transduction pathways induced by the binding of B7-H2 to CD28 in the absence of the

Therapeutic Agent.

[00331] In another embodiment, a Therapeutic Agent modulates the interactions between

B7-H2 and ICOS and B7-H2 and CTLA-4. In another embodiment, a Therapeutic Agent

inhibits or reduces the binding of B7-H2 to ICOS and CTLA-4 by at least 25%, 30%, 40%,

50%, 60%, 75%, 80%, 85%, 90%, 95%, 98% or 99%, or in the range of between 25% to

50%, 25% to 75%, 50% to 75%, 50% to 95%, 75% to 95%, or 75% to 100% relative to the

binding of B7-H2 to ICOS and CTLA-4 in the absence of the Therapeutic Agent. In another

embodiment, a Therapeutic Agent: (i) inhibits or reduces the binding of B7-H2 to ICOS and

CTLA-4 by at least 25%, 30%, 40%, 50%, 60%, 75%, 80%, 85%, 90%, 95%, 98% or 99%,

or in the range of between 25% to 50%, 25% to 75%, 50% to 75%, 50% to 95%, 75% to

95%, or 75% to 100% relative to the binding of B7-H2 to ICOS and CTLA-4 in the absence

of the Therapeutic Agent, and (ii) does not inhibit or reduce, or inhibits or reduces the

binding of B7-H2 to CD28 by less than 20%, 15%, 10%, 5%, or 2%, or in the range of

between 2% to 5%, 2% to 10%, 5% to 10%, 5% to 15%, 5% to 20%, 10% to 15%, or 15% to

20% relative to the binding of B7-H2 to CD28 in the absence of the Therapeutic Agent.

[00332] In a specific embodiment, a Therapeutic Agent modulates one or more of the

signal transduction pathways induced by B7-H2 binding to CD28, CTLA-4 and ICOS. In

some embodiments, a Therapeutic Agent activates or enhances one or more of the signal

transduction pathways induced by the binding of B7-H2 to CD28, CTLA-4 and ICOS. In

some embodiments, a Therapeutic Agent induces one or more of the signal transduction

pathways induced by the binding of B7-H2 to CD28, CTLA-4 and ICOS. In some

embodiments, a Therapeutic Agent inhibits or reduces one or more of the signal transduction

pathways induced by the binding of B7-H2 to CD28, CTLA-4 and ICOS. In certain

embodiments, a Therapeutic Agent modulates the interactions between B7-H2 and CD28,

B7-H2 and CTLA-4, and B7-H2 and ICOS.

[00333] In certain embodiments, the Therapeutic Agents are agonists. In other

embodiments, the Therapeutic Agents are antagonists.



[00334] In certain embodiments, the Therapeutic Agents induce, activate or enhance one

or more immune functions or responses (i.e, the agents are Immunostimulating Therapeutic

Agents). In other embodiments, the Therapeutic Agents suppress or reduce one or more

immune functions or responses (i.e.., the agents are Inhibitory Therapeutic Agents). The

modulation of one or more immune functions or responses can be in the form of, e.g., an

antibody response (humoral response) or a cellular immune response, e.g., cytokine secretion

(e.g., interferon-gamma), helper activity or cellular cytotoxicity. In one embodiment,

cytokine secretion, antibody production, effector function, T cell proliferation, and/or NK cell

proliferation is modulated following contact with a Therapeutic Agent. In a specific

embodiment, one or more immune functions or responses is modulated by contacting an

immune cell or a population of immune cells with a Therapeutic Agent.

5.3.1 Antibodies

[00335] In certain embodiments, the antibodies described in this section are commercially

or publicly available. In other embodiments, the antibodies described in this section can

produced by any method well known in the art, e.g., as described in U.S. Patent Nos.

5,807,715, 6,331,415, and 6,818,216; U.S. Patent Application Publication Nos. US

2002/0098189, US 2004/0028685, US 2005/0019330, and US 2007/0086943; International

Publication No. WO 02/46237; and Harlow et al, Antibodies. A Laboratory Manual, (Cold

Spring Harbor Laboratory Press, 2nd ed. 1988); Hammerling, et al., in: Monoclonal

Antibodies and T-CeIl Hybridomas 563-681 (Elsevier, N.Y., 1981) (said references are

incorporated by reference herein in their entireties).

5.3.1.1 Anti-B7-H2 Antibodies

[00336] In one aspect, a Therapeutic Agent is an antibody that specifically binds to B7-H2

and modulates one or more of the signal transduction pathways induced by B7-H2 binding to

one or more of the following receptors: ICOS, CD28, or CTLA-4. The modulation of one or

more signal transduction pathways can be measured by assessing the phosphorylation of

certain subunits, the kinase activity of certain molecules (e.g., MAP kinase), the activity of

certain transcription factors, or the translocation of certain transcription factors from the

cytoplasm to the nucleus, cytokine production (e.g., IL-2, IL-4, IL-5, IL-10, IFN-alpha, IFN-

beta, or IFN-gamma), antibody production, cellular proliferation (e.g., lymphocyte

proliferation) using techniques known to those skilled in the art or described herein, e.g.,

ELISAs, Western Blots, electromobility shift assays or other immunoassays. In a specific

embodiment, the Therapeutic Agent modulates the interaction between B7-H2 and one or



more of the following receptors: ICOS, CD28 or CTLA-4. Methods well known in the art or

described herin, e.g., ELISA, cell-based assays including flow cytometry, KinEx A assay,

and plasmon surface resonance assay (e.g., BIAcore" assay), may be used to assess binding

of B7-H2 to one or more of the following receptors: ICOS, CD28 or CTLA-4. Antibodies

that modulate the interaction between B7-H2 and ICOS, CD28 or CTLA-4 may do so

sterically or non-sterically.

[00337] As discussed in Examples 6 and 7 infra, the mouse anti-human B7-H2

monoclonal antibody 9F.8A4 (BioLegend; San Diego, CA) abrogates binding of B7-H2 to

CD28, CTLA-4 and ICOS. Accordingly, in some embodiments, the Therapeutic Agent is

9F.8A4 or a fragment thereof (e.g., an antigen-binding fragment thereof). In another

embodiment, the Therapeutic Agent is a chimeric or humanized form of 9F.8A4. In other

embodiments, the Therapeutic Agent is not 9F.8A4, or a fragment thereof, or a chimeric or

humanized form thereof. In certain embodiments, the Therapeutic Agent is an antibody that

specifically binds to B7-H2 and competes with 9F.8A4 for binding to B7-H2.

[00338] In a specific embodiment, the Therapeutic Agent is an antibody that specifically

binds to B7-H2 and selectively modulates one or more of the signal transduction pathways

induced by the binding of B7-H2 to ICOS. In certain embodiments, the Therapeutic Agent is

an antibody that specifically binds to B7-H2 and selectively activates or enhances one or

more of the signal transduction pathways induced by the binding of B7-H2 to ICOS. In

specific embodiments, the Therapeutic Agent is an antibody that specifically binds to B7-H2

and activates or enhances one or more of the signal transduction pathways induced by the

binding of B7-H2 to ICOS by at least 25%, 30%, 40%, 50%, 60%, 75%, 80%, 85%, 90%,

95%, 98% or 99%, or in the range of between 25% to 50%, 25% to 75%, 50% to 75%, 50%

to 95%, 75% to 95%, or 75% to 100% relative to the one or more signal transduction

pathways induced by the binding of B7-H2 to ICOS in the absence of the antibody. In

specific embodiments, the Therapeutic Agent is an antibody that specifically binds to B7-H2

and the antibody: (i) activates or enhances one or more of the signal transduction pathways

induced by the binding of B7-H2 to ICOS by at least 25%, 30%, 40%, 50%, 60%, 75%, 80%,

85%, 90%, 95%, 98% or 99%, or in the range of between 25% to 50%, 25% to 75%, 50% to

75%, 50% to 95%, 75% to 95%, or 75% to 100% relative to the one or more signal

transduction pathways induced by the binding of B7-H2 to ICOS in the absence of the

antibody; and (ii) does not activate or enhance, or activates or enhances one or more of the

signal transduction pathways induced by the binding of B7-H2 to either CD28, CTLA-4 or

both by less than 20%, 15%, 10%, 5%, or 2%, or in the range of between 2% to 5%, 2% to



10%, 5% to 10%, 5% to 15%, 5% to 20%, 10% to 15%, or 15% to 20% relative to the one or

more signal transduction pathways induced by the binding of B7-H2 to either CD28, CTLA-4

or both in the absence of the antibody.

[00339] In some embodiments, the Therapeutic Agent is an antibody that specifically

binds to B7-H2 and selectively inhibits or reduces one or more of the signal transduction

pathways induced by the binding of B7-H2 to ICOS. In specific embodiments, the

Therapeutic Agent is an antibody that specifically binds to B7-H2 and inhibits or reduces one

or more of the signal transduction pathways induced by the binding of B7-H2 to ICOS by at

least 25%, 30%, 40%, 50%, 60%, 75%, 80%, 85%, 90%, 95%, 98% or 99%, or in the range

of between 25% to 50%, 25% to 75%, 50% to 75%, 50% to 95%, 75% to 95%, or 75% to

100% relative to the one or more signal transduction pathways induced by the binding of B7-

H2 to ICOS in the absence of the antibody. In specific embodiments, the Therapeutic Agent

is an antibody that specifically binds to B7-H2 and the antibody: (i) inhibits or reduces one or

more of the signal transduction pathways induced by the binding of B7-H2 to ICOS by at

least 25%, 30%, 40%, 50%, 60%, 75%, 80%, 85%, 90%, 95%, 98% or 99%, or in the range

of between 25% to 50%, 25% to 75%, 50% to 75%, 50% to 95%, 75% to 95%, or 75% to

100% relative to the one or more signal transduction pathways induced by the binding of B7-

H2 to ICOS in the absence of the antibody; and (ii) does not inhibit or reduce, or inhibits or

reduces one or more of the signal transduction pathways induced by the binding of B7-H2 to

either CD28, CTLA-4 or both by less than 20%, 15%, 10%, 5%, or 2%, or in the range of

between 2% to 5%, 2% to 10%, 5% to 10%, 5% to 15%, 5% to 20%, 10% to 15%, or 15% to

20% relative to the one or more signal transduction pathways induced by the binding of B7-

H2 to either CD28, CTLA-4 or both in the absence of the antibody.

[00340] In a specific embodiment, the Therapeutic Agent is an antibody that specifically

binds to B7-H2 and selectively inhibits or reduces the binding of B7-H2 to ICOS. In another

embodiment, the Therapeutic Agent is an antibody that specifically binds to B7-H2 and

inhibits or reduces the binding of B7-H2 to ICOS by at least 25%, 30%, 40%, 50%, 60%,

75%, 80%, 85%, 90%, 95%, 98% or 99%, or in the range of between 25% to 50%, 25% to

75%, 50% to 75%, 50% to 95%, 75% to 95%, or 75% to 100% relative to the binding of B7-

H2 to ICOS in the absence of the antibody. In another embodiment, the Therapeutic Agent is

an antibody that specifically binds to B7-H2 and the antibody: (i) inhibits or reduces the

binding of B7-H2 to ICOS by at least 25%, 30%, 40%, 50%, 60%, 75%, 80%, 85%, 90%,

95%, 98% or 99%, or in the range of between 25% to 50%, 25% to 75%, 50% to 75%, 50%

to 95%, 75% to 95%, or 75% to 100% relative to the binding of B7-H2 to ICOS in the



absence of the antibody, and (ii) does not inhibit or reduce, or inhibits or reduces the binding

of B7-H2 to either CD28, CTLA-4 or both by less than 20%, 15%, 10%, 5%, or 2%, or in the

range of between 2% to 5%, 2% to 10%, 5% to 10%, 5% to 15%, 5% to 20%, 10% to 15%,

or 15% to 20% relative to the binding of B7-H2 to either CD28, CTLA-4 or both in the

absence of the antibody.

[00341] In a specific embodiment, the Therapeutic Agent is an antibody that specifically

binds to B7-H2 and selectively modulates one or more of the signal transduction pathways

induced by the binding of B7-H2 to either CD28, CTLA-4 or both. In certain embodiments,

the Therapeutic Agent is an antibody that specifically binds to B7-H2 and selectively

activates or enhances one or more of the signal transduction pathways induced by the binding

of B7-H2 to either CD28, CTLA-4 or both.

[00342] In a specific embodiment, the Therapeutic Agent is an antibody that specifically

binds to B7-H2 and modulates one or more of the signal transduction pathways induced by

the binding of B7-H2 to CD28 as well as one or more of the signal transduction pathways

induced by the binding of B7-H2 to CTLA-4. In certain embodiments, the Therapeutic Agent

is an antibody that specifically binds to B7-H2 and selectively activates or enhances: (i) one

or more of the signal transduction pathways induced by the binding of B7-H2 to CD28, and

(ii) one or more of the signal transduction pathways induced by the binding of B7-H2 to

CTLA-4.

[00343] In specific embodiments, the Therapeutic Agent is an antibody that specifically

binds to B7-H2 and the antibody: (i) activates or enhances one or more of the signal

transduction pathways induced by the binding of B7-H2 to CD28 by at least 25%, 30%, 40%,

50%, 60%, 75%, 80%, 85%, 90%, 95%, 98% or 99%, or in the range of between 25% to

50%, 25% to 75%, 50% to 75%, 50% to 95%, 75% to 95%, or 75% to 100% relative to the

one or more signal transduction pathways induced by the binding of B7-H2 to CD28 in the

absence of the antibody; and (ii) activates or enhances, or activates or enhances one or more

of the signal transduction pathways induced by the binding of B7-H2 to CTLA-4 or both by

at least 25%, 30%, 40%, 50%, 60%, 75%, 80%, 85%, 90%, 95%, 98% or 99%, or in the

range of between 25% to 50%, 25% to 75%, 50% to 75%, 50% to 95%, 75% to 95%, or 75%

to 100% relative to the one or more signal transduction pathways induced by the binding of

B7-H2 to CTLA-4 in the absence of the antibody.

[00344] In specific embodiments, the Therapeutic Agent is an antibody that specifically

binds to B7-H2 and the antibody: (i) activates or enhances one or more of the signal

transduction pathways induced by the binding of B7-H2 to CD28 by at least 25%, 30%, 40%,



50%, 60%, 75%, 80%, 85%, 90%, 95%, 98% or 99%, or in the range of between 25% to

50%, 25% to 75%, 50% to 75%, 50% to 95%, 75% to 95%, or 75% to 100% relative to the

one or more signal transduction pathways induced by the binding of B7-H2 to CD28 in the

absence of the antibody; (ii) activates or enhances one or more of the signal transduction

pathways induced by the binding of B7-H2 to CD28 by at least 25%, 30%, 40%, 50%, 60%,

75%, 80%, 85%, 90%, 95%, 98% or 99%, or in the range of between 25% to 50%, 25% to

75%, 50% to 75%, 50% to 95%, 75% to 95%, or 75% to 100% relative to the one or more

signal transduction pathways induced by the binding of B7-H2 to CTLA-4 in the absence of

the antibody; and (iii) does not activate or enhance, or activates or enhances one or more of

the signal transduction pathways induced by the binding of B7-H2 to ICOS by less than 20%,

15%, 10%, 5%, or 2%, or in the range of between 2% to 5%, 2% to 10%, 5% to 10%, 5% to

15%, 5% to 20%, 10% to 15%, or 15% to 20% relative to the one or more signal transduction

pathways induced by the binding of B7-H2 to ICOS in the absence of the antibody.

[00345] In some embodiments, the Therapeutic Agent is an antibody that specifically

binds to B7-H2 and inhibits or reduces one or more of the signal transduction pathways

induced by the binding of B7-H2 to CD28 as well one or more of the signal transduction

pathways induced by the binding of B7-H2 to CTLA-4. In specific embodiments, the

Therapeutic Agent is an antibody that specifically binds to B7-H2 and the antibody: (i)

inhibits or reduces one or more of the signal transduction pathways induced by the binding of

B7-H2 to CD28 by at least 25%, 30%, 40%, 50%, 60%, 75%, 80%, 85%, 90%, 95%, 98% or

99%, or in the range of between 25% to 50%, 25% to 75%, 50% to 75%, 50% to 95%, 75%

to 95%, or 75% to 100% relative to the one or more signal transduction pathways induced by

the binding of B7-H2 to CD28 in the absence of the antibody; and (ii) inhibits or reduces one

or more of the signal transduction pathways induced by the binding of B7-H2 to CTLA-4 by

at least 25%, 30%, 40%, 50%, 60%, 75%, 80%, 85%, 90%, 95%, 98% or 99%, or in the

range of between 25% to 50%, 25% to 75%, 50% to 75%, 50% to 95%, 75% to 95%, or 75%

to 100% relative to the one or more signal transduction pathways induced by the binding of

B7-H2 to CTLA-4 in the absence of the antibody.

[00346] In specific embodiments, the Therapeutic Agent is an antibody that specifically

binds to B7-H2 and the antibody: (i) inhibits or reduces one or more of the signal

transduction pathways induced by the binding of B7-H2 to CD28 by at least 25%, 30%, 40%,

50%, 60%, 75%, 80%, 85%, 90%, 95%, 98% or 99%, or in the range of between 25% to

50%, 25% to 75%, 50% to 75%, 50% to 95%, 75% to 95%, or 75% to 100% relative to the

one or more signal transduction pathways induced by the binding of B7-H2 to CD28 in the



absence of the antibody; (ii) inhibits or reduces one or more of the signal transduction

pathways induced by the binding of B7-H2 to CTLA-4 by at least 25%, 30%, 40%, 50%,

60%, 75%, 80%, 85%, 90%, 95%, 98% or 99%, or in the range of between 25% to 50%, 25%

to 75%, 50% to 75%, 50% to 95%, 75% to 95%, or 75% to 100% relative to the one or more

signal transduction pathways induced by the binding of B7-H2 to CTLA-4 in the absence of

the antibody; and (iii) does not inhibit or reduce, or inhibits or reduces one or more of the

signal transduction pathways induced by the binding of B7-H2 to ICOS by less than 20%,

15%, 10%, 5%, or 2%, or in the range of between 2% to 5%, 2% to 10%, 5% to 10%, 5% to

15%, 5% to 20%, 10% to 15%, or 15% to 20% relative to the one or more signal

transduction pathways induced by the binding of B7-H2 to ICOS in the absence of the

antibody.

[00347] In a specific embodiment, the Therapeutic Agent is an antibody that specifically

binds to B7-H2 and inhibits or reduces the binding of B7-H2 to CD28 as well as the binding

of B7-H2 to CTLA-4. In another embodiment, the Therapeutic Agent is an antibody that

specifically binds to B7-H2 and the antibody: (i) inhibits or reduces the binding of B7-H2 to

CD28 by at least 25%, 30%, 40%, 50%, 60%, 75%, 80%, 85%, 90%, 95%, 98% or 99%, or

in the range of between 25% to 50%, 25% to 75%, 50% to 75%, 50% to 95%, 75% to 95%,

or 75% to 100% relative to the binding of B7-H2 to CD28 in the absence of the antibody; and

(ii) inhibits or reduces the binding of B7-H2 to CTLA-4 by at least 25%, 30%, 40%, 50%,

60%, 75%, 80%, 85%, 90%, 95%, 98% or 100%, or in the range of between 25% to 50%,

25% to 75%, 50% to 75%, 50% to 95%, 75% to 95%, or 75% to 100% relative to the binding

of B7-H2 to CTLA-4 in the absence of the antibody.

[00348] In another embodiment, the Therapeutic Agent is an antibody that specifically

binds to B7-H2 and the antibody: (i) inhibits or reduces the binding of B7-H2 to CD28 by at

least 25%, 30%, 40%, 50%, 60%, 75%, 80%, 85%, 90%, 95%, 98% or 99%, or in the range

of between 25% to 50%, 25% to 75%, 50% to 75%, 50% to 95%, 75% to 95%, or 75% to

100% relative to the binding of B7-H2 to CD28 in the absence of the antibody; (ii) inhibits or

reduces the binding of B7-H2 to CTLA-4 by at least 25%, 30%, 40%, 50%, 60%, 75%, 80%,

85%, 90%, 95%, 98% or 99%, or in the range of between 25% to 50%, 25% to 75%, 50% to

75%, 50% to 95%, 75% to 95%, or 75% to 100% relative to the binding of B7-H2 to CTLA-4

in the absence of the antibody; and (iii) does not inhibit or reduce, or inhibits or reduces the

binding of B7-H2 to ICOS by less than 20%, 15%, 10%, 5%, or 2%, or in the range of

between 2% to 5%, 2% to 10%, 5% to 10%, 5% to 15%, 5% to 20%, 10% to 15%, or 15% to

20% relative to the binding of B7-H2 to ICOS in the absence of the antibody.



[00349] As discussed in Examples 6 and 7 infra, the mouse anti-human B7-H2

monoclonal antibody MIH12 (eBioscience; San Diego, CA) selectively blocks binding of B7-

H2 to CD28 and CTLA-4. In other words, the antibody blocks binding of B7-H2 to CD28

and CTLA-4 without blocking binding to ICOS. Accordingly, in some embodiments, the

Therapeutic Agent is MIH 12 or a fragment thereof. In another embodiment, the Therapeutic

Agent is a chimeric or humanized form of MIH 12. In other embodiments, the Therapeutic

Agent is not MIH12, or a fragment thereof, or a chimeric or humanized form thereof. In

certain embodiments, the Therapeutic Agent is an antibody that specifically binds to B7-H2

and competes with MIH12 for binding to B7-H2.

[00350] In a specific embodiment, the Therapeutic Agent is an antibody that specifically

binds to B7-H2 and selectively activates or enhances one or more of the signal transduction

pathways induced by the binding of B7-H2 to CD28. In certain embodiments, the

Therapeutic Agent is an antibody that specifically binds to B7-H2 and activates or enhances

one or more of the signal transduction pathways induced by the binding of B7-H2 to CD28

by at least 25%, 30%, 40%, 50%, 60%, 75%, 80%, 85%, 90%, 95%, 98% or 99%, or in the

range of between 25% to 50%, 25% to 75%, 50% to 75%, 50% to 95%, 75% to 95%, or 75%

to 100% relative to the one or more signal transduction pathways induced by the binding of

B7-H2 to CD28 in the absence of the antibody. In specific embodiments, the Therapeutic

Agent is an antibody that specifically binds to B7-H2 and the antibody: (i) activates or

enhances one or more of the signal transduction pathways induced by the binding of B7-H2

to CD28 by at least 25%, 30%, 40%, 50%, 60%, 75%, 80%, 85%, 90%, 95%, 98% or 99%,

or in the range of between 25% to 50%, 25% to 75%, 50% to 75%, 50% to 95%, 75% to

95%, or 75% to 100% relative to the one or more signal transduction pathways induced by

the binding of B7-H2 to CD28 in the absence of the antibody; and (ii) does not activate or

enhance, or activates or enhances one or more of the signal transduction pathways induced by

the binding of B7-H2 to ICOS by less than 20%, 15%, 10%, 5%, or 2%, or in the range of

between 2% to 5%, 2% to 10%, 5% to 10%, 5% to 15%, 5% to 20%, 10% to 15%, or 15% to

20% relative to the one or more signal transduction pathways induced by the binding of B7-

H2 to ICOS or both in the absence of the antibody.

[00351] In certain embodiments, the Therapeutic Agent is an antibody that specifically

binds to B7-H2 and the antibody: (i) activates or enhances one or more of the signal

transduction pathways induced by the binding of B7-H2 to CD28 by at least 25%, 30%, 40%,

50%, 60%, 75%, 80%, 85%, 90%, 95%, 98% or 99%, or in the range of between 25% to

50%, 25% to 75%, 50% to 75%, 50% to 95%, 75% to 95%, or 75% to 100% relative to the



one or more signal transduction pathways induced by the binding of B7-H2 to CD28 in the

absence of the antibody; and (ii) does not activate or enhance, or activates or enhances one or

more of the signal transduction pathways induced by the binding of B7-H2 to CTLA-4 by

less than 20%, 15%, 10%, 5%, or 2%, or in the range of between 2% to 5%, 2% to 10%, 5%

to 10%, 5% to 15%, 5% to 20%, 10% to 15%, or 15% to 20% relative to the one or more

signal transduction pathways induced by the binding of B7-H2 to CTLA-4 in the absence of

the antibody. In certain embodiments, the Therapeutic Agent is an antibody that specifically

binds to B7-H2 and the antibody: (i) activates or enhances one or more of the signal

transduction pathways induced by the binding of B7-H2 to CD28 by at least 25%, 30%, 40%,

50%, 60%, 75%, 80%, 85%, 90%, 95%, 98% or 99%, or in the range of between 25% to

50%, 25% to 75%, 50% to 75%, 50% to 95%, 75% to 95%, or 75% to 100% relative to the

one or more signal transduction pathways induced by the binding of B7-H2 to CD28 in the

absence of the antibody; and (ii) does not activate or enhance, or activates or enhances one or

more of the signal transduction pathways induced by the binding of B7-H2 to ICOS or

CTLA-4 by less than 20%, 15%, 10%, 5%, or 2%, or in the range of between 2% to 5%, 2%

to 10%, 5% to 10%, 5% to 15%, 5% to 20%, 10% to 15%, or 15% to 20% relative to the one

or more signal transduction pathways induced by the binding of B7-H2 to ICOS or CTLA-4

in the absence of the antibody.

[00352] In some embodiments, the Therapeutic Agent is an antibody that specifically

binds to B7-H2 and selectively inhibits or reduces one or more of the signal transduction

pathways induced by the binding of B7-H2 to CD28. In specific embodiments, the

Therapeutic Agent is an antibody that specifically binds to B7-H2 and inhibits or reduces one

or more of the signal transduction pathways induced by the binding of B7-H2 to CD28 by at

least 25%, 30%, 40%, 50%, 60%, 75%, 80%, 85%, 90%, 95%, 98% or 99%, or in the range

of between 25% to 50%, 25% to 75%, 50% to 75%, 50% to 95%, 75% to 95%, or 75% to

100% relative to the one or more signal transduction pathways induced by the binding of B7-

H2 to CD28 in the absence of the antibody. In specific embodiments, the Therapeutic Agent

is an antibody that specifically binds to B7-H2 and the antibody: (i) inhibits or reduces one or

more of the signal transduction pathways induced by the binding of B7-H2 to CD28 by at

least 25%, 30%, 40%, 50%, 60%, 75%, 80%, 85%, 90%, 95%, 98% or 99%, or in the range

of between 25% to 50%, 25% to 75%, 50% to 75%, 50% to 95%, 75% to 95%, or 75% to

100% relative to the one or more signal transduction pathways induced by the binding of B7-

H2 to CD28 in the absence of the antibody; and (ii) does not inhibit or reduce, or inhibits or

reduces one or more of the signal transduction pathways induced by the binding of B7-H2 to



ICOS by less than 20%, 15%, 10%, 5%, or 2%, or in the range of between 2% to 5%, 2% to

10%, 5% to 10%, 5% to 15%, 5% to 20%, 10% to 15%, or 15% to 20% relative to the one or

more signal transduction pathways induced by the binding of B7-H2 to ICOS in the absence

of the antibody.

[00353] In certain embodiments, the Therapeutic Agent is an antibody that specifically

binds to B7-H2 and the antibody: (i) inhibits or reduces one or more of the signal

transduction pathways induced by the binding of B7-H2 to CD28 by at least 25%, 30%, 40%,

50%, 60%, 75%, 80%, 85%, 90%, 95%, 98% or 99%, or in the range of between 25% to

50%, 25% to 75%, 50% to 75%, 50% to 95%, 75% to 95%, or 75% to 100% relative to the

one or more signal transduction pathways induced by the binding of B7-H2 to CD28 in the

absence of the antibody; and (ii) does not inhibit or reduce, or inhibits or reduces one or more

of the signal transduction pathways induced by the binding of B7-H2 to CTLA-4 by less than

20%, 15%, 10%, 5%, or 2%, or in the range of between 2% to 5%, 2% to 10%, 5% to 10%,

5% to 15%, 5% to 20%, 10% to 15%, or 15% to 20% relative to the one or more signal

transduction pathways induced by the binding of B7-H2 to CTLA-4 in the absence of the

antibody. In some embodiments, the Therapeutic Agent is an antibody that specifically binds

to B7-H2 and the antibody: (i) inhibits or reduces one or more of the signal transduction

pathways induced by the binding of B7-H2 to CD28 by at least 25%, 30%, 40%, 50%, 60%,

75%, 80%, 85%, 90%, 95%, 98% or 99%, or in the range of between 25% to 50%, 25% to

75%, 50% to 75%, 50% to 95%, 75% to 95%, or 75% to 100% relative to the one or more

signal transduction pathways induced by the binding of B7-H2 to CD28 in the absence of the

antibody; and (ii) does not inhibit or reduce, or inhibits or reduces one or more of the signal

transduction pathways induced by the binding of B7-H2 to ICOS or CTLA-4 by less than

20%, 15%, 10%, 5%, or 2%, or in the range of between 2% to 5%, 2% to 10%, 5% to 10%,

5% to 15%, 5% to 20%, 10% to 15%, or 15% to 20% relative to the one or more signal

transduction pathways induced by the binding of B7-H2 to ICOS or CTLA-4 in the absence

of the antibody.

[00354] In a specific embodiment, the Therapeutic Agent is an antibody that specifically

binds to B7-H2 and selectively inhibits or reduces the binding of B7-H2 to CD28. In another

embodiment, the Therapeutic Agent is an antibody that specifically binds to B7-H2 and

inhibits or reduces the binding of B7-H2 to CD28 by at least 25%, 30%, 40%, 50%, 60%,

75%, 80%, 85%, 90%, 95%, 98% or 99%, or in the range of between 25% to 50%, 25% to

75%, 50% to 75%, 50% to 95%, 75% to 95%, or 75% to 100% relative to the binding of B7-

H2 to CD28 in the absence of the antibody. In another embodiment, the Therapeutic Agent is



an antibody that specifically binds to B7-H2 and the antibody: (i) inhibits or reduces the

binding of B7-H2 to CD28 by at least 25%, 30%, 40%, 50%, 60%, 75%, 80%, 85%, 90%,

95%, 98% or 99%, or in the range of between 25% to 50%, 25% to 75%, 50% to 75%, 50%

to 95%, 75% to 95%, or 75% to 100% relative to the binding of B7-H2 to CD28 in the

absence of the antibody, and (ii) does not inhibit or reduce, or inhibits or reduces the binding

of B7-H2 to ICOS by less than 20%, 15%, 10%, 5%, or 2%, or in the range of between 2% to

5%, 2% to 10%, 5% to 10%, 5% to 15%, 5% to 20%, 10% to 15%, or 15% to 20% relative to

the binding of B7-H2 to ICOS in the absence of the antibody. In another embodiment, the

Therapeutic Agent is an antibody that specifically binds to B7-H2 and the antibody: (i)

inhibits or reduces the binding of B7-H2 to CD28 by at least 25%, 30%, 40%, 50%, 60%,

75%, 80%, 85%, 90%, 95%, 98% or 99%, or in the range of between 25% to 50%, 25% to

75%, 50% to 75%, 50% to 95%, 75% to 95%, or 75% to 100% relative to the binding of B7-

H2 to CD28 in the absence of the antibody, and (ii) does not inhibit or reduce, or inhibits or

reduces the binding of B7-H2 to CTLA-4 by less than 20%, 15%, 10%, 5%, or 2%, or in the

range of between 2% to 5%, 2% to 10%, 5% to 10%, 5% to 15%, 5% to 20%, 10% to 15%,

or 15% to 20% relative to the binding of B7-H2 to CTLA-4 in the absence of the antibody.

In another embodiment, the Therapeutic Agent is an antibody that specifically binds to B7-

H2 and the antibody: (i) inhibits or reduces the binding of B7-H2 to CD28 by at least 25%,

30%, 40%, 50%, 60%, 75%, 80%, 85%, 90%, 95%, 98% or 99%, or in the range of between

25% to 50%, 25% to 75%, 50% to 75%, 50% to 95%, 75% to 95%, or 75% to 100% relative

to the binding of B7-H2 to CD28 in the absence of the antibody, and (ii) does not inhibit or

reduce, or inhibits or reduces the binding of B7-H2 to ICOS or CTLA-4 by less than 20%,

15%, 10%, 5%, or 2%, or in the range of between 2% to 5%, 2% to 10%, 5% to 10%, 5% to

15%, 5% to 20%, 10% to 15%, or 15% to 20% relative to the binding of B7-H2 to ICOS or

CTLA-4 in the absence of the antibody.

[00355] In a specific embodiment, the Therapeutic Agent is an antibody that specifically

binds to B7-H2 and slectively activates or enhances one or more of the signal transduction

pathways induced by the binding of B7-H2 to CTLA-4. In certain embodiments, the

Therapeutic Agent is an antibody that specifically binds to B7-H2 and activates or enhances

one or more of the signal transduction pathways induced by the binding of B7-H2 to CTLA-4

by at least 25%, 30%, 40%, 50%, 60%, 75%, 80%, 85%, 90%, 95%, 98% or 99%, or in the

range of between 25% to 50%, 25% to 75%, 50% to 75%, 50% to 95%, 75% to 95%, or 75%

to 100% relative to the one or more signal transduction pathways induced by the binding of

B7-H2 to CTLA-4 in the absence of the antibody. In specific embodiments, the Therapeutic



Agent is an antibody that specifically binds to B7-H2 and the antibody: (i) activates or

enhances one or more of the signal transduction pathways induced by the binding of B7-H2

to CTLA-4 by at least 25%, 30%, 40%, 50%, 60%, 75%, 80%, 85%, 90%, 95%, 98% or 99%,

or in the range of between 25% to 50%, 25% to 75%, 50% to 75%, 50% to 95%, 75% to

95%, or 75% to 100% relative to the one or more signal transduction pathways induced by

the binding of B7-H2 to CTLA-4 in the absence of the antibody; and (ii) does not activate or

enhance, or activates or enhances one or more of the signal transduction pathways induced by

the binding of B7-H2 to ICOS by less than 20%, 15%, 10%, 5%, or 2%, or in the range of

between 2% to 5%, 2% to 10%, 5% to 10%, 5% to 15%, 5% to 20%, 10% to 15%, or 15% to

20% relative to the one or more signal transduction pathways induced by the binding of B7-

H2 to ICOS in the absence of the antibody.

[00356] In certain embodiments, the Therapeutic Agent is an antibody that specifically

binds to B7-H2 and the antibody: (i) activates or enhances one or more of the signal

transduction pathways induced by the binding of B7-H2 to CTLA-4 by at least 25%, 30%,

40%, 50%, 60%, 75%, 80%, 85%, 90%, 95%, 98% or 99%, or in the range of between 25%

to 50%, 25% to 75%, 50% to 75%, 50% to 95%, 75% to 95%, or 75% to 100% relative to the

one or more signal transduction pathways induced by the binding of B7-H2 to CTLA-4 in the

absence of the antibody; and (ii) does not activate or enhance, or activates or enhances one or

more of the signal transduction pathways induced by the binding of B7-H2 to CD28 by less

than 20%, 15%, 10%, 5%, or 2%, or in the range of between 2% to 5%, 2% to 10%, 5% to

10%, 5% to 15%, 5% to 20%, 10% to 15%, or 15% to 20% relative to the one or more signal

transduction pathways induced by the binding of B7-H2 to CD28 in the absence of the

antibody.

[00357] In certain embodiments, the Therapeutic Agent is an antibody that specifically

binds to B7-H2 and the antibody: (i) activates or enhances one or more of the signal

transduction pathways induced by the binding of B7-H2 to CTLA-4 by at least 25%, 30%,

40%, 50%, 60%, 75%, 80%, 85%, 90%, 95%, 98% or 99%, or in the range of between 25%

to 50%, 25% to 75%, 50% to 75%, 50% to 95%, 75% to 95%, or 75% to 100% relative to the

one or more signal transduction pathways induced by the binding of B7-H2 to CTLA-4 in the

absence of the antibody; and (ii) does not activate or enhance, or activates or enhances one or

more of the signal transduction pathways induced by the binding of B7-H2 to ICOS by less

than 20%, 15%, 10%, 5%, or 2%, or in the range of between 2% to 5%, 2% to 10%, 5% to

10%, 5% to 15%, 5% to 20%, 10% to 15%, or 15% to 20% relative to the one or more signal



transduction pathways induced by the binding of B7-H2 to ICOS in the absence of the

antibody.

[00358] In certain embodiments, the Therapeutic Agent is an antibody that specifically

binds to B7-H2 and the antibody: (i) activates or enhances one or more of the signal

transduction pathways induced by the binding of B7-H2 to CTLA-4 by at least 25%, 30%,

40%, 50%, 60%, 75%, 80%, 85%, 90%, 95%, 98% or 99%, or in the range of between 25%

to 50%, 25% to 75%, 50% to 75%, 50% to 95%, 75% to 95%, or 75% to 100% relative to the

one or more signal transduction pathways induced by the binding of B7-H2 to CTLA-4 in the

absence of the antibody; and (ii) does not activate or enhance, or activates or enhances one or

more of the signal transduction pathways induced by the binding of B7-H2 to ICOS or CD28

by less than 20%, 15%, 10%, 5%, or 2%, or in the range of between 2% to 5%, 2% to 10%,

5% to 10%, 5% to 15%, 5% to 20%, 10% to 15%, or 15% to 20% relative to the one or more

signal transduction pathways induced by the binding of B7-H2 to ICOS or CD28 in the

absence of the antibody.

[00359] In some embodiments, the Therapeutic Agent is an antibody that specifically

binds to B7-H2 and selectively inhibits or reduces one or more of the signal transduction

pathways induced by the binding of B7-H2 to CTLA-4. In specific embodiments, the

Therapeutic Agent is an antibody that specifically binds to B7-H2 and inhibits or reduces one

or more of the signal transduction pathways induced by the binding of B7-H2 to CTLA-4 by

at least 25%, 30%, 40%, 50%, 60%, 75%, 80%, 85%, 90%, 95%, 98% or 99%, or in the

range of between 25% to 50%, 25% to 75%, 50% to 75%, 50% to 95%, 75% to 95%, or 75%

to 100% relative to the one or more signal transduction pathways induced by the binding of

B7-H2 to CTLA-4 in the absence of the antibody. In specific embodiments, the Therapeutic

Agent is an antibody that specifically binds to B7-H2 and the antibody: (i) inhibits or reduces

one or more of the signal transduction pathways induced by the binding of B7-H2 to CTLA-4

by at least 25%, 30%, 40%, 50%, 60%, 75%, 80%, 85%, 90%, 95%, 98% or 99%, or in the

range of between 25% to 50%, 25% to 75%, 50% to 75%, 50% to 95%, 75% to 95%, or 75%

to 100% relative to the one or more signal transduction pathways induced by the binding of

B7-H2 to CTLA-4 in the absence of the antibody; and (ii) does not inhibit or reduce, or

inhibits or reduces one or more of the signal transduction pathways induced by the binding of

B7-H2 to ICOS by less than 20%, 15%, 10%, 5%, or 2%, or in the range of between 2% to

5%, 2% to 10%, 5% to 10%, 5% to 15%, 5% to 20%, 10% to 15%, or 15% to 20% relative to

the one or more signal transduction pathways induced by the binding of B7-H2 to ICOS in

the absence of the antibody.



[00360] In certain embodiments, the Therapeutic Agent is an antibody that specifically

binds to B7-H2 and the antibody: (i) inhibits or reduces one or more of the signal

transduction pathways induced by the binding of B7-H2 to CTLA-4 by at least 25%, 30%,

40%, 50%, 60%, 75%, 80%, 85%, 90%, 95%, 98% or 99%, or in the range of between 25%

to 50%, 25% to 75%, 50% to 75%, 50% to 95%, 75% to 95%, or 75% to 100% relative to the

one or more signal transduction pathways induced by the binding of B7-H2 to CTLA-4 in the

absence of the antibody; and (ii) does not inhibit or reduce, or inhibits or reduces one or more

of the signal transduction pathways induced by the binding of B7-H2 to CD28 by less than

20%, 15%, 10%, 5%, or 2%, or in the range of between 2% to 5%, 2% to 10%, 5% to 10%,

5% to 15%, 5% to 20%, 10% to 15%, or 15% to 20% relative to the one or more signal

transduction pathways induced by the binding of B7-H2 to CD28 in the absence of the

antibody.

[00361] In some embodiments, the Therapeutic Agent is an antibody that specifically

binds to B7-H2 and the antibody: (i) inhibits or reduces one or more of the signal

transduction pathways induced by the binding of B7-H2 to CTLA-4 by at least 25%, 30%,

40%, 50%, 60%, 75%, 80%, 85%, 90%, 95%, 98% or 99%, or in the range of between 25%

to 50%, 25% to 75%, 50% to 75%, 50% to 95%, 75% to 95%, or 75% to 100% relative to the

one or more signal transduction pathways induced by the binding of B7-H2 to CTLA-4 in the

absence of the antibody; and (ii) does not inhibit or reduce, or inhibits or reduces one or more

of the signal transduction pathways induced by the binding of B7-H2 to ICOS or CD28 by

less than 20%, 15%, 10%, 5%, or 2%, or in the range of between 2% to 5%, 2% to 10%, 5%

to 10%, 5% to 15%, 5% to 20%, 10% to 15%, or 15% to 20% relative to the one or more

signal transduction pathways induced by the binding of B7-H2 to ICOS or CD28 in the

absence of the antibody.

[00362] In a specific embodiment, the Therapeutic Agent is an antibody that specifically

binds to B7-H2 and selectively inhibits or reduces the binding of B7-H2 to CTLA-4. In

another embodiment, the Therapeutic Agent is an antibody that specifically binds to B7-H2

and inhibits or reduces the binding of B7-H2 to CTLA-4 by at least 25%, 30%, 40%, 50%,

60%, 75%, 80%, 85%, 90%, 95%, 98% or 99%, or in the range of between 25% to 50%, 25%

to 75%, 50% to 75%, 50% to 95%, 75% to 95%, or 75% to 100% relative to the binding of

B7-H2 to CD28 in the absence of the antibody. In another embodiment, the Therapeutic

Agent is an antibody that specifically binds to B7-H2 and the antibody: (i) inhibits or reduces

the binding of B7-H2 to CTLA-4 by at least 25%, 30%, 40%, 50%, 60%, 75%, 80%, 85%,

90%, 95%, 98% or 99%, or in the range of between 25% to 50%, 25% to 75%, 50% to 75%,



50% to 95%, 75% to 95%, or 75% to 100% relative to the binding of B7-H2 to CTLA-4 in

the absence of the antibody, and (ii) does not inhibit or reduce, or inhibits or reduces the

binding of B7-H2 to ICOS by less than 20%, 15%, 10%, 5%, or 2%, or in the range of

between 2% to 5%, 2% to 10%, 5% to 10%, 5% to 15%, 5% to 20%, 10% to 15%, or 15% to

20% relative to the binding of B7-H2 to ICOS in the absence of the antibody. In another

embodiment, the Therapeutic Agent is an antibody that specifically binds to B7-H2 and the

antibody: (i) inhibits or reduces the binding of B7-H2 to CTLA-4 by at least 25%, 30%, 40%,

50%, 60%, 75%, 80%, 85%, 90%, 95%, 98% or 99%, or in the range of between 25% to

50%, 25% to 75%, 50% to 75%, 50% to 95%, 75% to 95%, or 75% to 100% relative to the

binding of B7-H2 to CTLA-4 in the absence of the antibody, and (ii) does not inhibit or

reduce, or inhibits or reduces the binding of B7-H2 to CD28 by less than 20%, 15%, 10%,

5%, or 2%, or in the range of between 2% to 5%, 2% to 10%, 5% to 10%, 5% to 15%, 5% to

20%, 10% to 15%, or 15% to 20% relative to the binding of B7-H2 to CD28 in the absence of

the antibody. In another embodiment, the Therapeutic Agent is an antibody that specifically

binds to B7-H2 and the antibody: (i) inhibits or reduces the binding of B7-H2 to CTLA-4 by

at least 25%, 30%, 40%, 50%, 60%, 75%, 80%, 85%, 90%, 95%, 98% or 99%, or in the

range of between 25% to 50%, 25% to 75%, 50% to 75%, 50% to 95%, 75% to 95%, or 75%

to 100% relative to the binding of B7-H2 to CTLA-4 in the absence of the antibody, and (ii)

does not inhibit or reduce, or inhibits or reduces the binding of B7-H2 to ICOS or CD28 by

less than 20%, 15%, 10%, 5%, or 2%, or in the range of between 2% to 5%, 2% to 10%, 5%

to 10%, 5% to 15%, 5% to 20%, 10% to 15%, or 15% to 20% relative to the binding of B7-

H2 to ICOS or CD28 in the absence of the antibody.

[00363] In certain embodiments, an antibody specifically binds to an epitope comprising

amino acid residues 116 to 122 of native human B7-H2. In some embodiments, an antibody

specifically binds to an epitope comprising one or more of amino acid residues 51, 53, 116,

and 122 of native human B7-H2.

[00364] In certain embodiments, an antibody described in this section comprises a

modified Fc domain. Exemplary Fc domain modifications are described in Mueller et al.,

1997, Molecular Immunology 34(6):441-452; Swann et al., 2008, Current Opinion in

Immunology 20:493-499; and Presta, 2008, Current Opinion in Immunology 20:460-470.

5.3.1.2 Anti-Complex Antibodies

[00365] In another aspect, presented herein are antibodies that specifically bind to a

complex of either B7-H2 and ICOS, B7-H2 and CD28 or B7-H2 and CTLA-4. In certain



embodiments, such antibodies modulate one or more of the signal transduction pathways

induced by B7-H2 binding to one or more of the following receptors: ICOS, CD28 or CTLA-

4. In some embodiments, such antibodies modulate the interaction between B7-H2 and one

or more of the following receptors: ICOS, CD28 or CTLA-4. Antibodies that modulate the

interaction between B7-H2 and ICOS, CD28 or CTLA-4 may do so sterically or non-

sterically.

[00366] In one embodiment, a Therapeutic Agent is an antibody that specifically binds to a

a B7-H2/ICOS complex. In a specific embodiment, a Therapeutic Agent is an antibody that

specifically binds to a B7-H2/ICOS complex and modulates one or more of the signal

transduction pathways induced by B7-H2 binding to ICOS. In another embodiment, a

Therapeutic Agent is an antibody that specifically binds to a B7-H2/ICOS complex and

modulates the interaction between B7-H2 and ICOS.

[00367] In another embodiment, a Therapeutic Agent is an antibody that specifically binds

to a B7-H2/CD28 complex. In a specific embodiment, a Therapeutic Agent is an antibody

that specifically binds to a B7-H2/CD28 complex and modulates one or more of the signal

transduction pathways induced by B7-H2 binding to CD28. In another embodiment, a

Therapeutic Agent is an antibody that specifically binds to a B7-H2/CD28 complex and

modulates the interaction between B7-H2 and CD28.

[00368] In another embodiment, a Therapeutic Agent is an antibody that specifically binds

to a B7-H7/CTLA-4 complex. In a specific embodiment, a Therapeutic Agent is an antibody

that specifically binds to a B7-H2/CTLA-4 complex and modulates one or more of the signal

transduction pathways induced by B7-H2 binding to CTLA-4. In another embodiment, a

Therapeutic Agent is an antibody that specifically binds to a B7-H2/CTLA-4 complex and

modulates the interaction between B7-H2 and CTLA-4.

[00369] In some embodiments, an antibody that specifically binds to a complex of either

B7-H2 and ICOS, B7-H2 and CD28 or B7-H2 and CTLA-4 induces one or more signal

transduction pathways induced by the binding of B7-H2 to ICOS, B7-H2 to CD28, or B7-H2

to CTLA-4. In certain embodiments, an antibody that specifically binds to a complex of

either B7-H2 and ICOS, B7-H2 and CD28 or B7-H2 and CTLA-4 induces at least 25%, 30%,

35%, 40%, 45%, 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, 95%, 98% or 99%, or

in the range of between 25% to 50%, 25% to 75%, 25% to 98%, 50% to 75%, or 50% to 98%

of one or more of the signal transduction pathways induced when a native B7-H2 polypeptide

(e.g., a native mammalian B7-H2 polypeptide) binds to a native receptor of B7-H2

polypeptide (e.g., CD28, ICOS, or CTLA-4), as measured by assays well-known in the art.



In other embodiments, an antibody that specifically binds to a complex of either B7-H2 and

ICOS, B7-H2 and CD28, or B7-H2 and CTLA-4 inhibits or reduces at least 25%, 30%, 35%,

40%, 45%, 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, 95%, 98% or 99%, or in the

range of between 25% to 50%, 25% to 75%, 25% to 98%, 50% to 75%, or 50% to 98% of

one or more of the signal transduction pathways induced when a native B7-H2 polypeptide

binds to a native receptor of B7-H2 as measured by assays well-known in the art.

[00370] In certain embodiments, an antibody described in this section comprises a

modified Fc domain. Exemplary Fc domain modifications are described in Mueller et al,

1997, Molecular Immunology 34(6):441-452; Swann et al., 2008, Current Opinion in

Immunology 20:493-499; and Presta, 2008, Current Opinion in Immunology 20:460-470.

5.3.1.3 Anti-Receptor Antibodies

[00371] In another aspect, presented herein are antibodies that specifically bind to an

ICOS, CD28 or CTLA-4. In certain embodiments, such antibodies modulate one or more of

the signal transduction pathways induced by B7-H2 binding to one or more of the following

receptors: ICOS, CD28 or CTLA-4. In some embodiments, such antibodies modulate the

interaction between B7-H2 and one or more of the following receptors: ICOS, CD28 or

CTLA-4. Antibodies that modulate the interaction between B7-H2 and ICOS, CD28 or

CTLA-4 may do so sterically or non-sterically.

[00372] In a specific embodiment, a Therapeutic Agent is an antibody that specifically

binds to ICOS and modulates one or more of the signal transduction pathways induced by

B7-H2 binding to ICOS. In another embodiment, a Therapeutic Agent is an antibody that

specifically binds to ICOS and modulates the interaction between B7-H2 and ICOS.

[00373] In specific embodiments, a Therapeutic Agent is an antibody that specifically

binds to ICOS and inhibits or reduces one or more signal transduction pathways induced by

the binding of B7-H2 to ICOS without inhibiting or reducing one or more signal transduction

pathways induced by the binding of ICOS to other ligands. In certain embodiments, a

Therapeutic Agent is an antibody that specifically binds to ICOS and the antibody inhibits or

reduces one or more signal transduction pathways induced by the binding of B7-H2 to ICOS

by at least 25%, 30%, 40%, 50%, 60%, 75%, 80%, 85%, 90%, 95%, 98% or 99%, or in the

range of between 25% to 50%, 25% to 75%, 50% to 75%, 50% to 95%, or 75% to 100%

relative to the one or more signal transduction induced by the binding of ICOS to B7-H2 in

the absence of the antibody. In some specific embodiments, a Therapeutic Agent is an

antibody that specifically binds to ICOS and the antibody: (i) inhibits or reduces one or more



signal transduction pathways induced by the binding of B7-H2 to ICOS by at least 25%,

30%, 40%, 50%, 60%, 75%, 80%, 85%, 90%, 95%, 98% or 99%, or in the range of between

25% to 50%, 25% to 75%, 50% to 75%, 50% to 95%, or 75% to 100% relative to one or

more signal transduction pathways induced by the binding of B7-H2 to ICOS in the absence

of the antibody; and (ii) does not inhibit or reduce, or inhibits or reduces one or more signal

transduction pathways induced by the binding of one or more other ligands of ICOS by less

than 20%, 15%, 10%, 5%, or 2%, or in the range of between 5% to 20%, 5% to 15%, 5% to

10% or 2% to 5% relative to one or more signal transduction pathways induced by the

binding of such one or more other ligands to ICOS in the absence of the antibody.

[00374] In specific embodiments, a Therapeutic Agent is an antibody that specifically

binds to ICOS and activates or enhances one or more signal transduction pathways induced

by the binding of B7-H2 to ICOS without inhibiting or reducing one or more signal

transduction pathways induced by the binding of ICOS to other ligands. In certain

embodiments, a Therapeutic Agent is an antibody that specifically binds to ICOS and the

antibody activates or enhances one or more signal transduction pathways induced by the

binding of B7-H2 to ICOS by at least 25%, 30%, 40%, 50%, 60%, 75%, 80%, 85%, 90%,

95%, 98% or 99%, or in the range of between 25% to 50%, 25% to 75%, 50% to 75%, 50%

to 95%, or 75% to 100% relative to the one or more signal transduction induced by the

binding of ICOS to B7-H2 in the absence of the antibody. In some specific embodiments, a

Therapeutic Agent is an antibody that specifically binds to ICOS and the antibody: (i)

activates or enhances one or more signal transduction pathways induced by the binding of

B7-H2 to ICOS by at least 25%, 30%, 40%, 50%, 60%, 75%, 80%, 85%, 90%, 95%, 98% or

99%, or in the range of between 25% to 50%, 25% to 75%, 50% to 75%, 50% to 95%, or

75% to 100% relative to one or more signal transduction pathways induced by the binding of

B7-H2 to ICOS in the absence of the antibody; and (ii) does not activate or enhance, or

activates or enhances one or more signal transduction pathways induced by the binding of

one or more other ligands of ICOS by less than 20%, 15%, 10%, 5%, or 2%, or in the range

of between 5% to 20%, 5% to 15%, 5% to 10% or 2% to 5% relative to one or more signal

transduction pathways induced by the binding of such one or more other ligands to ICOS in

the absence of the antibody.

[00375] In certain embodiments, a Therapeutic Agent is an antibody that specifically binds

to ICOS and selectively modulates the interaction between B7-H2 and ICOS. In specific

embodiments, a Therapeutic Agent is an antibody that specifically binds to ICOS and inhibits

or reduces the binding of B7-H2 to ICOS without inhibiting or reducing the binding of ICOS



to other ligands. In certain embodiments, a Therapeutic Agent is an antibody that specifically

binds to ICOS and antibody inhibits or reduces the binding of B7-H2 to ICOS by at least

25%, 30%, 40%, 50%, 60%, 75%, 80%, 85%, 90%, 95%, 98% or 99%, or in the range of

between 25% to 50%, 25% to 75%, 50% to 75%, 50% to 95%, or 75% to 100% relative to

the binding of B7-H2 to ICOS in the absence of the antibody. In some specific embodiments,

a Therapeutic Agent is an antibody that specifically binds to ICOS and the antibody: (i)

inhibits or reduces the binding of B7-H2 to ICOS by at least 25%, 30%, 40%, 50%, 60%,

75%, 80%, 85%, 90%, 95%, 98% or 99%, or in the range of between 25% to 50%, 25% to

75%, 50% to 75%, 50% to 95%, or 75% to 100% relative to the binding of B7-H2 to ICOS in

the absence of the antibody; and (ii) does not inhibit or reduce, or inhibits or reduces the

binding of one or more other ligands of ICOS by less than 20%, 15%, 10%, 5%, or 2%, or in

the range of between 5% to 20%, 5% to 15%, 5% to 10% or 2% to 5% relative to the binding

of such one or more other ligands to ICOS in the absence of antibody.

[00376] In some embodiments, a Therapeutic Agent is the mouse anti-human ICOS

monoclonal antibody C398.4 (BioLegend; San Diego, CA) or a fragment thereof. In other

embodiments, a Therapeutic Agent is a chimeric or humanized form of the mouse anti-ICOS

monoclonal antibody C398.4. In certain embodiments, a Therapeutic Agent is not the mouse

anti-ICOS monoclonal antibody C398.4, or a fragment thereof, or a humanized or chimeric

form thereof.

[00377] In another embodiment, a Therapeutic Agent is an antibody that specifically binds

to CD28 and modulates one or more of the signal transduction pathways induced by B7-H2

binding to CD28. In specific embodiments, a Therapeutic Agent is an antibody that

specifically binds to CD28 and inhibits or reduces one or more signal transduction pathways

induced by the binding of B7-H2 to CD28 without inhibiting or reducing one or more signal

transduction pathways induced by the binding of CD28 to other ligands (e.g., B7-1 or B7-2).

In certain embodiments, a Therapeutic Agent is an antibody that specifically binds to CD28

and the antibody inhibits or reduces one or more signal transduction pathways induced by the

binding of B7-H2 to CD28 by at least 25%, 30%, 40%, 50%, 60%, 75%, 80%, 85%, 90%,

95%, 98% or 99%, or in the range of between 25% to 50%, 25% to 75%, 50% to 75%, 50%

to 95%, or 75% to 100% relative to the one or more signal transduction induced by the

binding of CD28 to B7-H2 in the absence of the antibody. In some specific embodiments, a

Therapeutic Agent is an antibody that specifically binds to CD28 and the antibody: (i)

inhibits or reduces one or more signal transduction pathways induced by the binding of B7-

H2 to CD28 by at least 25%, 30%, 40%, 50%, 60%, 75%, 80%, 85%, 90%, 95%, 98% or



99%, or in the range of between 25% to 50%, 25% to 75%, 50% to 75%, 50% to 95%, or

75% to 100% relative to one or more signal transduction pathways induced by the binding of

B7-H2 to CD28 in the absence of the antibody; and (ii) does not inhibit or reduce, or inhibits

or reduces one or more signal transduction pathways induced by the binding of one or more

other ligands of CD28 (e.g., B7-1 or B7-2) by less than 20%, 15%, 10%, 5%, or 2%, or in the

range of between 5% to 20%, 5% to 15%, 5% to 10% or 2% to 5% relative to one or more

signal transduction pathways induced by the binding of such one or more other ligands to

CD28 in the absence of antibody.

[00378] In specific embodiments, a Therapeutic Agent is an antibody that specifically

binds to CD28 and activates or enhances one or more signal transduction pathways induced

by the binding of B7-H2 to CD28 without inhibiting or reducing one or more signal

transduction pathways induced by the binding of CD28 to other ligands (e.g., B7-1 or B7-2).

In certain embodiments, a Therapeutic Agent is an antibody that specifically binds to CD28

and antibody activates or enhances one or more signal transduction pathways induced by the

binding of B7-H2 to CD28 by at least 25%, 30%, 40%, 50%, 60%, 75%, 80%, 85%, 90%,

95%, 98% or 99%, or in the range of between 25% to 50%, 25% to 75%, 50% to 75%, 50%

to 95%, or 75% to 100% relative to the one or more signal transduction induced by the

binding of CD28 to B7-H2 in the absence of the antibody. In some specific embodiments, a

Therapeutic Agent is an antibody that specifically binds to CD28 and the antibody: (i)

activates or enhances one or more signal transduction pathways induced by the binding of

B7-H2 to CD28 by at least 25%, 30%, 40%, 50%, 60%, 75%, 80%, 85%, 90%, 95%, 98% or

99%, or in the range of between 25% to 50%, 25% to 75%, 50% to 75%, 50% to 95%, or

75% to 100% relative to one or more signal transduction pathways induced by the binding of

B7-H2 to CD28 in the absence of the antibody; and (ii) does not activate or enhance, or

activates or enhances one or more signal transduction pathways induced by the binding of

one or more other ligands of CD28 (e.g., B7-1 or B7-2) by less than 20%, 15%, 10%, 5%, or

2%, or in the range of between 5% to 20%, 5% to 15%, 5% to 10% or 2% to 5% relative to

one or more signal transduction pathways induced by the binding of such one or more other

ligands to CD28 in the absence of antibody.

[00379] In another embodiment, a Therapeutic Agent is an antibody that specifically binds

to CD28 and modulates the interaction between B7-H2 and CD28. In certain embodiments, a

Therapeutic Agent is an antibody that specifically binds to CD28 and selectively modulates

the interaction between B7-H2 and CD28. In specific embodiments, a Therapeutic Agent is

an antibody that specifically binds to CD28 and inhibits or reduces the binding of B7-H2 to



CD28 without inhibiting or reducing the binding of CD28 to other ligands (e.g., Bl-I or B7-

2). In certain embodiments, a Therapeutic Agent is an antibody that specifically binds to

CD28 and the antibody inhibits or reduces the binding of B7-H2 to CD28 by at least 25%,

30%, 40%, 50%, 60%, 75%, 80%, 85%, 90%, 95%, 98% or 99%, or in the range of between

25% to 50%, 25% to 75%, 50% to 75%, 50% to 95%, or 75% to 100% relative to the binding

of B7-H2 to CD28 in the absence of the antibody. In some specific embodiments, a

Therapeutic Agent is an antibody that specifically binds to CD28 and the antibody: (i)

inhibits or reduces the binding of B7-H2 to CD28 by at least 25%, 30%, 40%, 50%, 60%,

75%, 80%, 85%, 90%, 95%, 98% or 99%, or in the range of between 25% to 50%, 25% to

75%, 50% to 75%, 50% to 95%, or 75% to 100% relative to the binding of B7-H2 to CD28 in

the absence of the antibody; and (ii) does not inhibit or reduce, or inhibits or reduces the

binding of one or more other ligands of CD28 (e.g., B7-1 or B7-2) by less than 20%, 15%,

10%, 5%, or 2%, or in the range of between 5% to 20%, 5% to 15%, 5% to 10% or 2% to 5%

relative to the binding of such one or more other ligands to CD28 in the absence of the

antibody.

[00380] In some embodiments, a Therapeutic Agent is the mouse anti-human CD28

monoclonal antibody CD28.6 (blocking) or CD28.2 (costimulatory) (eBioscience; San Diego,

CA) or a fragment thereof. In other embodiments, a Therapeutic Agent is a chimeric or

humanized form of the mouse anti-CD28 monoclonal antibody CD28.6 or CD28.2. In certain

embodiments, a Therapeutic Agent is not the mouse anti-CD28 monoclonal antibody

CD28.2, or a fragment thereof, or a humanized or chimeric form thereof. In some

embodiments, a Therapeutic Agent is not the mouse anti-CD28 monoclonal antibody

CD28.6, or a fragment thereof, or a humanized or chimeric form thereof.

[00381] In another embodiment, a Therapeutic Agent is an antibody that specifically binds

to CTLA-4 and modulates one or more of the signal transduction pathways induced by B7-

H2 binding to CTLA-4. In specific embodiments, a Therapeutic Agent is an antibody that

specifically binds to CTLA-4 and inhibits or reduces one or more signal transduction

pathways induced by the binding of B7-H2 to CTLA-4 without inhibiting or reducing one or

more signal transduction pathways induced by the binding of CTLA-4 to other ligands (e.g.,

B7-1 or B7-2). In certain embodiments, a Therapeutic Agent is an antibody that specifically

binds to CTLA-4 and the antibody inhibits or reduces one or more signal transduction

pathways induced by the binding of B7-H2 to CTLA-4 by at least 25%, 30%, 40%, 50%,

60%, 75%, 80%, 85%, 90%, 95%, 98% or 99%, or in the range of between 25% to 50%, 25%

to 75%, 50% to 75%, 50% to 95%, or 75% to 100% relative to the one or more signal



transduction induced by the binding of CTLA-4 to B7-H2 in the absence of the antibody. In

some specific embodiments, a Therapeutic Agent is an antibody that specifically binds to

CTLA-4 and the antibody: (i) inhibits or reduces one or more signal transduction pathways

induced by the binding of B7-H2 to CTLA-4 by at least 25%, 30%, 40%, 50%, 60%, 75%,

80%, 85%, 90%, 95%, 98% or 99%, or in the range of between 25% to 50%, 25% to 75%,

50% to 75%, 50% to 95%, or 75% to 100% relative to one or more signal transduction

pathways induced by the binding of B7-H2 to CTLA-4 in the absence of the antibody; and

(ii) does not inhibit or reduce, or inhibits or reduces one or more signal transduction pathways

induced by the binding of one or more other ligands of CTLA-4 (e.g., B7- 1 or B7-2) by less

than 20%, 15%, 10%, 5%, or 2%, or in the range of between 5% to 20%, 5% to 15%, 5% to

10% or 2% to 5% relative to one or more signal transduction pathways induced by the

binding of such one or more other ligands to CTLA-4 in the absence of antibody.

[00382] In specific embodiments, a Therapeutic Agent is an antibody that specifically

binds to CTLA-4 and activates or enhances one or more signal transduction pathways

induced by the binding of B7-H2 to CTLA-4 without inhibiting or reducing one or more

signal transduction pathways induced by the binding of CTLA-4 to other ligands (e.g., B7-1

or B7-2). In certain embodiments, a Therapeutic Agent is an antibody that specifically binds

to CTLA-4 and the antibody activates or enhances one or more signal transduction pathways

induced by the binding of B7-H2 to CTLA-4 by at least 25%, 30%, 40%, 50%, 60%, 75%,

80%, 85%, 90%, 95%, 98% or 99%, or in the range of between 25% to 50%, 25% to 75%,

50% to 75%, 50% to 95%, or 75% to 100% relative to the one or more signal transduction

induced by the binding of CTLA-4 to B7-H2 in the absence of the antibody. In some specific

embodiments, a Therapeutic Agent is an antibody that specifically binds to CTLA-4 and the

antibody: (i) activates or enhances one or more signal transduction pathways induced by the

binding of B7-H2 to CTLA-4 by at least 25%, 30%, 40%, 50%, 60%, 75%, 80%, 85%, 90%,

95%, 98% or 99%, or in the range of between 25% to 50%, 25% to 75%, 50% to 75%, 50%

to 95%, or 75% to 100% relative to one or more signal transduction pathways induced by the

binding of B7-H2 to CTLA-4 in the absence of the antibody; and (ii) does not activate or

enhance, or activates or enhances one or more signal transduction pathways induced by the

binding of one or more other ligands of CTLA-4 (e.g., B7-1 or B7-2) by less than 20%, 15%,

10%, 5%, or 2%, or in the range of between 5% to 20%, 5% to 15%, 5% to 10% or 2% to 5%

relative to one or more signal transduction pathways induced by the binding of such one or

more other ligands to CTLA-4 in the absence of antibody



[00383] In another embodiment, a Therapeutic Agent is an antibody that specifically binds

to a CTLA-4 and modulates the interaction between B7-H2 and CTLA-4. In another

embodiment, a Therapeutic Agent is an antibody that specifically binds to CTLA-4 and

modulates the interaction between B7-H2 and CTLA-4. In certain embodiments, a

Therapeutic Agent is an antibody that specifically binds to CTLA-4 and selectively

modulates the interaction between B7-H2 and CTLA-4. In specific embodiments, a

Therapeutic Agent is an antibody that specifically binds to CTLA-4 and inhibits or reduces

the binding of B7-H2 to CTLA-4 without inhibiting or reducing the binding of CTLA-4 to

other ligands (e.g., B7-1 or B7-2). In certain embodiments, a Therapeutic Agent is an

antibody that specifically binds to CTLA-4 and the antibody inhibits or reduces the binding

of B7-H2 to CTLA-4 by at least 25%, 30%, 40%, 50%, 60%, 75%, 80%, 85%, 90%, 95%,

98% or 99%, or in the range of between 25% to 50%, 25% to 75%, 50% to 75%, 50% to

95%, or 75% to 100% relative to the binding of B7-H2 to CTLA-4 in the absence of the

antibody. In some specific embodiments, a Therapeutic Agent is an antibody that specifically

binds to CTLA-4 and antibody: (i) inhibits or reduces the binding of B7-H2 to CTLA-4 by at

least 25%, 30%, 40%, 50%, 60%, 75%, 80%, 85%, 90%, 95%, 98% or 99%, or in the range

of between 25% to 50%, 25% to 75%, 50% to 75%, 50% to 95%, or 75% to 100% relative to

the binding of B7-H2 to CTLA-4 in the absence of the antibody; and (ii) does not inhibit or

reduce, or inhibits or reduces the binding of one or more other ligands of CTLA-4 (e.g., B7-1

or B7-2) by less than 20%, 15%, 10%, 5%, or 2%, or in the range of between 5% to 20%, 5%

to 15%, 5% to 10% or 2% to 5% relative to the binding of such one or more other ligands to

CTLA-4 in the absence of antibody.

[00384] In some embodiments, a Therapeutic Agent is the mouse anti-human CTLA-4

monoclonal antibody 14D3 (eBioscience; San Diego, CA) or a fragment thereof. In other

embodiments, a Therapeutic Agent is a chimeric or humanized form of the mouse anti-

CTLA-4 monoclonal antibody 14D3. In certain embodiments, a Therapeutic Agent is not the

mouse anti-CTLA-4 monoclonal antibody 14D3, or a fragment thereof, or a humanized or

chimeric form thereof.

[00385] In some embodiments, an antibody that specifically binds to ICOS, CD28 or

CTLA-4 induces one or more signal transduction pathways induced by the binding of B7-H2

to ICOS, B7-H2 to CD28, or B7-H2 to CTLA-4. In certain embodiments, an antibody that

specifically binds to ICOS, CD28 or CTLA-4 induces at least 25%, 30%, 35%, 40%, 45%,

50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, 95%, 98% or 99%, or in the range of

between 25% to 50%, 25% to 75%, 25% to 98%, 50% to 75%, or 50% to 98% of one or more



of the signal transduction pathways induced when a native B7-H2 polypeptide (e.g., a native

mammalian B7-H2 polypeptide) binds to a native receptor of B7-H2 polypeptide (e.g., CD28,

CTLA-4, or ICOS), as measured by assays well-known in the art. In other embodiments, an

antibody that specifically binds to ICOS, CD28, or CTLA-4 inhibits or reduces by at least

25%, 30%, 35%, 40%, 45%, 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, 95%, 98%

or 99%, or in the range of between 25% to 50%, 25% to 75%, 25% to 98%, 50% to 75%, or

50% to 98% one or more of the signal transduction pathways induced when a native B7-H2

polypeptide binds to a native receptor of B7-H2 polypeptide (e.g., CD28, ICOS, or CTLA-4),

as measured by assays well-known in the art.

[00386] In certain embodiments, an antibody that specifically binds to an epitope

comprising amino acid residues 116 to 122 of native human B7-H2 can be used to generate

an anti-idiotypic antibody. In some embodiments, such an anti-idiotypic antibody can be

used to disrupt binding of B7-H2 to either CD28, CTLA-4 or both.

[00387] In certain embodiments, an antibody described in this section comprises a

modified Fc domain. Exemplary Fc domain modifications are described in Mueller et al,

1997, Molecular Immunology 34(6):441-452; Swann et al., 2008, Current Opinion in

Immunology 20:493-499; and Presta, 2008, Current Opinion in Immunology 20:460-470.

5.3.1.4 Antibody Conjugates

[00388] In some embodiments, the antibodies described in this Section 5.3.1 et seq. are

conjugated or recombinantly fused to a diagnostic, detectable or therapeutic agent or any

other molecule. See Section 5.1.2 for a description of antibody conjugates. The

embodiments described in Sections 5.1.1 and 5.1.2 are applicable to the antibodies described

in this section too.

5.3.2 Polypeptides & Derivatives

5.3.2.1 B7-H2 Polypeptides & Derivatives

[00389] In one aspect, a Therapeutic Agent is a B7-H2 polypeptide. In a specific

embodiment, such a Therapeutic Agent modulates one or more of the signal transduction

pathways induced by B7-H2 binding to one or more of the following receptors: ICOS, CD28

or CTLA-4. In another specific embodiment, such a Therapeutic Agent modulates the

interaction between B7-H2 polypeptide and one or more of the following receptors: ICOS,

CD28 or CTLA-4. In certain embodiments, such Therapeutic Agents are Immunostimulating

Therapeutic Agents. In other embodiments, such Therapeutic Agents are Inhibitory

Therapeutic Agents.



[00390] In another aspect, a Therapeutic Agent is a B7-H2 derivative. In a specific

embodiment, such a Therapeutic Agent modulates one or more of the signal transduction

pathways induced by B7-H2 binding to one one or more of the following receptors: ICOS,

CD28 or CTLA-4. In another specific embodiment, such a Therapeutic Agent modulates the

interaction between B7-H2 polypeptide and one or more of the following receptors: ICOS,

CD28 or CTLA-4. In certain embodiments, a B7-H2 derivative is an Immunostimulating

Therapeutic Agent. In other embodiments, a B7-H2 derivative is an Inhibitory Therapeutic

Agent.

[00391] In a specific embodiment, a B7-H2 derivative modulates one or more of the signal

transduction pathways induced by B7-H2 binding to ICOS. In certain embodiments, a B7-H2

derivative modulates one or more of the signal transduction pathways induced by B7-H2

binding to ICOS without modulating one or more signal transduction pathways induced by

B7-H2 binding to either CD28, CTLA-4 or both. In certain embodiments, a B7-H2

derivative selectively modulates one or more signal transduction pathways induced by B7-H2

binding to ICOS. In certain embodiments, a B7-H2 derivative selectively activates or

enhances one or more of the signal transduction pathways induced by the binding of B7-H2

to ICOS. In specific embodiments, a B7-H2 derivative activates or enhances one or more of

the signal transduction pathways induced by the binding of B7-H2 to ICOS by at least 25%,

30%, 40%, 50%, 60%, 75%, 80%, 85%, 90%, 95%, 98% or 99%, or in the range of between

25% to 50%, 25% to 75%, 50% to 75%, 50% to 95%, 75% to 95%, or 75% to 100% relative

to the one or more signal transduction pathways induced by the binding of B7-H2 to ICOS in

the absence of the derivative. In specific embodiments, a B7-H2 derivative: (i) activates or

enhances one or more of the signal transduction pathways induced by the binding of B7-H2

to ICOS by at least 25%, 30%, 40%, 50%, 60%, 75%, 80%, 85%, 90%, 95%, 98% or 99%, or

in the range of between 25% to 50%, 25% to 75%, 50% to 75%, 50% to 95%, 75% to 95%,

or 75% to 100% relative to the one or more signal transduction pathways induced by the

binding of B7-H2 to ICOS in the absence of the derivative; and (ii) does not activate or

enhance, or activates or enhances one or more of the signal transduction pathways induced by

the binding of B7-H2 to one or more other receptors (e.g., CTLA-4 or CD28) by less than

20%, 15%, 10%, 5%, or 2%, or in the range of between 2% to 5%, 2% to 10%, 5% to 10%,

5% to 15%, 5% to 20%, 10% to 15%, or 15% to 20% relative to the one or more signal

transduction pathways induced by the binding of B7-H2 to such one or more other receptors

in the absence of the derivative.



[00392] In certain embodiments, a B7-H2 derivative binds to native ICOS and induces a

higher level of activity than native B7-H2 binding to native ICOS as assessed by, e.g., the

induction of one or more signal transduction molecules. In some embodiments, a B7-H2

derivative binds to native ICOS and induces at least 25%, 30%, 35%, 40%, 45%, 50%, 55%,

60%, 65%, 70%, 75%, 80%, 85%, 90%, 95%, 98% or 99%, or in the range of between 25%

to 50%, 25% to 75%, 25% to 98%, 50% to 75%, 50% to 98%, or 75% to 90% higher level of

activity than native B7-H2 binding to native ICOS as assessed by, e.g., the induction of one

or more signal transduction molecules.

[00393] In some embodiments, a B7-H2 derivative selectively inhibits or reduces one or

more of the signal transduction pathways induced by the binding of B7-H2 to ICOS. In

specific embodiments, a B7-H2 derivative inhibits or reduces one or more of the signal

transduction pathways induced by the binding of B7-H2 to ICOS by at least 25%, 30%, 40%,

50%, 60%, 75%, 80%, 85%, 90%, 95%, 98% or 99%, or in the range of between 25% to

50%, 25% to 75%, 50% to 75%, 50% to 95%, 75% to 95%, or 75% to 100% relative to the

one or more signal transduction pathways induced by the binding of B7-H2 to ICOS in the

absence of the derivative. In specific embodiments, a B7-H2 derivative: (i) inhibits or

reduces one or more of the signal transduction pathways induced by the binding of B7-H2 to

ICOS by at least 25%, 30%, 40%, 50%, 60%, 75%, 80%, 85%, 90%, 95%, 98% or 99%, or in

the range of between 25% to 50%, 25% to 75%, 50% to 75%, 50% to 95%, 75% to 98%, or

75% to 100% relative to the one or more signal transduction pathways induced by the binding

of B7-H2 to ICOS in the absence of the derivative; and (ii) does not inhibit or reduce, or

inhibits or reduces one or more of the signal transduction pathways induced by the binding of

B7-H2 to one or more other receptors (e.g., CTLA-4 or CD28) by less than 20%, 15%, 10%,

5%, or 2%, or in the range of between 2% to 5%, 2% to 10%, 5% to 10%, 5% to 15%, 5% to

20%, 10% to 15%, or 15% to 20% relative to the one or more signal transduction pathways

induced by the binding of B7-H2 to such one or more other receptors in the absence of the

derivative.

[00394] In another embodiment, a B7-H2 derivative modulates the B7-H2 polypeptide and

ICOS polypeptide interaction. In some embodiments, a B7-H2 derivative modulates the B7-

H2 polypeptide and ICOS polypeptide interaction, but does not modulate the interaction

between B7-H2 polypeptide and either CD28, CTLA-4 or both. In certain embodiments, the

B7-H2 derivative selectively modulates the B7-H2 and ICOS interaction. In another

embodiment, a B7-H2 derivative inhibits or reduces the binding of B7-H2 to ICOS by at least

25%, 30%, 40%, 50%, 60%, 75%, 80%, 85%, 90%, 95%, 98% or 99%, or in the range of



between 25% to 50%, 25% to 75%, 50% to 75%, 50% to 95%, 75% to 95%, or 75% to 100%

relative to the binding of B7-H2 to ICOS in the absence of the derivative. In another

embodiment, a B7-H2 derivative: (i) inhibits or reduces the binding of B7-H2 to ICOS by at

least 25%, 30%, 40%, 50%, 60%, 75%, 80%, 85%, 90%, 95%, 98% or 99%, or in the range

of between 25% to 50%, 25% to 75%, 50% to 75%, 50% to 95%, 75% to 95%, or 75% to

100% relative to the binding of B7-H2 to ICOS in the absence of the derivative, and (ii) does

not inhibit or reduce or inhibits or reduces the binding of B7-H2 to one or more other

receptors (e.g., CTLA-4 or CD28) by less than 20%, 15%, 10%, 5%, or 2%, or in the range of

between 2% to 5%, 2% to 10%, 5% to 10%, 5% to 15%, 5% to 20%, 10% to 15%, or 15% to

20% relative to the binding of B7-H2 to such one or more other receptors in the absence of

the derivative.

[00395] In certain embodiments, a B7-H2 derivative binds to a native ICOS with a higher

affinity than native B7-H2 binds to native ICOS, as measured by assays/techniques well

known in the art, e.g., ELISA, Biacore, or co-immunoprecipitation. In one embodiment, a

B7-H2 derivative binds to a native ICOS with a 50%, 75%, 80%, 85%, 90%, 95%, or 98%, or

25% to 50%, 25% to 75%, 50% to 95%, or 75% to 95% higher affinity than the native B7-H2

binds to native ICOS, as measured by techniques well-known in the art. In a specific

embodiment, a B7-H2 derivative binds to a native ICOS with 0.5 logs, 1 log, 1.5 logs, 2 logs,

2.5 logs, or 3 logs higher affinity than the native B7-H2 binds to native ICOS, as measured by

assays/techniques well known in the art, e.g., ELISA, Biacore, or co-immunoprecipitation.

[00396] In certain embodiments, a B7-H2 derivative binds to native ICOS with a lower

affinity than the native B7-H2 binds to native ICOS, as measured by well-known

assays/techniques. In one embodiment, a B7-H2 derivative binds to a native ICOS with 25%,

50%, 75%, 80%, 85%, 90%, 95%, or 98%, or 25% to 50%, 25% to 75%, 50% to 75%, 50%

to 95%, or 75% to 95% lower affinity than the native B7-H2 binds to the native ICOS, as

measured by well-known assays/techniques. In another embodiment, a B7-H2 derivative

binds to a native ICOS with 0.5 logs, 1 log, 1.5 logs, 2 logs, 2.5 logs, or 3 logs lower affinity

than the native B7-H2 binds to the native ICOS, as measured by well-known

assays/techniques.

[00397] In a specific embodiment, a B7-H2 derivative modulates one or more of the signal

transduction pathways induced by B7-H2 binding to CD28. In certain embodiments, a B7-

H2 derivative selectively modulates one or more signal transduction pathways induced by

B7-H2 binding to CD28. In certain embodiments, a B7-H2 derivative selectively activates or

enhances one or more of the signal transduction pathways induced by the binding of B7-H2



to CD28. In specific embodiments, a B7-H2 derivative activates or enhances one or more of

the signal transduction pathways induced by the binding of B7-H2 to CD28 by at least 25%,

30%, 40%, 50%, 60%, 75%, 80%, 85%, 90%, 95%, 98% or 99%, or in the range of between

25% to 50%, 25% to 75%, 50% to 75%, 50% to 95%, 75% to 95%, or 75% to 100% relative

to the one or more signal transduction pathways induced by the binding of B7-H2 to CD28 in

the absence of the derivative. In specific embodiments, a B7-H2 derivative: (i) activates or

enhances one or more of the signal transduction pathways induced by the binding of B7-H2

to CD28 by at least 25%, 30%, 40%, 50%, 60%, 75%, 80%, 85%, 90%, 95%, 98% or 99%,

or in the range of between 25% to 50%, 25% to 75%, 50% to 75%, 50% to 95%, 75% to

95%, or 75% to 100% relative to the one or more signal transduction pathways induced by

the binding of B7-H2 to CD28 in the absence of the derivative; and (ii) does not activate or

enhance, or activates or enhances one or more of the signal transduction pathways induced by

the binding of B7-H2 to one or more other receptors (e.g., ICOS or CTLA-4) by less than

20%, 15%, 10%, 5%, or 2%, or in the range of between 2% to 5%, 2% to 10%, 5% to 10%,

5% to 15%, 5% to 20%, 10% to 15%, or 15% to 20% relative to the one or more signal

transduction pathways induced by the binding of B7-H2 to such one or more other receptors

in the absence of the derivative.

[00398] In certain embodiments, a B7-H2 derivative binds to native CD28 and induces a

higher level of activity than native B7-H2 binding to native CD28 as assessed by, e.g., the

activation or induction of one or more signal transduction molecules. In some embodiments,

a B7-H2 derivative binds to native CD28 and induces at least 25%, 30%, 35%, 40%, 45%,

50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, 95%, 98% or 99%, or in the range of

between 25% to 50%, 25% to 75%, 25% to 98%, 50% to 75%, 50% to 98%, or 75% to 90%

higher level of activity than native B7-H2 binding to native CD28 as assessed by, e.g., the

activation or induction of one or more signal transduction molecules.

[00399] In some embodiments, a B7-H2 derivative selectively inhibits or reduces one or

more of the signal transduction pathways induced by the binding of B7-H2 to CD28. In

specific embodiments, a B7-H2 derivative inhibits or reduces one or more of the signal

transduction pathways induced by the binding of B7-H2 to CD28 by at least 25%, 30%, 40%,

50%, 60%, 75%, 80%, 85%, 90%, 95%, 98% or 99%, or in the range of between 25% to

50%, 25% to 75%, 50% to 75%, 50% to 95%, 75% to 95%, or 75% to 100% relative to the

one or more signal transduction pathways induced by the binding of B7-H2 to CD28 in the

absence of the derivative. In specific embodiments, a B7-H2 derivative: (i) inhibits or

reduces one or more of the signal transduction pathways induced by the binding of B7-H2 to



CD28 by at least 25%, 30%, 40%, 50%, 60%, 75%, 80%, 85%, 90%, 95%, 98% or 99%, or

in the range of between 25% to 50%, 25% to 75%, 50% to 75%, 50% to 95%, 75% to 95%,

or 75% to 100% relative to the one or more signal transduction pathways induced by the

binding of B7-H2 to CD28 in the absence of the derivative; and (ii) does not inhibit or

reduce, or inhibits or reduces one or more of the signal transduction pathways induced by the

binding of B7-H2 to one or more other receptors (e.g., ICOS or CTLA-4) by less than 20%,

15%, 10%, 5%, or 2%, or in the range of between 2% to 5%, 2% to 10%, 5% to 10%, 5% to

15%, 5% to 20%, 10% to 15%, or 15% to 20% relative to the one or more signal

transduction pathways induced by the binding of B7-H2 to such one or more other receptors

in the absence of the derivative.

[00400] In another embodiment, a B7-H2 derivative modulates the B7-H2 polypeptide and

CD28 polypeptide interaction. In certain embodiments, the B7-H2 derivative selectively

modulates the B7-H2 and CD28 interaction. In another embodiment, a B7-H2 derivative

inhibits or reduces the binding of B7-H2 to CD28 by at least 25%, 30%, 40%, 50%, 60%,

75%, 80%, 85%, 90%, 95%, 98% or 99%, or in the range of between 25% to 50%, 25% to

75%, 50% to 75%, 50% to 95%, 75% to 95%, or 75% to 100% relative to the binding of B7-

H2 to CD28 in the absence of the derivative. In another embodiment, a B7-H2 derivative: (i)

inhibits or reduces the binding of B7-H2 to CD28 by at least 25%, 30%, 40%, 50%, 60%,

75%, 80%, 85%, 90%, 95%, 98% or 99%, or in the range of between 25% to 50%, 25% to

75%, 50% to 75%, 50% to 95%, 75% to 95%, or 75% to 100% relative to the binding of B7-

H2 to CD28 in the absence of the derivative, and (ii) does not inhibit or reduce or inhibits or

reduces the binding of B7-H2 to one or more other receptors (e.g., ICOS or CTLA-4) by less

than 20%, 15%, 10%, 5%, or 2%, or in the range of between 2% to 5%, 2% to 10%, 5% to

10%, 5% to 15%, 5% to 20%, 10% to 15%, or 15% to 20% relative to the binding of B7-H2

to such one or more other receptors in the absence of the derivative.

[00401] In certain embodiments, a B7-H2 derivative binds to a native CD28 with a higher

affinity than native B7-H2 binds to native CD28, as measured by assays/techniques well

known in the art, e.g., ELISA, Biacore, or co-immunoprecipitation. In one embodiment, a

B7-H2 derivative binds to a native CD28 with a 50%, 75%, 80%, 85%, 90%, 95%, or 98%,

or 25% to 50%, 25% to 75%, 50% to 95%, or 75% to 95% higher affinity than the native B7-

H2 binds to native CD28, as measured by techniques well-known in the art. In a specific

embodiment, a B7-H2 derivative binds to a native CD28 with 0.5 logs, 1 log, 1.5 logs, 2 logs,

2.5 logs, or 3 logs higher affinity than the native B7-H2 binds to native CD28, as measured

by assays/techniques well known in the art, e.g., ELISA, Biacore, or co-immunoprecipitation.



[00402] In certain embodiments, a B7-H2 derivative binds to native CD28 with a lower

affinity than the native B7-H2 binds to native CD28, as measured by well-known

assays/techniques. In one embodiment, a B7-H2 derivative binds to a native CD28 with

25%, 50%, 75%, 80%, 85%, 90%, 95%, or 98%, or 25% to 50%, 25% to 75%, 50% to 75%,

50% to 95%, or 75% to 95% lower affinity than the native B7-H2 binds to the native CD28,

as measured by well-known assays/techniques. In another embodiment, a B7-H2 derivative

binds to a native ICOS with 0.5 logs, 1 log, 1.5 logs, 2 logs, 2.5 logs, or 3 logs lower affinity

than the native B7-H2 binds to the native CD28, as measured by well-known

assays/techniques.

[00403] In a specific embodiment, a B7-H2 derivative modulates one or more of the signal

transduction pathways induced by B7-H2 binding to CTLA-4. In certain embodiments, a B7-

H2 derivative selectively modulates one or more signal transduction pathways induced by

B7-H2 binding to CTLA-4. In certain embodiments, a B7-H2 derivative selectively activates

or enhances one or more of the signal transduction pathways induced by the binding of B7-

H2 to CTLA-4. In specific embodiments, a B7-H2 derivative activates or enhances one or

more of the signal transduction pathways induced by the binding of B7-H2 to CTLA-4 by at

least 25%, 30%, 40%, 50%, 60%, 75%, 80%, 85%, 90%, 95%, 98% or 99%, or in the range

of between 25% to 50%, 25% to 75%, 50% to 75%, 50% to 95%, 75% to 95%, or 75% to

100% relative to the one or more signal transduction pathways induced by the binding of B7-

H2 to CTLA-4 in the absence of the derivative. In specific embodiments, a B7-H2

derivative: (i) activates or enhances one or more of the signal transduction pathways induced

by the binding of B7-H2 to CTLA-4 by at least 25%, 30%, 40%, 50%, 60%, 75%, 80%, 85%,

90%, 95%, 98% or 99%, or in the range of between 25% to 50%, 25% to 75%, 50% to 75%,

50% to 95%, 75% to 95%, or 75% to 100% relative to the one or more signal transduction

pathways induced by the binding of B7-H2 to CTLA-4 in the absence of the derivative; and

(ii) does not activate or enhance, or activates or enhances one or more of the signal

transduction pathways induced by the binding of B7-H2 to one or more other receptors (e.g.,

ICOS or CD28) by less than 20%, 15%, 10%, 5%, or 2%, or in the range of between 2% to

5%, 2% to 10%, 5% to 10%, 5% to 15%, 5% to 20%, 10% to 15%, or 15% to 20% relative to

the one or more signal transduction pathways induced by the binding of B7-H2 to such one or

more other receptors in the absence of the derivative.

[00404] In certain embodiments, a B7-H2 derivative binds to native CTLA-4 and induces

a higher level of activity than native B7-H2 binding to native CTLA-4 as assessed by, e.g.,

the activation or induction of one or more signal transduction molecules. In some



embodiments, a B7-H2 derivative binds to native CTLA-4 and induces at least 25%, 30%,

35%, 40%, 45%, 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, 95%, 98% or 99%, or

in the range of between 25% to 50%, 25% to 75%, 25% to 98%, 50% to 75%, 50% to 98%,

or 75% to 90% higher level of activity than native B7-H2 binding to native CTLA-4 as

assessed by, e.g., the activation or induction of one or more signal transduction molecules.

[00405] In some embodiments, a B7-H2 derivative selectively inhibits or reduces one or

more of the signal transduction pathways induced by the binding of B7-H2 to CTLA-4. In

specific embodiments, a B7-H2 derivative inhibits or reduces one or more of the signal

transduction pathways induced by the binding of B7-H2 to CTLA-4 by at least 25%, 30%,

40%, 50%, 60%, 75%, 80%, 85%, 90%, 95%, 98% or 99%, or in the range of between 25%

to 50%, 25% to 75%, 50% to 75%, 50% to 95%, 75% to 95%, or 75% to 100% relative to the

one or more signal transduction pathways induced by the binding of B7-H2 to CTLA-4 in the

absence of the derivative. In specific embodiments, a B7-H2 derivative: (i) inhibits or

reduces one or more of the signal transduction pathways induced by the binding of B7-H2 to

CTLA-4 by at least 25%, 30%, 40%, 50%, 60%, 75%, 80%, 85%, 90%, 95%, 98% or 99%,

or in the range of between 25% to 50%, 25% to 75%, 50% to 75%, 50% to 95%, 75% to

95%, or 75% to 100% relative to the one or more signal transduction pathways induced by

the binding of B7-H2 to CTLA-4 in the absence of the derivative; and (ii) does not inhibit or

reduce, or inhibits or reduces one or more of the signal transduction pathways induced by the

binding of B7-H2 to one or more other receptors (e.g., ICOS or CD28) by less than 20%,

15%, 10%, 5%, or 2%, or in the range of between 2% to 5%, 2% to 10%, 5% to 10%, 5% to

15%, 5% to 20%, 10% to 15%, or 15% to 20% relative to the one or more signal

transduction pathways induced by the binding of B7-H2 to such one or more other receptors

in the absence of the derivative.

[00406] In another embodiment, a B7-H2 derivative modulates the B7-H2 polypeptide and

CTLA-4 polypeptide interaction. In certain embodiments, the B7-H2 derivative selectively

modulates the B7-H2 and CTLA-4 interaction. In another embodiment, a B7-H2 derivative

inhibits or reduces the binding of B7-H2 to CTLA-4 by at least 25%, 30%, 40%, 50%, 60%,

75%, 80%, 85%, 90%, 95%, 98% or 99%, or in the range of between 25% to 50%, 25% to

75%, 50% to 75%, 50% to 95%, 75% to 95%, or 75% to 100% relative to the binding of B7-

H2 to CTLA-4 in the absence of the derivative. In another embodiment, a B7-H2 derivative:

(i) inhibits or reduces the binding of B7-H2 to CTLA-4 by at least 25%, 30%, 40%, 50%,

60%, 75%, 80%, 85%, 90%, 95%, 98% or 99%, or in the range of between 25% to 50%, 25%

to 75%, 50% to 75%, 50% to 95%, 75% to 95%, or 75% to 100% relative to the binding of



B7-H2 to CTLA-4 in the absence of the derivative, and (ii) does not inhibit or reduce or

inhibits or reduces the binding of B7-H2 to one or more other receptors (e.g., ICOS or CD28)

by less than 20%, 15%, 10%, 5%, or 2%, or in the range of between 2% to 5%, 2% to 10%,

5% to 10%, 5% to 15%, 5% to 20%, 10% to 15%, or 15% to 20% relative to the binding of

B7-H2 to such one or more other receptors in the absence of the derivative.

[00407] In certain embodiments, a B7-H2 derivative binds to a native CTLA-4 with a

higher affinity than native B7-H2 binds to native CTLA-4, as measured by assays/techniques

well known in the art, e.g., ELISA, Biacore, or co-immunoprecipitation. In one embodiment,

a B7-H2 derivative binds to a native CTLA-4 with 25%, 50%, 75%, 80%, 85%, 90%, 95%,

or 98%, or 25% to 50%, 25% to 75%, 50% to 75%, 50% to 95%, or 75% to 95% lower

affinity than the native B7-H2 binds to the native CTLA-4, as measured by well-known

assays/techniques. In a specific embodiment, a B7-H2 derivative binds to a native CTLA-4

with 0.5 logs, 1 log, 1.5 logs, 2 logs, 2.5 logs, or 3 logs higher affinity than native B7-H2

binds to native CTLA-4, as measured by assays/techniques well known in the art, e.g.,

ELISA, Biacore, or co-immunoprecipitation.

[00408] In certain embodiments, a B7-H2 derivative binds to native CTLA-4 with a lower

affinity than the native B7-H2 binds to native CTLA-4, as measured by well-known

assays/techniques. In one embodiment, a B7-H2 derivative binds to a native CTLA-4 with

25%, 50%, 75%, 80%, 85%, 90%, 95%, or 98% or 25% to 50%, 25% to 75%, 50% to 75%,

50% to 95%, or 75% to 95% lower affinity than the native B7-H2 binds to the native CTLA-

4, as measured by well-known assays/techniques. In another embodiment, a B7-H2

derivative binds to a native CTLA-4 with 0.5 logs, 1 log, 1.5 logs, 2 logs, 2.5 logs, or 3 logs

lower affinity than the native B7-H2 binds to the native CTLA-4, as measured by well-known

assays/techniques.

[00409] In a specific embodiment, a B7-H2 derivative modulates one or more of the signal

transduction pathways induced by B7-H2 binding to CD28 and CTLA-4. In some

embodiments, a B7-H2 derivative activates or enhances one or more of the signal

transduction pathways induced by the binding of B7-H2 to CD28 and CTLA-4. In specific

embodiments, a B7-H2 derivative activates or enhances one or more of the signal

transduction pathways induced by the binding of B7-H2 to CD28 and CTLA-4 by at least

25%, 30%, 40%, 50%, 60%, 75%, 80%, 85%, 90%, 95%, 98% or 99%, or in the range of

between 25% to 50%, 25% to 75%, 50% to 75%, 50% to 95%, 75% to 95%, or 75% to 100%

relative to the one or more signal transduction pathways induced by the binding of B7-H2 to

CD28 and CTLA-4 in the absence of the derivative. In specific embodiments, a B7-H2



derivative: (i) activates or enhances one or more of the signal transduction pathways induced

by the binding of B7-H2 to CD28 and CTLA-4 by at least 25%, 30%, 40%, 50%, 60%, 75%,

80%, 85%, 90%, 95%, 98% or 99%, or in the range of between 25% to 50%, 25% to 75%,

50% to 75%, 50% to 95%, 75% to 95%, or 75% to 100% relative to the one or more signal

transduction pathways induced by the binding of B7-H2 to CD28 and CTLA-4 in the absence

of the derivative; and (ii) does not activate or enhance, or activates or enhances one or more

of the signal transduction pathways induced by the binding of B7-H2 to ICOS by less than

20%, 15%, 10%, 5%, or 2%, or in the range of between 2% to 5%, 2% to 10%, 5% to 10%,

5% to 15%, 5% to 20%, 10% to 15%, or 15% to 20% relative to the one or more signal

transduction pathways induced by the binding of B7-H2 to ICOS in the absence of the

derivative.

[00410] In some embodiments, a B7-H2 derivative inhibits or reduces one or more of the

signal transduction pathways induced by the binding of B7-H2 to CD28 and CTLA-4. In

specific embodiments, a B7-H2 derivative inhibits or reduces one or more of the signal

transduction pathways induced by the binding of B7-H2 to CD28 and CTLA-4 by at least

25%, 30%, 40%, 50%, 60%, 75%, 80%, 85%, 90%, 95%, 98% or 99%, or in the range of

between 25% to 50%, 25% to 75%, 50% to 75%, 50% to 95%, 75% to 95%, or 75% to 100%

relative to the one or more signal transduction pathways induced by the binding of B7-H2 to

CD28 and CTLA-4 in the absence of the derivative. In specific embodiments, a B7-H2

derivative: (i) inhibits or reduces one or more of the signal transduction pathways induced by

the binding of B7-H2 to CD28 and CTLA-4 by at least 25%, 30%, 40%, 50%, 60%, 75%,

80%, 85%, 90%, 95%, or 98%, or in the range of between 25% to 50%, 25% to 75%, 50% to

75%, 50% to 95%, 75% to 95%, or 75% to 98% relative to the one or more signal

transduction pathways induced by the binding of B7-H2 to CD28 and CTLA-4 in the absence

of the derivative; and (ii) does not inhibit or reduce, or inhibits or reduces one or more of the

signal transduction pathways induced by the binding of B7-H2 to ICOS by less than 20%,

15%, 10%, 5%, or 2%, or in the range of between 2% to 5%, 2% to 10%, 5% to 10%, 5% to

15%, 5% to 20%, 10% to 15%, or 15% to 20% relative to the one or more signal

transduction pathways induced by the binding of B7-H2 to ICOS in the absence of the

derivative.

[00411] In another embodiment, a B7-H2 derivative modulates the interactions between

B7-H2 and CD28 and B7-H2 and CTLA-4 interactions. In another embodiment, a B7-H2

derivative inhibits or reduces the binding of B7-H2 to CD28 and CTLA-4 by at least 25%,

30%, 40%, 50%, 60%, 75%, 80%, 85%, 90%, 95%, 98% or 99%, or in the range of between



25% to 50%, 25% to 75%, 50% to 75%, 50% to 95%, 75% to 95%, or 75% to 100% relative

to the binding of B7-H2 to CD28 and CTLA-4 in the absence of the derivative. In another

embodiment, a B7-H2 derivative: (i) inhibits or reduces the binding of B7-H2 to CD28 and

CTLA-4 by at least 25%, 30%, 40%, 50%, 60%, 75%, 80%, 85%, 90%, 95%, 98% or 99%,

or in the range of between 25% to 50%, 25% to 75%, 50% to 75%, 50% to 95%, 75% to

95%, or 75% to 100% relative to the binding of B7-H2 to CD28 and CTLA-4 in the absence

of the derivative, and (ii) does not inhibit or reduce or inhibits or reduces the binding of B7-

H2 to ICOS by less than 20%, 15%, 10%, 5%, or 2%, or in the range of between 2% to 5%,

2% to 10%, 5% to 10%, 5% to 15%, 5% to 20%, 10% to 15%, or 15% to 20% relative to the

binding of B7-H2 to ICOS in the absence of the derivative.

[00412] In a specific embodiment, a B7-H2 derivative modulates one or more of the signal

transduction pathways induced by B7-H2 binding to ICOS and CD28. In some

embodiments, a B7-H2 derivative activates or enhances one or more of the signal

transduction pathways induced by the binding of B7-H2 to ICOS and CD28. In specific

embodiments, a B7-H2 derivative activates or enhances one or more of the signal

transduction pathways induced by the binding of B7-H2 to ICOS and CD28 by at least 25%,

30%, 40%, 50%, 60%, 75%, 80%, 85%, 90%, 95%, 98% or 99%, or in the range of between

25% to 50%, 25% to 75%, 50% to 75%, 50% to 95%, 75% to 95%, or 75% to 100% relative

to the one or more signal transduction pathways induced by the binding of B7-H2 to ICOS

and CD28 in the absence of the B7-H2 derivative. In specific embodiments, a B7-H2

derivative: (i) activates or enhances one or more of the signal transduction pathways induced

by the binding of B7-H2 to ICOS and CD28 by at least 25%, 30%, 40%, 50%, 60%, 75%,

80%, 85%, 90%, 95%, 98% or 99%, or in the range of between 25% to 50%, 25% to 75%,

50% to 75%, 50% to 95%, 75% to 95%, or 75% to 100% relative to the one or more signal

transduction pathways induced by the binding of B7-H2 to ICOS and CD28 in the absence of

the B7-H2 derivative; and (ii) does not activate or enhance, or activates or enhances one or

more of the signal transduction pathways induced by the binding of B7-H2 to CTLA-4 by

less than 20%, 15%, 10%, 5%, or 2%, or in the range of between 2% to 5%, 2% to 10%, 5%

to 10%, 5% to 15%, 5% to 20%, 10% to 15%, or 15% to 20% relative to the one or more

signal transduction pathways induced by the binding of B7-H2 to CTLA-4 in the absence of

the B7-H2 derivative.

[00413] In some embodiments, a B7-H2 derivative induces one or more of the signal

transduction pathways induced by the binding of B7-H2 to ICOS and CD28. In specific

embodiments, a B7-H2 derivative induces one or more of the signal transduction pathways



induced by the binding of B7-H2 to ICOS and CD28 by at least 25%, 30%, 40%, 50%, 60%,

75%, 80%, 85%, 90%, 95%, 98% or 99%, or in the range of between 25% to 50%, 25% to

75%, 50% to 75%, 50% to 95%, 75% to 95%, or 75% to 100% relative to the one or more

signal transduction pathways induced by the binding of B7-H2 to ICOS and CD28 in the

absence of the B7-H2 derivative. In specific embodiments, a B7-H2 derivative: (i) induces

one or more of the signal transduction pathways induced by the binding of B7-H2 to ICOS

and CD28 by at least 25%, 30%, 40%, 50%, 60%, 75%, 80%, 85%, 90%, 95%, 98% or 99%,

or in the range of between 25% to 50%, 25% to 75%, 50% to 75%, 50% to 95%, 75% to

95%, or 75% to 100% relative to the one or more signal transduction pathways induced by

the binding of B7-H2 to ICOS and CD28 in the absence of the B7-H2 derivative; and (ii)

does not induce, or induces one or more of the signal transduction pathways induced by the

binding of B7-H2 to CD28 by less than 20%, 15%, 10%, 5%, or 2%, or in the range of

between 2% to 5%, 2% to 10%, 5% to 10%, 5% to 15%, 5% to 20%, 10% to 15%, or 15% to

20% relative to the one or more signal transduction pathways induced by the binding of B7-

H2 to CTLA-4 in the absence of the B7-H2 derivative.

[00414] In some embodiments, a B7-H2 derivative inhibits or reduces one or more of the

signal transduction pathways induced by the binding of B7-H2 to ICOS and CD28. In

specific embodiments, a B7-H2 derivative inhibits or reduces one or more of the signal

transduction pathways induced by the binding of B7-H2 to ICOS and CD28 by at least 25%,

30%, 40%, 50%, 60%, 75%, 80%, 85%, 90%, 95%, 98% or 99%, or in the range of between

25% to 50%, 25% to 75%, 50% to 75%, 50% to 95%, 75% to 95%, or 75% to 100% relative

to the one or more signal transduction pathways induced by the binding of B7-H2 to ICOS

and CD28 in the absence of the B7-H2 derivative. In specific embodiments, a B7-H2

derivative: (i) inhibits or reduces one or more of the signal transduction pathways induced by

the binding of B7-H2 to ICOS and CD28 by at least 25%, 30%, 40%, 50%, 60%, 75%, 80%,

85%, 90%, 95%, 98% or 99%, or in the range of between 25% to 50%, 25% to 75%, 50% to

75%, 50% to 95%, 75% to 95%, or 75% to 100% relative to the one or more signal

transduction pathways induced by the binding of B7-H2 to ICOS and CD28 in the absence of

the B7-H2 derivative; and (ii) does not inhibit or reduce, or inhibits or reduces one or more of

the signal transduction pathways induced by the binding of B7-H2 to CTLA-4 by less than

20%, 15%, 10%, 5%, or 2%, or in the range of between 2% to 5%, 2% to 10%, 5% to 10%,

5% to 15%, 5% to 20%, 10% to 15%, or 15% to 20% relative to the one or more signal

transduction pathways induced by the binding of B7-H2 to CTLA-4 in the absence of the B7-

H2 derivative.



[00415] In another embodiment, a B7-H2 derivative modulates the interactions between

B7-H2 and ICOS and B7-H2 and CD28. In another embodiment, a B7-H2 derivative inhibits

or reduces the binding of B7-H2 to ICOS and CD28 by at least 25%, 30%, 40%, 50%, 60%,

75%, 80%, 85%, 90%, 95%, 98% or 99%, or in the range of between 25% to 50%, 25% to

75%, 50% to 75%, 50% to 95%, 75% to 95%, or 75% to 100% relative to the binding of B7-

H2 to ICOS and CTLA-4 in the absence of the B7-H2 derivative. In another embodiment, a

B7-H2 derivative: (i) inhibits or reduces the binding of B7-H2 to ICOS and CD28 by at least

25%, 30%, 40%, 50%, 60%, 75%, 80%, 85%, 90%, 95%, 98% or 99%, or in the range of

between 25% to 50%, 25% to 75%, 50% to 75%, 50% to 95%, 75% to 95%, or 75% to 100%

relative to the binding of B7-H2 to ICOS and CD28 in the absence of the B7-H2 derivative,

and (ii) does not inhibit or reduce, or inhibits or reduces the binding of B7-H2 to CTLA-4 by

less than 20%, 15%, 10%, 5%, or 2%, or in the range of between 2% to 5%, 2% to 10%, 5%

to 10%, 5% to 15%, 5% to 20%, 10% to 15%, or 15% to 20% relative to the binding of B7-

H2 to CTLA-4 in the absence of the B7-H2 derivative.

[00416] In a specific embodiment, a B7-H2 derivative modulates one or more of the signal

transduction pathways induced by B7-H2 binding to ICOS and CTLA-4. In some

embodiments, a B7-H2 derivative activates or enhances one or more of the signal

transduction pathways induced by the binding of B7-H2 to ICOS and CTLA-4. In specific

embodiments, a B7-H2 derivative activates or enhances one or more of the signal

transduction pathways induced by the binding of B7-H2 to ICOS and CTLA-4 by at least

25%, 30%, 40%, 50%, 60%, 75%, 80%, 85%, 90%, 95%, 98% or 99%, or in the range of

between 25% to 50%, 25% to 75%, 50% to 75%, 50% to 95%, 75% to 95%, or 75% to 100%

relative to the one or more signal transduction pathways induced by the binding of B7-H2 to

ICOS and CTLA-4 in the absence of the B7-H2 derivative. In specific embodiments, a B7-

H2 derivative: (i) activates or enhances one or more of the signal transduction pathways

induced by the binding of B7-H2 to ICOS and CTLA-4 by at least 25%, 30%, 40%, 50%,

60%, 75%, 80%, 85%, 90%, 95%, 98% or 99%, or in the range of between 25% to 50%, 25%

to 75%, 50% to 75%, 50% to 95%, 75% to 95%, or 75% to 100% relative to the one or more

signal transduction pathways induced by the binding of B7-H2 to ICOS and CTLA-4 in the

absence of the B7-H2 derivative; and (ii) does not activate or enhance, or activates or

enhances one or more of the signal transduction pathways induced by the binding of B7-H2

to CD28 by less than 20%, 15%, 10%, 5%, or 2%, or in the range of between 2% to 5%, 2%

to 10%, 5% to 10%, 5% to 15%, 5% to 20%, 10% to 15%, or 15% to 20% relative to the one



or more signal transduction pathways induced by the binding of B7-H2 to CD28 in the

absence of the B7-H2 derivative.

[00417] In some embodiments, a B7-H2 derivative induces one or more of the signal

transduction pathways induced by the binding of B7-H2 to ICOS and CTLA-4. In specific

embodiments, a B7-H2 derivative induces one or more of the signal transduction pathways

induced by the binding of B7-H2 to ICOS and CTLA-4 by at least 25%, 30%, 40%, 50%,

60%, 75%, 80%, 85%, 90%, 95%, 98% or 99%, or in the range of between 25% to 50%, 25%

to 75%, 50% to 75%, 50% to 95%, 75% to 95%, or 75% to 100% relative to the one or more

signal transduction pathways induced by the binding of B7-H2 to ICOS and CTLA-4 in the

absence of the B7-H2 derivative. In specific embodiments, a B7-H2 derivative: (i) induces

one or more of the signal transduction pathways induced by the binding of B7-H2 to ICOS

and CTLA-4 by at least 25%, 30%, 40%, 50%, 60%, 75%, 80%, 85%, 90%, 95%, 98% or

99%, or in the range of between 25% to 50%, 25% to 75%, 50% to 75%, 50% to 95%, 75%

to 95%, or 75% to 100% relative to the one or more signal transduction pathways induced by

the binding of B7-H2 to ICOS and CTLA-4 in the absence of the B7-H2 derivative; and (ii)

does not induce, or induces one or more of the signal transduction pathways induced by the

binding of B7-H2 to CD28 by less than 20%, 15%, 10%, 5%, or 2%, or in the range of

between 2% to 5%, 2% to 10%, 5% to 10%, 5% to 15%, 5% to 20%, 10% to 15%, or 15% to

20% relative to the one or more signal transduction pathways induced by the binding of B7-

H2 to CD28 in the absence of the B7-H2 derivative.

[00418] In some embodiments, a B7-H2 derivative inhibits or reduces one or more of the

signal transduction pathways induced by the binding of B7-H2 to ICOS and CTLA-4. In

specific embodiments, a B7-H2 derivative inhibits or reduces one or more of the signal

transduction pathways induced by the binding of B7-H2 to ICOS and CTLA-4 by at least

25%, 30%, 40%, 50%, 60%, 75%, 80%, 85%, 90%, 95%, 98% or 99%, or in the range of

between 25% to 50%, 25% to 75%, 50% to 75%, 50% to 95%, 75% to 95%, or 75% to 100%

relative to the one or more signal transduction pathways induced by the binding of B7-H2 to

ICOS and CTLA-4 in the absence of the B7-H2 derivative. In specific embodiments, a B7-

H2 derivative: (i) inhibits or reduces one or more of the signal transduction pathways induced

by the binding of B7-H2 to ICOS and CTLA-4 by at least 25%, 30%, 40%, 50%, 60%, 75%,

80%, 85%, 90%, 95%, 98% or 99%, or in the range of between 25% to 50%, 25% to 75%,

50% to 75%, 50% to 95%, 75% to 95%, or 75% to 100% relative to the one or more signal

transduction pathways induced by the binding of B7-H2 to ICOS and CTLA-4 in the absence

of the B7-H2 derivative; and (ii) does not inhibit or reduce, or inhibits or reduces one or more



of the signal transduction pathways induced by the binding of B7-H2 to CD28 by less than

20%, 15%, 10%, 5%, or 2%, or in the range of between 2% to 5%, 2% to 10%, 5% to 10%,

5% to 15%, 5% to 20%, 10% to 15%, or 15% to 20% relative to the one or more signal

transduction pathways induced by the binding of B7-H2 to CD28 in the absence of the B7-H2

derivative.

[00419] In another embodiment, a B7-H2 derivative modulates the interactions between

B7-H2 and ICOS and B7-H2 and CTLA-4. In another embodiment, a B7-H2 derivative

inhibits or reduces the binding of B7-H2 to ICOS and CTLA-4 by at least 25%, 30%, 40%,

50%, 60%, 75%, 80%, 85%, 90%, 95%, 98% or 99%, or in the range of between 25% to

50%, 25% to 75%, 50% to 75%, 50% to 95%, 75% to 95%, or 75% to 100% relative to the

binding of B7-H2 to ICOS and CTLA-4 in the absence of the B7-H2 derivative. In another

embodiment, a B7-H2 derivative: (i) inhibits or reduces the binding of B7-H2 to ICOS and

CTLA-4 by at least 25%, 30%, 40%, 50%, 60%, 75%, 80%, 85%, 90%, 95%, 98% or 99%,

or in the range of between 25% to 50%, 25% to 75%, 50% to 75%, 50% to 95%, 75% to

95%, or 75% to 100% relative to the binding of B7-H2 to ICOS and CTLA-4 in the absence

of the B7-H2 derivative, and (ii) does not inhibit or reduce, or inhibits or reduces the binding

of B7-H2 to CD28 by less than 20%, 15%, 10%, 5%, or 2%, or in the range of between 2% to

5%, 2% to 10%, 5% to 10%, 5% to 15%, 5% to 20%, 10% to 15%, or 15% to 20% relative to

the binding of B7-H2 to CD28 in the absence of the B7-H2 derivative.

[00420] In specific embodiments, a B7-H2 derivative is: (a) a polypeptide that is at least

40%, 45%, 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, 95%, 98%, or 99% or is 40%

to 65%, 50% to 90%, 65% to 90%, 70% to 90%, 75% to 95%, 80% to 95%, or 85% to 99%

identical to a native B7-H2 polypeptide; (b) a polypeptide encoded by a nucleic acid

sequence that is at least 40%, 45%, 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, 95%,

98%, or 99% or is 40% to 65%, 50% to 90%, 65% to 90%, 70% to 90%, 75% to 95%, 80% to

95%, or 85% to 99% identical a nucleic acid sequence encoding a native B7-H2 polypeptide;

(c) a polypeptide that contains 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20

or more, or 2 to 5, 2 to 10, 5 to 10, 5 to 15, 5 to 20, 10 to 15, or 15 to 20 amino acid mutations

(i.e., additions, deletions and/or substitutions) relative to a native B7-H2 polypeptide; (d) a

polypeptide encoded by nucleic acids can hybridize under high, moderate or typical

stringency hybridization conditions to nucleic acids encoding a native B7-H2 polypeptide; (e)

a polypeptide encoded by a nucleic acid sequence that can hybridize under high, moderate or

typical stringency hybridization conditions to a nucleic acid sequence encoding a fragment of

a native B7-H2 polypeptide of at least 20 contiguous amino acids, at least 30 contiguous



amino acids, at least 40 contiguous amino acids, at least 50 contiguous amino acids, at least

75 contiguous amino acids, at least 100 contiguous amino acids, at least 125 contiguous

amino acids, or at least 150 contiguous amino acids, or 20 to 50, 25 to 75, 25 to 100, 25 to

150, 50 to 75, 50 to 100, 75 to 100, 50 to 150, 75 to 150, 100 to 150, or 100 to 200

contiguous amino acids; or (f) a fragment of a native B7-H2 polypeptide. B7-H2 derivatives

also include a polypeptide that comprises the amino acid sequence of a naturally occurring

mature form of a mammalian B7-H2 polypeptide and a heterologous signal peptide amino

acid sequence.

[00421] In a specific embodiment, a B7-H2 derivative is a derivative of a native human

B7-H2 polypeptide. In another embodiment, a B7-H2 derivative is a derivative of an

immature or precursor form of naturally occurring human B7-H2 polypeptide. In another

embodiment, a B7-H2 derivative is a derivative of a mature form of naturally occurring

human B7-H2 polypeptide. In one embodiment, a B7-H2 derivative is isolated or purified.

[00422] In another embodiment, a B7-H2 derivative comprises (or consists) of the amino

acid sequence ofnative B7-H2 with 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18,

19, 20 or more, or in the range of 1 to 5, 1 to 10, 2 to 15, 5 to 20, 5 to 30, 10 to 50, 25 to 75

mutations (e.g., amino acid substitutions, insertions and/or deletions). In certain

embodiments, a B7-H2 derivative comprises one or more mutations that increase the affinity

of B7-H2 for one or more of the following receptors: ICOS, CD28 or CTLA-4. In a specific

embodiment, a B7-H2 derivative comprises one or more mutations that selectively increase

the affinity of B7-H2 for ICOS. In another specific embodiment, a B7-H2 derivative

comprises one or more mutations that selectively increase the affinity of B7-H2 for CD28. In

another specific embodiment, a B7-H2 derivative comprises one or more mutations that

selectively increase the affinity of B7-H2 for CTLA-4. Mutations can be introduced at

specific positions with native B7-H2 using, e.g., site-directed mutagenesis techniques and/or

PCR-mediated mutagenesis techniques. Mutations can also be introduced randomly along all

or part of the coding sequence using, e.g., saturation mutagenesis techniques.

[00423] In some embodiments, a B7-H2 derivative comprises one or more mutations that

decrease the affinity of B7-H2 for one or more of the following receptors: ICOS, CD28, or

CTLA-4. In a specific embodiment, a B7-H2 derivative comprises one or more mutations

that selectively decrease the affinity of B7-H2 for ICOS. In another specific embodiment, a

B7-H2 derivative comprises one or more mutations that selectively decrease the affinity of

B7-H2 for CD28. In another specific embodiment, a B7-H2 derivative comprises one or

more mutations that selectively decrease the affinity of B7-H2 for CTLA-4.



[00424] In another embodiment, a B7-H2 derivative comprises (or consists) of the amino

acid sequence ofnative B7-H2 with 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18,

19, 20 or more, or in the range of 1 to 5, 1 to 10, 2 to 15, 5 to 20, 5 to 30, 10 to 50, or 25 to 75

amino acid substitutions. Such amino acid substitutions can be either conservative, non-

conservative, or a combination of both. In a specific embodiment, the amino acid

substitutions are conservative amino acid substitutions, and in certain embodiments,

introduced at one or more predicted non-essential amino acid residues. A conservative amino

acid substitution is one in which the amino acid residue is replaced with an amino acid

residue having a side chain with a similar charge.

[00425] In specific embodiments, a B7-H2 derivative comprises an amino acid substitution

at either position 116, position 122 or both. In some embodiments, a B7-H2 derivative

comprises an amino acid substitution at positions 116 to 122 and/or 53. In accordance with

such embodiments, the B7-H2 derivative retains the ability to bind to ICOS but does not bind

to CD28 or CTLA-4. In other embodiments, a B7-H2 derivative does not comprise an amino

acid substitution at either position 116, position 122 or both. In some embodiments, a B7-H2

derivative does not comprise an amino acid substitution at positions 116 to 122 and/or 53. In

a particular embodiment, the B7-H2 derivative is the B7-H2 (Ll 16A) mutant or B7-H2

(F 122A) mutant described in Examples 6 and 7, infra. In certain embodiments, the B7-H2

derivative is not the B7-H2 (Ll 16A) mutant or B7-H2 (F122A) mutant described in

Examples 6 and 7, infra.

[00426] In specific embodiments, a B7-H2 derivative comprises an amino acid substitution

at either position 51, position 53 or both. In other embodiments, a B7-H2 derivative does not

comprise an amino acid substitution at either position 51, position 53 or both. In a particular

embodiment, the B7-H2 derivative is the B7-H2 (Y51A) mutant or B7-H2 (Y53A) mutant

described in Examples 6 and 7, infra. In certain embodiments, the B7-H2 derivative is not

the B7-H2 (Y51A) mutant or B7-H2 (Y53A) mutant described in Examples 6 and 7, infra

[00427] In certain embodiments, a B7-H2 derivative comprises an amino acid substitution

at two, three or all of the following positions: position 51, position 53, position 116, or

position 122. In other embodiments, a B7-H2 derivative does not comprise an amino acid

substitution at two, three or all of the following positions: position 51, position 53, position

116, or position 122. In certain embodiments, a B7-H2 derivative comprises an amino acid

substitution at one, two, or three or all of positions: 51, 53, and 116 to 122. In other

embodiments, a B7-H2 derivative does not comprise an amino acid substitution at one, two,

or three or all of positions: 51, 53, and 116 to 122.



[00428] The data discussed in Example 7 infra indicates that the Ig-like V-type domain of

B7-H2 is relevant to B7-H2 binding to ICOS, CD28 and CTLA-4. Accordingly, in specific

embodiments, a B7-H2 derivative comprises 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 12, 15, 20 or more, or

2 to 5, 2 to 10, 5 to 10, 5 to 15, 5 to 20, 10 to 15, or 15 to 20 mutations (e.g., amino acid

substitutions, deletions, and/or additions) in the Ig-like V-type domain of B7-H2. In certain

embodiments, a B7-H2 derivative comprises (or consists of) native B7-H2 or a fragment

thereof containing 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 12, 15, 20 or more, or 2 to 5, 2 to 10, 5 to 10, 5

to 15, 5 to 20, 10 to 15, or 15 to 20 mutations (e.g., amino acid substitutions, deletions, and/or

additions) in the Ig-like V-type domain. In some embodiments, a B7-H2 derivative

comprises (or consists of) the extracellular domain of native B7-H2 containing 1, 2, 3, 4, 5, 6,

7, 8, 9, 10, 12, 15, 20 or more mutations (e.g., amino acid substitutions, deletions, and/or

additions) in the Ig-like V-type domain.

[00429] In another embodiment, a B7-H2 derivative comprises a fragment of native B7-

H2. In certain embodiments, a B7-H72 derivative comprises (or consists of) amino acid

residues 19 to 300, 19 to 300, 19 to 275, 19 to 256, 19 to 250, 19 to 225, 19 to 200, 19 to 175,

19 to 150, 19 to 129, 19 to 125, 19 to 100, 19 to 95, 19 to 75, 19 to 70, 19 to 65, 19 to 60, 19

to 50, 15 to 30 or 5 to 25, or 141 to 227 of native B7-H2 of the sequence found at Accession

No. 075144-1 (UniParc).

[00430] In one embodiment, a B7-H2 derivative is a soluble form of B7-H2. In a specific

embodiment, a B7-H2 derivative comprises (or consists of) the extracellular domain of native

B7-H2, or the extracellular domain of native B7-H2 containing 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 12,

15, 20 or more, or 2 to 5, 2 to 10, 5 to 10, 5 to 15, 5 to 20, 10 to 15, or 15 to 20 mutations

(e.g., amino acid substitutions, deletions, and/or additions). In a specific embodiment, a B7-

H2 derivative comprises (or consists of) amino acid residues 19 to 256 of the sequence found

at Accession No. 075 144-1 (UniParc). In another embodiment, a B7-H2 derivative

comprises (or consists of) a fragment of the extracellular domain of native B7-H2, or a

fragment of the extracellular domain of native B7-H2 containing 1, 2, 3, 4, 5, 6, 7, 8, 9, 10,

12, 15, 20 or more, or 2 to 5, 2 to 10, 5 to 10, 5 to 15, 5 to 20, 10 to 15, or 15 to 20 mutations

(e.g., amino acid substitutions, deletions, and/or additions). In specific embodiments, a B7-

H2 derivative comprises (or consists of) at least 25, 50, 75, 100, 125, 150, 175, 200, 225, or

240 amino acids of the extracellular domain of native B7-H2. In certain embodiments, a B7-

H2 derivative comprises (or consists of) amino acid residues 19 to 240, 19 to 225, 19 to 200,

19 to 175, 19to 150, 19 to 125, 19 to 100, 19 to 75, 19 to 50, or 19 to 25 of native B7-H2. In

specific embodiments, a B7-H2 derivative comprises (or consists of) amino acid residues 19



to 240, 19 to 225, 19 to 200, 19 to 175, 19 to 150, 19 to 125, 19 to 100, 19 to 75, 19 to 50, or

19 to 25 of the sequence found at Accession No. 075144-1 (UniParc).

[00431] In another embodiment, a B7-H2 derivative comprises (or consists of) the Ig-like

V-type domain of native B7-H2. In a specific embodiment, a B7-H2 derivative comprises (or

consists of) amino acid residues 19 to 129 of the sequence found at Accession No. 075144-1

(UniParc). In another embodiment, a B7-H2 derivative comprises (or consists of) the Ig-like

C-2 type domain of native B7-H2. In a specific embodiment, a B7-H2 derivative comprises

(or consists of) amino acid residues 141 to 227 of the sequence found at Accession No.

075144-1 (UniParc). In another embodiment, a B7-H2 derivative comprises (or consists of)

the Ig-like V-type and Ig-like C-2 type domains of native B7-H7. In a specific embodiment,

a B7-H2 derivative comprises (or consists of) amino acid residues 19 to 141 of the sequence

found at Accession No. 075144-1 (UniParc).

[00432] In another embodiment, a B7-H2 derivative comprises (or consists of) the

extracellular and cytoplasmic domains of native B7-H2 or fragments thereof. In another

embodiment, a B7-H2 derivative comprises (or consists of) the extracellular and cytoplasmic

domains of native B7-H2 or fragments thereof containing 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 12, 15,

20 or more, or 2 to 5, 2 to 10, 5 to 10, 5 to 15, 5 to 20, 10 to 15, or 15 to 20 amino acid

substitutions, deletions, and/or additions. In another embodiment, a B7-H2 derivative

comprises (or consists) a fragment of the extracellular domain of native B7-H2 and the

cytoplasmic domain of native B7-H2 or a fragment thereof. In another embodiment, a B7-H2

derivative comprises (or consists of) the extracellular domain of native B7-H2 and a fragment

of the cytoplasmic domain of native B7-H2. In another embodiment, a B7-H2 derivative

lacks the transmembrane domain of native B7-H2 or a fragment thereof. In certain

embodiments, a B7-H2 derivative comprises a heterologous transmembrane domain in place

of the transmembrane domain of native B7-H2. In another embodiment, a B7-H2 derivative

comprises (or consists of) the extracellular domain of native B7-H2 or a fragment thereof and

the transmembrane domain of native B7-H2 or a fragment thereof.

[00433] In another embodiment, a B7-H2 derivative comprises (or consists of) the IgV

region of native human B7-H2. In a specific embodiment, a B7-H2 derivative comprises (or

consists of) the human IgV region described in Example 7, infra. In another embodiment, a

B7-H2 derivative comprises (or consists of) the cysteine-cysteine region of native B7-H2.

[00434] The biological activity of B7-H2 derivatives can be assessed using techniques

known to those skilled in the art, or described herein. For example, the ability of a B7-H2

derivative to bind to one or more receptors may be assessed using techniques described



herein, or known to those skilled in the art. More specifically, the ability of a B7-H2

derivative to bind to one or more of the following receptors - ICOS, CD28 or CTLA-4 - may

be assessed. In addition, the ability of a B7-H2 derivative to bind to one or more receptors

and induce one or more of the signal transduction pathways induced by native B7-H2 binding

to the one or more receptors may be assessed using techniques described herein, or known to

those skilled in the art. More specifically, the ability of a B7-H2 derivative to bind to one or

more of the following receptors - ICOS, CD28 or CTLA-4 - and induce one or more of the

signal transduction pathways induced by native B7-H2 binding to native ICOS, native CD28,

native CTLA-4 may be assessed.

[00435] In certain embodiments, a B7-H2 derivative retains at least 25%, 30%, 35%, 40%,

45%, 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, 95%, 98% or 99%, or in the range

of between 25% to 50%, 25% to 75%, 25% to 98%, 50% to 75%, or 75% to 100% of the

function of a native B7-H2 polypeptide to bind to a native receptor of B7-H2 (e.g. , ICOS,

CD28 or CTLA-4), as measured by assays/techniques well known in the art, e.g., ELISA,

Biacore, or co-immunoprecipitation. In a specific embodiment, a B7-H2 derivative retains at

least 25%, 30%, 35%, 40%, 45%, 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, 95%,

98% or 99%, or in the range of between 25% to 50%, 25% to 75%, 25% to 98%, 50% to

75%, or 75% to 100% of the function of a native B7-H2 polypeptide to bind to ICOS. In

another specific embodiment, a B7-H2 derivative retains at least 25%, 30%, 35%, 40%, 45%,

50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, 95%, 98% or 99%, or in the range of

between 25% to 50%, 25% to 75%, 25% to 98%, 50% to 75%, or 75% to 100% of the

function of a native B7-H2 polypeptide to bind to either CD28, CTLA-4 or both. In another

specific embodiment, a B7-H2 derivative retains at least 25%, 30%, 35%, 40%, 45%, 50%,

55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, 95%, 98% or 99%, or in the range of between

25% to 50%, 25% to 75%, 25% to 98%, 50% to 75%, or 75% to 100% of the function of a

native B7-H2 polypeptide to bind to either CD28, ICOS or both. In another specific

embodiment, a B7-H2 derivative retains at least 25%, 30%, 35%, 40%, 45%, 50%, 55%,

60%, 65%, 70%, 75%, 80%, 85%, 90%, 95%, 98% or 99%, or in the range of between 25%

to 50%, 25% to 75%, 25% to 98%, 50% to 75%, or 75% to 100% of the function of a native

B7-H2 polypeptide to bind to either ICOS, CTLA-4, or both. In another specific

embodiment, a B7-H2 derivative retains at least 25%, 30%, 35%, 40%, 45%, 50%, 55%,

60%, 65%, 70%, 75%, 80%, 85%, 90%, 95%, 98% or 99%, or in the range of between 25%

to 50%, 25% to 75%, 25% to 98%, 50% to 75%, or 75% to 100% of the function of a native

B7-H2 polypeptide to bind to CD28, ICOS and CTLA-4.



[00436] In another specific embodiment, a B7-H2 derivative retains at least 25%, 30%,

35%, 40%, 45%, 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, 95%, 98% or 99%, or

in the range of between 25% to 50%, 25% to 75%, 25% to 98%, 50% to 75%, or 75% to

100% of the function of a native B7-H2 polypeptide to bind to ICOS, but the B7-H2

derivative does not retain the function of a native B7-H2 polypeptide to bind to either CD28,

CTLA-4 or both, or retains less than 20%, 15%, 10%, 5%, or 2%, or in the range of between

2% to 20%, 2% to 15%, 2% to 10% or 2% to 5% of the function of a native B7-H2

polypeptide to bind to either CD28, CTLA-4 or both. In another specific embodiment, a B7-

H2 derivative retains at least 25%, 30%, 35%, 40%, 45%, 50%, 55%, 60%, 65%, 70%, 75%,

80%, 85%, 90%, 95%, 98% or 99%, or in the range of between 25% to 50%, 25% to 75%,

25% to 98%, 50% to 75%, or 75% to 100% of the function of a native B7-H2 polypeptide to

bind to CD28, but the B7-H2 derivative does not retain the function of a native B7-H2

polypeptide to bind to either ICOS, CTLA-4 or both, or retains less than 20%, 15%, 10%,

5%, or 2%, or in the range of between 2% to 20%, 2% to 15%, 2% to 10% or 2% to 5% of

the function of a native B7-H2 polypeptide to bind to either ICOS, CTLA-4 or both. In

another specific embodiment, a B7-H2 derivative retains at least 25%, 30%, 35%, 40%, 45%,

50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, 95%, 98% or 99%, or in the range of

between 25% to 50%, 25% to 75%, 25% to 98%, 50% to 75%, or 75% to 100% of the

function of a native B7-H2 polypeptide to bind to CD28 and CTLA-4, but the B7-H2

derivative does not retain the function of a native B7-H2 polypeptide to bind to ICOS, or

retains less than 20%, 15%, 10%, 5%, or 2%, or in the range of between 2% to 20%, 2% to

15%, 2% to 10% or 2% to 5% of the function of a native B7-H2 polypeptide to bind to ICOS.

In another specific embodiment, a B7-H2 derivative retains at least 25%, 30%, 35%, 40%,

45%, 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, 95%, 98% or 99%, or in the range

of between 25% to 50%, 25% to 75%, 25% to 98%, 50% to 75%, or 75% to 100% of the

function of a native B7-H2 polypeptide to bind to CD28 and ICOS, but the B7-H2 derivative

does not retain the function of a native B7-H2 polypeptide to bind to CTLA-4, or retains less

than 20%, 15%, 10%, 5%, or 2%, or in the range of between 2% to 20%, 2% to 15%, 2% to

10% or 2% to 5% of the function of a native mammalian B7-H2 polypeptide to bind to

CTLA-4. In another embodiment, a B7-H2 derivative retains at least 25%, 30%, 35%, 40%,

45%, 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, 95%, 98% or 99%, or in the range

of between 25% to 50%, 25% to 75%, 25% to 98%, 50% to 75%, or 75% to 100% of the

function of native B7-H2 polypeptide to bind to ICOS and CTLA-4, but the B7-H2 derivative

does not retain the function of a native B7-H2 polypeptide to bind to CD28, or retains less



than 20%, 15%, 10%, 5%, or 2%, or in the range of between 2% to 20%, 2% to 15%, 2% to

10% or 2% to 5% of the function of a native mammalian B7-H2 polypeptide to bind to CD28.

[00437] In certain other embodiments, a B7-H2 derivative retains less than 20%, 15%,

10%, 5% or 2%, or in the range of between 2% to 20%, 2% to 15%, 2% to 10%, or 2% to 5%

of the function of a native B7-H2 polypeptide to bind to a native receptor of B7-H2 (e.g.,

ICOS, CD28 or CTLA-4), as measured by assays/techniques well known in the art, e.g.,

ELISA, Biacore, or co-immunoprecipitation. In a specific embodiment, a B7-H2 derivative

retains less than 20%, 15%, 10%, 5% or 2%, or in the range of between 2% to 20%, 2% to

15%, 2% to 10%, or 2% to 5% of the function of a native B7-H2 polypeptide to bind to

ICOS. In another specific embodiment, a B7-H2 derivative retains less than 20%, 15%, 10%,

5% or 2%, or in the range of between 2% to 20%, 2% to 15%, 2% to 10%, or 2% to 5% of

the function of a native B7-H2 polypeptide to bind to either CD28, CTLA-4 or both. In

another specific embodiment, a B7-H2 derivative retains less than 20%, 15%, 10%, 5% or

2%, or in the range of between 2% to 20%, 2% to 15%, 2% to 10%, or 2% to 5% of the

function of a native B7-H2 polypeptide to bind to either CD28, ICOS or both. In another

embodiment, a B7-H2 derivative retains less than 20%, 15%, 10%, 5%, or 2%, or in the range

of between 2% to 20%, 2% to 15%, 2% to 10% or 2% to 5% of the function of a native

mammalian B7-H2 polypeptide to bind to ICOS and CTLA-4. In another specific

embodiment, a B7-H2 derivative retains less than 20%, 15%, 10%, 5% or 2%, or in the range

of between 2% to 20%, 2% to 15%, 2% to 10%, or 2% to 5% of the function of a native B7-

H2 polypeptide to bind to CD28, ICOS and CTLA-4.

[00438] In certain embodiments, a B7-H2 derivative with a higher affinity for a native

receptor of B7-H2 than native B7-H2 binds to the same receptor, as measured by well-known

assays/techniques. In one embodiment, a B7-H2 derivative with a 25%, 50%, 75%, 80%,

85%, 90%, 95%, 25% to 50%, 25% to 75%, 50% to 75%, 50% to 95%, or 75% to 95% higher

affinity for a native receptor of B7-H2 than the native B7-H2 binds to the same receptor, as

measured by well-known assays/techniques. In another embodiment, a B7-H2 derivative

with 0.5 logs, 1 log, 1.5 logs, 2 logs, 2.5 logs, or 3 logs higher affinity for a native receptor of

B7-H2 than the native B7-H2 binds to the same receptor, as measured by well-known

assays/techniques.

[00439] In certain embodiments, a B7-H2 derivative with a lower affinity for a native

receptor of B7-H2 than native B7-H2 binds to the same receptor, as measured by well-known

assays/techniques. In one embodiment, a B7-H2 derivative with a 25%, 50%, 75%, 80%,

85%, 90%, 95%, 25% to 50%, 25% to 75%, 50% to 75%, 50% to 95%, or 75% to 95% lower



affinity for a native receptor of B7-H2 than the native B7-H2 binds to the same receptor, as

measured by well-known assays/techniques. In another embodiment, a B7-H2 derivative

with 0.5 logs, 1 log, 1.5 logs, 2 logs, 2.5 logs, or 3 logs lower affinity for a native receptor of

B7-H2 than the native B7-H2 binds to the same receptor, as measured by well-known

assays/techniques.

[00440] In some embodiments, a B7-H2 derivative retains at least 25%, 30%, 35%, 40%,

45%, 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, 95%, 98% or 99%, or in the range

of between 25% to 50%, 25% to 75%, 25% to 98%, 50% to 75%, or 75% to 100% of the

ability to activate or induce one or more of the signal transduction pathways induced when a

native B7-H2 polypeptide binds to a native receptor of B7-H2 (e.g., ICOS, CD28 or CTLA-

4), as measured by assays well-known in the art. The one or more signal transduction

pathways induced by the binding of a native receptor of B7-H2 to a B7-H2 polypeptide can

be measured by, e.g., assessing the activation of a signal transduction moiety (e.g., Jun kinase

activation, MAP kinase activation, PKC activation), the translocation of a transcription factor

(e.g., NF-kappa B or Statl), and cytokine production (e.g., IL-2, IL-4, IL-5, IL-10, IL- 17,

interferon-gamma, or tumor necrosis factor-alpha) using techniques such as ELISAs, Western

blots, electromobility shift assays, and other immunoassays.

[00441] In a specific embodiment, a B7-H2 derivative retains at least 25%, 30%, 35%,

40%, 45%, 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, 95%, 98% or 99%, or in the

range of between 25% to 50%, 25% to 75%, 25% to 98%, 50% to 75%, or 75% to 100% of

the ability to activate or induce one or more of the signal transduction pathways induced by

the binding of a native B7-H2 polypeptide to ICOS. In another specific embodiment, a B7-

H2 derivative retains at least 25%, 30%, 35%, 40%, 45%, 50%, 55%, 60%, 65%, 70%, 75%,

80%, 85%, 90%, 95%, 98% or 99%, or in the range of between 25% to 50%, 25% to 75%,

25% to 98%, 50% to 75%, or 75% to 100% of the ability to activate or induce one or more of

the signal transduction pathways induced by the binding of a native B7-H2 polypeptide to

CD28. In another specific embodiment, a B7-H2 derivative retains at least 25%, 30%, 35%,

40%, 45%, 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, 95%, 98% or 99%, or in the

range of between 25% to 50%, 25% to 75%, 25% to 98%, 50% to 75%, or 75% to 100% of

the ability to activate or induce one or more of the signal transduction pathways induced by

the binding of a native B7-H2 polypeptide to CTLA-4.

[00442] In some other embodiments, a B7-H2 derivative retains less than 20%, 15%, 10%,

5% or 2%, or in the range of between 2% to 20%, 2% to 15%, 2% to 10%, or 2% to 5% of

one or more of the ability to activate or induce the signal transduction pathways induced



when a native B7-H2 polypeptide binds to a receptor of B7-H2 (e.g., ICOS, CD28 or CTLA-

4), as measured by assays well-known in the art. In a specific embodiment, a B7-H2

derivative retains less than 20%, 15%, 10%, 5% or 2%, or in the range of between 2% to

20%, 2% to 15%, 2% to 10%, or 2% to 5% of the ability to active or induce one or more of

the signal transduction pathways induced by the binding of a native B7-H2 polypeptide to

ICOS. In another specific embodiment, a B7-H2 derivative retains less than 20%, 15%, 10%,

5% or 2%, or in the range of between 2% to 20%, 2% to 15%, 2% to 10%, or 2% to 5% of

one or more of the signal transduction pathways induced by the binding of a native B7-H2

polypeptide to either CD28, CTLA-4 or both. In another specific embodiment, a B7-H2

derivative retains less than 20%, 15%, 10%, 5% or 2%, or in the range of between 2% to

20%, 2% to 15%, 2% to 10%, or 2% to 5% of the ability to activate or induce one or more of

the signal transduction pathways induced by the binding of a native B7-H2 polypeptide to

either CD28, ICOS or both. In another specific embodiment, a B7-H2 derivative retains less

than 20%, 15%, 10%, 5% or 2%, or in the range of between 2% to 20%, 2% to 15%, 2% to

10%, or 2% to 5% of the ability to activate or induce one or more of the signal transduction

pathways induced by the binding of a native B7-H2 polypeptide to ICOS and CTLA-4. In

another specific embodiment, a B7-H2 derivative retains less than 20%, 15%, 10%, 5% or

2%, or in the range of between 2% to 20%, 2% to 15%, 2% to 10%, or 2% to 5% of the

ability to activate or induce one or more of the signal transduction pathways induced by the

binding of a native B7-H2 polypeptide to CD28, ICOS, and CTLA-4.

5.3.2.2 ICOS Polypeptides & Derivatives

[00443] In one aspect, a Therapeutic Agent is an ICOS polypeptide. In a specific

embodiment, such a Therapeutic Agent modulates one or more of the signal transduction

pathways induced by B7-H2 binding to ICOS. In another specific embodiment, such a

Therapeutic Agent modulates the B7-H2 polypeptide and ICOS polypeptide interaction. In

certain embodiments, such Therapeutic Agents are Immunostimulatory Therapeutic Agents.

In other embodiments, such Therapeutic Agents are Inhibitory Therapeutic Agents.

[00444] In another aspect, a Therapeutic Agent is an ICOS derivative. In certain

embodiments, the B7-H2 derivative is an Immunostimulating Therapeutic Agent. In other

embodiments, the B7-H2 derivative is an Inhibitory Therapeutic Agent.

[00445] In a specific embodiment, an ICOS derivative modulates one or more of the signal

transduction pathways induced by B7-H2 binding to ICOS. In certain embodiments, an

ICOS derivative selectively modulates one or more signal transduction pathways induced by



B7-H2 binding to ICOS. In certain embodiments, an ICOS derivative selectively activates or

enhances one or more of the signal transduction pathways induced by the binding of B7-H2

to ICOS. In specific embodiments, an ICOS derivative activates or enhances one or more of

the signal transduction pathways induced by the binding of B7-H2 to ICOS by at least 25%,

30%, 40%, 50%, 60%, 75%, 80%, 85%, 90%, 95%, 98% or 99%, or in the range of between

25% to 50%, 25% to 75%, 50% to 75%, 50% to 95%, 75% to 95%, or 75% to 100% relative

to the one or more signal transduction pathways induced by the binding of B7-H2 to ICOS in

the absence of the derivative. In specific embodiments, an ICOS derivative: (i) activates or

enhances one or more of the signal transduction pathways induced by the binding of B7-H2

to ICOS by at least 25%, 30%, 40%, 50%, 60%, 75%, 80%, 85%, 90%, 95%, 98% or 99%, or

in the range of between 25% to 50%, 25% to 75%, 50% to 75%, 50% to 95%, 75% to 95%,

or 75% to 100% relative to the one or more signal transduction pathways induced by the

binding of B7-H2 to ICOS in the absence of the derivative; and (ii) does not activate or

enhance, or activates or enhances one or more of the signal transduction pathways induced by

the binding of ICOS to one or more other ligands by less than 20%, 15%, 10%, 5%, or 2%, or

in the range of between 2% to 5%, 2% to 10%, 5% to 10%, 5% to 15%, 5% to 20%, 10% to

15%, or 15% to 20% relative to the one or more signal transduction pathways induced by the

binding of ICOS to such one or more other ligands in the absence of the derivative.

[00446] In certain embodiments, an ICOS derivative binds to its native ligand (e.g., native

B7-H2) and induces a higher level of activity than native ICOS binding to the native ligand as

assessed by, e.g., the activation or induction of one or more signal transduction molecules. In

specific embodiments, an ICOS derivative binds to native B7-H2 and induces a higher level

of activity than native ICOS binding to native B7-H2 as assessed by, e.g., the activation or

induction of one or more signal transduction molecules. In some embodiments, an ICOS

derivative binds to B7-H2 and induces at least 25%, 30%, 35%, 40%, 45%, 50%, 55%, 60%,

65%, 70%, 75%, 80%, 85%, 90%, 95%, 98% or 99%, or in the range of between 25% to

50%, 25% to 75%, 25% to 98%, 50% to 75%, 50% to 98%, or 75% to 90% higher level of

activity than native ICOS binding to native B7-H2 as assessed by, e.g., the activation or

induction of one or more signal transduction molecules.

[00447] In some embodiments, an ICOS derivative selectively inhibits or reduces one or

more of the signal transduction pathways induced by the binding of B7-H2 to ICOS. In

specific embodiments, an ICOS derivative inhibits or reduces one or more of the signal

transduction pathways induced by the binding of B7-H2 to ICOS by at least 25%, 30%, 40%,

50%, 60%, 75%, 80%, 85%, 90%, 95%, 98% or 99%, or in the range of between 25% to



50%, 25% to 75%, 50% to 75%, 50% to 95%, 75% to 95%, or 75% to 100% relative to the

one or more signal transduction pathways induced by the binding of B7-H2 to ICOS in the

absence of the derivative. In specific embodiments, an ICOS derivative: (i) inhibits or

reduces one or more of the signal transduction pathways induced by the binding of B7-H2 to

ICOS by at least 25%, 30%, 40%, 50%, 60%, 75%, 80%, 85%, 90%, 95%, 98% or 99%, or in

the range of between 25% to 50%, 25% to 75%, 50% to 75%, 50% to 95%, 75% to 95%, or

75% to 100% relative to the one or more signal transduction pathways induced by the binding

of B7-H2 to ICOS in the absence of the derivative; and (ii) does not inhibit or reduce, or

inhibits or reduces one or more of the signal transduction pathways induced by the binding of

ICOS to one or more other ligands by less than 20%, 15%, 10%, 5%, or 2%, or in the range

of between 2% to 5%, 2% to 10%, 5% to 10%, 5% to 15%, 5% to 20%, 10% to 15%, or 15%

to 20% relative to the one or more signal transduction pathways induced by the binding of

ICOS to such one or more other ligands in the absence of the derivative.

[00448] In another embodiment, an ICOS derivative modulates the B7-H2 polypeptide and

ICOS polypeptide interaction. In certain embodiments, the ICOS derivative selectively

modulates the B7-H2 and ICOS interaction. In another embodiment, an ICOS derivative

inhibits or reduces the binding of B7-H2 to ICOS by at least 25%, 30%, 40%, 50%, 60%,

75%, 80%, 85%, 90%, 95%, 98% or 99%, or in the range of between 25% to 50%, 25% to

75%, 50% to 75%, 50% to 95%, 75% to 95%, or 75% to 100% relative to the binding of B7-

H2 to ICOS in the absence of the derivative. In another embodiment, an ICOS derivative: (i)

inhibits or reduces the binding of B7-H2 to ICOS by at least 25%, 30%, 40%, 50%, 60%,

75%, 80%, 85%, 90%, 95%, 98% or 99%, or in the range of between 25% to 50%, 25% to

75%, 50% to 75%, 50% to 95%, 75% to 95%, or 75% to 100% relative to the binding of B7-

H2 to ICOS in the absence of the derivative, and (ii) does not inhibit or reduce, or inhibits or

reduces the binding of ICOS to one or more other ligands by less than 20%, 15%, 10%, 5%,

or 2%, or in the range of between 2% to 5%, 2% to 10%, 5% to 10%, 5% to 15%, 5% to 20%,

10% to 15%, or 15% to 20% relative to the binding of ICOS to such one or more other

ligands in the absence of the derivative.

[00449] In certain embodiments, an ICOS derivative binds to a native B7-H2 with a higher

affinity than native ICOS binds to a native ligand of ICOS (e.g., native B7-H2), as measured

by assays/techniques well known in the art, e.g., ELISA, Biacore, or co-immunoprecipitation.

In one embodiment, an ICOS derivative binds to a native ligand of ICOS (e.g., native B7-H2)

with a 50%, 75%, 80%, 85%, 90%, 95%, or 98%, or 25% to 50%, 25% to 75%, 50% to 95%,

or 75% to 95% higher affinity than the native ICOS binds to the native ligand of ICOS (e.g.,



native B7-H2). In a specific embodiment, an ICOS derivative binds to a native ligand of

ICOS (e.g., native B7-H2) with 0.5 logs, 1 log, 1.5 logs, 2 logs, 2.5 logs, or 3 logs higher

affinity than the native ICOS binds to the native ligand of ICOS (e.g., native B7-H2), as

measured by assays/techniques well known in the art, e.g., ELISA, Biacore, or co-

immunoprecipitation.

[00450] In certain embodiments, an ICOS derivative binds to native B7-H2 with a lower

affinity than the native ICOS binds to a native ligand of ICOS (e.g., native B7-H2), as

measured by well-known assays/techniques. In one embodiment, an ICOS derivative binds

to a native ligand of ICOS (e.g., native B7-H2) with 25%, 50%, 75%, 80%, 85%, 90%, 95%,

25% to 50%, 25% to 75%, 50% to 75%, 50% to 95%, or 75% to 95% lower affinity than the

native ICOS binds to the native ligand of ICOS (e.g., native B7-H2), as measured by well-

known assays/techniques. In another embodiment, an ICOS derivative binds to a native B 7-

H2 with 0.5 logs, 1 log, 1.5 logs, 2 logs, 2.5 logs, or 3 logs lower affinity than the native

ICOS binds to the native ligand of ICOS (e.g., native B7-H2), as measured by well-known

assays/techniques.

[00451] In specific embodiments, an ICOS derivative is: (a) a polypeptide that is at least

40%, 45%, 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, 95%, 98%, or 99% or is 40%

to 65%, 50% to 90%, 65% to 90%, 70% to 90%, 75% to 95%, 80% to 95%, or 85% to 99%

identical to a native ICOS polypeptide; (b) a polypeptide encoded by a nucleic acid sequence

that is at least 40%, 45%, 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, 95%, 98%, or

99% or is 40% to 65%, 50% to 90%, 65% to 90%, 70% to 90%, 75% to 95%, 80% to 95%, or

85% to 99% identical a nucleic acid sequence encoding a native ICOS polypeptide; (c) a

polypeptide that contains 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20 or

more, or 2 to 5, 2 to 10, 5 to 10, 5 to 15, 5 to 20, 10 to 15, or 15 to 20 amino acid mutations

(i.e., additions, deletions and/or substitutions) relative to a native ICOS polypeptide; (d) a

polypeptide encoded by nucleic acids can hybridize under high, moderate or typical

stringency hybridization conditions to nucleic acids encoding a native ICOS polypeptide; (e)

a polypeptide encoded by a nucleic acid sequence that can hybridize under high, moderate or

typical stringency hybridization conditions to a nucleic acid sequence encoding a fragment of

a native ICOS polypeptide of at least 20 contiguous amino acids, at least 30 contiguous

amino acids, at least 40 contiguous amino acids, at least 50 contiguous amino acids, at least

75 contiguous amino acids, at least 100 contiguous amino acids, at least 125 contiguous

amino acids, or at least 150 contiguous amino acids, or 20 to 50, 25 to 75, 25 to 100, 25 to

150, 50 to 75, 50 to 100, 75 to 100, 50 to 150, 75 to 150, 100 to 150, or 100 to 200



contiguous amino acids; or (f) a fragment of a native ICOS polypeptide. ICOS derivatives

also include a polypeptide that comprises the amino acid sequence of a naturally occurring

mature form of a native ICOS polypeptide and a heterologous signal peptide amino acid

sequence. In a specific embodiment, an ICOS derivative is a derivative of a native human

ICOS polypeptide. In another embodiment, an ICOS derivative is a derivative of an

immature or precursor form of naturally occurring human ICOS polypeptide. In another

embodiment, an ICOS derivative is a derivative of a mature form of naturally occurring

human ICOS polypeptide. In one embodiment, an ICOS derivative is isolated or purified.

[00452] In another embodiment, an ICOS derivative comprises (or consists) of the amino

acid sequence ofnative ICOS with 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18,

19, 20 or more, or in the range of 1 to 5, 1 to 10, 2 to 15, 5 to 20, 5 to 30, 10 to 50, 25 to 75

mutations (e.g., amino acid substitutions, insertions and/or deletions). In certain

embodiments, an ICOS derivative comprises one or more mutations that increase the affinity

of ICOS for B7-H2 (in particular, native B7-H2). Mutations can be introduced at specific

positions with native ICOS using, e.g., site-directed mutagenesis techniques and/or PCR-

mediated mutagenesis techniques. In other embodiments, an ICOS derivative comprises one

or more mutations that decrease the affinity of ICOS for B7-H2 (in particular, native B7-H2)

Mutations can also be introduced randomly along all or part of the coding sequence using,

e.g., saturation mutagenesis techniques.

[00453] In another embodiment, an ICOS derivative comprises (or consists) of the amino

acid sequence ofnative ICOS with 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18,

19, 20 or more, or in the range of 1 to 5, 1 to 10, 2 to 15, 5 to 20, 5 to 30, 10 to 50, or 25 to 75

amino acid substitutions. Such amino acid substitutions can be either conservative, non-

conservative, or a combination of both. In a specific embodiment, the amino acid

substitutions are conservative amino acid substitutions, and in certain embodiments,

introduced at one or more predicted non-essential amino acid residues.

[00454] In another embodiment, an ICOS derivative comprises a fragment ofnative ICOS.

In certain embodiments, an ICOS derivative comprises (or consists of) amino acid residues

2 1 to 175, 2 1 to 150, 2 1 to 125, 2 1 to 100, 2 1 to 95, 2 1 to 75, 2 1 to 70, 2 1 to 65, 2 1 to 60, 2 1

to 50, 5 to 15, or 5 to 25 ofnative ICOS of the sequence found at Accession No. Q9Y6W8-1

(UniParc).

[00455] In one embodiment, an ICOS derivative is a soluble form of ICOS. In a specifc

embodiment, an ICOS derivative comprises (or consists of) the extracellular domain ofnative

ICOS, or the extracellular domain ofnative ICOS containing 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 12,



15, 20 or more, or 2 to 5, 2 to 10, 5 to 10, 5 to 15, 5 to 20, 10 to 15, or 15 to 20 amino acid

substitutions, deletions, and/or additions. In a specific embodiment, an ICOS derivative

comprises (or consists of) amino acid residues 2 1 to 150 or 2 1 to 140 of the sequence found

at Accession No. Q9Y6W8-1 (UniParc). In another embodiment, an ICOS derivative

comprises (or consists of) a fragment of the extracellular domain of native ICOS, or a

fragment of the extracellular domain of native ICOS containing 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 12,

15, 20 or more, or 2 to 5, 2 to 10, 5 to 10, 5 to 15, 5 to 20, 10 to 15, or 15 to 20 mutations

(e.g., amino acid substitutions, deletions, and/or additions). In specific embodiments, an

ICOS derivative comprises (or consists of) at least 25, 50, 75, 100, 125, or 130 amino acids of

the extracellular domain of native ICOS. In certain embodiments, an ICOS derivative

comprises (or consists of) amino acid residues 23 to 145, 23 to 140, 23 to 130, 23 to 125, 23

to 100, 23 to 95, 23 to 75, 23 to 70, 23 to 65, 23 to 60, or 23 to 50 of native ICOS. In specific

embodiments, an ICOS derivative comprises (or consists of) 2 1 to 175, 2 1 to 150, 2 1 to 125,

2 1 to 100, 2 1 to 95, 2 1 to 75, 2 1 to 70, 2 1 to 65, 2 1 to 60, or 2 1 to 50 amino acid residues of

the sequence found at Accession No. Q9Y6W8-1 (UniParc). In another embodiment, an

ICOS derivative comprises (or consists of) the Ig-like domain of native ICOS. In a specific

embodiment, an ICOS derivative comprises (or consists of) amino acid residues 30 to 132 or

30 to 140 of the sequence found at Accession No. Q9Y6W8-1 (UniParc).

[00456] In another embodiment, an ICOS derivative comprises (or consists of) the

extracellular and cytoplasmic domains of native ICOS or fragments thereof. In another

embodiment, an ICOS derivative comprises (or consists of) the extracellular and cytoplasmic

domains of native ICOS or fragments thereof containing 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 12, 15, 20

or more, or 2 to 5, 2 to 10, 5 to 10, 5 to 15, 5 to 20, 10 to 15, or 15 to 20 amino acid

substitutions, deletions, and/or additions. In another embodiment, an ICOS derivative

comprises (or consists) a fragment of the extracellular domain of native ICOS and the

cytoplasmic domain of native ICOS or a fragment thereof. In another embodiment, an ICOS

derivative comprises (or consists of) the extracellular domain of native ICOS and a fragment

of the cytoplasmic domain of native ICOS. In another embodiment, an ICOS derivative lacks

the transmembrane domain of native ICOS or a fragment thereof. In certain embodiments, an

ICOS derivative comprises a heterologous transmembrane domain in place of the

transmembrane domain of native ICOS. In another embodiment, an ICOS derivative

comprises (or consists of) the extracellular domain of native ICOS or a fragment thereof and

the transmembrane domain of native ICOS or a fragment thereof.



[00457] The biological activity of ICOS derivatives can be assessed using techniques

known to those skilled in the art, or described herein. For example, the ability of an ICOS

derivative to bind to one or more ligands may be assessed using techniques described herein,

or known to those skilled in the art. More specifically, the ability of an ICOS derivative to

bind to B7-H2 may be assessed. In addition, the ability of an ICOS derivative to bind to one

or more ligands and induce one or more of the signal transduction pathways induced by

native ICOS binding to the one or more ligands may be assessed using techniques described

herein, or known to those skilled in the art. More specifically, the ability of an ICOS

derivative to bind to B7-H2 and induce one or more of the signal transduction pathways

induced by native B7-H2 binding to native ICOS may be assessed.

[00458] In certain embodiments, an ICOS derivative retains at least 25%, 30%, 35%, 40%,

45%, 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, 95%, 98% or 99%, or in the range

of between 25% to 50%, 25% to 75%, 25% to 98%, 50% to 75%, or 75% to 100% of the

function of a native ICOS polypeptide to bind to a native ligand of ICOS (e.g., B7-H2), as

measured by assays/techniques well known in the art, e.g., ELISA, Biacore, or co-

immunoprecipitation. In a specific embodiment, an ICOS derivative retains at least 25%,

30%, 35%, 40%, 45%, 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, 95%, 98% or

99%, or in the range of between 25% to 50%, 25% to 75%, 25% to 98%, 50% to 75%, or

75% to 100% of the function of a native ICOS polypeptide to bind to B7-H2.

[00459] In certain other embodiments, an ICOS derivative retains less than 20%, 15%,

10%, 5% or 2%, or in the range of between 2% to 20%, 2% to 15%, 2% to 10%, or 2% to 5%

of the function of a native ICOS polypeptide to bind to a native ligand of ICOS (e.g., B7-H2),

as measured by assays/techniques well known in the art, e.g., ELISA, Biacore, or co-

immunoprecipitation. In a specific embodiment, an ICOS derivative retains less than 20%,

15%, 10%, 5% or 2%, or in the range of between 2% to 20%, 2% to 15%, 2% to 10%, or 2%

to 5% of the function of a native ICOS polypeptide to bind to B7-H2.

[00460] In some embodiments, an ICOS derivative retains at least 25%, 30%, 35%, 40%,

45%, 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, 95%, 98% or 99%, or in the range

of between 25% to 50%, 25% to 75%, 25% to 98%, 50% to 75%, or 75% to 100% of the

ability to activate or induce one or more of the signal transduction pathways induced when a

native ligand of ICOS (e.g., B7-H2) binds to an ICOS polypeptide, as measured by assays

well-known in the art. The one or more signal transduction pathways induced by the binding

of a native ligand of ICOS to an ICOS polypeptide can be measured by, e.g., assessing the

activation of a signal transduction moiety (e.g., Jun kinase activation, MAP kinase activation,



PKC activation), the translocation of a transcription factor (e.g., NF-kappa B or Statl), and

cytokine production (e.g., IL-2, IL-4, IL-5, IL-IO, IL-17, interferon-gamma, or tumor

necrosis factor-alpha) using techniques such as ELISAs, Western blots, electromobility shift

assays, and other immunoassays. In a specific embodiment, an ICOS derivative retains at

least 25%, 30%, 35%, 40%, 45%, 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, 95%,

98% or 99%, or in the range of between 25% to 50%, 25% to 75%, 25% to 98%, 50% to

75%, or 75% to 100% of the ability to activate or induce one or more of the signal

transduction pathways induced by the binding of B7-H2 to a native ICOS polypeptide.

[00461] In some other embodiments, an ICOS derivative retains less than 20%, 15%, 10%,

5% or 2%, or in the range of between 2% to 20%, 2% to 15%, 2% to 10%, or 2% to 5% of

the ability to activate or induce one or more of the signal transduction pathways induced

when a native ligand (e.g., B7-H2) binds to an ICOS polyeptide, as measured by assays well-

known in the art. In a specific embodiment, an ICOS derivative retains less than 20%, 15%,

10%, 5% or 2%, or in the range of between 2% to 20%, 2% to 15%, 2% to 10%, or 2% to 5%

of the ability to activate or induce one or more of the signal transduction pathways induced

by the binding of B7-H2 to a native ICOS polypeptide.

5.3.2.3 CD28 Polypeptides & Derivatives

[00462] In one aspect, a Therapeutic Agent is a CD28 polypeptide. In a specific

embodiment, such a Therapeutic Agent modulates one or more of the signal transduction

pathways induced by B7-H2 binding to CD28. In another specific embodiment, such a

Therapeutic Agent modulates the B7-H2 polypeptide and CD28 polypeptide interaction. In

certain embodiments, such Therapeutic Agents are Immunostimulating Therapeutic Agents.

In other embodiments, such Therapeutic Agents are Inhibitory Therapeutic Agents.

[00463] In another aspect, a Therapeutic Agent is a CD28 derivative. In certain

embodiments, the B7-H2 derivative is an Immunostimulating Therapeutic Agent. In other

embodiments, the B7-H2 derivative is an Inhibitory Therapeutic Agent.

[00464] In a specific embodiment, a CD28 derivative modulates one or more of the signal

transduction pathways induced by B7-H2 binding to CD28. In certain embodiments, a CD28

derivative selectively modulates one or more signal transduction pathways induced by B7-H2

binding to CD28. In certain embodiments, a CD28 derivative activates or enhances one or

more of the signal transduction pathways induced by the binding of B7-H2 to CD28 by at

least 25%, 30%, 40%, 50%, 60%, 75%, 80%, 85%, 90%, 95%, 98% or 99%, or in the range

of between 25% to 50%, 25% to 75%, 50% to 75%, 50% to 95%, 75% to 95%, or 75% to



100% relative to the one or more signal transduction pathways induced by the binding of B7-

H2 to CD28 in the absence of the derivative. In specific embodiments, a CD28 derivative: (i)

activates or enhances one or more of the signal transduction pathways induced by the binding

of B7-H2 to CD28 by at least 25%, 30%, 40%, 50%, 60%, 75%, 80%, 85%, 90%, 95%, 98%

or 99%, or in the range of between 25% to 50%, 25% to 75%, 50% to 75%, 50% to 95%,

75% to 95%, or 75% to 100% relative to the one or more signal transduction pathways

induced by the binding of B7-H2 to CD28 in the absence of the derivative; and (ii) does not

activate or enhance, or activates or enhances one or more of the signal transduction pathways

induced by the binding of CD28 to one or more other ligands by less than 20%, 15%, 10%,

5%, or 2%, or in the range of between 2% to 5%, 2% to 10%, 5% to 10%, 5% to 15%, 5% to

20%, 10% to 15%, or 15% to 20% relative to the one or more signal transduction pathways

induced by the binding of CD28 to such one or more other ligands in the absence of the

derivative.

[00465] In certain embodiments, a CD28 derivative binds to its native ligand (e.g., native

B7-H2) and induces a higher level of activity than native C28 binding to the native ligand as

assessed by, e.g., the activation or induction of one or more signal transduction molecules. In

specific embodiments, a CD28 derivative binds to B7-H2 and induces a higher level of

activity than native CD28 binding to native B7-H2 as assessed by, e.g., the activation or

induction of one or more signal transduction molecules. In some embodiments, a CD28

derivative binds to native B7-H2 and induces at least 25%, 30%, 35%, 40%, 45%, 50%, 55%,

60%, 65%, 70%, 75%, 80%, 85%, 90%, 95%, 98% or 99%, or in the range of between 25%

to 50%, 25% to 75%, 25% to 98%, 50% to 75%, 50% to 98%, or 75% to 90% higher level of

activity than native CD28 binding to native B7-H2 as assessed by, e.g., the activation or

induction of one or more signal transduction molecules.

[00466] In some embodiments, a CD28 derivative selectively inhibits or reduces one or

more of the signal transduction pathways induced by the binding of B7-H2 to CD28. In

specific embodiments, a CD28 derivative inhibits or reduces one or more of the signal

transduction pathways induced by the binding of B7-H2 to CD28 by at least 25%, 30%, 40%,

50%, 60%, 75%, 80%, 85%, 90%, 95%, 98% or 99%, or in the range of between 25% to

50%, 25% to 75%, 50% to 75%, 50% to 95%, 75% to 95%, or 75% to 100% relative to the

one or more signal transduction pathways induced by the binding of B7-H2 to CD28 in the

absence of the derivative. In specific embodiments, a CD28 derivative: (i) inhibits or reduces

one or more of the signal transduction pathways induced by the binding of B7-H2 to CD28

by at least 25%, 30%, 40%, 50%, 60%, 75%, 80%, 85%, 90%, 95%, 98% or 99%, or in the



range of between 25% to 50%, 25% to 75%, 50% to 75%, 50% to 95%, 75% to 95%, or 75%

to 100% relative to the one or more signal transduction pathways induced by the binding of

B7-H2 to CD28 in the absence of the derivative; and (ii) does not inhibit or reduce, or inhibits

or reduces one or more of the signal transduction pathways induced by the binding of CD28

to one or more other ligands by less than 20%, 15%, 10%, 5%, or 2%, or in the range of

between 2% to 5%, 2% to 10%, 5% to 10%, 5% to 15%, 5% to 20%, 10% to 15%, or 15% to

20% relative to the one or more signal transduction pathways induced by the binding of

CD28 to such one or more other ligands in the absence of the derivative.

[00467] In another embodiment, a CD28 derivative modulates the B7-H2 polypeptide and

CD28 polypeptide interaction. In certain embodiments, a CD28 derivative selectively

modulates the B7-H2 and CD28 interaction. In a specific embodiment, a CD28 derivative

inhibits or reduces the binding of B7-H2 to CD28. In another embodiment, a CD28

derivative inhibits or reduces the binding of B7-H2 to CD28 by at least 25%, 30%, 40%,

50%, 60%, 75%, 80%, 85%, 90%, 95%, 98% or 99%, or in the range of between 25% to

50%, 25% to 75%, 50% to 75%, 50% to 95%, 75% to 95%, or 75% to 100% relative to the

binding of B7-H2 to CD28 in the absence of the derivative. In another embodiment, a CD28

derivative: (i) inhibits or reduces the binding of B7-H2 to CD28 by at least 25%, 30%, 40%,

50%, 60%, 75%, 80%, 85%, 90%, 95%, 98% or 99%, or in the range of between 25% to

50%, 25% to 75%, 50% to 75%, 50% to 95%, 75% to 95%, or 75% to 100% relative to the

binding of B7-H2 to CD28 in the absence of the derivative, and (ii) does not inhibit or

reduce, or inhibits or reduces the binding of CD28 to one or more other ligands by less than

20%, 15%, 10%, 5%, or 2%, or in the range of between 2% to 5%, 2% to 10%, 5% to 10%,

5% to 15%, 5% to 20%, 10% to 15%, or 15% to 20% relative to the binding of CD28 to such

one or more other ligands in the absence of the derivative.

[00468] In certain embodiments, a CD28 derivative binds to a native ligand of CD28 (e.g.,

B7-H2) with a higher affinity than native CD28 binds to the native ligand, as measured by

assays/techniques well known in the art, e.g., ELISA, Biacore, or co-immunoprecipitation. In

one embodiment, a CD28 derivative binds to a native ligand of CD28 (e.g., B7-H2) with a

50%, 75%, 80%, 85%, 90%, 95%, or 98%, or 25% to 50%, 25% to 75%, 50% to 95%, or

75% to 95% higher affinity than the native CD28 binds to the native ligand, as measured by

well known assays/techniques. In a specific embodiment, a CD28 derivative binds to a native

ligand of CD28 (e.g., B7-H2) with 0.5 logs, 1 log, 1.5 logs, 2 logs, 2.5 logs, or 3 logs higher

affinity than the native CD28 binds to the native ligand, as measured by assays/techniques

well known in the art, e.g., ELISA, Biacore, or co-immunoprecipitation.



[00469] In certain embodiments, a CD28 derivative binds to native ligand of CD28 (e.g.,

B7-H2) with a lower affinity than the native CD28 binds to the native ligand of CD28 (e.g.,

B7-H2), as measured by well-known assays/techniques. In one embodiment, a CD28

derivative binds to a native ligand of CD28 (e.g., B7-H2) with 25%, 50%, 75%, 80%, 85%,

90%, 95%, 25% to 50%, 25% to 75%, 50% to 75%, 50% to 95%, or 75% to 95% lower

affinity than the native CD28 binds to the native igand of CD28 (e.g., B7-H2), as measured

by well-known assays/techniques. In another embodiment, a CD28 derivative binds to a

native ligand of CD28 (e.g., B7-H2) with 0.5 logs, 1 log, 1.5 logs, 2 logs, 2.5 logs, or 3 logs

lower affinity than the native CD28 binds to the native ligand of CD28 (e.g., B7-H2), as

measured by well-known assays/techniques.

[00470] In specific embodiments, a CD28 derivative is: (a) a polypeptide that is at least

40%, 45%, 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, 95%, 98%, or 99% or is 40%

to 65%, 50% to 90%, 65% to 90%, 70% to 90%, 75% to 95%, 80% to 95%, or 85% to 99%

identical to a native CD28 polypeptide; (b) a polypeptide encoded by a nucleic acid sequence

that is at least 40%, 45%, 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, 95%, 98%, or

99% or is 40% to 65%, 50% to 90%, 65% to 90%, 70% to 90%, 75% to 95%, 80% to 95%, or

85% to 99% identical a nucleic acid sequence encoding a native CD28 polypeptide; (c) a

polypeptide that contains 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20 or

more, or 2 to 5, 2 to 10, 5 to 10, 5 to 15, 5 to 20, 10 to 15, or 15 to 20 amino acid mutations

(i.e., additions, deletions and/or substitutions) relative to a native CD28 polypeptide; (d) a

polypeptide encoded by nucleic acids can hybridize under high, moderate or typical

stringency hybridization conditions to nucleic acids encoding a native CD28 polypeptide; (e)

a polypeptide encoded by a nucleic acid sequence that can hybridize under high, moderate or

typical stringency hybridization conditions to a nucleic acid sequence encoding a fragment of

a native CD28 polypeptide of at least 20 contiguous amino acids, at least 30 contiguous

amino acids, at least 40 contiguous amino acids, at least 50 contiguous amino acids, at least

75 contiguous amino acids, at least 100 contiguous amino acids, at least 125 contiguous

amino acids, or at least 150 contiguous amino acids, or 20 to 50, 25 to 75, 25 to 100, 25 to

150, 50 to 75, 50 to 100, 75 to 100, 50 to 150, 75 to 150, 100 to 150, or 100 to 200

contiguous amino acids; or (f) a fragment of a native CD28 polypeptide. CD28 derivatives

also include a polypeptide that comprises the amino acid sequence of a naturally occurring

mature form of a native C28 polypeptide and a heterologous signal peptide amino acid

sequence. In a specific embodiment, a CD28 derivative is a derivative of a native human

CD28 polypeptide. In another embodiment, a CD28 derivative is a derivative of an immature



or precursor form of naturally occurring human CD28 polypeptide. In another embodiment,

a CD28 derivative is a derivative of a mature form of naturally occurring human CD28

polypeptide. In one embodiment, a CD28 derivative is isolated or purified.

[00471] In another embodiment, a CD28 derivative comprises (or consists) of the amino

acid sequence of native CD28 with 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18,

19, 20 or more, or in the range of 1 to 5, 1 to 10, 2 to 15, 5 to 20, 5 to 30, 10 to 50, 25 to 75

mutations (e.g., amino acid substitutions, insertions and/or deletions). In certain

embodiments, a CD28 derivative comprises one or more mutations that increase the affinity

of CD28 for B7-H2 (in particular, native B7-H2). In other embodiments, a CD28 derivative

comprises one or more mutations that decrease the affinity of CD28 for B7-H2 (in particular,

native B7-H2). Mutations can be introduced at specific positions with native CD28 using,

e.g., site-directed mutagenesis techniques and/or PCR-mediated mutagenesis techniques.

Mutations can also be introduced randomly along all or part of the coding sequence using,

e.g., saturation mutagenesis techniques.

[00472] In another embodiment, a CD28 derivative comprises (or consists) of the amino

acid sequence of native CD28 with 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18,

19, 20 or more, or in the range of 1 to 5, 1 to 10, 2 to 15, 5 to 20, 5 to 30, 10 to 50, or 25 to 75

amino acid substitutions. Such amino acid substitutions can be either conservative, non-

conservative, or a combination of both. In a specific embodiment, the amino acid

substitutions are conservative amino acid substitutions, and in certain embodiments,

introduced at one or more predicted non-essential amino acid residues.

[00473] In another embodiment, a CD28 derivative comprises a fragment of native CD28.

In certain embodiments, a CD28 derivative comprises (or consists of) amino acid residues 19

to 200, 175, 19 to 150, 19 to 125, 19 to 100, 19 to 95, 19 to 75, 19 to 70, 19 to 65, 19 to 60,

19 to 50, 5 to 15, or 5 to 25 of native CD28 of the sequence found at Accession No. P10747-1

(UniParc).

[00474] In one embodiment, a CD28 derivative is a soluble form of CD28. In a specifc

embodiment, a CD28 derivative comprises (or consists of) the extracellular domain of native

CD28, or the extracellular domain of native CD28 containing 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 12,

15, 20 or more, or 2 to 5, 2 to 10, 5 to 10, 5 to 15, 5 to 20, 10 to 15, or 15 to 20 amino acid

substitutions, deletions, and/or additions. In a specific embodiment, a CD28 derivative

comprises (or consists of) amino acid residues 19 to 152 of the sequence found at Accession

No. P 10747-1 (UniParc). In another embodiment, a CD28 derivative comprises (or consists

of) a fragment of the extracellular domain of native CD28, or a fragment of the extracellular



domain of native CD28 containing 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 12, 15, 20 or more, or 2 to 5, 2

to 10, 5 to 10, 5 to 15, 5 to 20, 10 to 15, or 15 to 20 mutations (e.g., amino acid substitutions,

deletions, and/or additions). In specific embodiments, a CD28 derivative comprises (or

consists of) at least 25, 50, 75, 100, or 125 amino acids of the extracellular domain of native

CD28. In certain embodiments, a CD28 derivative comprises (or consists of) amino acid

residues 19 to 200, 175, 19 to 150, 19 to 125, 19 to 100, 19 to 95, 19 to 75, 19 to 70, 19 to 65,

19 to 60, or 19 to 50 of native CD28. In specific embodiments, a CD28 derivative comprises

(or consists of) 19 to 200, 175, 19 to 150, 19 to 125, 19 to 100, 19 to 95, 19 to 75, 19 to 70,

19 to 65, 19 to 60, or 19 to 50 amino acid residues of the sequence found at Accession No.

P10747-1 (UniParc). In another embodiment, a CD28 derivative comprises (or consists of)

the Ig-like domain of native CD28. In a specific embodiment, a CD28 derivative comprises

(or consists of) amino acid residues 28 to 137 of the sequence found at Accession No.

P 10747-1 (UniParc).

[00475] In another embodiment, a CD28 derivative comprises (or consists of) the

extracellular and cytoplasmic domains of native CD28 or fragments thereof. In another

embodiment, a CD28 derivative comprises (or consists of) the extracellular and cytoplasmic

domains of native CD28 or fragments thereof containing 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 12, 15, 20

or more, or 2 to 5, 2 to 10, 5 to 10, 5 to 15, 5 to 20, 10 to 15, or 15 to 20 amino acid

substitutions, deletions, and/or additions. In another embodiment, a CD28 derivative

comprises (or consists) a fragment of the extracellular domain of native CD28 and the

cytoplasmic domain of native CD28 or a fragment thereof. In another embodiment, a CD28

derivative comprises (or consists of) the extracellular domain of native CD28 and a fragment

of the cytoplasmic domain of native CD28. In another embodiment, a CD28 derivative lacks

the transmembrane domain of native CD28 or a fragment thereof. In certain embodiments, a

CD28 derivative comprises a heterologous transmembrane domain in place of the

transmembrane domain of native CD28. In another embodiment, a CD28 derivative

comprises (or consists of) the extracellular domain of native CD28 or a fragment thereof and

the transmembrane domain of native CD28 or a fragment thereof.

[00476] The biological activity of CD28 derivatives can be assessed using techniques

known to those skilled in the art, or described herein. For example, the ability of a CD28

derivative to bind to one or more ligands may be assessed using techniques described herein,

or known to those skilled in the art. More specifically, the ability of a CD28 derivative to

bind to B7-H2 may be assessed. In addition, the ability of a CD28 derivative to bind to one

or more ligands and induce one or more of the signal transduction pathways induced by



native CD28 binding to the one or more ligands may be assessed using techniques described

herein, or known to those skilled in the art. More specifically, the ability of a CD28

derivative to bind to B7-H2 and induce one or more of the signal transduction pathways

induced by native B7-H2 binding to native CD28 may be assessed.

[00477] In certain embodiments, a CD28 derivative retains at least 25%, 30%, 35%, 40%,

45%, 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, 95%, 98% or 99%, or in the range

of between 25% to 50%, 25% to 75%, 25% to 98%, 50% to 75%, or 75% to 100% of the

function of a native CD28 polypeptide to bind to a native ligand of CD28 (e.g., B7-H2, B7-1

or B7-2), as measured by assays/techniques well known in the art, e.g., ELISA, Biacore, or

co-immunoprecipitation. In a specific embodiment, a CD28 derivative retains at least 25%,

30%, 35%, 40%, 45%, 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, 95%, 98% or

99%, or in the range of between 25% to 50%, 25% to 75%, 25% to 98%, 50% to 75%, or

75% to 100% of the function of a native CD28 polypeptide to bind to B7-H2. In another

specific embodiment, a CD28 derivative retains at least 25%, 30%, 35%, 40%, 45%, 50%,

55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, 95%, 98% or 99%, or in the range of between

25% to 50%, 25% to 75%, 25% to 98%, 50% to 75%, or 75% to 100% of the function of a

native CD28 polypeptide to bind to B7-H2, but the CD28 derivative does not retain the

function of the native CD28 polypeptide to bind to either B7-1, B7-2 or both or retains less

than 20%, 15%, 10%, 5% or 2%, or in the range of between 2% to 20%, 2% to 15%, 2% to

10%, or 2% to 5% of the function of the native CD28 polypeptide to bind to either B7-1, B7-

2 or both.

[00478] In another specific embodiment, a CD28 derivative retains at least 25%, 30%,

35%, 40%, 45%, 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, 95%, 98% or 99%, or

in the range of between 25% to 50%, 25% to 75%, 25% to 98%, 50% to 75%, or 75% to

100% of the function of a native CD28 polypeptide to bind to either B7-1, B7-2 or both. In

another specific embodiment, a CD28 derivative retains at least 25%, 30%, 35%, 40%, 45%,

50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, 95%, 98% or 99%, or in the range of

between 25% to 50%, 25% to 75%, 25% to 98%, 50% to 75%, or 75% to 100% of the

function of a native CD28 polypeptide to bind to either B7-1, B7-2 or both, but the CD28

derivative does not retain the function of the native CD28 polypeptide to bind to B7-H2 or

retains less than 20%, 15%, 10%, 5% or 2%, or in the range of between 2% to 20%, 2% to

15%, 2% to 10%, or 2% to 5% of the function of the native CD28 polypeptide to bind to B7-

H2.



[00479] In certain other embodiments, a CD28 derivative retains less than 20%, 15%,

10%, 5% or 2%, or in the range of between 2% to 20%, 2% to 15%, 2% to 10%, or 2% to 5%

of the function of a native CD28 polypeptide to bind to a native ligand of CD28 (e.g. , B7-H2,

B7-1 or B7-2), as measured by assays/techniques well known in the art, e.g., ELISA, Biacore,

or co-immunoprecipitation. In a specific embodiment, a CD28 derivative retains less than

20%, 15%, 10%, 5% or 2%, or in the range of between 2% to 20%, 2% to 15%, 2% to 10%,

or 2% to 5% of the function of a native CD28 polypeptide to bind to B7-H2. In another

specific embodiment, a CD28 derivative retains less than 20%, 15%, 10%, 5% or 2%, or in

the range of between 2% to 20%, 2% to 15%, 2% to 10%, or 2% to 5% of the function of a

native CD28 polypeptide to bind to either B7-1, B7-2 or both.

[00480] In some embodiments, a CD28 derivative retains at least 25%, 30%, 35%, 40%,

45%, 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, 95%, 98% or 99%, or in the range

of between 25% to 50%, 25% to 75%, 25% to 98%, 50% to 75%, or 75% to 100% of the

ability to activate or induce one or more of the signal transduction pathways induced when a

native ligand of CD28 (e.g., B7-H2, B7-1 or B7-2) binds to a native CD28 polypeptide, as

measured by assays well-known in the art. The one or more signal transduction pathways

induced by the binding of a ligand of CD28 to a CD28 polypeptide can be measured by, e.g.,

assessing the activation of a signal transduction moiety (e.g., Jun kinase activation, MAP

kinase activation, PKC activation), the translocation of a transcription factor (e.g., NF-kappa

B or Statl), and cytokine production (e.g., IL-2, IL-4, IL-5, IL-10, IL-17, interferon-gamma,

or tumor necrosis factor-alpha) using techniques such as ELISAs, Western blots,

electromobility shift assays, and other immunoassays.

[00481] In a specific embodiment, a CD28 derivative retains at least 25%, 30%, 35%,

40%, 45%, 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, 95%, 98% or 99%, or in the

range of between 25% to 50%, 25% to 75%, 25% to 98%, 50% to 75%, or 75% to 100% of

the ability to activate or induce one or more of the signal transduction pathways induced by

the binding of B7-H2 to a native CD28 polypeptide. In another specific embodiment, a

CD28 derivative retains at least 25%, 30%, 35%, 40%, 45%, 50%, 55%, 60%, 65%, 70%,

75%, 80%, 85%, 90%, 95%, 98% or 99%, or in the range of between 25% to 50%, 25% to

75%, 25% to 98%, 50% to 75%, or 75% to 100% of the ability to activate or induce one or

more of the signal transduction pathways induced when B7-H2 binds a native CD28

polypeptide, but the CD28 derivative does not retain the ability to activate or induce one or

more of the signal transduction pathways induced by the binding of either B7-1, B7-2 or both

to the native CD28 polypeptide, or retains less than 20%, 15%, 10%, 5% or 2%, or in the



range of between 2% to 20%, 2% to 15%, 2% to 10%, or 2% to 5% of the ability to activate

or induce one or more of the signal transduction pathways induced by either B7-1, B7-2 or

both binding to the native CD28 polypeptide.

[00482] In another specific embodiment, a CD28 derivative retains at least 25%, 30%,

35%, 40%, 45%, 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, 95%, 98% or 99%, or

in the range of between 25% to 50%, 25% to 75%, 25% to 98%, 50% to 75%, or 75% to

100% of the ability to activate or induce one or more of the signal transduction pathways

induced by the binding of either B7-1, B7-2 or both to a native CD28 polypeptide. In another

specific embodiment, a CD28 derivative retains at least 25%, 30%, 35%, 40%, 45%, 50%,

55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, 95%, 98% or 99%, or in the range of between

25% to 50%, 25% to 75%, 25% to 98%, 50% to 75%, or 75% to 100% of one or more of the

signal transduction pathways induced by the binding of either B7-1, B7-2 or both to a native

CD28 polypeptide, but the CD28 derivative does not retain the ability to activate or induce

one or more of the signal transduction pathways induced by the binding of either B7-H2 to

the native CD28 polypeptide, or retains less than 20%, 15%, 10%, 5% or 2%, or in the range

of between 2% to 20%, 2% to 15%, 2% to 10%, or 2% to 5% of one or more of the signal

transduction pathways induced by the binding of B7-H2 to the native CD28 polypeptide.

[00483] In some other embodiments, a CD28 derivative retains less than 20%, 15%, 10%,

5% or 2%, or in the range of between 2% to 20%, 2% to 15%, 2% to 10%, or 2% to 5% of

the ability to activate or induce one or more of the signal transduction pathways induced

when a native ligand of CD28 (e.g., B7-H2, B7-1 or B7-2) binds to a native CD28

polypeptide, as measured by assays well-known in the art. In a specific embodiment, a CD28

derivative retains less than 20%, 15%, 10%, 5% or 2%, or in the range of between 2% to

20%, 2% to 15%, 2% to 10%, or 2% to 5% of the ability to activate or induce one or more of

the signal transduction pathways induced by the binding of B7-H2 to a native CD28

polypeptide. In another specific embodiment, a CD28 derivative retains less than 20%, 15%,

10%, 5% or 2%, or in the range of between 2% to 20%, 2% to 15%, 2% to 10%, or 2% to 5%

of the ability to activate or induce one or more of the signal transduction pathways induced

by the binding of either B7-1, B7-2 or both to a native CD28 polypeptide.

5.3.2.4 CTLA-4 Polypeptide & Derivatives

[00484] In one aspect, a Therapeutic Agent is a CTLA-4 polypeptide. In a specific

embodiment, such a Therapeutic Agent modulates one or more of the signal transduction

pathways induced by B7-H2 binding to CTLA-4. In another specific embodiment, such a



Therapeutic Agent modulates the B7-H2 polypeptide and CTLA-4 polypeptide interaction.

In certain embodiments, such Therapeutic Agents are Immunostimulatory Therapeutic

Agents. In other embodiments, such Therapeutic Agents are Inhibitory Therapeutic Agents.

[00485] In another aspect, a Therapeutic Agent is a CTLA-4 derivative. In certain

embodiments, the B7-H2 derivative is an Immunostimulating Therapeutic Agent. In other

embodiments, the B7-H2 derivative is an Inhibitory Therapeutic Agent.

[00486] In a specific embodiment, a CTLA-4 derivative modulates one or more of the

signal transduction pathways induced by B7-H2 binding to CTLA-4. In certain

embodiments, a CTLA-4 derivative selectively modulates one or more signal transduction

pathways induced by B7-H2 binding to CTLA-4. In certain embodiments, a CTLA-4

derivative activates or enhances one or more of the signal transduction pathways induced by

the binding of B7-H2 to CTLA-4 by at least 25%, 30%, 40%, 50%, 60%, 75%, 80%, 85%,

90%, 95%, 98% or 99%, or in the range of between 25% to 50%, 25% to 75%, 50% to 75%,

50% to 95%, 75% to 95%, or 75% to 100% relative to the one or more signal transduction

pathways induced by the binding of B7-H2 to CTLA-4 in the absence of the derivative. In

specific embodiments, a CTLA-4 derivative: (i) activates or enhances one or more of the

signal transduction pathways induced by the binding of B7-H2 to CTLA-4 by at least 25%,

30%, 40%, 50%, 60%, 75%, 80%, 85%, 90%, 95%, 98% or 99%, or in the range of between

25% to 50%, 25% to 75%, 50% to 75%, 50% to 95%, 75% to 95%, or 75% to 100% relative

to the one or more signal transduction pathways induced by the binding of B7-H2 to CTLA-4

in the absence of the derivative; and (ii) does not activate or enhance, or activates or enhances

one or more of the signal transduction pathways induced by the binding of CTLA-4 binding

to one or more other ligands by less than 20%, 15%, 10%, 5%, or 2%, or in the range of

between 2% to 5%, 2% to 10%, 5% to 10%, 5% to 15%, 5% to 20%, 10% to 15%, or 15% to

20% relative to the one or more signal transduction pathways induced by the binding of

CTLA-4 to such one or more other ligands in the absence of the derivative.

[00487] In certain embodiments, a CTLA-4 derivative binds to its native ligand (e.g.,

native B7-H2) and induces a higher level of activity than native CTLA-4 binding to the

native ligand as assessed by, e.g., the activation or induction of one or more signal

transduction molecules. In specific embodiments, a CTLA-4 derivative binds to B7-H2 and

induces a higher level of activity than native CTLA-4 binding to native B7-H2 as assessed

by, e.g., the activation or induction of one or more signal transduction molecules. In some

embodiments, a CTLA-4 derivative binds to native B7-H2 and induces at least 25%, 30%,

35%, 40%, 45%, 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, 95%, 98% or 99%, or



in the range of between 25% to 50%, 25% to 75%, 25% to 98%, 50% to 75%, 50% to 98%,

or 75% to 90% higher level of activity than native CTLA-4 binding to native B7-H2 as

assessed by, e.g., the activation or induction of one or more signal transduction molecules.

[00488] In some embodiments, a CTLA-4 derivative selectively inhibits or reduces one or

more of the signal transduction pathways induced by the binding of B7-H2 to CTLA-4. In

specific embodiments, a CTLA-4 derivative inhibits or reduces one or more of the signal

transduction pathways induced by the binding of B7-H2 to CTLA-4 by at least 25%, 30%,

40%, 50%, 60%, 75%, 80%, 85%, 90%, 95%, 98% or 99%, or in the range of between 25%

to 50%, 25% to 75%, 50% to 75%, 50% to 95%, 75% to 95%, or 75% to 100% relative to the

one or more signal transduction pathways induced by the binding of B7-H2 to CTLA-4 in the

absence of the derivative. In specific embodiments, a CTLA-4 derivative: (i) inhibits or

reduces one or more of the signal transduction pathways induced by the binding of B7-H2 to

CTLA-4 by at least 25%, 30%, 40%, 50%, 60%, 75%, 80%, 85%, 90%, 95%, 98% or 99%,

or in the range of between 25% to 50%, 25% to 75%, 50% to 75%, 50% to 95%, 75% to

95%, or 75% to 100% relative to the one or more signal transduction pathways induced by

the binding of B7-H2 to CTLA-4 in the absence of the derivative; and (ii) does not inhibit or

reduce, or inhibits or reduces one or more of the signal transduction pathways induced by the

binding of CTLA-4 to one or more other ligands by less than 20%, 15%, 10%, 5%, or 2%, or

in the range of between 2% to 5%, 2% to 10%, 5% to 10%, 5% to 15%, 5% to 20%, 10% to

15%, or 15% to 20% relative to the one or more signal transduction pathways induced by the

binding of CTLA-4 to such one or more other ligands in the absence of the derivative.

[00489] In another embodiment, a CTLA-4 derivative modulates the B7-H2 polypeptide

and CTLA-4 polypeptide interaction. In certain embodiments, a CTLA-4 derivative

selectively modulates the B7-H2 and CTLA-4 interaction. In a specific embodiment, a

CTLA-4 derivative inhibits or reduces the binding of B7-H2 to CTLA-4. In another

embodiment, a CTLA-4 derivative inhibits or reduces the binding of B7-H2 to CTLA-4 by at

least 25%, 30%, 40%, 50%, 60%, 75%, 80%, 85%, 90%, 95%, 98% or 99%, or in the range

of between 25% to 50%, 25% to 75%, 50% to 75%, 50% to 95%, 75% to 95%, or 75% to

100% relative to the binding of B7-H2 to CTLA-4 in the absence of the derivative. In

another embodiment, a CTLA-4 derivative: (i) inhibits or reduces the binding of B7-H2 to

CTLA-4 by at least 25%, 30%, 40%, 50%, 60%, 75%, 80%, 85%, 90%, 95%, 98% or 99%,

or in the range of between 25% to 50%, 25% to 75%, 50% to 75%, 50% to 95%, 75% to

95%, or 75% to 100% relative to the binding of B7-H2 to CTLA-4 in the absence of the

derivative, and (ii) does not inhibit or reduce, or inhibits or reduces the binding of CTLA-4 to



one or more other ligands by less than 20%, 15%, 10%, 5%, or 2%, or in the range of

between 2% to 5%, 2% to 10%, 5% to 10%, 5% to 15%, 5% to 20%, 10% to 15%, or 15% to

20% relative to the binding of CTLA-4 to such one or more other ligands in the absence of

the derivative.

[00490] In certain embodiments, a CTLA-4 derivative binds to a native ligand of CTLA-4

(e.g., B7-H2) with a higher affinity than native CTLA-4 binds to the native ligand, as

measured by assays/techniques well known in the art, e.g., ELISA, Biacore, or co-

immunoprecipitation. In one embodiment, a CTLA-4 derivative binds to a native ligand of

CTLA-4 (e.g., B7-H2) with a 50%, 75%, 80%, 85%, 90%, 95%, or 98%, or 25% to 50%,

25% to 75%, 50% to 95%, or 75% to 95% higher affinity than the native CTLA-4 binds to

the native ligand, as measured by well known assays/techniques. In a specific embodiment, a

CTLA-4 derivative binds to a native ligand of CTLA-4 (e.g., B7-H2) with 0.5 logs, 1 log, 1.5

logs, 2 logs, 2.5 logs, or 3 logs higher affinity than the native CTLA-4 binds to the native

ligand, as measured by assays/techniques well known in the art, e.g., ELISA, Biacore, or co-

immunoprecipitation.

[00491] In certain embodiments, a CTLA-4 derivative binds to native ligand of CTLA-4

(e.g., B7-H2) with a lower affinity than the native CTLA-4 binds to the native ligand of

CTLA-4 (e.g., B7-H2), as measured by well-known assays/techniques. In one embodiment, a

CTLA-4 derivative binds to a native ligand of CTLA-4 (e.g., B7-H2) with 25%, 50%, 75%,

80%, 85%, 90%, 95%, 25% to 50%, 25% to 75%, 50% to 75%, 50% to 95%, or 75% to 95%

lower affinity than the native CTLA-4 binds to the native ligand of CTLA-4 (e.g., B7-H2), as

measured by well-known assays/techniques. In another embodiment, a CTLA-4 derivative

binds to a native native ligand of CTLA-4 (e.g., B7-H2) with 0.5 logs, 1 log, 1.5 logs, 2 logs,

2.5 logs, or 3 logs lower affinity than the native CTLA-4 binds to the native ligand of CTLA-

4 (e.g., B7-H2), as measured by well-known assays/techniques.

[00492] In specific embodiments, a CTLA-4 derivative is: (a) a polypeptide that is at least

40%, 45%, 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, 95%, 98%, or 99% or is 40%

to 65%, 50% to 90%, 65% to 90%, 70% to 90%, 75% to 95%, 80% to 95%, or 85% to 99%

identical to a native CTLA-4 polypeptide; (b) a polypeptide encoded by a nucleic acid

sequence that is at least 40%, 45%, 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, 95%,

98%, or 99% or is 40% to 65%, 50% to 90%, 65% to 90%, 70% to 90%, 75% to 95%, 80% to

95%, or 85% to 99% identical a nucleic acid sequence encoding a native CTLA-4

polypeptide; (c) a polypeptide that contains 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16,

17, 18, 19, 20 or more, or 2 to 5, 2 to 10, 5 to 10, 5 to 15, 5 to 20, 10 to 15, or 15 to 20 amino



acid mutations (i.e., additions, deletions and/or substitutions) relative to a native CTLA-4

polypeptide; (d) a polypeptide encoded by nucleic acids can hybridize under high, moderate

or typical stringency hybridization conditions to nucleic acids encoding a native CTLA-4

polypeptide; (e) a polypeptide encoded by a nucleic acid sequence that can hybridize under

high, moderate or typical stringency hybridization conditions to a nucleic acid sequence

encoding a fragment of a native CTLA-4 polypeptide of at least 20 contiguous amino acids,

at least 30 contiguous amino acids, at least 40 contiguous amino acids, at least 50 contiguous

amino acids, at least 75 contiguous amino acids, at least 100 contiguous amino acids, at least

125 contiguous amino acids, or at least 150 contiguous amino acids, or 20 to 50, 25 to 75, 25

to 100, 25 to 150, 50 to 75, 50 to 100, 75 to 100, 50 to 150, 75 to 150, 100 to 150, or 100 to

200 contiguous amino acids; or (f) a fragment of a native CTLA-4 polypeptide. CTLA-4

derivatives also include a polypeptide that comprises the amino acid sequence of a naturally

occurring mature form of a native CTLA-4 polypeptide and a heterologous signal peptide

amino acid sequence. In a specific embodiment, a CTLA-4 derivative is a derivative of a

native human CTLA-4 polypeptide. In another embodiment, a CTLA-4 derivative is a

derivative of an immature or precursor form of naturally occurring human CTLA-4

polypeptide. In another embodiment, a CTLA-4 derivative is a derivative of a mature form

of naturally occurring human CTLA-4 polypeptide. In one embodiment, a CTLA-4

derivative is isolated or purified.

[00493] In another embodiment, a CTLA-4 derivative comprises (or consists) of the amino

acid sequence of native CTLA-4 with 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18,

19, 20 or more, or in the range of 1 to 5, 1 to 10, 2 to 15, 5 to 20, 5 to 30, 10 to 50, 25 to 75

mutations (e.g., amino acid substitutions, insertions and/or deletions). In certain

embodiments, a CTLA-4 derivative comprises one or more mutations that increase the

affinity of CTLA-4 for B7-H2 (in particular, native B7-H2). See, e.g., Larsen et al, 2005,

Am J . Transplant 5 : 433-435 for guidance regarding mutations that increase affinity of

CTLA-4 for a ligand. In other embodiments, a CTLA-4 derivative comprises one or more

mutations that decrease the affinity of CTLA-4 for a ligand. Mutations can be introduced at

specific positions with native CTLA-4 using, e.g., site-directed mutagenesis techniques

and/or PCR-mediated mutagenesis techniques. Mutations can also be introduced randomly

along all or part of the coding sequence using, e.g., saturation mutagenesis techniques.

[00494] In another embodiment, a CTLA-4 derivative comprises (or consists) of the amino

acid sequence of native CTLA-4 with 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18,

19, 20 or more, or in the range of 1 to 5, 1 to 10, 2 to 15, 5 to 20, 5 to 30, 10 to 50, or 25 to 75



amino acid substitutions. Such amino acid substitutions can be either conservative, non-

conservative, or a combination of both. In a specific embodiment, the amino acid

substitutions are conservative amino acid substitutions, and in certain embodiments,

introduced at one or more predicted non-essential amino acid residues.

[00495] In another embodiment, a CTLA-4 derivative comprises a fragment of native

CTLA-4. In certain embodiments, a CTLA-4 derivative comprises (or consists of) amino

acid residues 19 to 200, 175, 19 to 150, 19 to 125, 19 to 100, 19 to 95, 19 to 75, 19 to 70, 19

to 65, 19 to 60, 19 to 50, 5 to 20, 36 to 161, or 10 to 25 of native CTLA-4 of the sequence

found at Accession No. P16410-1 (UniParc).

[00496] In one embodiment, a CTLA-4 derivative is a soluble form of CTLA-4. In a

specifc embodiment, a CTLA-4 derivative comprises (or consists of) the extracellular domain

of native CTLA-4, or the extracellular domain of native CTLA-4 containing 1, 2, 3, 4, 5, 6, 7,

8, 9, 10, 12, 15, 20 or more, or 2 to 5, 2 to 10, 5 to 10, 5 to 15, 5 to 20, 10 to 15, or 15 to 20

amino acid substitutions, deletions, and/or additions. In a specific embodiment, a CTLA-4

derivative comprises (or consists of) amino acid residues 36 to 161 of the sequence found at

Accession No. P 164 10-1 (UniParc). In another embodiment, a CTLA-4 derivative comprises

(or consists of) a fragment of the extracellular domain of native CTLA-4, or a fragment of the

extracellular domain of native CTLA-4 containing 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 12, 15, 20 or

more, or 2 to 5, 2 to 10, 5 to 10, 5 to 15, 5 to 20, 10 to 15, or 15 to 20 mutations (e.g., amino

acid substitutions, deletions, and/or additions). In specific embodiments, a CTLA-4

derivative comprises (or consists of) at least 25, 50, 75, 100, or 125 amino acids of the

extracellular domain of native CTLA-4. In certain embodiments, a CTLA-4 derivative

comprises (or consists of) amino acid residues 36 to 150, 36 to 125, 36 to 100, 26 to 95, 36 to

75, 36 to 70, 36 to 65, 36 to 60, 36 to 50, 15 to 30, or 5 to 25 of native CTLA-4. In specific

embodiments, a CTLA-4 derivative comprises (or consists of) 36 to 150, 36 to 125, 36 to

100, 26 to 95, 36 to 75, 36 to 70, 36 to 65, 36 to 60, 36 to 50, 15 to 30 or 5 to 25 amino acid

residues of the sequence found at Accession No. P 164 10-1 (UniParc). In another

embodiment, a CTLA-4 derivative comprises (or consists of) the Ig-like V-type domain of

native CTLA-4. In a specific embodiment, a CTLA-4 derivative comprises (or consists of)

amino acid residues 39 to 140 of the sequence found at Accession No. P16410-1 (UniParc).

[00497] In another embodiment, a CTLA-4 derivative comprises (or consists of) the

extracellular and cytoplasmic domains of native CTLA-4 or fragments thereof. In another

embodiment, a CTLA-4 derivative comprises (or consists of) the extracellular and

cytoplasmic domains of native CTLA-4 or fragments thereof containing 1, 2, 3, 4, 5, 6, 7, 8,



9, 10, 12, 15, 20 or more, or 2 to 5, 2 to 10, 5 to 10, 5 to 15, 5 to 20, 10 to 15, or 15 to 20

amino acid substitutions, deletions, and/or additions. In another embodiment, a CTLA-4

derivative comprises (or consists) a fragment of the extracellular domain of native CTLA-4

and the cytoplasmic domain of native CTLA-4 or a fragment thereof. In another

embodiment, a CTLA-4 derivative comprises (or consists of) the extracellular domain of

native CTLA-4 and a fragment of the cytoplasmic domain of native CTLA-4. In another

embodiment, a CTLA-4 derivative lacks the transmembrane domain of native CTLA-4 or a

fragment thereof. In certain embodiments, a CTLA-4 derivative comprises a heterologous

transmembrane domain in place of the transmembrane domain of native CTLA-4. In another

embodiment, a CTLA-4 derivative comprises (or consists of) the extracellular domain of

native CTLA-4 or a fragment thereof and the transmembrane domain of native CTLA-4 or a

fragment thereof.

[00498] In certain embodiments, a CTLA-4 derivative retains at least 25%, 30%, 35%,

40%, 45%, 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, 95%, 98% or 99%, or in the

range of between 25% to 50%, 25% to 75%, 25% to 98%, 50% to 75%, or 75% to 100% of

the function of a native CTLA-4 polypeptide to bind to a native ligand of CTLA-4 (e.g., B7-

H2, B7-1 or B7-2), as measured by assays/techniques well known in the art, e.g., ELISA,

Biacore, or co-immunoprecipitation. In a specific embodiment, a CTLA-4 derivative retains

at least 25%, 30%, 35%, 40%, 45%, 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%,

95%, 98% or 99%, or in the range of between 25% to 50%, 25% to 75%, 25% to 98%, 50%

to 75%, or 75% to 100% of the function of a native CTLA-4 polypeptide to bind to B7-H2.

In another specific embodiment, a CTLA-4 derivative retains at least 25%, 30%, 35%, 40%,

45%, 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, 95%, 98% or 99%, or in the range

of between 25% to 50%, 25% to 75%, 25% to 98%, 50% to 75%, or 75% to 100% of the

function of a native CTLA-4 polypeptide to bind to B7-H2, but the CTLA-4 derivative does

not retain the function of the native CTLA-4 polypeptide to bind to either B7-1, B7-2 or both

or retains less than 20%, 15%, 10%, 5% or 2%, or in the range of between 2% to 20%, 2% to

15%, 2% to 10%, or 2% to 5% of the function of the native CTLA-4 polypeptide to bind to

either B7-l, B7-2 orboth.

[00499] In another specific embodiment, a CTLA-4 derivative retains at least 25%, 30%,

35%, 40%, 45%, 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, 95%, 98% or 99%, or

in the range of between 25% to 50%, 25% to 75%, 25% to 98%, 50% to 75%, or 75% to

100% of the function of a native CTLA-4 polypeptide to bind to either B7-1, B7-2 or both.

In another specific embodiment, a CTLA-4 derivative retains at least 25%, 30%, 35%, 40%,



45%, 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, 95%, 98% or 99%, or in the range

of between 25% to 50%, 25% to 75%, 25% to 98%, 50% to 75%, or 75% to 100% of the

function of a native CTLA-4 polypeptide to bind to either B7-1, B7-2 or both, but the CTLA-

4 derivative does not retain the function of the native CTLA-4 polypeptide to bind to B7-H2

or retains less than 20%, 15%, 10%, 5% or 2%, or in the range of between 2% to 20%, 2% to

15%, 2% to 10%, or 2% to 5% of the function of the native CTLA-4 polypeptide to bind to

B7-H2.

[00500] In certain other embodiments, a CTLA-4 derivative retains less than 20%, 15%,

10%, 5% or 2%, or in the range of between 2% to 20%, 2% to 15%, 2% to 10%, or 2% to 5%

of the function of a native CTLA-4 polypeptide to bind to a native ligand of CTLA-4 (e.g. ,

B7-H2, B7-1 or B7-2), as measured by assays/techniques well known in the art, e.g., ELISA,

Biacore, or co-immunoprecipitation. In a specific embodiment, a CTLA-4 derivative retains

less than 20%, 15%, 10%, 5% or 2%, or in the range of between 2% to 20%, 2% to 15%, 2%

to 10%, or 2% to 5% of the function of a native CTLA-4 polypeptide to bind to B7-H2. In

another specific embodiment, a CTLA-4 derivative retains less than 20%, 15%, 10%, 5% or

2%, or in the range of between 2% to 20%, 2% to 15%, 2% to 10%, or 2% to 5% of the

function of a native CTLA-4 polypeptide to bind to either B7-1, B7-2 or both.

[00501] In some embodiments, a CTLA-4 derivative retains at least 25%, 30%, 35%, 40%,

45%, 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, 95%, 98% or 99%, or in the range

of between 25% to 50%, 25% to 75%, 25% to 98%, 50% to 75%, or 75% to 100% of the

ability to activate or induce one or more of the signal transduction pathways induced when a

native ligand of CTLA-4 (e.g., B7-H2, B7-1 or B7-2) binds to a native CTLA-4 polypeptide,

as measured by assays well-known in the art. The one or more signal transduction pathways

induced by the binding of a ligand of CTLA-4 to a CTLA-4 polypeptide can be measured by,

e.g., assessing the activation of a signal transduction moiety (e.g., Jun kinase activation, MAP

kinase activation, PKC activation), the translocation of a transcription factor (e.g., NF-kappa

B or Statl), and cytokine production (e.g., IL-2, IL-4, IL-5, IL-10, IL-17, interferon-gamma,

or tumor necrosis factor-alpha) using techniques such as ELISAs, Western blots,

electromobility shift assays, and other immunoassays.

[00502] In a specific embodiment, a CTLA-4 derivative retains at least 25%, 30%, 35%,

40%, 45%, 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, 95%, 98% or 99%, or in the

range of between 25% to 50%, 25% to 75%, 25% to 98%, 50% to 75%, or 75% to 100% of

the ability to activate or induce one or more of the signal transduction pathways induced by

the binding of B7-H2 to a native CTLA-4 polypeptide. In another specific embodiment, a



CTLA-4 derivative retains at least 25%, 30%, 35%, 40%, 45%, 50%, 55%, 60%, 65%, 70%,

75%, 80%, 85%, 90%, 95%, 98% or 99%, or in the range of between 25% to 50%, 25% to

75%, 25% to 98%, 50% to 75%, or 75% to 100% of the ability to activate or induce one or

more of the signal transduction pathways induced when B7-H2 binds a native CTLA-4

polypeptide, but the CTLA-4 derivative does not retain the ability to activate or induce one or

more of the signal transduction pathways induced by the binding of either B7-1, B7-2 or both

to the native CTLA-4 polypeptide, or retains less than 20%, 15%, 10%, 5% or 2%, or in the

range of between 2% to 20%, 2% to 15%, 2% to 10%, or 2% to 5% of the ability to activate

or induce one or more of the signal transduction pathways induced by either B7-1, B7-2 or

both binding to the native CTLA-4 polypeptide.

[00503] In another specific embodiment, a CTLA-4 derivative retains at least 25%, 30%,

35%, 40%, 45%, 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, 95%, 98% or 99%, or

in the range of between 25% to 50%, 25% to 75%, 25% to 98%, 50% to 75%, or 75% to

100% of the ability to activate or induce one or more of the signal transduction pathways

induced by the binding of either B7-1, B7-2 or both to a native CTLA-4 polypeptide. In

another specific embodiment, a CTLA-4 derivative retains at least 25%, 30%, 35%, 40%,

45%, 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, 95%, 98% or 99%, or in the range

of between 25% to 50%, 25% to 75%, 25% to 98%, 50% to 75%, or 75% to 100% of the

ability to activate or induce one or more of the signal transduction pathways induced by the

binding of either B7-1, B7-2 or both to a native CTLA-4 polypeptide, but the CTLA-4

derivative does not retain the ability to activate or induce one or more of the signal

transduction pathways induced by the binding of B7-H2 to the native CTLA-4 polypeptide,

or retains less than 20%, 15%, 10%, 5% or 2%, or in the range of between 2% to 20%, 2% to

15%, 2% to 10%, or 2% to 5% of the ability to activate or induce one or more of the signal

transduction pathways induced by binding B7-H2 to the native CTLA-4 polypeptide.

[00504] In some other embodiments, a CTLA-4 derivative retains less than 20%, 15%,

10%, 5% or 2%, or in the range of between 2% to 20%, 2% to 15%, 2% to 10%, or 2% to 5%

of one or more of the signal transduction pathways induced when a native ligand of CTLA-4

(e.g., B7-H2, B7-1 or B7-2) binds to a native CTLA-4 polypeptide, as measured by assays

well-known in the art. In a specific embodiment, a CTLA-4 derivative retains less than 20%,

15%, 10%, 5% or 2%, or in the range of between 2% to 20%, 2% to 15%, 2% to 10%, or 2%

to 5% of one or more of the signal transduction pathways induced by the binding of B7-H2 to

a native CTLA-4 polypeptide. In another specific embodiment, a CTLA-4 derivative retains

less than 20%, 15%, 10%, 5% or 2%, or in the range of between 2% to 20%, 2% to 15%, 2%



to 10%, or 2% to 5% of one or more of the signal transduction pathways induced by the

binding of either B7-1, B7-2 or both to a native CTLA-4 polypeptide.

5.3.3 Fusion Proteins

[00505] In one aspect, a Therapeutic Agent is a protein comprising a B7-H2 polypeptide

and a heterologous molecule (e.g., a heterologous amino acid sequence). In a specific

embodiment, such a Therapeutic Agent modulates one or more of the signal transduction

pathways induced by the binding of B7-H2 to one or more of the following receptors: ICOS,

CD28 or CTLA-4. In another specific embodiment, such a Therapeutic Agent modulates the

interaction between a B7-H2 polypeptide and one or more of the following receptors: ICOS,

CD28 or CTLA-4. In a specific embodiment, such a Therapeutic Agent selectively

modulates the interaction between a B7-H2 polypeptide and one or more of the following

receptors: ICOS, CD28 or CTLA-4.

[00506] In one embodiment, a Therapeutic Agent comprises native B7-H2 and a

heterologous molecule. In another embodiment, a Therapeutic Agent comprises a B7-H2

derivative and a heterologous amino acid sequence. See Section 5.3.2. 1, supra, for B7-H2

derivatives. In some embodiments, such Therapeutic Agents are Immunostimulating

Therapeutic Agents. In other embodiments, such Therapeutic Agents are Inhibitory

Therapeutic Agents.

[00507] In a specific embodiment, the Therapeutic Agent is a fusion protein comprising

B7-H2 polypeptide and a heterologous amino acid sequence. In some embodiments, such

Therapeutic Agents are Immunostimulating Therapeutic Agents. In other embodiments, such

Therapeutic Agents are Inhibitory Therapeutic Agents.

[00508] In another aspect, a Therapeutic Agent is a protein comprising ICOS polypeptide

and a heterologous molecule. In a specific embodiment, such a Therapeutic Agent modulates

the B7-H2 and ICOS interaction. In another specific embodiment, such a Therapeutic Agent

selectively modulate the binding of B7-H2 to ICOS. In one embodiment, a Therapeutic

Agent comprises native ICOS and a heterologous molecule. In another embodiment, a

Therapeutic Agent comprises an ICOS derivative and a heterologous amino acid sequence.

See Section 5.3.2.2, supra, for ICOS derivatives. In a specific embodiment, the Therapeutic

Agent is a fusion protein comprising ICOS and a heterologous molecule.

[00509] In another aspect, a Therapeutic Agent is a protein comprising CD28 polypeptide

and a heterologous molecule. In a specific embodiment, such a Therapeutic Agent modulates

the B7-H2 and CD28 interaction. In another specific embodiment, such a Therapeutic Agent



selectively modulates the binding of B7-H2 to CD28. In one embodiment, a Therapeutic

Agent comprises native CD28 and a heterologous molecule. In another embodiment, a

Therapeutic Agent comprises a CD28 derivative and a heterologous amino acid sequence.

See Section 5.3.2.3, supra, for CD28 derivatives. In a specific embodiment, the Therapeutic

Agent is a fusion protein comprising CD28 and a heterologous molecule.

[00510] In another aspect, a Therapeutic Agent is a protein comprising CTLA-4

polypeptide and a heterologous molecule. In a specific embodiment, such a Therapeutic

Agent modulates the B7-H2 and CTLA-4 interaction. In another specific embodiment, such

a Therapeutic Agent selectively modulates the binding of B7-H2 to CTLA-4. In one

embodiment, a Therapeutic Agent comprises native CTLA-4 and a heterologous molecule.

In another embodiment, a Therapeutic Agent comprises a CTLA-4 derivative and a

heterologous amino acid sequence. See Section 5.3.2.4, supra, for CTLA-4 derivatives. In a

specific embodiment, the Therapeutic Agent is a fusion protein comprising CTLA-4 and a

heterologous molecule.

[00511] In a specific embodiment, a Therapeutic Agent is a fusion protein comprising an

ICOS polypeptide, a CD28 polypeptide, or a CTLA-4 polypeptide and a heterologous

molecule. In some embodiments, such Therapeutic Agents are Immunostimulatory

Therapeutic Agents. In other embodiments, such Therapeutic Agents are Inhibitory

Therapeutic Agents.

[00512] The B7-H2, ICOS, CD28 or CTLA-4 polypeptide may be covalently or non-

covalently linked to a heterologous molecule. In certain embodiments, B7-H2, ICOS, CD28

or CTLA-4 polypeptide is covalently or non-covalently linked directly to a heterologous

molecule (e.g., by combining amino acid sequences via peptide bonds). In other

embodiments, B7-H2, ICOS, CD28 or CTLA-4 polypeptide is linked to a heterologous

molecule using one or more linkers. See Section 5.2.3 regarding linkers for conjugating B7-

H2, ICOS, CD28 or CTLA-4 polypeptide to a heterologous molecule.

[00513] In some embodiments, the heterologous molecule is the Fc domain of an IgG

immunoglobulin or a fragment thereof. In certain embodiments, the heterologous molecule is

PEG. In some embodiments, the heterologous molecule is a therapeutic moiety possessing a

desired biological activity. In certain embodiments, the heterologous molecule is a cytokine

or a growth factor. In some embodiments, the heterologous molecule is a small molecule.

[00514] In some embodiments, the heterologous molecule increases protein stability. See

Section 5.2.3 for examples of such heterologous molecules. In a specific embodiment, the

heterologous molecule is a modified Fc domain or a fragment thereof that increases the



stability of the fusion protein. In other embodiments, the heterologous molecule decreases

protein stability. In a specific embodiment, the heterologous molecule is a modified Fc

domain that decreases the stability of the protein. In some embodiments, the heterologous

molecule is a detectable moiety. See Sections 5.1.2 and 5.2.3 for examples of detectable

moieties. In some embodiments, the heterologous molecule is a marker amino acid sequence

or a penetrating peptide. See Section 5.2.3 for examples of marker amino acid sequences

and penetrating peptides.

5.3.4 Nucleic Acids

5.3.4.1 B7-H2 Nucleic Acids

[00515] In one aspect, presented herein are Therapeutic Agents that are nucleic acids

encoding B7-H2. In a specific embodiment, the B7-H2 encoded by the nucleic acids is

capable of binding to one or more of the following receptors: ICOS, CD28 or CTLA-4. In

certain embodiments, the B7-H2 encoded by the nucleic acids selectively binds to either

ICOS, CD28 or CTLA-4. In specific embodiments, the B7-H2 encoded by the nucleic acids

is an Immunostimulating Therapeutic Agent. In other specific embodiments, the B7-H2

encoded by the nucleic acids is an Inhibitory Therapeutic Agent.

[00516] Nucleic acid sequences encoding native B7-H2 are known in the art and have

been described in the literature. For example, the nucleic acid sequences encoding native B7-

H2 can be found in publicly available publications and databases, e.g., National Center for

Biotechnology Information website at ncbi.nlm.nih.gov. Cloning techniques well known in

the art can be used to generate nucleic acids encoding B7-H2. See, e.g., Ausubel et al,

Current Protocols in Molecular Biology, John Wiley and Sons, Inc. (1995); Sambrook et al,

Molecular Cloning, A Laboratory Manual (2d ed.), Cold Spring Harbor Press, Cold Spring

Harbor, N.Y. (1989); Birren et al, Genome Analysis: A Laboratory Manual, volumes 1

through 4, Cold Spring Harbor Press, Cold Spring Harbor, N.Y. (1997-1999).

[00517] In one embodiment, the Therapeutic Agent comprises nucleic acids that encode

native B7-H2. In another embodiment, the Therapeutic Agent comprises nucleic acids that

encode a fusion protein described in Section 5.3.3, supra. In another embodiment, the

Therapeutic Agent comprises nucleic acids that encode a B7-H2 derivative. See Section

5.3.2.1, supra, for B7-H2 derivatives that the nucleic acids might encode.

[00518] In specific embodiments, nucleic acids encoding B7-H2 include: (a) a nucleic acid

sequence that is at least 40%, 45%, 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, 95%,

98%, or 99% or is 40% to 65%, 50% to 90%, 65% to 90%, 70% to 90%, 75% to 95%, 80% to



95%, or 85% to 99% identical to the naturally occurring nucleic acid sequence encoding a

native B7-H2 polypeptide; (b) a nucleic acid sequence encoding a polypeptide that is at least

40%, 45%, 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, 95%, 98%, or 99% or is 40%

to 65%, 50% to 90%, 65% to 90%, 70% to 90%, 75% to 95%, 80% to 95%, or 85% to 99%

identical the amino acid sequence of a native B7-H2 polypeptide; (c) a nucleic acid sequence

that contains 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20 or more, or 2 to

5, 2 to 10, 5 to 10, 5 to 15, 5 to 20, 10 to 15, or 15 to 20 nucleic acid base mutations (e.g.,

additions, deletions and/or substitutions) relative to the naturally occurring nucleic acid

sequence encoding a native B7-H2 polypeptide; (d) a nucleic acid sequence that hybridizes

under high, moderate or typical stringency hybridization conditions to a naturally occurring

nucleic acid sequence encoding a native B7-H2 polypeptide; (e) a nucleic acid sequence that

hybridizes under high, moderate or typical stringency hybridization conditions to a fragment

of a naturally occurring nucleic acid sequence encoding a native B7-H2 polypeptide; and (f) a

nucleic acid sequence encoding a fragment of a naturally occurring nucleic acid sequence

encoding a native B7-H2 polypeptide. In a specific embodiment, a B7-H2 derivative in the

context of nucleic acids is a derivative of a naturally occurring nucleic acid sequence

encoding a human B7-H2 polypeptide. In another embodiment, a B7-H2 derivative in the

context of nucleic acids is a derivative of a naturally occurring nucleic acid sequence

encoding an immature or precursor form of a native human B7-H2 polypeptide. In another

embodiment, a B7-H2 derivative in the context of nucleic acids is a derivative of a naturally

occurring nucleic acid sequence encoding a mature form of a native human B7-H2

polypeptide.

[00519] In a specific embodiment, a nucleic acid sequence encoding a B7-H2 polypeptide

is a derivative of a naturally occurring nucleic acid sequence encoding a native human B7-H2

polypeptide. In another embodiment, a nucleic acid sequence encoding a B7-H2 polypeptide

is a derivative of a naturally occurring nucleic acid sequence encoding an immature or

precursor form of a native human B7-H2 polypeptide. In another embodiment, a nucleic acid

sequence encoding a B7-H2 polypeptide is a derivative of a naturally occurring nucleic acid

sequence encoding a mature form of a native human B7-H7 polypeptide. In another

embodiment, a nucleic acid sequence encodes a B7-H2 derivative described in Section

5.3.2.1, supra.

[00520] In certain embodiments, nucleic acid sequences include codon-optimized nucleic

acid sequences that encode native B7-H2 polypeptide, including mature and immature forms

of B7-H2 polypeptide. In other embodiments, nucleic acid sequences include nucleic acids



that encode B7-H2 RNA transcripts containing mutations that eliminate potential splice sites

and instability elements (e.g., A/T or A/U rich elements) without affecting the amino acid

sequence to increase the stability of the mammalian B7-H2 RNA transcripts.

[00521] In certain embodiments, nucleic acid sequences encode a B7-H2 polypeptide that

retains at least 25%, 30%, 35%, 40%, 45%, 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%,

90%, 95%, 98% or 99%, or in the range of between 25% to 50%, 25% to 75%, 25% to 98%,

50% to 75%, or 75% to 100% of the function of a native B7-H2 polypeptide to bind to a

native receptor of B7-H2 (e.g., ICOS, CD28 or CTLA-4), as measured by assays well known

in the art, e.g., ELISA, Biacore, or co-immunoprecipitation. In a specific embodiment,

nucleic acid sequences encode a B7-H2 polypeptide that retains at least 25%, 30%, 35%,

40%, 45%, 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, 95%, 98% or 99%, or in the

range of between 25% to 50%, 25% to 75%, 25% to 98%, 50% to 75%, or 75% to 100% of

the function of a native B7-H2 polypeptide to bind to ICOS. In another specific embodiment,

nucleic acid sequences encode a B7-H2 polypeptide that retains at least 25%, 30%, 35%,

40%, 45%, 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, 95%, 98% or 99%, or in the

range of between 25% to 50%, 25% to 75%, 25% to 98%, 50% to 75%, or 75% to 100% of

the function of a native B7-H2 polypeptide to bind to either CD28, CTLA-4 or both. In

another specific embodiment, nucleic acid sequences encode a B7-H2 polypeptide that retains

at least 25%, 30%, 35%, 40%, 45%, 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%,

95%, 98% or 99%, or in the range of between 25% to 50%, 25% to 75%, 25% to 98%, 50%

to 75%, or 75% to 100% of the function of a native B7-H2 polypeptide to bind to either

CD28, ICOS or both. In another specific embodiment, nucleic acid sequences encode a B7-

H2 polypeptide that retains at least 25%, 30%, 35%, 40%, 45%, 50%, 55%, 60%, 65%, 70%,

75%, 80%, 85%, 90%, 95%, 98% or 99%, or in the range of between 25% to 50%, 25% to

75%, 25% to 98%, 50% to 75%, or 75% to 100% of the function of a native B7-H2

polypeptide to bind to ICOS, CTLA-4, or both. In another specific embodiment, nucleic acid

sequences encode a B7-H2 polypeptide that retains at least 25%, 30%, 35%, 40%, 45%, 50%,

55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, 95%, 98% or 99%, or in the range of between

25% to 50%, 25% to 75%, 25% to 98%, 50% to 75%, or 75% to 100% of the function of a

native B7-H2 polypeptide to bind to either CD28, ICOS and CTLA-4.

[00522] In another specific embodiment, nucleic acid sequences encode a B7-H2

polypeptide that retains at least 25%, 30%, 35%, 40%, 45%, 50%, 55%, 60%, 65%, 70%,

75%, 80%, 85%, 90%, 95%, 98% or 99%, or in the range of between 25% to 50%, 25% to

75%, 25% to 98%, 50% to 75%, or 75% to 100% of the function of a native B7-H2



polypeptide to bind to ICOS, but the B7-H2 polypeptide nucleic acid sequences does not

retain the function of a native B7-H2 polypeptide to bind to either CD28, CTLA-4 or both, or

retains less than 20%, 15%, 10%, 5%, or 2%, or in the range of between 2% to 20%, 2% to

15%, 2% to 10% or 2% to 5% of the function of a native B7-H2 polypeptide to bind to either

CD28, CTLA-4 or both. In another specific embodiment, nucleic acid sequences encode a

B7-H2 polypeptide that retains at least 25%, 30%, 35%, 40%, 45%, 50%, 55%, 60%, 65%,

70%, 75%, 80%, 85%, 90%, 95%, 98% or 99%, or in the range of between 25% to 50%, 25%

to 75%, 25% to 98%, 50% to 75%, or 75% to 100% of the function of a native B7-H2

polypeptide to bind to CD28, but the B7-H2 polypeptide does not retain the function of a

native B7-H2 polypeptide to bind to either ICOS, CTLA-4 or both, or retains less than 20%,

15%, 10%, 5%, or 2%, or in the range of between 2% to 20%, 2% to 15%, 2% to 10% or 2%

to 5% of the function of a native B7-H2 polypeptide to bind to either ICOS, CTLA-4 or both.

In another specific embodiment, nucleic acid sequences encode a B7-H2 polypeptide that

retains at least 25%, 30%, 35%, 40%, 45%, 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%,

90%, 95%, 98% or 99%, or in the range of between 25% to 50%, 25% to 75%, 25% to 98%,

50% to 75%, or 75% to 100% of the function of a native B7-H2 polypeptide to bind to CD28

and CTLA-4, but the B7-H2 polypeptide does not retain the function of a native B7-H2

polypeptide to bind to either ICOS, CD28, or both, or retains less than 20%, 15%, 10%, 5%,

or 2%, or in the range of between 2% to 20%, 2% to 15%, 2% to 10% or 2% to 5% of the

function of a native B7-H2 polypeptide to bind to either ICOS, CD28, or both. In another

specific embodiment, nucleic acid sequences encode a B7-H2 polypeptide that retains at least

25%, 30%, 35%, 40%, 45%, 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, 95%, 98%

or 99%, or in the range of between 25% to 50%, 25% to 75%, 25% to 98%, 50% to 75%, or

75% to 100% of the function of a native B7-H2 polypeptide to bind to CD28 and ICOS, but

the B7-H2 polypeptide does not retain the function of a native B7-H2 polypeptide to bind to

CTLA-4, or retains less than 20%, 15%, 10%, 5%, or 2%, or in the range of between 2% to

20%, 2% to 15%, 2% to 10% or 2% to 5% of the function of a native B7-H2 polypeptide to

bind to CTLA-4.

[00523] In certain other embodiments, nucleic acid sequences encode a B7-H2 polypeptide

that retains less than 20%, 15%, 10%, 5% or 2%, or in the range of between 2% to 20%, 2%

to 15%, 2% to 10%, or 2% to 5% of the function of a native B7-H2 polypeptide to bind to a

native receptor of B7-H2 (e.g., ICOS, CD28 or CTLA-4), as measured by assays well known

in the art, e.g., ELISA, Biacore, or co-immunoprecipitation. In a specific embodiment,

nucleic acid sequences encode a B7-H2 polypeptide that retains less than 20%, 15%, 10%,



5% or 2%, or in the range of between 2% to 20%, 2% to 15%, 2% to 10%, or 2% to 5% of

the function of a native B7-H2 polypeptide to bind to ICOS. In another specific embodiment,

nucleic acid sequences encode a B7-H2 polypeptide that retain less than 20%, 15%, 10%, 5%

or 2%, or in the range of between 2% to 20%, 2% to 15%, 2% to 10%, or 2% to 5% of the

function of a native B7-H2 polypeptide to bind to either CD28, CTLA-4 or both. In another

specific embodiment, nucleic acid sequences encode a B7-H2 polypeptide that retains less

than 20%, 15%, 10%, 5% or 2%, or in the range of between 2% to 20%, 2% to 15%, 2% to

10%, or 2% to 5% of the function of a native B7-H2 polypeptide to bind to either CD28,

ICOS or both. In another specific embodiment, nucleic acid sequences encode a B7-H2

polypeptide that retains less than 20%, 15%, 10%, 5% or 2%, or in the range of between 2%

to 20%, 2% to 15%, 2% to 10%, or 2% to 5% of the function of a native B7-H2 polypeptide

to bind to either CTLA-4, ICOS, or both. In another specific embodiment, nucleic acid

sequences encode a B7-H2 polypeptide that retains less than 20%, 15%, 10%, 5% or 2%, or

in the range of between 2% to 20%, 2% to 15%, 2% to 10%, or 2% to 5% of the function of a

native B7-H2 polypeptide to bind to CD28, ICOS and CTLA-4.

[00524] In some embodiments, nucleic acid sequences encode a B7-H2 polypeptide that

retains at least 25%, 30%, 35%, 40%, 45%, 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%,

90%, 95%, 98% or 99%, or in the range of between 25% to 50%, 25% to 75%, 25% to 98%,

50% to 75%, or 75% to 100% of the ability to activate or induce one or more of the signal

transduction pathways induced when a native receptor of B7-H2 (e.g., ICOS, CD28 or

CTLA-4) binds to a native B7-H2 polypeptide, as measured by assays well-known in the art.

The one or more signal transduction pathways induced by the binding of a B7-H2

polypeptide to a receptor of B7-H2 can be measured by, e.g., assessing the activation of a

signal transduction moiety (e.g., Jun kinase activation, MAP kinase activation, PKC

activation), the translocation of a transcription factor (e.g., NF-kappa B or Statl), and

cytokine production (e.g., IL-2, IL-4, 11-5, IL-10, IL-17, interferon-gamma, or tumor necrosis

factor-alpha) using techniques such as ELISAs, Western blots, electromobility shift assays,

and other immunoassays. In a specific embodiment, nucleic acid sequences encode a B7-H2

polypeptide that retains at least 25%, 30%, 35%, 40%, 45%, 50%, 55%, 60%, 65%, 70%,

75%, 80%, 85%, 90%, 95%, 98% or 99%, or in the range of between 25% to 50%, 25% to

75%, 25% to 98%, 50% to 75%, or 75% to 100% of the ability to activate or induce one or

more of the signal transduction pathways induced by the binding of a native B7-H2

polypeptide to ICOS. In another specific embodiment, nucleic acid sequences encode a B7-

H2 polypeptide that retains at least 25%, 30%, 35%, 40%, 45%, 50%, 55%, 60%, 65%, 70%,



75%, 80%, 85%, 90%, 95%, 98% or 99%, or in the range of between 25% to 50%, 25% to

75%, 25% to 98%, 50% to 75%, or 75% to 100% of the ability to activate or induce one or

more of the signal transduction pathways induced by the binding of a native B7-H2

polypeptide to either CD28, CTLA-4 or both. In another specific embodiment, nucleic acid

sequences encode a B7-H2 polypeptide that retains at least 25%, 30%, 35%, 40%, 45%, 50%,

55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, 95%, 98% or 99%, or in the range of between

25% to 50%, 25% to 75%, 25% to 98%, 50% to 75%, or 75% to 100% of the ability to

activate or induce one or more of the signal transduction pathways induced by the binding of

a native B7-H2 polypeptide to either CD28, ICOS or both. In another specific embodiment,

nucleic acid sequences encode a B7-H2 polypeptide that retains at least 25%, 30%, 35%,

40%, 45%, 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, 95%, 98% or 99%, or in the

range of between 25% to 50%, 25% to 75%, 25% to 98%, 50% to 75%, or 75% to 100% of

the ability to activate or induce one or more of the signal transduction pathways induced by

the binding of a native B7-H2 polypeptide to either ICOS, CTLA-4, or both. In another

specific embodiment, nucleic acid sequences encode a B7-H2 polypeptide that retains at least

25%, 30%, 35%, 40%, 45%, 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, 95%, 98%

or 99%, or in the range of between 25% to 50%, 25% to 75%, 25% to 98%, 50% to 75%, or

75% to 100% of the ability to activate or induce one or more of the signal transduction

pathways induced by the binding of a native B7-H2 polypeptide to CD28, ICOS and CTLA-

4.

[00525] In another specific embodiment, nucleic acid sequences encode a B7-H2

polypeptide that retains at least 25%, 30%, 35%, 40%, 45%, 50%, 55%, 60%, 65%, 70%,

75%, 80%, 85%, 90%, 95%, 98% or 99%, or in the range of between 25% to 50%, 25% to

75%, 25% to 98%, 50% to 75%, or 75% to 100% of the ability to activate or induce one or

more signal transduction pathways induced by the binding of a native B7-H2 polypeptide to

bind to ICOS, but the B7-H2 polypeptide does not retain the ability to activate or induce one

or more of the signal transduction pathways induced by the binding of a native B7-H2

polypeptide to either CD28, CTLA-4 or both, or retains less than 20%, 15%, 10%, 5%, or

2%, or in the range of between 2% to 20%, 2% to 15%, 2% to 10% or 2% to 5% of the ability

to activate or induce one or more of the signal transduction pathways induced by the binding

of a native B7-H2 polypeptide to either CD28, CTLA-4 or both.

[00526] In another specific embodiment, nucleic acid sequences encode a B7-H2

polypeptide that retains at least 25%, 30%, 35%, 40%, 45%, 50%, 55%, 60%, 65%, 70%,

75%, 80%, 85%, 90%, 95%, 98% or 99%, or in the range of between 25% to 50%, 25% to



75%, 25% to 98%, 50% to 75%, or 75% to 100% of the ability to activate or induce one or

more signal transduction pathways induced by the binding of a native B7-H2 polypeptide to

bind to CD28, but the B7-H2 polypeptide does not retain the ability to activate or induce one

or more of the signal transduction pathways induced by the binding of a native B7-H2

polypeptide to either ICOS, CTLA-4 or both, or retains less than 20%, 15%, 10%, 5%, or 2%,

or in the range of between 2% to 20%, 2% to 15%, 2% to 10% or 2% to 5% of the ability to

activate or induce one or more of the signal transduction pathways induced by the binding of

a native B7-H2 polypeptide to either ICOS, CTLA-4 or both.

[00527] In another specific embodiment, nucleic acid sequences encode a B7-H2

polypeptide that retains at least 25%, 30%, 35%, 40%, 45%, 50%, 55%, 60%, 65%, 70%,

75%, 80%, 85%, 90%, 95%, 98% or 99%, or in the range of between 25% to 50%, 25% to

75%, 25% to 98%, 50% to 75%, or 75% to 100% of the ability to activate or induce one or

more signal transduction pathways induced by the binding of a native B7-H2 polypeptide to

bind to CD28 and CTLA-4, but the B7-H2 polypeptide does not retain the ability to activate

or induce one or more of the signal transduction pathways induced by the binding of a native

B7-H2 polypeptide to ICOS, or retains less than 20%, 15%, 10%, 5%, or 2%, or in the range

of between 2% to 20%, 2% to 15%, 2% to 10% or 2% to 5% of the ability to activate or

induce one or more of the signal transduction pathways induced by the binding of a native

B7-H2 polypeptide to ICOS.

[00528] In another specific embodiment, nucleic acid sequences encode a B7-H2

polypeptide that retains at least 25%, 30%, 35%, 40%, 45%, 50%, 55%, 60%, 65%, 70%,

75%, 80%, 85%, 90%, 95%, 98% or 99%, or in the range of between 25% to 50%, 25% to

75%, 25% to 98%, 50% to 75%, or 75% to 100% of the ability to activate or induce one or

more signal transduction pathways induced by the binding of a native B7-H2 polypeptide to

bind to CD28 and ICOS, but the B7-H2 polypeptide does not retain the ability to activate or

induce one or more of the signal transduction pathways induced by the binding of a native

B7-H2 polypeptide to CTLA-4, or retains less than 20%, 15%, 10%, 5%, or 2%, or in the

range of between 2% to 20%, 2% to 15%, 2% to 10% or 2% to 5% of the ability to activate or

induce one or more of the signal transduction pathways induced by the binding of a native

B7-H2 polypeptide to CTLA-4.

[00529] In another embodiment, nucleic acid sequences encode a B7-H2 polypeptide that

retains at least 25%, 30%, 35%, 40%, 45%, 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%,

90%, 95%, 98% or 99%, or in the range of between 25% to 50%, 25% to 75%, 25% to 98%,

50% to 75%, or 75% to 100% of the ability to activate or induce one or more signal



transduction pathways induced by the binding of a native B7-H2 polypeptide to bind to

ICOS, but the B7-H2 polypeptide does not retain the ability to activate or induce one or more

of the signal transduction pathways induced by the binding of a native B7-H2 polypeptide to

either CD28, CTLA-4, or both, or retains less than 20%, 15%, 10%, 5%, or 2%, or in the

range of between 2% to 20%, 2% to 15%, 2% to 10% or 2% to 5% of the ability to activate or

induce one or more of the signal transduction pathways induced by the binding of a native

B7-H2 polypeptide to either CD28, CTLA-4, or both.

[00530] In another specific embodiment, nucleic acid sequences encode a B7-H2

polypeptide that retains at least 25%, 30%, 35%, 40%, 45%, 50%, 55%, 60%, 65%, 70%,

75%, 80%, 85%, 90%, 95%, 98% or 99%, or in the range of between 25% to 50%, 25% to

75%, 25% to 98%, 50% to 75%, or 75% to 100% of the ability to activate or induce one or

more signal transduction pathways induced by the binding of a native B7-H2 polypeptide to

bind to CTLA-4, but the B7-H2 polypeptide does not retain the ability to activate or induce

one or more of the signal transduction pathways induced by the binding of a native B7-H2

polypeptide to either CD28, ICOS, or both or retains less than 20%, 15%, 10%, 5%, or 2%, or

in the range of between 2% to 20%, 2% to 15%, 2% to 10% or 2% to 5% of the ability to

activate or induce one or more of the signal transduction pathways induced by the binding of

a native B7-H2 polypeptide to either CD28, ICOS, or both.

[00531] In certain embodiments, nucleic acid sequences encode a B7-H2 polypeptide that

binds to native ICOS and induces a higher level of activity than native B7-H2 binding to the

native ICOS as assessed by, e.g., the activation or induction of one or more signal

transduction molecules. In some embodiments, nucleic acid sequences encode a B7-H7

polypeptide that binds to ICOS and induces at least 25%, 30%, 35%, 40%, 45%, 50%, 55%,

60%, 65%, 70%, 75%, 80%, 85%, 90%, 95%, 98% or 99%, or in the range of between 25%

to 50%, 25% to 75%, 25% to 98%, 50% to 75%, 50% to 98%, or 75% to 90% higher level of

activity than native B7-H2 binding to native ICOS as assessed by, e.g., the activation or

induction of one or more signal transduction molecules.

[00532] In some other embodiments, nucleic acid sequences encode a B7-H2 polypeptide

that retains less than 20%, 15%, 10%, 5% or 2%, or in the range of between 2% to 20%, 2%

to 15%, 2% to 10%, or 2% to 5% of the ability to activate or induce one or more of the signal

transduction pathways induced when a native B7-H2 polypeptide binds to a native receptor of

B7-H2 (e.g., ICOS, CD28 or CTLA-4), as measured by assays well-known in the art. In a

specific embodiment, nucleic acid sequences encode a B7-H2 polypeptide that retains less

than 20%, 15%, 10%, 5% or 2%, or in the range of between 2% to 20%, 2% to 15%, 2% to



10%, or 2% to 5% of the ability to activate or induce one or more of the signal transduction

pathways induced by the binding of a native B7-H2 polypeptide to ICOS. In another specific

embodiment, nucleic acid sequences encode a B7-H2 polypeptide that retains less than 20%,

15%, 10%, 5% or 2%, or in the range of between 2% to 20%, 2% to 15%, 2% to 10%, or 2%

to 5% of the ability to activate or induce one or more of the signal transduction pathways

induced by the binding of a native B7-H2 polypeptide to either CD28, CTLA-4 or both. In

another specific embodiment, nucleic acid sequences encode a B7-H2 polypeptide that retains

less than 20%, 15%, 10%, 5% or 2%, or in the range of between 2% to 20%, 2% to 15%, 2%

to 10%, or 2% to 5% of the ability to activate or induce one or more of the signal transduction

pathways induced by the binding of a native B7-H2 polypeptide to either ICOS, CD28 or

both. In another specific embodiment, nucleic acid sequences encode a B7-H2 polypeptide

that retains less than 20%, 15%, 10%, 5% or 2%, or in the range of between 2% to 20%, 2%

to 15%, 2% to 10%, or 2% to 5% of the ability to activate or induce one or more of the signal

transduction pathways induced by the binding of a native B7-H2 polypeptide to ICOS and

CTLA-4. In another specific embodiment, nucleic acid sequences encode a B7-H2

polypeptide that retains less than 20%, 15%, 10%, 5% or 2%, or in the range of between 2%

to 20%, 2% to 15%, 2% to 10%, or 2% to 5% of the ability to activate or induce one or more

of the signal transduction pathways induced by the binding of a native B7-H2 polypeptide to

ICOS, CD28 and CTLA-4.

5.3.4.2 ICOS Nucleic Acids

[00533] In one aspect, presented herein are Therapeutic Agents that are nucleic acids

encoding ICOS. In a specific embodiment, the ICOS encoded by the nucleic acids is capable

of binding to B7-H2. In particular embodiments, the ICOS encoded by the nucleic acids

selectively binds to B7-H2 and does not bind to other ligands. In specific embodiments, the

ICOS encoded by the nucleic acids is an Immunostimulating Therapeutic Agent. In other

specific embodiments, the ICOS encoded by the nucleic acids is an Inhibitory Therapeutic

Agent.

[00534] Nucleic acid sequences encoding native ICOS are known in the art and have been

described in the literature. For example, the nucleic acid sequences encoding native ICOS

can be found in publicly available publications and databases, e.g., National Center for

Biotechnology Information website at ncbi.nlm.nih.gov. Cloning techniques well known in

the art can be used to generate nucleic acids encoding ICOS. See, e.g., Ausubel et al,

Current Protocols in Molecular Biology, John Wiley and Sons, Inc. (1995); Sambrook et al,



Molecular Cloning, A Laboratory Manual (2d ed.), Cold Spring Harbor Press, Cold Spring

Harbor, N.Y. (1989); Birren et ah, Genome Analysis: A Laboratory Manual, volumes 1

through 4, Cold Spring Harbor Press, Cold Spring Harbor, N.Y. (1997-1999).

[00535] In one embodiment, the Therapeutic Agent comprises nucleic acids that encode

native ICOS. In another embodiment, the Therapeutic Agent comprises nucleic acids that

encode a fusion protein described in Section 5.3.3, supra. In another embodiment, the

Therapeutic Agent comprises nucleic acids that encode an ICOS derivative. See Section

5.3.2.2, supra, for ICOS derivatives that the nucleic acids might encode.

[00536] In specific embodiments, nucleic acids encoding ICOS include: (a) a nucleic acid

sequence that is at least 40%, 45%, 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, 95%,

98%, or 99% or is 40% to 65%, 50% to 90%, 65% to 90%, 70% to 90%, 75% to 95%, 80% to

95%, or 85% to 99% identical to the naturally occurring nucleic acid sequence encoding a

native ICOS polypeptide; (b) a nucleic acid sequence encoding a polypeptide that is at least

40%, 45%, 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, 95%, 98%, or 99% or is 40%

to 65%, 50% to 90%, 65% to 90%, 70% to 90%, 75% to 95%, 80% to 95%, or 85% to 99%

identical the amino acid sequence of a native ICOS polypeptide; (c) a nucleic acid sequence

that contains 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20 or more, or 2 to

5, 2 to 10, 5 to 10, 5 to 15, 5 to 20, 10 to 15, or 15 to 20 nucleic acid base mutations (e.g.,

additions, deletions and/or substitutions) relative to the naturally occurring nucleic acid

sequence encoding a native ICOS polypeptide; (d) a nucleic acid sequence that hybridizes

under high, moderate or typical stringency hybridization conditions to a naturally occurring

nucleic acid sequence encoding a native ICOS polypeptide; (e) a nucleic acid sequence that

hybridizes under high, moderate or typical stringency hybridization conditions to a fragment

of a naturally occurring nucleic acid sequence encoding a native ICOS polypeptide; and (f) a

nucleic acid sequence encoding a fragment of a naturally occurring nucleic acid sequence

encoding a native ICOS polypeptide. In a specific embodiment, an ICOS derivative in the

context of nucleic acids is a derivative of a naturally occurring nucleic acid sequence

encoding a human ICOS polypeptide. In another embodiment, an ICOS derivative in the

context of nucleic acids is a derivative of a naturally occurring nucleic acid sequence

encoding an immature or precursor form of a native human ICOS polypeptide. In another

embodiment, an ICOS derivative in the context of nucleic acids is a derivative of a naturally

occurring nucleic acid sequence encoding a mature form of a native human ICOS

polypeptide.



[00537] In a specific embodiment, a nucleic acid sequence encoding an ICOS polypeptide

is a derivative of a naturally occurring nucleic acid sequence encoding a native human ICOS

polypeptide. In another embodiment, a nucleic acid sequence encoding an ICOS polypeptide

is a derivative of a naturally occurring nucleic acid sequence encoding an immature or

precursor form of a native human ICOS polypeptide. In another embodiment, a nucleic acid

sequence encoding an ICOS polypeptide is a derivative of a naturally occurring nucleic acid

sequence encoding a mature form of a native human B7-H7 polypeptide.

[00538] In certain embodiments, nucleic acid sequences include codon-optimized nucleic

acid sequences that encode native ICOS polypeptide, including mature and immature forms

of ICOS polypeptide as well as fragments thereof. In other embodiments, nucleic acid

sequences include nucleic acids that encode ICOS RNA transcripts containing mutations that

eliminate potential splice sites and instability elements (e.g., A/T or A/U rich elements)

without affecting the amino acid sequence to increase the stability of the mammalian ICOS

RNA transcripts.

[00539] In certain embodiments, nucleic acid sequences encoded an ICOS polypeptide that

retains at least 25%, 30%, 35%, 40%, 45%, 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%,

90%, 95%, 98% or 99%, or in the range of between 25% to 50%, 25% to 75%, 25% to 98%,

50% to 75%, or 75% to 100% of the function of a native ICOS polypeptide to bind a native

ligand of ICOS (e.g., B7-H2), as measured by assays well known in the art, e.g., ELISA,

Biacore, or co-immunoprecipitation. In a specific embodiment, nucleic acid sequence encode

an ICOS polypeptide that retains at least 25%, 30%, 35%, 40%, 45%, 50%, 55%, 60%, 65%,

70%, 75%, 80%, 85%, 90%, 95%, 98% or 99%, or in the range of between 25% to 50%, 25%

to 75%, 25% to 98%, 50% to 75%, or 75% to 100% of the function of a native ICOS

polypeptide to bind B7-H2.

[00540] In certain other embodiments, nucleic acid sequences encode an ICOS

polypeptide that retains less than 20%, 15%, 10%, 5% or 2%, or in the range of between 2%

to 20%, 2% to 15%, 2% to 10%, or 2% to 5% of the function of a native ICOS polypeptide to

bind a native ligand of ICOS (e.g., B7-H2), as measured by assays well known in the art, e.g.,

ELISA, Biacore, or co-immunoprecipitation. In a specific embodiment, nucleic acid

sequences encode an ICOS derivative that retains less than 20%, 15%, 10%, 5% or 2%, or in

the range of between 2% to 20%, 2% to 15%, 2% to 10%, or 2% to 5% of the function of a

native ICOS polypeptide to bind B7-H2.

[00541] In certain embodiments, nucleic acid sequences encode an ICOS polypeptide with

a higher affinity for a native ligand of ICOS than native ICOS binds to the same ligand, as



measured by well-known assays/techniques. In one embodiment, nucleic acid sequences

encode an ICOS polypeptide with a 25%, 50%, 75%, 80%, 85%, 90%, 95%, 25% to 50%,

25% to 75%, 50% to 75%, 50% to 95%, or 75% to 95% higher affinity for a native ligand of

ICOS than the native ICOS binds to the same ligand, as measured by well-known

assays/techniques. In another embodiment, nucleic acid sequences encode an ICOS

polypeptide with 0.5 logs, 1 log, 1.5 logs, 2 logs, 2.5 logs, or 3 logs higher affinity for a

native ligand of ICOS than the native ICOS binds to the same ligand, as measured by well-

known assays/techniques.

[00542] In certain embodiments, nucleic acid sequences encode an ICOS polypeptide with

a lower affinity for a native ligand of ICOS than native ICOS binds to the same ligand, as

measured by well-known assays/techniques. In one embodiment, nucleic acid sequences

encode an ICOS polypeptide with a 25%, 50%, 75%, 80%, 85%, 90%, 95%, 25% to 50%,

25% to 75%, 50% to 75%, 50% to 95%, or 75% to 95% lower affinity for a native ligand of

ICOS than the native ICOS binds to the same ligand, as measured by well-known

assays/techniques. In another embodiment, nucleic acid sequences encode an ICOS

polypeptide with 0.5 logs, 1 log, 1.5 logs, 2 logs, 2.5 logs, or 3 logs lower affinity for a native

ligand of ICOS than the native ICOS binds to the same ligand, as measured by well-known

assays/techniques.

[00543] In some embodiments, nucleic acid sequences encode an ICOS polypeptide that

retains at least 25%, 30%, 35%, 40%, 45%, 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%,

90%, 95%, 98% or 99%, or in the range of between 25% to 50%, 25% to 75%, 25% to 98%,

50% to 75%, or 75% to 100% of the ability to activate or induce one or more of the signal

transduction pathways induced when a native ligand of ICOS (e.g., B7-H2) binds to a native

ICOS polypeptide, as measured by assays well-known in the art. The one or more signal

transduction pathways induced by the binding of a ligand of ICOS to an ICOS polypeptide

can be measured by, e.g., assessing the activation of a signal transduction moiety (e.g., Jun

kinase activation, MAP kinase activation, PKC activation), the translocation of a transcription

factor (e.g., NF-kappa B or Statl), and cytokine production (e.g., IL-2, IL-4, IL-5, IL-IO, IL-

17, interferon-gamma, or tumor necrosis factor-alpha) using techniques such as ELISAs,

Western blots, electromobility shift assays, and other immunoassays. In a specific

embodiment, nucleic acid sequences encode an ICOS polypeptide that retains at least 25%,

30%, 35%, 40%, 45%, 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, 95%, 98% or

99%, or in the range of between 25% to 50%, 25% to 75%, 25% to 98%, 50% to 75%, or



75% to 100% of the ability to activate or induce one or more of the signal transduction

pathways induced by the binding of B7-H2 to a native ICOS polypeptide.

[00544] In certain embodiments, nucleic acid sequences encode an ICOS polypeptide that

binds to its native ligand (e.g., native B7-1, B7-2 or B7-H2) and induces a higher level of

activity than native ICOS binding to the native ligand as assessed by, e.g., the activation or

induction of one or more signal transduction molecules. In some embodiments, nucleic acid

sequences encode an ICOS polypeptide that binds to B7-H2 and induces at least 25%, 30%,

35%, 40%, 45%, 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, 95%, 98% or 99%, or

in the range of between 25% to 50%, 25% to 75%, 25% to 98%, 50% to 75%, 50% to 98%,

or 75% to 90% higher level of activity than native ICOS binding to native B7-H2 as assessed

by, e.g., the activation or induction of one or more signal transduction molecules.

[00545] In some other embodiments, nucleic acid sequences encode an ICOS polypeptide

that retains less than 20%, 15%, 10%, 5% or 2%, or in the range of between 2% to 20%, 2%

to 15%, 2% to 10%, or 2% to 5% of the ability to activate or induce one or more of the signal

transduction pathways induced when a native ligand of ICOS (e.g., B7-H2) binds to a native

ICOS polypeptide, as measured by assays well-known in the art. In a specific embodiment,

nucleic acid sequences encode an ICOS polypeptide that retains less than 20%, 15%, 10%,

5% or 2%, or in the range of between 2% to 20%, 2% to 15%, 2% to 10%, or 2% to 5% of

the ability to activate or induce one or more of the signal transduction pathways induced by

the binding of B7-H2 to a native ICOS polypeptide.

5.3.4.3 CD28 Nucleic Acids

[00546] In one aspect, presented herein are Therapeutic Agents that are nucleic acids

encoding CD28. In a specific embodiment, the CD28 encoded by the nucleic acids is capable

of binding to B7-H2. In particular embodiments, the CD28 encoded by the nucleic acids

selectively binds to B7-H2 and does not bind to other ligands (e.g., B7-1 and/or B7-2). In

specific embodiments, the CD28 encoded by the nucleic acids is an Immunostimulating

Therapeutic Agent. In other specific embodiments, the CD28 encoded by the nucleic acids is

an Inhibitory Therapeutic Agent.

[00547] Nucleic acid sequences encoding native CD28 are known in the art and have been

described in the literature. For example, the nucleic acid sequences encoding native CD28

can be found in publicly available publications and databases, e.g., National Center for

Biotechnology Information website at ncbi.nlm.nih.gov. Cloning techniques well known in

the art can be used to generate nucleic acids encoding CD28. See, e.g., Ausubel et ah,



Current Protocols in Molecular Biology, John Wiley and Sons, Inc. (1995); Sambrook et ah,

Molecular Cloning, A Laboratory Manual (2d ed.), Cold Spring Harbor Press, Cold Spring

Harbor, N.Y. (1989); Birren et al, Genome Analysis: A Laboratory Manual, volumes 1

through 4, Cold Spring Harbor Press, Cold Spring Harbor, N.Y. (1997-1999).

[00548] In one embodiment, the Therapeutic Agent comprises nucleic acids that encode

native CD28. In another embodiment, the Therapeutic Agent comprises nucleic acids that

encode a fusion protein described in Section 5.3.3, supra. In another embodiment, the

Therapeutic Agent comprises nucleic acids that encode a CD28 derivative. See Section

5.3.2.3, supra, for CD28 derivatives that the nucleic acids might encode.

[00549] In specific embodiments, nucleic acids encoding CD28 include: (a) a nucleic acid

sequence that is at least 40%, 45%, 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, 95%,

98%, or 99% or is 40% to 65%, 50% to 90%, 65% to 90%, 70% to 90%, 75% to 95%, 80% to

95%, or 85% to 99% identical to the naturally occurring nucleic acid sequence encoding a

native CD28 polypeptide; (b) a nucleic acid sequence encoding a polypeptide that is at least

40%, 45%, 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, 95%, 98%, or 99% or is 40%

to 65%, 50% to 90%, 65% to 90%, 70% to 90%, 75% to 95%, 80% to 95%, or 85% to 99%

identical the amino acid sequence of a native CD28 polypeptide; (c) a nucleic acid sequence

that contains 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20 or more, or 2 to

5, 2 to 10, 5 to 10, 5 to 15, 5 to 20, 10 to 15, or 15 to 20 nucleic acid base mutations {e.g.,

additions, deletions and/or substitutions) relative to the naturally occurring nucleic acid

sequence encoding a native CD28 polypeptide; (d) a nucleic acid sequence that hybridizes

under high, moderate or typical stringency hybridization conditions to a naturally occurring

nucleic acid sequence encoding a native CD28 polypeptide; (e) a nucleic acid sequence that

hybridizes under high, moderate or typical stringency hybridization conditions to a fragment

of a naturally occurring nucleic acid sequence encoding a native CD28 polypeptide; and (f) a

nucleic acid sequence encoding a fragment of a naturally occurring nucleic acid sequence

encoding a native CD28 polypeptide. In a specific embodiment, a CD28 derivative in the

context of nucleic acids is a derivative of a naturally occurring nucleic acid sequence

encoding a human CD28 polypeptide. In another embodiment, a CD28 derivative in the

context of nucleic acids is a derivative of a naturally occurring nucleic acid sequence

encoding an immature or precursor form of a native human CD28 polypeptide. In another

embodiment, a CD28 derivative in the context of nucleic acids is a derivative of a naturally

occurring nucleic acid sequence encoding a mature form of a native human CD28

polypeptide.



[00550] In a specific embodiment, a nucleic acid sequence encoding a CD28 polypeptide

is a derivative of a naturally occurring nucleic acid sequence encoding a native human CD28

polypeptide. In another embodiment, a nucleic acid sequence encoding a CD28 polypeptide

is a derivative of a naturally occurring nucleic acid sequence encoding an immature or

precursor form of a native human CD28 polypeptide. In another embodiment, a nucleic acid

sequence encoding a CD28 polypeptide is a derivative of a naturally occurring nucleic acid

sequence encoding a mature form of a native human B7-H7 polypeptide.

[00551] In certain embodiments, nucleic acid sequences include codon-optimized nucleic

acid sequences that encode native CD28 polypeptide, including mature and immature forms

of CD28 polypeptide as well as fragments thereof. In other embodiments, nucleic acid

sequences include nucleic acids that encode CD28 RNA transcripts containing mutations that

eliminate potential splice sites and instability elements (e.g., A/T or A/U rich elements)

without affecting the amino acid sequence to increase the stability of the mammalian CD28

RNA transcripts.

[00552] In certain embodiments, nucleic acid sequences encode a CD28 polypeptide that

retains at least 25%, 30%, 35%, 40%, 45%, 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%,

90%, 95%, 98% or 99%, or in the range of between 25% to 50%, 25% to 75%, 25% to 98%,

50% to 75%, or 75% to 100% of the function of a native CD28 polypeptide to bind to a

native ligand of CD28 (e.g., B7-H2, B7-1 or B7-2), as measured by assays well known in the

art, e.g., ELISA, Biacore, or co-immunoprecipitation. In a specific embodiment, nucleic acid

sequences encode a CD28 polypeptide that retains at least 25%, 30%, 35%, 40%, 45%, 50%,

55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, 95%, 98% or 99%, or in the range of between

25% to 50%, 25% to 75%, 25% to 98%, 50% to 75%, or 75% to 100% of the function of a

native CD28 polypeptide to bind to B7-H2. In another specific embodiment, nucleic acid

sequences encode a CD28 polypeptide that retains at least 25%, 30%, 35%, 40%, 45%, 50%,

55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, 95%, 98% or 99%, or in the range of between

25% to 50%, 25% to 75%, 25% to 98%, 50% to 75%, or 50% to 98% of the function of a

native CD28 polypeptide to bind to B7-H2, but the CD28 polypeptide encoded by the nucleic

acid sequences does not retain the function of the native CD28 polypeptide to bind to either

B7-1, B7-2 or both, or retains less than 20%, 15%, 10%, 5% or 2%, or in the range of

between 2% to 20%, 2% to 15%, 2% to 10%, or 2% to 5% of the function of the native CD28

polypeptide to bind to either B7-1, B7-2 or both.

[00553] In another specific embodiment, nucleic acid sequences encode a CD28

polypeptide that retains at least 25%, 30%, 35%, 40%, 45%, 50%, 55%, 60%, 65%, 70%,



75%, 80%, 85%, 90%, 95%, 98% or 99%, or in the range of between 25% to 50%, 25% to

75%, 25% to 98%, 50% to 75%, or 75% to 100% of the function of a native CD28

polypeptide to bind to either B7-1, B7-2 or both. In another specific embodiment, nucleic

acid sequences encode a CD28 polypeptide that retains at least 25%, 30%, 35%, 40%, 45%,

50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, 95%, 98% or 99%, or in the range of

between 25% to 50%, 25% to 75%, 25% to 98%, 50% to 75%, or 75% to 100% of the

function of a native CD28 polypeptide to bind to either B7-1, B7-2 or both, but the CD28

polypeptide encoded by the nucleic acid sequences does not retain the function of the native

CD28 polypeptide to bind to B7-H2, or retains less than 20%, 15%, 10%, 5% or 2%, or in the

range of between 2% to 20%, 2% to 15%, 2% to 10%, or 2% to 5% of the function of the

native CD28 polypeptide to bind to B7-H2.

[00554] In certain other embodiments, nucleic acid sequences encode a CD28 polypeptide

that retains less than 20%, 15%, 10%, 5% or 2%, or in the range of between 2% to 20%, 2%

to 15%, 2% to 10%, or 2% to 5% of the function of a native CD28 polypeptide to bind to a

native ligand of CD28 (e.g., B7-H2, B7-1 or B7-2), as measured by assays well known in the

art, e.g., ELISA, Biacore, or co-immunoprecipitation. In a specific embodiment, nucleic acid

sequences encode a CD28 polypeptide that retains less than 20%, 15%, 10%, 5% or 2%, or in

the range of between 2% to 20%, 2% to 15%, 2% to 10%, or 2% to 5% of the function of a

native CD28 polypeptide to bind to B7-H2. In another specific embodiment, nucleic acid

sequences encode a CD28 polypeptide that retains less than 20%, 15%, 10%, 5% or 2%, or in

the range of between 2% to 20%, 2% to 15%, 2% to 10%, or 2% to 5% of the function of a

native CD28 polypeptide to bind to either B7-1, B7-2 or both.

[00555] In certain embodiments, nucleic acid sequences encode a CD28 polypeptide that

has a higher affinity for a native ligand of CD28 (e.g., native B7-H2) than native CD28 for

the same receptor, as measured by assays/techniques well known in the art, e.g., ELISA,

Biacore, or co-immunoprecipitation. In one embodiment, nucleic acid sequences encode a

CD28 polypeptide that binds to a native ligand of CD28 (e.g., B7-H2) with a 50%, 75%,

80%, 85%, 90%, 95%, or 98%, or 25% to 50%, 25% to 75%, 50% to 95%, or 75% to 95%

higher affinity than the native CD28 binds to the native ligand, as measured by well known

assays/techniques. In a specific embodiment, nucleic acid sequences encode a CD28

polypeptide that binds to a native ligand of CD28 (e.g., B7-H2) with 0.5 logs, 1 log, 1.5 logs,

2 logs, 2.5 logs, or 3 logs higher affinity than the native CD28 binds to the same ligand, as

measured by assays/techniques well known in the art, e.g., ELISA, Biacore, or co-

immunoprecipitation.



[00556] In certain embodiments, nucleic acid sequences encode a CD28 polypeptide with

a lower affinity for a native ligand of CD28 than native CD28 binds to the same ligand, as

measured by well-known assays/techniques. In one embodiment, nucleic acid sequences

encode a CD28 polypeptide with a 25%, 50%, 75%, 80%, 85%, 90%, 95%, 25% to 50%,

25% to 75%, 50% to 75%, 50% to 95%, or 75% to 95% lower affinity for a native ligand of

CD28 than the native CD28 binds to the same ligand, as measured by well-known

assays/techniques. In another embodiment, nucleic acid sequences encode a CD28

polypeptide with 0.5 logs, 1 log, 1.5 logs, 2 logs, 2.5 logs, or 3 logs lower affinity for a native

ligand of CD28 than the native CD28 binds to the same ligand, as measured by well-known

assays/techniques.

[00557] In some embodiments, nucleic acid sequences encode a CD28 polypeptide that

retains at least 25%, 30%, 35%, 40%, 45%, 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%,

90%, 95%, 98% or 99%, or in the range of between 25% to 50%, 25% to 75%, 25% to 98%,

50% to 75%, or 75% to 100% of the ability to activate or induce one or more of the signal

transduction pathways induced when a native ligand of CD28 (e.g., B7-H2, B7-1 or B7-2)

binds to a native CD28 polypeptide, as measured by assays well-known in the art. The one or

more signal transduction pathways induced by the binding of a ligand of CD28 to a CD28

polypeptide can be measured by, e.g., assessing the activation of a signal transduction moiety

(e.g., Jun kinase activation, MAP kinase activation, PKC activation), the translocation of a

transcription factor (e.g., NF-kappa B or Statl), and cytokine production (e.g., IL-2, IL-4, IL-

5, IL-10, IL-17, interferon-gamma, or tumor necrosis factor-alpha) using techniques such as

ELISAs, Western blots, electromobility shift assays, and other immunoassays.

[00558] In a specific embodiment, nucleic acid sequences encode a CD28 polypeptide that

retains at least 25%, 30%, 35%, 40%, 45%, 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%,

90%, 95%, 98% or 99%, or in the range of between 25% to 50%, 25% to 75%, 25% to 98%,

50% to 75%, or 75% to 100% of the ability to activate or induce one or more of the signal

transduction pathways induced by the binding of B7-H2 to a native CD28 polypeptide. In

another specific embodiment, nucleic acid sequences encode a CD28 polypeptide that retains

at least 25%, 30%, 35%, 40%, 45%, 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%,

95%, 98% or 99%, or in the range of between 25% to 50%, 25% to 75%, 25% to 98%, 50%

to 75%, or 75% to 75% of the ability to activate or induce one or more of the signal

transduction pathways induced when B7-H2 binds a native CD28 polypeptide, but the CD28

polypeptide encoded by the nucleic acid sequences does not retain the ability to activate or

induce one or more of the signal transduction pathways induced by the binding of either B7-



1, B7-2 or both to the native CD28 polypeptide, or retains less than 20%, 15%, 10%, 5% or

2%, or in the range of between 2% to 20%, 2% to 15%, 2% to 10%, or 2% to 5% of the

ability to activate or induce one or more of the signal transduction pathways induced by

either B7-1, B7-2 or both binding to the native CD28 polypeptide.

[00559] In another specific embodiment, nucleic acid sequences encode a CD28

polypeptide that retains at least 25%, 30%, 35%, 40%, 45%, 50%, 55%, 60%, 65%, 70%,

75%, 80%, 85%, 90%, 95%, 98% or 99%, or in the range of between 25% to 50%, 25% to

75%, 25% to 98%, 50% to 75%, or 75% to 100% of the ability to activate or induce one or

more of the signal transduction pathways induced by the binding of either B7-1, B7-2 or both

to a native CD28 polypeptide. In another specific embodiment, nucleic acid sequences

encode a CD28 polypeptide that retains at least 25%, 30%, 35%, 40%, 45%, 50%, 55%, 60%,

65%, 70%, 75%, 80%, 85%, 90%, 95%, 98% or 99%, or in the range of between 25% to

50%, 25% to 75%, 25% to 98%, 50% to 75%, or 75% to 100% of the ability to activate or

induce one or more of the signal transduction pathways induced by the binding of either B7-

1, B7-2 or both to a native CD28 polypeptide, but the CD28 polypeptide encoded by the

nucleic acid sequences does not retain the ability to activate or induce one or more of the

signal transduction pathways induced by the binding of either B7-H2 to the native CD28

polypeptide, or retains less than 20%, 15%, 10%, 5% or 2%, or in the range of between 2% to

20%, 2% to 15%, 2% to 10%, or 2% to 5% of the ability to activate or induce one or more of

the signal transduction pathways induced by binding B7-H2 to the native CD28 polypeptide.

[00560] In certain embodiments, nucleic acid sequences encode a CD28 polypeptide that

binds to its native ligand (e.g., native B7-1, B7-2 or B7-H2) and induces a higher level of

activity than native CD28 binding to the native ligand as assessed by, e.g., the activation or

induction of one or more signal transduction molecules. In some embodiments, nucleic acid

sequences encode a CD28 polypeptide that binds to B7-H2 and induces at least 25%, 30%,

35%, 40%, 45%, 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, 95%, 98% or 99%, or

in the range of between 25% to 50%, 25% to 75%, 25% to 98%, 50% to 75%, 50% to 98%,

or 75% to 90% higher level of activity than native CD28 binding to native B7-H2 as assessed

by, e.g., the activation or induction of one or more signal transduction molecules.

[00561] In some other embodiments, nucleic acid sequences encode a CD28 polypeptide

that retains less than 20%, 15%, 10%, 5% or 2%, or in the range of between 2% to 20%, 2%

to 15%, 2% to 10%, or 2% to 5% of the ability to activate or induce one or more of the signal

transduction pathways induced when a native ligand of CD28 (e.g., B7-H2, B7-1 or B7-2)

binds to a native CD28 polypeptide, as measured by assays well-known in the art. In a



specific embodiment, nucleic acid sequences encode a CD28 polypeptide that retains less

than 20%, 15%, 10%, 5% or 2%, or in the range of between 2% to 20%, 2% to 15%, 2% to

10%, or 2% to 5% of the ability to activate or induce one or more of the signal transduction

pathways induced by the binding of B7-H2 to a native CD28 polypeptide. In another specific

embodiment, nucleic acid sequences encode a CD28 polypeptide that retains less than 20%,

15%, 10%, 5% or 2%, or in the range of between 2% to 20%, 2% to 15%, 2% to 10%, or 2%

to 5% of the ability to activate or induce one or more of the signal transduction pathways

induced by the binding of either B7-1, B7-2 or both to a native CD28 polypeptide.

5.3.4.4 CTLA-4 Nucleic Acids

[00562] In one aspect, presented herein are Therapeutic Agents that are nucleic acids

encoding CTLA-4. In a specific embodiment, the CTLA-4 encoded by the nucleic acids is

capable of binding to B7-H2. In particular embodiments, the CTLA-4 encoded by the nucleic

acids selectively binds to B7-H2 and does not bind to other ligands (e.g., B7-1 and/or B7-2).

In specific embodiments, the CTLA-4 encoded by the nucleic acids is an Immunostimulating

Therapeutic Agent. In other specific embodiments, the CTLA-4 encoded by the nucleic acids

is an Inhibitory Therapeutic Agent.

[00563] Nucleic acid sequences encoding native CTLA-4 are known in the art and have

been described in the literature. For example, the nucleic acid sequences encoding native

CTLA-4 can be found in publicly available publications and databases, e.g., National Center

for Biotechnology Information website at ncbi.nlm.nih.gov. Cloning techniques well known

in the art can be used to generate nucleic acids encoding CTLA-4. See, e.g., Ausubel et al,

Current Protocols in Molecular Biology, John Wiley and Sons, Inc. (1995); Sambrook et al,

Molecular Cloning, A Laboratory Manual (2d ed.), Cold Spring Harbor Press, Cold Spring

Harbor, N.Y. (1989); Birren et al, Genome Analysis: A Laboratory Manual, volumes 1

through 4, Cold Spring Harbor Press, Cold Spring Harbor, N.Y. (1997-1999).

[00564] In one embodiment, the Therapeutic Agent comprises nucleic acids that encode

native CTLA-4. In another embodiment, the Therapeutic Agent comprises nucleic acids that

encode a fusion protein described in Section 5.3.3, supra. In another embodiment, the

Therapeutic Agent comprises nucleic acids that encode a CTLA-4 derivative. See Section

5.3.2.4, supra, for CTLA-4 derivatives that the nucleic acids might encode.

[00565] In specific embodiments, nucleic acids encoding CTLA-4 include: (a) a nucleic

acid sequence that is at least 40%, 45%, 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%,

95%, 98%, or 99% or is 40% to 65%, 50% to 90%, 65% to 90%, 70% to 90%, 75% to 95%,



80% to 95%, or 85% to 99% identical to the naturally occurring nucleic acid sequence

encoding a native CTLA-4 polypeptide; (b) a nucleic acid sequence encoding a polypeptide

that is at least 40%, 45%, 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, 95%, 98%, or

99% or is 40% to 65%, 50% to 90%, 65% to 90%, 70% to 90%, 75% to 95%, 80% to 95%, or

85% to 99% identical the amino acid sequence of a native CTLA-4 polypeptide; (c) a nucleic

acid sequence that contains 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20 or

more, or 2 to 5, 2 to 10, 5 to 10, 5 to 15, 5 to 20, 10 to 15, or 15 to 20 nucleic acid base

mutations (e.g., additions, deletions and/or substitutions) relative to the naturally occurring

nucleic acid sequence encoding a native CTLA-4 polypeptide; (d) a nucleic acid sequence

that hybridizes under high, moderate or typical stringency hybridization conditions to a

naturally occurring nucleic acid sequence encoding a native CTLA-4 polypeptide; (e) a

nucleic acid sequence that hybridizes under high, moderate or typical stringency

hybridization conditions to a fragment of a naturally occurring nucleic acid sequence

encoding a native CTLA-4 polypeptide; and (f) a nucleic acid sequence encoding a fragment

of a naturally occurring nucleic acid sequence encoding a native CTLA-4 polypeptide. In a

specific embodiment, a CTLA-4 derivative in the context of nucleic acids is a derivative of a

naturally occurring nucleic acid sequence encoding a human CTLA-4 polypeptide. In

another embodiment, a CTLA-4 derivative in the context of nucleic acids is a derivative of a

naturally occurring nucleic acid sequence encoding an immature or precursor form of a native

human CTLA-4 polypeptide. In another embodiment, a CTLA-4 derivative in the context of

nucleic acids is a derivative of a naturally occurring nucleic acid sequence encoding a mature

form of a native human CTLA-4 polypeptide.

[00566] In a specific embodiment, a nucleic acid sequence encoding a CTLA-4

polypeptide is a derivative of a naturally occurring nucleic acid sequence encoding a native

human CTLA-4 polypeptide. In another embodiment, a nucleic acid sequence encoding a

CTLA-4 polypeptide is a derivative of a naturally occurring nucleic acid sequence encoding

an immature or precursor form of a native human CTLA-4 polypeptide. In another

embodiment, a nucleic acid sequence encoding a CTLA-4 polypeptide is a derivative of a

naturally occurring nucleic acid sequence encoding a mature form of a native human B7-H7

polypeptide.

[00567] In certain embodiments, nucleic acid sequences include codon-optimized nucleic

acid sequences that encode native CTLA-4 polypeptide, including mature and immature

forms of CTLA-4 polypeptide as well as fragments therof. In other embodiments, nucleic

acid sequences include nucleic acids that encode CTLA-4 RNA transcripts containing



mutations that eliminate potential splice sites and instability elements (e.g., A/T or A/U rich

elements) without affecting the amino acid sequence to increase the stability of the

mammalian CTLA-4 RNA transcripts.

[00568] In certain embodiments, nucleic acid sequences encode a CTLA-4 that retains at

least 25%, 30%, 35%, 40%, 45%, 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, 95%,

98% or 99%, or in the range of between 25% to 50%, 25% to 75%, 25% to 98%, 50% to

75%, or 75% to 100% of the function of a native CTLA-4 polypeptide to bind to a native

ligand of CTLA-4 (e.g., B7-H2, B7-1 or B7-2), as measured by assays well known in the art,

e.g., ELISA, Biacore, or co-immunoprecipitation. In a specific embodiment, nucleic acid

sequences encode a CTLA-4 that retains at least 25%, 30%, 35%, 40%, 45%, 50%, 55%,

60%, 65%, 70%, 75%, 80%, 85%, 90%, 95%, 98% or 99%, or in the range of between 25%

to 50%, 25% to 75%, 25% to 98%, 50% to 75%, or 75% to 100% of the function of a native

CTLA-4 polypeptide to bind to B7-H2. In another specific embodiment, nucleic acid

sequences encode a CTLA-4 that retains at least 25%, 30%, 35%, 40%, 45%, 50%, 55%,

60%, 65%, 70%, 75%, 80%, 85%, 90%, 95%, 98% or 99%, or in the range of between 25%

to 50%, 25% to 75%, 25% to 98%, 50% to 75%, or 75% to 100% of the function of a native

CTLA-4 polypeptide to bind to B7-H2, but the CTLA-4 derivative nucleic acid sequences

does not retain the function of the native CTLA-4 polypeptide to bind to either B7-1, B7-2 or

both, or retains less than 20%, 15%, 10%, 5% or 2%, or in the range of between 2% to 20%,

2% to 15%, 2% to 10%, or 2% to 5% of the function of the native CTLA-4 polypeptide to

bind to either B7-1, B7-2 or both.

[00569] In another specific embodiment, nucleic acid sequences encode a CTLA-4 that

retains at least 25%, 30%, 35%, 40%, 45%, 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%,

90%, 95%, 98% or 99%, or in the range of between 25% to 50%, 25% to 75%, 25% to 98%,

50% to 75%, or 75% to 100% of the function of a native CTLA-4 polypeptide to bind to

either B7-1, B7-2 or both. In another specific embodiment, nucleic acid sequences encode a

CTLA-4 that retains at least 25%, 30%, 35%, 40%, 45%, 50%, 55%, 60%, 65%, 70%, 75%,

80%, 85%, 90%, 95%, 98% or 99%, or in the range of between 25% to 50%, 25% to 75%,

25% to 98%, 50% to 75%, or 75% to 100% of the function of a native CTLA-4 polypeptide

to bind to either B7-1, B7-2 or both, but the CTLA-4 derivative nucleic acid sequences do not

retain the function of the native CTLA-4 polypeptide to bind to B7-H2, or retains less than

20%, 15%, 10%, 5% or 2%, or in the range of between 2% to 20%, 2% to 15%, 2% to 10%,

or 2% to 5% of the function of the native CTLA-4 polypeptide to bind to B7-H2.



[00570] In certain other embodiments, nucleic acid sequences encode a CTLA-4 that

retains less than 20%, 15%, 10%, 5% or 2%, or in the range of between 2% to 20%, 2% to

15%, 2% to 10%, or 2% to 5% of the function of a native CTLA-4 polypeptide to bind to a

native ligand of CTLA-4 (e.g., B7-H2, B7-1 or B7-2), as measured by assays well known in

the art, e.g., ELISA, Biacore, or co-immunoprecipitation. In a specific embodiment, nucleic

acid sequences encode a CTLA-4 that retains less than 20%, 15%, 10%, 5% or 2%, or in the

range of between 2% to 20%, 2% to 15%, 2% to 10%, or 2% to 5% of the function of a native

CTLA-4 polypeptide to bind to B7-H2. In another specific embodiment, nucleic acid

sequences encode a CTLA-4 that retains less than 20%, 15%, 10%, 5% or 2%, or in the range

of between 2% to 20%, 2% to 15%, 2% to 10%, or 2% to 5% of the function of a native

CTLA-4 polypeptide to bind to either B7-1, B7-2 or both.

[00571] In certain embodiments, nucleic acid sequences encode a CTLA-4 that has a

higher affinity for a native ligand of CTLA-4 (e.g., native B7-H2) than native CTLA-4 for the

same ligand, as measured by assays/techniques well known in the art, e.g., ELISA, Biacore,

or co-immunoprecipitation. In one embodiment, nucleic acid sequences encode a CTLA-4

polypeptide that binds to a native ligand of CTLA-4 (e.g., B7-H2) with a 50%, 75%, 80%,

85%, 90%, 95%, or 98%, or 25% to 50%, 25% to 75%, 50% to 95%, or 75% to 95% higher

affinity than the native CTLA-4 binds to the native ligand, as measured by well known

assays/techniques. In a specific embodiment, nucleic acid sequences encode a CTLA-4 that

binds to a native ligand of CTLA-4 (e.g., B7-H2) with 0.5 logs, 1 log, 1.5 logs, 2 logs, 2.5

logs, or 3 logs higher affinity than the native CLTA-4 binds to the same ligand, as measured

by assays/techniques well known in the art, e.g., ELISA, Biacore, or co-immunoprecipitation.

[00572] In certain embodiments, nucleic acid sequences encode a CTLA-4 polypeptide

with a lower affinity for a native ligand of CTLA-4 than native CTLA-4 binds to the same

ligand, as measured by well-known assays/techniques. In one embodiment, nucleic acid

sequences encode a CTLA-4 polypeptide with a 25%, 50%, 75%, 80%, 85%, 90%, 95%,

25% to 50%, 25% to 75%, 50% to 75%, 50% to 95%, or 75% to 95% lower affinity for a

native ligand of CTLA-4 than the native CTLA-4 binds to the same ligand, as measured by

well-known assays/techniques. In another embodiment, nucleic acid sequences encode a

CTLA-4 polypeptide with 0.5 logs, 1 log, 1.5 logs, 2 logs, 2.5 logs, or 3 logs lower affinity

for a native ligand of CTLA-4 than the native CTLA-4 binds to the same ligand, as measured

by well-known assays/techniques.

[00573] In some embodiments, nucleic acid sequences encode a CTLA-4 that retains at

least 25%, 30%, 35%, 40%, 45%, 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, 95%,



98% or 99%, or in the range of between 25% to 50%, 25% to 75%, 25% to 98%, 50% to

75%, or 75% to 100% of one or more of the signal transduction pathways induced when a

native ligand of CTLA-4 (e.g., B7-H2, B7-1 or B7-2) binds to a native CTLA-4 polypeptide,

as measured by assays well-known in the art. The one or more signal transduction pathways

induced by the binding of a ligand of CTLA-4 to a CTLA-4 polypeptide can be measured by,

e.g., assessing the activation of a signal transduction moiety (e.g., Jun kinase activation, MAP

kinase activation, PKC activation), the translocation of a transcription factor (e.g., NF-kappa

B or Statl), and cytokine production (e.g., IL-2, IL-4, IL-5, IL-10, IL-17, interferon-gamma,

or tumor necrosis factor-alpha) using techniques such as ELISAs, Western blots,

electromobility shift assays, and other immunoassays.

[00574] In a specific embodiment, nucleic acid sequences encode a CTLA-4 that retains at

least 25%, 30%, 35%, 40%, 45%, 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, 95%,

98% or 99%, or in the range of between 25% to 50%, 25% to 75%, 25% to 98%, 50% to

75%, or 75% to 100% of the ability to activate or induce one or more of the signal

transduction pathways induced by the binding of B7-H2 to a native CTLA-4 polypeptide. In

another specific embodiment, nucleic acid sequences encode CTLA-4 polypeptide that

retains at least 25%, 30%, 35%, 40%, 45%, 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%,

90%, 95%, 98% or 99%, or in the range of between 25% to 50%, 25% to 75%, 25% to 98%,

50% to 75%, or 75% to 100% of the ability to activate or induce one or more of the signal

transduction pathways induced when B7-H2 binds a native CTLA-4 polypeptide, but the

CTLA-4 polypeptide encoded by the nucleic acid sequences does not retain the ability to

activate or induce one or more of the signal transduction pathways induced by the binding of

either B7-1, B7-2 or both to the native CTLA-4 polypeptide, or retains less than 20%, 15%,

10%, 5% or 2%, or in the range of between 2% to 20%, 2% to 15%, 2% to 10%, or 2% to 5%

of the ability to activate or induce one or more of the signal transduction pathways induced

by either B7-1, B7-2 or both binding to the native CTLA-4 polypeptide.

[00575] In another specific embodiment, nucleic acid sequences encode a CTLA-4 that

retains at least 25%, 30%, 35%, 40%, 45%, 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%,

90%, 95%, 98% or 99%, or in the range of between 25% to 50%, 25% to 75%, 25% to 98%,

50% to 75%, or 75% to 100% of the ability to activate or induce one or more of the signal

transduction pathways induced by the binding of either B7-1, B7-2 or both to a native CTLA-

4 polypeptide. In another specific embodiment, nucleic acid sequences encode a CTLA-4

that retains at least 25%, 30%, 35%, 40%, 45%, 50%, 55%, 60%, 65%, 70%, 75%, 80%,

85%, 90%, 95%, 98% or 99%, or in the range of between 25% to 50%, 25% to 75%, 25% to



98%, 50% to 75%, or 75% to 100% of the ability to activate or induce one or more of the

signal transduction pathways induced by the binding of either B7-1, B7-2 or both to a native

CTLA-4 polypeptide, but the CTLA-4 polypeptide encoded by the nucleic acid sequences

does not retain the ability to activate or induce one or more of the signal transduction

pathways induced by the binding of either B7-H2 to the native CTLA-4 polypeptide, or

retains less than 20%, 15%, 10%, 5% or 2%, or in the range of between 2% to 20%, 2% to

15%, 2% to 10%, or 2% to 5% of the ability to activate or induce one or more of the signal

transduction pathways induced by binding B7-H2 to the native CTLA-4 polypeptide.

[00576] In certain embodiments, nucleic acid sequences encode a CTLA-4 that binds to its

native ligand (e.g., native B7-H2) and induces a higher level of activity than native CTLA-4

binding to the native ligand as assessed by, e.g., the activation or induction of one or more

signal transduction molecules. In some embodiments, nucleic acid sequences encode a

CTLA-4 that binds to B7-H2 and induces at least 25%, 30%, 35%, 40%, 45%, 50%, 55%,

60%, 65%, 70%, 75%, 80%, 85%, 90%, 95%, 98% or 99%, or in the range of between 25%

to 50%, 25% to 75%, 25% to 98%, 50% to 75%, 50% to 98%, or 75% to 90% higher level of

activity than native CTLA-4 binding to native B7-H2 as assessed by, e.g., the activation or

induction of one or more signal transduction molecules.

[00577] In some other embodiments, nucleic acid sequences encode a CTLA-4 that retains

less than 20%, 15%, 10%, 5% or 2%, or in the range of between 2% to 20%, 2% to 15%, 2%

to 10%, or 2% to 5% of the ability to activate or induce one or more of the signal transduction

pathways induced when a native ligand of CTLA-4 (e.g., B7-H2, B7-1 or B7-2) binds to a

native CTLA-4 polypeptide, as measured by assays well-known in the art. In a specific

embodiment, nucleic acid sequences encode a CTLA-4 that retains less than 20%, 15%, 10%,

5% or 2%, or in the range of between 2% to 20%, 2% to 15%, 2% to 10%, or 2% to 5% of

the ability to activate or induce one or more of the signal transduction pathways induced by

the binding of B7-H2 to a native CTLA-4 polypeptide. In another specific embodiment,

nucleic acid sequences encode a CTLA-4 that retains less than 20%, 15%, 10%, 5% or 2%, or

in the range of between 2% to 20%, 2% to 15%, 2% to 10%, or 2% to 5% of the ability to

activate or induce one or more of the signal transduction pathways induced by the binding of

either B7-1, B7-2 or both to a native CTLA-4 polypeptide.

5.3.4.5 Nucleic Acids Encoding Antibodies

[00578] In one aspect, a Therapeutic Agent is a nucleic acid sequence encoding an

antibody described in Section 5.3.1, supra (including antibody conjugate or fusion proteins).



In some embodiments, antibodies encoded by the nucleic acid sequences are

Immunostimulating Therapeutic Agents. In other embodiments, antibodies encoded by the

nucleic acid sequences are Inhibitory Therapeutic Agents.

5.3.4.6 Constructs & Recombinant Expression

[00579] The nucleic acids encoding a protein can be inserted into nucleic acid constructs

for expression in mammalian cells, bacteria, yeast, and viruses. See Section 5.2.4.4 regarding

information relating to constructs for expression of nucleic acids. The embodiments

described in that section are applicable here too.

5.3.5 Cells

[00580] Cells can be engineered to express the protein(s) encoded by the nucleic acid

constructs described in Section 5.2.5, supra. In one embodiment, such cells express amounts

of protein that are at least 1 fold, 2 fold, 3 fold, 4 fold, 5 fold, 6 fold, 7 fold, 8 fold, 9 fold, 10

fold, 20 fold, 30 fold, 40 fold, 50 fold or more than 50 fold higher than amounts of protein

expressed endogenously by control cells {e.g. , cells that have not been genetically engineered

to recombinantly express protein, or cells comprising an empty vector). In addition, cells can

be engineered to express the antibodies described in Section 5.3.1 et seq., supra, using

techniques well-known to one of skill in the art, see, e.g., U.S. Patent Nos. 5,807,715,

6,331,415, and 6,818,216; U.S. Patent Application Publication Nos. US 2002/0098189, US

2004/0028685, US 2005/0019330, and US 2007/0086943; International Publication No. WO

02/46237; and Harlow et ah, Antibodies. A Laboratory Manual, (Cold Spring Harbor

Laboratory Press, 2nd ed. 1988); Hammerling, et ah, in: Monoclonal Antibodies and T-CeIl

Hybridomas 563-681 (Elsevier, N.Y., 1981) (said references are incorporated by reference

herein in their entireties). The cells chosen for expression of nucleic acids will depend upon

the intended use of the cells. Factors such as whether a cell glycosylates similar to cells that

endogenously express a protein may be considered in selecting the cells. See Section 5.2.5

supra for information regarding cells genetically engineered to recombinantly express a

protein. The embodiments described in that section is applicable here too.

5.3.6 Compounds

[00581] In another aspect, a Therapeutic Agent is a compound (e.g., a small molecule). In

certain embodiments, a Therapeutic Agent is a compound that modulates one or more of the

signal transduction pathways induced by B7-H2 binding to one or more of the following

receptors: ICOS, CD28 or CTLA-4. In some embodiments, a Therapeutic Agent is a

compound that modulates the interaction between B7-H2 and one or more of the following:



ICOS, CD28 or CTLA-4. In certain embodiments, a Therapeutic Agent is a compound that

modulates the expression of B7-H2, ICOS, CD28 or CTLA-4. In specific embodiments, a

Therapeutic Agent selectively modulates: (i) one or more signal transduction pathways

induced by B7-H2 binding to ICOS, CD28 or CTLA-4; (ii) the interaction between B7-H2

and ICOS, CD28 or CTLA-4; and/or (iii) the expresson of B7-H2, ICOS, CD28 or CTLA-4.

Examples of compounds include, but are not limited to, peptides; proteins; peptoids; random

biooligomers; diversomers such as hydantoins, benzodiazepines, dipeptides; vinylogous

polypeptides; nonpeptidal peptidomimetics; oligocarbamates; peptidyl phosphonates; nucleic

acids (e.g., RNAi, antisense, and microRNA); antibodies; and carbohydrates. In a specific

embodiment, a Therapeutic Agent is a small molecule.

[00582] In certain embodiments, a Therapeutic Agent is an antisense nucleic acid molecule

that inhibits or reduces the expression of B7-H2, ICOS, CD28 or CTLA-4. See Section 5.2.6,

supra, for information relating antisense molecules.

[00583] In some embodiments, a Therapeutic Agent is a ribozyme that is specific for B7-

H2, ICOS, CD28 or CTLA-4 nucleic acids. In certain embodiments, a Therapeutic Agent is a

small interfering RNA (siRNA) that inhibits or reduces the expression of B7-H2, ICOS,

CD28 or CTLA-4. See Section 5.2.6, supra, for information relating to ribozymes and

siRNA.

5.4 COMPOSITIONS

[00584] Presented herein are compositions comprising one or more Therapeutic Agents,

including Immunostimulating Therapeutic Agents and Inhibitory Therapeutic Agents. The

compositions include bulk drug compositions useful in the manufacture of compositions (e.g.,

impure or non-sterile compositions) and pharmaceutical compositions (i.e., compositions that

are suitable for administration to a subject or patient) which can be used in the preparation of

unit dosage forms. The compositions comprise an effective amount of a Therapeutic Agent

or a combination of Therapeutic Agents and a pharmaceutically acceptable carrier. In

specific embodiments, the compositions comprise an effective amount of one or more

Therapeutic Agents and a pharmaceutically acceptable carrier. In specific embodiments, a

pharmaceutical composition comprises an amount of a Therapeutic Agent that is effective to

achieve the desired effect (e.g., modulation of T lymphocyte proliferation, modulation of

immune function, or prevention, treatment or management of disease). In some

embodiments, the composition further comprises an additional therapy/therapeutic, e.g., anti-



cancer agent, anti-viral agent, anti-inflammatory agent, adjuvant. Non-limiting examples of

such therapies/therapeutics are provided in Section 5.7 et seq., infra.

[00585] In a specific embodiment, the term "pharmaceutically acceptable" means

approved by a regulatory agency of the Federal or a state government or listed in the U.S.

Pharmacopeia or other generally recognized pharmacopeia for use in animals, and more

particularly in humans. The term "carrier" refers to a diluent, adjuvant (e.g., Freund's

adjuvant (complete and incomplete) or, more preferably, MF59C. 1 adjuvant available from

Chiron, Emeryville, CA), excipient, or vehicle with which the therapeutic is administered.

Such pharmaceutical carriers can be sterile liquids, such as water and oils, including those of

petroleum, animal, vegetable or synthetic origin, such as peanut oil, soybean oil, mineral oil,

sesame oil and the like. In one embodiment, water is a carrier when the pharmaceutical

composition is administered intravenously. Saline solutions and aqueous dextrose and

glycerol solutions can also be employed as liquid carriers, particularly for injectable

solutions. Suitable pharmaceutical excipients include starch, glucose, lactose, sucrose,

gelatin, malt, rice, flour, chalk, silica gel, sodium stearate, glycerol monostearate, talc,

sodium chloride, dried skim milk, glycerol, propylene, glycol, water, ethanol and the like.

The composition, if desired, can also contain minor amounts of wetting or emulsifying

agents, or pH buffering agents. These compositions can take the form of solutions,

suspensions, emulsion, tablets, pills, capsules, powders, sustained-release formulations and

the like.

[00586] Pharmaceutical compositions for use in accordance with the methods described

herein may be formulated in any conventional manner using one or more pharmaceutically

acceptable carriers or excipients.

[00587] Generally, the components of the pharmaceutical compositions comprising

Therapeutic Agents are supplied either separately or mixed together in unit dosage form, for

example, as a dry lyophilized powder or water free concentrate in a hermetically sealed

container such as an ampoule or sachette indicating the quantity of active agent. Where the

Therapeutic Agent is to be administered by infusion, it can be dispensed with an infusion

bottle containing sterile pharmaceutical grade water or saline (e.g., PBS). Where the

Therapeutic Agent is administered by injection, an ampoule of sterile water for injection or

saline can be provided so that the ingredients may be mixed prior to administration.

[00588] In some embodiments, Therapeutic Agents may be formulated for administration

by any method known to one of skill in the art, including but not limited to, inhalation,

insufflation (either through the mouth or the nose), oral, intradermal, transdermal,



intraparenteral, intravenous, subcutaneous, intramuscular, intratumoral, and mucosal (such as

buccal, vaginal, rectal, sublingual) administration.

[00589] In a specific embodiment, the Therapeutic Agents are formulated for local or

systemic parenteral administration. In one embodiment, the Therapeutic Agents are

formulated in a pharmaceutically compatible solution.

[00590] For oral administration, the pharmaceutical compositions comprising Therapeutic

Agents that are polypeptides or nucleic acids may take the form of, for example, tablets or

capsules prepared by conventional means with pharmaceutically acceptable excipients such

as binding agents (e.g., pregelatinised maize starch, polyvinylpyrrolidone or hydroxypropyl

methylcellulose); fillers (e.g., lactose, microcrystalline cellulose or calcium hydrogen

phosphate); lubricants (e.g., magnesium stearate, talc or silica); disintegrants (e.g., potato

starch or sodium starch glycolate); or wetting agents (e.g., sodium lauryl sulphate). The

tablets may be coated by methods well known in the art. Liquid preparations for oral

administration may take the form of, for example, solutions, syrups or suspensions, or they

may be presented as a dry product for constitution with water or other suitable vehicle before

use. Such liquid preparations may be prepared by conventional means with pharmaceutically

acceptable additives such as suspending agents (e.g., sorbitol syrup, cellulose derivatives or

hydrogenated edible fats); emulsifying agents (e.g., lecithin or acacia); non-aqueous vehicles

(e.g., almond oil, oily esters, ethyl alcohol or fractionated vegetable oils); and preservatives

(e.g., methyl or propyl-p-hydroxybenzoates or sorbic acid). The preparations may also

contain buffer salts, flavoring, coloring and sweetening agents as appropriate. Preparations

for oral administration may be suitably formulated to give controlled release of the

Therapeutic Agent or compositions thereof. For buccal administration the compositions may

take the form of tablets or lozenges formulated in conventional manner.

[00591] For administration by inhalation, the Therapeutic Agents are conveniently

delivered in the form of an aerosol spray presentation from pressurized packs or a nebulizer,

with the use of a suitable propellant, e.g., dichlorodifluoromethane, trichlorofluoromethane,

dichlorotetrafluoroethane, carbon dioxide or other suitable gas. In the case of a pressurized

aerosol the dosage unit may be determined by providing a valve to deliver a metered amount.

Capsules and cartridges of e.g., gelatin for use in an inhaler or insufflator may be formulated

containing a powder mix of the compound and a suitable powder base such as lactose or

starch.

[00592] The Therapeutic Agents can be formulated for parenteral administration by

injection, e.g., by bolus injection or continuous infusion. Formulations for injection may be



presented in unit dosage form, e.g., in ampoules or in multi-dose containers, with an added

preservative. The compositions may take such forms as suspensions, solutions or emulsions

in oily or aqueous vehicles, and may contain formulatory agents such as suspending,

stabilizing and/or dispersing agents. Alternatively, the Therapeutic Agent may be in powder

form for constitution with a suitable vehicle, e.g., sterile pyrogen-free water, before use.

[00593] The Therapeutic Agents may also be formulated in rectal compositions such as

suppositories or retention enemas, e.g., containing conventional suppository bases such as

cocoa butter or other glycerides.

[00594] In addition to the formulations described previously, the Therapeutic Agents may

also be formulated for implantation (for example subcutaneously or intramuscularly) or by

intramuscular injection.

[00595] In a specific embodiment, the formulation and administration of various

chemotherapeutic, biological/immunotherapeutic and hormonal therapeutic agents for use in

combination with Therapeutic Agents are known in the art and described in the Physician's

Desk Reference, 63rd ed. (2009). In some embodiments, the Therapeutic Agents are

formulated with other therapies, such as those described in Section 5.7 et seq. below. In

some embodiments, Therapeutic Agents comprising cells recombinantly expressing B7-H7,

B7-H7CR, B7-H2, ICOS, CD28 or CTLA-4 are formulated as pharmaceutical compositions.

5.5 PROPHYLACTIC AND THERAPEUTIC USES OF
THERAPEUTIC AGENTS THAT ENHANCE IMMUNE FUNCTION

5.5.1 Enhancing Immune Function

[00596] In one aspect, presented herein are methods for enhancing one or more immune

functions or responses in a subject, comprising administering to a subject in need thereof an

Immunostimulating Therapeutic Agent or a composition thereof. In a specific embodiment,

presented herein are methods for preventing, treating, and/or managing diseases in which it is

desirable to activate or enhance one or more immune functions or responses, comprising

administering to a subject in need thereof an Immunostimulating Therapeutic Agent or a

composition thereof. In other specific embodiments, the method comprises combination

therapy, wherein the Immunostimulating Therapeutic Agent is administered to a subject in

combination with another therapy, such as those described below, to activate or enhance one

or more immune functions or responses. In certain embodiments, the Immunostimulating

Therapeutic Agent is administered as an adjuvant in combination with an antigenic

composition. In a particular embodiment, the Immunostimulating Therapeutic Agent is



administered in combination with a vaccine composition to induce or activate or enhance the

immune response elicited by the vaccine composition.

[00597] Non-limiting examples of diseases that can be prevented, treated, or managed by

an enhancement of immune function include, but are not limited to, cancer, infectious

diseases, diseases characterized by infiltrating macrophages, or atherosclerosis. Various

cancers and infectious diseases are described below. In a specific embodiment, an

Immunostimulating Therapeutic Agent described herein can be used to treat or manage a

condition associated with cancer or a condition resulting from the administration of an an ti

cancer therapy (such as, e.g., chemotherapy or radiation). In a particular embodiment, an

Immunostimulating Therapeutic Agent can be used to treat or manage lymphocytopenia. In

another embodiment, an Immunostimulating Therapeutic Agent is administered to a patient

diagnosed with cancer to increase the proliferation and/or effector function of one or more

immune cell populations in the patient.

[00598] In a specific embodiment, an Immunostimulating Therapeutic Agent activates or

enhances or induces one or more immune functions or responses in a subject by at least 99%,

at least 95%, at least 90%, at least 85%, at least 80%, at least 75%, at least 70%, at least 60%,

at least 50%, at least 45%, at least 40%, at least 45%, at least 35%, at least 30%, at least 25%,

at least 20%, or at least 10%, or in the range of between 10% to 25%, 25% to 50%, 50% to

75%, or 75% to 95% relative to the immune function in a subject not administered the

Immunostimulating Therapeutic Agent using assays well known in the art, e.g., ELISPOT,

ELISA, and cell proliferation assays. In a specific embodiment, the immune function is

cytokine release (e.g., interferon-gamma, IL-2, IL-5, IL-10, IL- 12, or transforming growth

factor (TGF) -beta). In one embodiment, the immune function is NK cell proliferation, which

can be assayed, e.g., by flow cytometry to detect the number of cells expressing markers of

NK cells (e.g. , CD56). In one embodiment, the immune function is T cell proliferation,

which can be assayed, e.g., by flow cytometry to detect the number of cells expressing

markers of T cells (e.g. , CD3, CD4, or CD8). In another embodiment, the immune function

is antibody production, which can be assayed, e.g., by ELISA. In some embodiments, the

immune function is effector function, which can be assayed, e.g., by a cytotoxicity assay or

other assays well known in the art. In another embodiment, the immune function is a ThI

response. In another embodiment, the immune function is a Th2 response. In another

embodiment, the immune function is a Th 17 response. In another embodiment, the immune

function is a Th22 response. In another embodiment, the immune function is a memory

response.



[00599] In specific embodiments, non-limiting examples of immune functions that may be

enhanced by the Immunostimulating Therapeutic Agent are proliferation/expansion of

lymphocytes (e.g., increase in the number of lymphocytes), inhibition of apoptosis of

lymphocytes, activation of dendritic cells (or antigen presenting cells), and antigen

presentation. In particular embodiments, an immune function enhanced by the

Immunostimulating Therapeutic Agent is proliferation/expansion in the number of or
+ +

activation of CD4 T cells ( e.g., ThI and Th2 helper T cells), CD8 T cells (e.g., cytotoxic T

lymphocytes, alpha/beta T cells, and gamma/delta T cells), B cells ( e.g., plasma cells),

memory T cells, memory B cells, dendritic cells (immature or mature), antigen presenting

cells, macrophages, mast cells, natural killer T cells (NKT cells), tumor-resident T cells,
+

CD122 T cells, or natural killer cells (NK cells). In one embodiment, the

Immunostimulating Therapeutic Agent activates or enhances the proliferation/expansion or

number of lymphocyte progenitors. In certain embodiments, the Immunostimulating

Therapeutic Agent reduces the proliferation/expansion of Tregs. In some embodiments, an
+

Immunostimulating Therapeutic Agent increases the number of CD4 T cells ( e.g., ThI and
+

Th2 helper T cells), CD8 T cells (e.g., cytotoxic T lymphocytes, alpha/beta T cells, and

gamma/delta T cells), B cells (e.g., plasma cells), memory T cells, memory B cells, dendritic

cells (immature or mature), antigen presenting cells, macrophages, mast cells, natural killer T
+

cells (NKT cells), tumor-resident T cells, CD 122 T cells, or natural killer cells (NK cells) by

approximately at least 99%, at least 95%, at least 90%, at least 85%, at least 80%, at least

75%, at least 70%, at least 60%, at least 50%, at least 45%, at least 40%, at least 45%, at least

35%, at least 30%, at least 25%, at least 20%, or at least 10%, or in the range of between 10%

to 25%, 25% to 50%, 50% to 75%, or 75% to 95% relative a negative control (e.g., number of

the respective cells not treated, cultured, or contacted with an Immunostimulating

Therapeutic Agent).

[00600] In certain embodiments, an Immunostimulating Therapeutic Agent inhibits or

reduces one or more signal transduction pathways mediated by CTLA-4 binding to one or

more of its ligands (e.g., B7-1, B7-2, or B7-H2). In some embodiments, an

Immunostimulatory Therapeutic Agent inhibits or reduces the binding of native CTLA-4 to

one or more of its ligands (e.g., B7-1, B7-2, or B7-H2). In a specific embodiment, an

Immunostimulatory Therapeutic Agent is a B7-H2-Ig polypeptide or derivative thereof or

other CTLA-4 inhibitor described herein. In certain embodiments, a chronic disease (e.g.,



HIV or HCV infection, cancer, etc.) is treated or managed by administering such an

Immunostimulatory Therapeutic Agent.

[00601] In certain embodiments, an Immunostimulatory Therapeutic Agent enhances,

activates or induces one or more signal transduction pathways mediated by CD28 binding to

one or more of its ligands (e.g., B7-1, B7-2 or B7-H2). In a specific embodiment, an

Immunostimulatory Therapeutic Agent is a B7-H2Ig or another agonist described herein. In

certain embodiments, an acute disease (e.g., an acute infection) is treated or managed by

administering such an Immunostimulatory Therapeutic Agent.

[00602] In certain embodiments, an Immunostimulatory Therapeutic Agent enhances,

activates or induces one or more signal transduction pathways mediated by ICOS binding to

one or more of its ligands (e.g., B7-H2). In certain embodiments, an chronic disease (e.g., a

chronic viral infection) is treated or managed by administering such an Immunostimulatory

Therapeutic Agent.

[00603] The immunostimlatory molecules, B7-1 and B7-2, which bind to the inducible

inhibitory CTLA-4 receptor with higher affinity than the constitutive stimulatory CD28

receptor. Therefore, B7-1 and B7-2 initially stimulate immune responses via CD28 but later

inhibit of immune responses via CTLA-4, which prevents over-stimulation of the immune

system. In contrast, B7-H2 has a relatively low affinity for CTLA-4 compared to CD28 and

ICOS. Therefore, an agonistic B7-H2 polypeptide or fusion thereof (e.g. B7-H2-Ig) may be

very useful for producing sustained immune responses through CD28 (a consitutive receptor)

and ICOS (an inducible receptor) for treating chronic cancers and infections, and to help

generate memory responses. In addition, an agonistic B7-H2 polypeptide or fusion thereof

(e.g. B7-H2-Ig) maybe a very good 'adjuvant' for other therapeutics relying on immune

stimulation, such as vaccines against cancers and infectious disease. The effects may be

enhanced in combination of CTLA4 inhibitors e.g. anti-CTLA4.

5.5.1.1 Cancer

[00604] In a specific aspect, presented herein are methods for preventing, treating, and/or

managing cancer, comprising administering to a subject in need thereof an effective amount

of an Immunostimulating Therapeutic Agent or a composition thereof. In a specific

embodiment, an Immunostimulating Therapeutic Agent or a composition thereof is the only

active agent administered to a subject (i.e., monotherapy).

[00605] The effect of an Immunostimulating Therapeutic Agent on proliferation of cancer

cells can be detected by routine assays, such as by assays that measure the uptake of



radiolabeled thymidine. Alternatively, cell viability can be measured by assays that measure

lactate dehydrogenase (LDH), a stable cytosolic enzyme that is released upon cell lysis, or by

the release of [ Cr] upon cell lysis. In one embodiment, necrosis measured by the ability or

inability of a cell to take up a dye such as neutral red, trypan blue, or ALAMARTM blue

(Page et al., 1993, Intl. J . of Oncology 3:473 476). In such an assay, the cells are incubated

in media containing the dye, the cells are washed, and the remaining dye, reflecting cellular

uptake of the dye, is measured spectrophotometrically.

[00606] In another embodiment, the dye is sulforhodamine B (SRB), whose binding to

proteins can be used as a measure of cytotoxicity (Skehan et al., 1990, J . Nat'l Cancer Inst.

82: 1107 12). In yet another embodiment, a tetrazolium salt, such as MTT, is used in a

quantitative colorimetric assay for mammalian cell survival and proliferation by detecting

living, but not dead, cells (see, e.g., Mosmann, 1983, J . Immunol. Methods 65:55 63).

[00607] In other embodiments, apoptotic cells are measured in both the attached and

"floating" compartments of the cultures. Both compartments are collected by removing the

supernatant, trypsinizing the attached cells, and combining both preparations following a

centrifugation wash step (10 minutes, 2000 rpm). The protocol for treating tumor cell

cultures with sulindac and related compounds to obtain a significant amount of apoptosis has

been described in the literature (see, e.g., Piazza et al., 1995, Cancer Research 55:3 110 16).

Features of this method include collecting both floating and attached cells, identification of

the optimal treatment times and dose range for observing apoptosis, and identification of

optimal cell culture conditions.

[00608] In another embodiment, apoptosis is quantitated by measuring DNA

fragmentation. Commercial photometric methods for the quantitative in vitro determination

of DNA fragmentation are available. Examples of such assays, including TUNEL (which

detects incorporation of labeled nucleotides in fragmented DNA) and ELISA-based assays,

are described in Biochemica, 1999, no. 2, pp. 34 37 (Roche Molecular Biochemicals). In yet

another embodiment, apoptosis can be observed morphologically.

[00609] Cancer cell lines on which such assays can be performed are well known to those

of skill in the art. Apoptosis, necrosis and proliferation assays can also be performed on

primary cells, e.g. , a tissue explant.

[00610] In a specific embodiment, the proliferation or viability of cancer cells contacted

with an Immunostimulating Therapeutic Agent or a composition comprising an

Immunostimulating Therapeutic Agent is inhibited or reduced by at least 2 fold, preferably at



least 2.5 fold, at least 3 fold, at least 4 fold, at least 5 fold, at least 7 fold, or at least 10 fold,

or 2 to 5 fold, 2 to 10 fold, 4 to 7 fold, 4 to 10 fold, or 7 to 10 fold relative to the proliferation

of the cancer cells when contacted with a negative control (e.g., PBS) as measured using

assays well known in the art, e.g., cell proliferation assays using CSFE, BrdU, and H-

Thymidine incorporation. In another embodiment, the proliferation of cancer cells contacted

with an Immunostimulating Therapeutic Agent or a composition comprising an

Immunostimulating Therapeutic Agent is inhibited or reduced by at least 25%, at least 30%,

at least 35%, at least 40%, at least 45%, at least 50%, at least 55%, at least 60%, at least 65%,

at least 70%, at least 75%, at least 80%, at least 85%, at least 90%, or at least 95% or 25% to

65%, 40% to 65%, 50% to 90%, 65% to 90%, 70% to 90%, 75% to 95%, 80% to 95%, or

85% to 99% relative to cancer cells contacted with a negative control (e.g., PBS) as measured

using assays well known in the art, e.g., cell proliferation assays using CSFE, BrdU, and H-

Thymidine incorporation, or those assays described above.

[00611] In specific embodiments, the administration of an Immunostimulating Therapeutic

Agent or a composition thereof to a subject with cancer (in some embodiments, an animal

model for cancer) achieves at least one, two, three, four or more of the following effects: (i)

the reduction or amelioration of the severity of one or more symptoms of cancer; (ii) the

reduction in the duration of one or more symptoms associated with cancer; (iii) the

prevention in the recurrence of a symptom associated with cancer; (iv) the reduction in

hospitalization of a subject; (v) a reduction in hospitalization length; (vi) the increase in the

survival of a subject; (vii) the enhancement or improvement of the therapeutic effect of

another therapy; (viii) an increase in the survival rate of patients; (xiii) a decrease in

hospitalization rate; (ix) the prevention of the development or onset of one or more symptoms

associated with cancer; (x) the reduction in the number of symptoms associated with cancer;

(xi) an increase in symptom-free survival of cancer patients; (xii) improvement in quality of

life as assessed by methods well known in the art; (xiii) the prevention in the recurrence of a

tumor; (xiv) the regression of tumors and/or one or more symptoms associated therewith;

(xvii) the inhibition of the progression of tumors and/or one or more symptoms associated

therewith; (xviii) a reduction in the growth of a tumor; (xix) a decrease in tumor size (e.g. ,

volume or diameter); (xx) a reduction in the formation of a newly formed tumor; (xxi)

eradication, removal, or control of primary, regional and/or metastatic tumors; (xxii) a

decrease in the number or size of metastases; (xxiii) a reduction in mortality; (xxiv) an

increase in the tumor-free survival rate of patients; (xxv) an increase in relapse free survival;



(xxvi) an increase in the number of patients in remission; (xxvii) the size of the tumor is

maintained and does not increase or increases by less than the increase of a tumor after

administration of a standard therapy as measured by conventional methods available to one of

skill in the art, such as magnetic resonance imaging (MRI), dynamic contrast-enhanced MRI

(DCE-MRI), X-ray, and computed tomography (CT) scan, or a positron emission tomography

(PET) scan; and/or (xxviii) an increase in the length of remission in patients.

[00612] In a specific embodiment, the administration of an Immunostimulating

Therapeutic Agent or a composition thereof to a subject with cancer (in some embodiments,

an animal model for cancer) inhibits or reduces the growth of a tumor by at least 2 fold,

preferably at least 2.5 fold, at least 3 fold, at least 4 fold, at least 5 fold, at least 7 fold, or at

least 10 fold or 2 to 5 fold, 2 to 10 fold, 4 to 7 fold, 4 to 10 fold, or 7 to 10 fold relative to the

growth of a tumor in a subject with cancer (in some embodiments, in the same animal model

for cancer) administered a negative control (e.g., PBS) as measured using assays well known

in the art. In another embodiment, the administration of an Immunostimulating Therapeutic

Agent or a composition comprising an Immunostimulating Therapeutic Agent to a subject

with cancer (in some embodiments, an animal model for cancer) inhibits or reduces the

growth of a tumor by at least 25%, at least 30%, at least 35%, at least 40%, at least 45%, at

least 50%, at least 55%, at least 60%, at least 65%, at least 70%, at least 75%, at least 80%, at

least 85%, at least 90%, or at least 95% or 25% to 65%, 40% to 65%, 50% to 90%, 65% to

90%, 70% to 90%, 75% to 95%, 80% to 95%, or 85% to 99% relative to the growth of a

tumor in a subject with cancer (in some embodiments, in the same animal model for cancer)

administered a negative control (e.g., PBS) as measured using assays well known in the art.

[00613] In a specific embodiment, the administration of an Immunostimulating

Therapeutic Agent or a composition comprising an Immunostimulating Therapeutic Agent to

a subject with cancer (in some embodiments, an animal model for cancer) reduces the size of

a tumor by at least 2 fold, preferably at least 2.5 fold, at least 3 fold, at least 4 fold, at least 5

fold, at least 7 fold, or at least 10 fold, or 2 to 5 fold, 2 to 10 fold, 4 to 7 fold, 4 to 10 fold, or

7 to 10 fold relative to the growth of a tumor in a subject with cancer (in some embodiments,

the same animal model for cancer) administered a negative control (e.g., PBS) as measured

using assays well known in the art. In another embodiment, the administration of an

Immunostimulating Therapeutic Agent or a composition comprising an Immunostimulating

Therapeutic Agent to a subject with (in some embodiments, an animal model for cancer)

reduces the size of a tumor by at least 10%, at least 25%, at least 30%, at least 35%, at least

40%, at least 45%, at least 50%, at least 55%, at least 60%, at least 65%, at least 70%, at least



75%, at least 80%, at least 85%, at least 90%, or at least 95%, or 10% to 25%, 25% to 50%,

25% to 75%, 50% to 75%, 75% to 95%, 75% to 100% relative to the growth of a tumor in a

subject with cancer (in some embodiments, the same animal model for cancer) administered a

negative control (e.g., PBS) as measured using assays well known in the art.

[00614] In certain embodiments, two or more different Immunostimulating Therapeutic

Agents are administered to a subject. In some embodiments, an Immunostimulating

Therapeutic Agent is administered to a subject in combination with one or more other

therapies, e.g., anti-cancer agents, cytokines, cellular vaccines or anti-hormonal agents, to

treat and/or manage cancer. Non-limiting examples of other therapies is provided in Section

5.7 et seq., infra. In one embodiment, the combination of an Immunostimulating Therapeutic

Agent and one or more other therapies provides an additive therapeutic effect relative to the

therapeutic effects of the Immunostimulating Therapeutic Agent alone or the one or more

other therapies alone. In one embodiment, the combination of an Immunostimulating

Therapeutic Agent and one or more other therapies provides more than an additive

therapeutic effect relative to the therapeutic effects of the Immunostimulating Therapeutic

Agent alone or the one or more other therapies alone. In one embodiment, the combination

of an Immunostimulating Therapeutic Agent and one or more other therapies provides a

synergistic therapeutic effect relative to the therapeutic effects of the Immunostimulating

Therapeutic Agent alone or the one or more other therapies alone.

[00615] In a specific embodiment, an Immunostimulating Therapeutic Agent is

administered in combination with radiation therapy comprising, e.g., the use of x-rays,

gamma rays and other sources of radiation to destroy the cancer cells. In specific

embodiments, the radiation treatment is administered as external beam radiation or

teletherapy wherein the radiation is directed from a remote source. In other embodiments, the

radiation treatment is administered as internal therapy or brachytherapy wherein a radioactive

source is placed inside the body close to cancer cells or a tumor mass. In one aspect, the

Immunostimulating Therapeutic Agent can activate or enhance the immune function -θfor

response in a cancer patient with a compromised immune system due to anti-cancer therapy.

In another embodiment, an Immunostimulating Therapeutic Agent is administered to a

subject in combination with chemotherapy. In an embodiment, an Immunostimulating

Therapeutic Agent can be used before, during or after radiation therapy or chemotherapy. In

another embodiment, an Immunostimulating Therapeutic Agent can be used before, during or

after surgery. In another embodiment, an Immunostimulating Therapeutic Agent is

administered to a subject in combination with one or more other therapies that target different



immunostimulatory pathways. In one embodiment the Immunostimulating Therapeutic

Agent is administered to a subject in combination with B7-DC-Ig (e.g., Amp-224

(Amplimmune, Rockville, Maryland)), anti-PD-1, anti-B7-l, anti-B7-2, or anti-CTLA4

(Ipilimumab or Tremelimumab).. In another embodiment, an Immunostimulating

Therapeutic Agent is administered to a subject in combination with agonistic anti-CD28

(TGN 14 12). In another embodiment, an Immunostimulating Therapeutic Agent is

administered to a subject in combination with cyclophosphamide or a derivative therof. In a

specific embodiment, an Immunostimulating Therapeutic Agent is administered to a subject

in combination with low dose TGN 14 12. In another embodiment, an Immunostimulating

Therapeutic Agent is administered to a subject in combination with an anti-hormonal agent,

an aromatase inhibitor, a ribozyme, a vaccine, etc.

[00616] Non-limiting examples of anti-cancer agents that can be administered to a subject

in combination with an Immunostimulating Therapeutic Agent are anti-hormonal agents that

act to regulate or inhibit hormone action on tumors, such as anti-estrogens and selective

estrogen receptor modulators (SERMs), including, for example, tamoxifen (including

NOLVADEX® tamoxifen), raloxifene, droloxifene, 4-hydroxytamoxifen, trioxifene,

keoxifene, LY 1 170 18, onapristone, and FARESTON toremifene; aromatase inhibitors that

inhibit the enzyme aromatase, which regulates estrogen production in the adrenal glands,

such as, for example, 4(5)-imidazoles, aminoglutethimide, MEGASE® megestrol acetate,

AROMASIN®V exemestane, formestanie, fadrozole, RIVISOR® vorozole, FEMARA®

letrozole, and ARIMIDEX®D anastrozole; and anti-androgens such as flutamide, nilutamide,

bicalutamide, leuprolide, and goserelin; as well as troxacitabine (a 1,3-dioxolane nucleoside

cytosine analog); antisense oligonucleotides, particularly those which inhibit expression of

genes in signaling pathways implicated in aberrant cell proliferation, such as, for example,

PKC-alpha, Raf and H-Ras; ribozymes such as a VEGF expression inhibitor (e.g.,

ANGIOZYME® ribozyme) and a HER2 expression inhibitor; vaccines such as gene therapy

vaccines, for example, ALLOVECTIN® vaccine, LEUVECTIN® vaccine, and VAXID®

vaccine; PROLEUKIN® rIL-2; LURTOTECAN® topoisomerase 1 inhibitor; ABARELX®

rmRH; Vinorelbine and Esperamicins (see U.S. Pat. No. 4,675,187), and pharmaceutically

acceptable salts, acids or derivatives of any of the above. Other anti-cancer agents include

cyclophosphamide. Cyclophosphamide (CTX, Cytoxan®, or Neosar®) is an oxazahosphorine

drug and analogs include ifosfamide (IFO, Ifex), perfosfamide, trophosphamide

(trofosfamide; Ixoten), and pharmaceutically acceptable salts, solvates, prodrugs and

metabolites thereof (US patent application 20070202077 which is incorporated in its



entirety). Ifosfamide (MITOXANA®) is a structural analog of cyclophosphamide and its

mechanism of action is considered to be identical or substantially similar to that of

cyclophosphamide. Perfosfamide (4-hydroperoxycyclophosphamide) and trophosphamide are

also alkylating agents, which are structurally related to cyclophosphamide. For example,

perfosfamide alkylates DNA, thereby inhibiting DNA replication and RNA and protein

synthesis. New oxazaphosphorines derivatives have been designed and evaluated with an

attempt to improve the selectivity and response with reduced host toxicity (Liang J, Huang

M, Duan W, Yu XQ, Zhou S. Design of new oxazaphosphorine anticancer drugs. Curr Pharm

Des. 2007;13(9):963-78. Review). These include mafosfamide (NSC 345842), glufosfamide

(D19575, beta-D-glucosylisophosphoramide mustard), S-(-)-bromofosfamide (CBM-Il),

NSC 612567 (aldophosphamide perhydrothiazine) and NSC 613060 (aldophosphamide

thiazolidine). Mafosfamide is an oxazaphosphorine analog that is a chemically stable 4-

thioethane sulfonic acid salt of 4-hydroxy-CPA. Glufosfamide is IFO derivative in which the

isophosphoramide mustard, the alkylating metabolite of IFO, is glycosidically linked to a

beta-D-glucose molecule. Additional cyclophosphamide analogs are described in US patent

5,190,929 entitled "Cyclophosphamide analogs useful as anti-tumor agents" which is

incorporated herein by reference in its entirety. In other embodiments, the anti-cancer agent

reduces the activity and/or number of regulatory T lymphocytes (T-regs), preferably Sunitinib

(SUTENT®), anti-TGFβ or Imatinib (GLEEVAC®). Useful anti-cancer agents also include

mitosis inhibitors, such as paclitaxol, aromatase inhibitors (e.g. Letrozole) and angiogenesis

inhibitors (VEGF inhibitors e.g. Avastin, VEGF-Trap) (see, for example, Li et al., Vascular

endothelial growth factor blockade reduces intratumoral regulatory T cells and enhances the

efficacy of a GM-CSF-secreting cancer immunotherapy. Clin Cancer Res. 2006 Nov

15;12(22):6808-16.), anthracyclines, oxaliplatin, doxorubicin, TLR4 antagonists, and IL-18

antagonists.

5.5.1.1.1 Types of Cancers

[00617] Cancers and related disorders that can be prevented, treated, or managed in

accordance with the methods described herein include, but are not limited to, the following:

Leukemias including, but not limited to, acute leukemia, acute lymphocytic leukemia, acute

myelocytic leukemias such as myeloblastic, promyelocytic, myelomonocytic, monocytic,

erythroleukemia leukemias and myelodysplastic syndrome, chronic leukemias such as but not

limited to, chronic myelocytic (granulocytic) leukemia, and chronic lymphocytic leukemia,

hairy cell leukemia; polycythemia vera; lymphomas such as but not limited to Hodgkin's



disease, and non-Hodgkin's disease; multiple myelomas such as but not limited to smoldering

multiple myeloma, nonsecretory myeloma, osteosclerotic myeloma, plasma cell leukemia,

solitary plasmacytoma and extramedullary plasmacytoma; Waldenstrom's

macroglobulinemia; monoclonal gammopathy of undetermined significance; benign

monoclonal gammopathy; heavy chain disease; bone and connective tissue sarcomas such as

but not limited to bone sarcoma, osteosarcoma, chondrosarcoma, Ewing's sarcoma,

malignant giant cell tumor, fibrosarcoma of bone, chordoma, periosteal sarcoma, soft-tissue

sarcomas, angiosarcoma (hemangiosarcoma), fibrosarcoma, Kaposi's sarcoma,

leiomyosarcoma, liposarcoma, lymphangiosarcoma, neurilemmoma, rhabdomyosarcoma, and

synovial sarcoma; brain tumors including but not limited to, glioma, astrocytoma, brain stem

glioma, ependymoma, oligodendroglioma, nonglial tumor, acoustic neurinoma,

craniopharyngioma, medulloblastoma, meningioma, pineocytoma, pineoblastoma, and

primary brain lymphoma; breast cancer including, but not limited to, adenocarcinoma, lobular

(small cell) carcinoma, intraductal carcinoma, medullary breast cancer, mucinous breast

cancer, tubular breast cancer, papillary breast cancer, Paget' s disease, and inflammatory

breast cancer; adrenal cancer, including but not limited to, pheochromocytom and

adrenocortical carcinoma; thyroid cancer such as but not limited to papillary or follicular

thyroid cancer, medullary thyroid cancer and anaplastic thyroid cancer; pancreatic cancer,

including but not limited to, insulinoma, gastrinoma, glucagonoma, vipoma, somatostatin-

secreting tumor, and carcinoid or islet cell tumor; pituitary cancers including but not limited

to, Cushing's disease, prolactin-secreting tumor, acromegaly, and diabetes insipius; eye

cancers including but not limited to, ocular melanoma such as iris melanoma, choroidal

melanoma, and cilliary body melanoma, and retinoblastoma; vaginal cancers, including but

not limited to, squamous cell carcinoma, adenocarcinoma, and melanoma; vulvar cancer,

including but not limited to, squamous cell carcinoma, melanoma, adenocarcinoma, basal cell

carcinoma, sarcoma, and Paget' s disease; cervical cancers including but not limited to,

squamous cell carcinoma, and adenocarcinoma; uterine cancers including but not limited to,

endometrial carcinoma and uterine sarcoma; ovarian cancers including but not limited to,

ovarian epithelial carcinoma, borderline tumor, germ cell tumor, and stromal tumor;

esophageal cancers including but not limited to, squamous cancer, adenocarcinoma, adenoid

cyctic carcinoma, mucoepidermoid carcinoma, adenosquamous carcinoma, sarcoma,

melanoma, plasmacytoma, verrucous carcinoma, and oat cell (small cell) carcinoma; stomach

cancers including but not limited to, adenocarcinoma, fungating (polypoid), ulcerating,

superficial spreading, diffusely spreading, malignant lymphoma, liposarcoma, fibrosarcoma,



and carcinosarcoma; colon cancers; rectal cancers; liver cancers including but not limited to

hepatocellular carcinoma and hepatoblastoma; gallbladder cancers including but not limited

to, adenocarcinoma; cholangiocarcinomas including but not limited to, pappillary, nodular,

and diffuse; lung cancers including but not limited to, non-small cell lung cancer, squamous

cell carcinoma (epidermoid carcinoma), adenocarcinoma, large-cell carcinoma and small-cell

lung cancer; testicular cancers including but not limited to, germinal tumor, semi noma,

anaplastic, spermatocyte, nonseminoma, embryonal carcinoma, teratoma carcinoma,

choriocarcinoma (yolk-sac tumor); prostate cancers including but not limited to,

adenocarcinoma, leiomyosarcoma, and rhabdomyosarcoma; penal cancers; oral cancers

including but not limited to, squamous cell carcinoma; basal cancers; salivary gland cancers

including but not limited to, adenocarcinoma, mucoepidermoid carcinoma, and adenoidcystic

carcinoma; pharynx cancers including but not limited to, squamous cell cancer, and

verrucous; skin cancers including but not limited to, basal cell carcinoma, squamous cell

carcinoma and melanoma, and superficial spreading melanoma, nodular melanoma, lentigo

malignant melanoma, acral lentiginous melanoma; kidney cancers including but not limited

to, renal cell cancer, renal cancer, adenocarcinoma, hypernephroma, fibrosarcoma, and

transitional cell cancer (renal pelvis and/or uterer); Wilms' tumor; bladder cancers including

but not limited to, transitional cell carcinoma, squamous cell cancer, adenocarcinoma, and

carcinosarcoma. In addition, cancers include myxosarcoma, osteogenic sarcoma,

endotheliosarcoma, lymphangioendotheliosarcoma, mesothelioma, synovioma,

hemangioblastoma, epithelial carcinoma, cystadenocarcinoma, bronchogenic carcinoma,

sweat gland carcinoma, sebaceous gland carcinoma, papillary carcinoma and papillary

adenocarcinomas (for a review of such disorders, see Fishman et al, 1985, Medicine, 2d Ed.,

J.B. Lippincott Co., Philadelphia and Murphy et al, 1997, Informed Decisions: The

Complete Book of Cancer Diagnosis, Treatment, and Recovery, Viking Penguin, Penguin

Books U.S.A., Inc., United States of America).

[00618] In one embodiment, the cancer is benign, e.g., polyps and benign lesions. In other

embodiments, the cancer is metastatic. The Immunostimulating Therapeutic Agents can be

used in the treatment of pre-malignant as well as malignant conditions. Pre-malignant

conditions include hyperplasia, metaplasia, and dysplasia. Treatment of malignant conditions

includes the treatment of primary as well as metastatic tumors. In a specific embodiment the

cancer is melanoma, colon cancer, lung cancer, breast cancer, prostate cancer, cervical

cancer, liver cancer, testicular cancer, brain cancer, pancreatic cancer, or renal cancer.

5.5.1.1.2 Patient Population



[00619] In some embodiments, Immunostimulating Therapeutic Agents, compositions

comprising Immunostimulating Therapeutic Agents, or combination therapies are

administered to a subject suffering from or diagnosed with cancer. In other embodiments,

Immunostimulating Therapeutic Agents, compositions comprising Immunostimulating

Therapeutic Agents, or combination therapies are administered to a subject predisposed or

susceptible to developing cancer. In some embodiments, Immunostimulating Therapeutic

Agents, compositions comprising Immunostimulating Therapeutic Agents, or combination

therapies are administered to a subject that lives in a region where there is a high occurrence

rate of cancer. In a specific embodiment, the cancer is characterized by a pre-malignant

tumor or a malignant tumor.

[00620] In some embodiments, an Immunostimulating Therapeutic Agent, composition

comprising an Immunostimulating Therapeutic Agent, or a combination therapy is

administered to a mammal. In certain embodiments, an Immunostimulating Therapeutic

Agent, composition comprising an Immunostimulating Therapeutic Agent, or a combination

therapy is administered to a mammal which is 0 to 6 months old, 6 to 12 months old, 1 to 5

years old, 5 to 10 years old, 10 to 15 years old, 15 to 20 years old, 20 to 25 years old, 25 to 30

years old, 30 to 35 years old, 35 to 40 years old, 40 to 45 years old, 45 to 50 years old, 50 to

55 years old, 55 to 60 years old, 60 to 65 years old, 65 to 70 years old, 70 to 75 years old, 75

to 80 years old, 80 to 85 years old, 85 to 90 years old, 90 to 95 years old or 95 to 100 years

old. In certain embodiments, an Immunostimulating Therapeutic Agent, composition

comprising an Immunostimulating Therapeutic Agent, or a combination therapy is

administered to a pet, e.g., a dog or cat. In certain embodiments, an Immunostimulating

Therapeutic Agent, composition comprising an Immunostimulating Therapeutic Agent, or a

combination therapy is administered to a farm animal or livestock, e.g., pig, cows, horses,

chickens, etc.

[00621] In certain embodiments, an Immunostimulating Therapeutic Agent, composition

comprising an Immunostimulating Therapeutic Agent, or a combination therapy is

administered to a human at risk developing cancer. In certain embodiments, an

Immunostimulating Therapeutic Agent, composition comprising an Immunostimulating

Therapeutic Agent, or a combination therapy is administered to a human with cancer. In

certain embodiments, an Immunostimulating Therapeutic Agent, composition comprising an

Immunostimulating Therapeutic Agent, or a combination therapy is administered to a human

diagnosed with cancer. In certain embodiments, the patient is a human 0 to 6 months old, 6

to 12 months old, 1 to 5 years old, 5 to 10 years old, 5 to 12 years old, 10 to 15 years old, 15



to 20 years old, 13 to 19 years old, 20 to 25 years old, 25 to 30 years old, 20 to 65 years old,

30 to 35 years old, 35 to 40 years old, 40 to 45 years old, 45 to 50 years old, 50 to 55 years

old, 55 to 60 years old, 60 to 65 years old, 65 to 70 years old, 70 to 75 years old, 75 to 80

years old, 80 to 85 years old, 85 to 90 years old, 90 to 95 years old or 95 to 100 years old. In

some embodiments, an Immunostimulating Therapeutic Agent, composition comprising an

Immunostimulating Therapeutic Agent, or a combination therapy is administered to a human

infant or a premature human infant. In other embodiments, an Immunostimulating

Therapeutic Agent, composition comprising an Immunostimulating Therapeutic Agent, or a

combination therapy is administered to a human child. In other embodiments, an

Immunostimulating Therapeutic Agent, composition comprising an Immunostimulating

Therapeutic Agent, or a combination therapy is administered to a human adult. In yet other

embodiments, an Immunostimulating Therapeutic Agent, composition comprising an

Immunostimulating Therapeutic Agent, or a combination therapy is administered to an

elderly human.

[00622] In certain embodiments, an Immunostimulating Therapeutic Agent, composition

comprising an Immunostimulating Therapeutic Agent, or a combination therapy is

administered to a primate, preferably a human, or another mammal, such as a pig, cow, horse,

sheep, goat, dog, cat and rodent, in an immunocompromised state or immunosuppressed state

or at risk for becoming immunocompromised or immunosuppressed. In certain

embodiments, an Immunostimulating Therapeutic Agent, composition comprising an

Immunostimulating Therapeutic Agent, or a combination therapy is administered to a subject

receiving or recovering from immunosuppressive therapy. In certain embodiments, an

Immunostimulating Therapeutic Agent, composition comprising an Immunostimulating

Therapeutic Agent, or a combination therapy is administered to a subject that has or is at risk

of getting AIDS, a viral infection, or a bacterial infection. In certain embodiments, a subject

that is, will or has undergone surgery, chemotherapy and/or radiation therapy. In some

embodiments, an Immunostimulating Therapeutic Agent, composition comprising an

Immunostimulating Therapeutic Agent, or a combination therapy is administered to a subject

that lives in a nursing home, a group home (i.e., a home for 10 or more subjects), or a prison.

[00623] In certain embodiments, an Immunostimulating Therapeutic Agent, composition

comprising an Immunostimulating Therapeutic Agent, or a combination therapy is

administered to a subject that has abnormal levels of expression of one or more of the

following: B7-H2, ICOS, CD28, or CTLA-4. In some embodiments, an Immunostimulating

Therapeutic Agent, composition comprising an Immunostimulating Therapeutic Agent, or a



combination therapy is administered to a subject that has abnormal levels of expression of

either B7-H7, B7-H7CR or both.

[00624] In some embodiments, a patient is administered an Immunostimulating

Therapeutic Agent, composition comprising an Immunostimulating Therapeutic Agent, or a

combination therapy is before any adverse effects or intolerance to therapies other than

Immunostimulating Therapeutic Agents develops. In some embodiments,

Immunostimulating Therapeutic Agents, compositions comprising Immunostimulating

Therapeutic Agents, or combination therapies are administered to refractory patients. In a

certain embodiment, refractory patient is a patient refractory to a standard anti-cancer

therapy. In certain embodiments, a patient with cancer, is refractory to a therapy when the

cancer has not significantly been eradicated and/or the symptoms have not been significantly

alleviated. The determination of whether a patient is refractory can be made either in vivo or

in vitro by any method known in the art for assaying the effectiveness of a treatment, using

art-accepted meanings of " refractory" in such a context. In various embodiments, a patient

with cancer is refractory when a cancerous tumor has not decreased or has increased.

[00625] In some embodiments, Immunostimulating Therapeutic Agents, compositions

comprising Immunostimulating Therapeutic Agents, or combination therapies are

administered to a patient to prevent the onset or reoccurrence of cancer in a patient at risk of

developing such cancer. In some embodiments, Immunostimulating Therapeutic Agents,

compositions comprising Immunostimulating Therapeutic Agents, or combination therapies

are administered to a patient who is susceptible to adverse reactions to conventional

therapies.

[00626] In some embodiments, one or more Immunostimulating Therapeutic Agents,

compositions comprising Immunostimulating Therapeutic Agents, or combination therapies

are administered to a patient who has proven refractory to therapies other than

Immunostimulating Therapeutic Agents, but are no longer on these therapies. In certain

embodiments, the patients being managed or treated in accordance with the methods

described herein are patients already being treated with antibiotics, anti-cancer agents, or

other biological therapy/immunotherapy. Among these patients are refractory patients,

patients who are too young for conventional therapies, and patients with reoccurring viral

infections despite management or treatment with existing therapies.

[00627] In some embodiments, the subject being administered one or more

Immunostimulating Therapeutic Agents, compositions comprising Immunostimulating

Therapeutic Agents, or combination therapies has not received a therapy prior to the



administration of the Immunostimulating Therapeutic Agents, compositions comprising

Immunostimulating Therapeutic Agents, or combination therapies. In other embodiments,

one or more Immunostimulating Therapeutic Agents, compositions comprising

Immunostimulating Therapeutic Agents, or combination therapies are administered to a

subject who has received a therapy prior to administration of one or more Immunostimulating

Therapeutic Agents, compositions comprising Immunostimulating Therapeutic Agents, or

combination therapies. In some embodiments, the subject administered an

Immunostimulating Therapeutic Agent or a composition comprising an Immunostimulating

Therapeutic Agent was refractory to a prior therapy or experienced adverse side effects to the

prior therapy or the prior therapy was discontinued due to unacceptable levels of toxicity to

the subject.

5.5.1.2 Infectious Diseases

[00628] In a specific aspect, presented herein are methods for preventing, treating, and/or

managing an infectious disease, comprising administering to a subject in need thereof an

effective amount of an Immunostimulating Therapeutic Agent or a composition thereof. In a

specific embodiment, an Immunostimulating Therapeutic Agent or a composition thereof is

the only active agent administered to a subject.

[00629] Infectious diseases that can be treated, prevented, and/or managed by

Immunostimulating Therapeutic Agents are caused by infectious agents including but not

limited to bacteria, fungi, protozae, and viruses. Viral diseases that can be prevented, treated

and/or managed in accordance with the methods described herein include, but are not limited

to, those caused by hepatitis type A, hepatitis type B, hepatitis type C, influenza (e.g.,

influenza A or influenza B), varicella, adenovirus, herpes simplex type I (HSV-I), herpes

simplex type II (HSV-II), rinderpest, rhinovirus, echovirus, rotavirus, respiratory syncytial

virus, papilloma virus, papova virus, cytomegalovirus, echinovirus, arbovirus, huntavirus,

coxsackie virus, mumps virus, measles virus, rubella virus, polio virus, small pox, Epstein

Barr virus, human immunodeficiency virus type I (HIV-I), human immunodeficiency virus

type II (HΓV-II), and agents of viral diseases such as viral miningitis, encephalitis, dengue or

small pox.

[00630] Bacterial diseases caused by bacteria (e.g., Escherichia coli, Klebsiella

pneumoniae, Staphylococcus aureus, Enterococcus faecalis, Proteus vulgaris, Staphylococcus

viridans, and Pseudomonas aeruginosa) that can be prevented, treated and/or managed in

accordance with the methods described herein include, but are not limited to, mycobacteria



rickettsia, mycoplasma, neisseria, S. pneumonia, Borrelia burgdorferi (Lyme disease),

Bacillus antracis (anthrax), tetanus, streptococcus, staphylococcus, mycobacterium ,

pertissus, cholera, plague, diptheria, chlamydia, S. aureus and legionella.

[00631] Protozoal diseases caused by protozoa that can be prevented, treated and/or

managed in accordance with the methods described herein include, but are not limited to,

leishmania, kokzidioa, trypanosoma schistosoma or malaria. Parasitic diseases caused by

parasites that can be prevented, treated and/or managed in accordance with the methods

described herein include, but are not limited to, chlamydia and rickettsia.

[00632] Fungal infections that can be prevented, treated and/or managed in accordance

with the methods described herein include, but are not limited to, Candida infections,

zygomycosis, Candida mastitis, progressive disseminated trichosporonosis with latent

trichosporonemia, disseminated candidiasis, pulmonary paracoccidioidomycosis, pulmonary

aspergillosis, Pneumocystis carinii pneumonia, cryptococcal meningitis, coccidioidal

meningoencephalitis and cerebrospinal vasculitis, Aspergillus niger infection, Fusarium

keratitis, paranasal sinus mycoses, Aspergillus fumigatus endocarditis, tibial

dyschondroplasia, Candida glabrata vaginitis, oropharyngeal candidiasis, X-linked chronic

granulomatous disease, tinea pedis, cutaneous candidiasis, mycotic placentitis, disseminated

trichosporonosis, allergic bronchopulmonary aspergillosis, mycotic keratitis, Cryptococcus

neoformans infection, fungal peritonitis, Curvularia geniculata infection, staphylococcal

endophthalmitis, sporotrichosis, and dermatophytosis.

[00633] In certain embodiments, administering an Immunostimulating Therapeutic Agent

or a composition thereof to a subject (in some embodiments, an animal model) achieves one,

two, three, four, or more of the following effects: (i) reduction or amelioration the severity of

an infectious disease or symptom associated therewith; (ii) reduction in the duration of an

infectious disease or symptom associated therewith; (iii) prevention of the progression of an

infectious disease or symptom associated therewith; (iv) regression of an infectious disease or

symptom associated therewith; (v) prevention of the development or onset of an infectious

disease or symptom associated therewith; (vi) prevention of the recurrence of an infectious

disease or symptom associated therewith; (vii) reduction or prevention of the spread of an

infectious agent from one cell to another cell, one tissue to another tissue, or one organ to

another organ; (viii) prevention or reduction of the spread/transmission of an infectious agent

from one subject to another subject; (ix) reduction in organ failure associated with an

infectious disease; (x) reduction in the hospitalization of a subject; (xi) reduction in the

hospitalization length; (xii) an increase in the survival of a subject with an infectious disease;



(xiii) elimination of an infectious disease; (xiii) inhibition or reduction in replication of an

infectious agent; (xiv) inhibition or reduction in the entry of an infectious agent into a cell(s);

(xv) inhibition or reduction of replication of the genome of an infectious agent; (xvi)

inhibition or reduction in the synthesis of infectious agent proteins; (xvii) inhibition or

reduction in the assembly of infectious agents; (xviii) inhibition or reduction in the release of

infectious agents from a cell(s); (xviii) reduction in the number or titer of an infectious agent;

(xix) the reduction in the number of symptoms associated with an infectious disease; (xx)

enhancement, improvement, supplementation, complementation, or augmentation of the

prophylactic or therapeutic effect(s) of another therapy; and (xxi) prevention of the onset or

progression of a secondary infection associated with an infectious disease.

[00634] In certain embodiments, administering an Immunostimulating Therapeutic Agent

or a composition comprising an Immunostimulating Therapeutic Agent to a subject (in some

embodiments, an animal model) infected with an infectious agent inhibits or reduces

replication of the infectious agent by at least 20%, 25%, 30%, 35%, 40%, 45%, 50%, 55%,

60%, 65%, 70%, 75%, 80%, 85%, 90%, or 95%, or 20% to 25%, preferably at least 25% to

30%, at least 30% to 35%, at least 35% to 40%, at least 40% to 45%, at least 45% to 50%, at

least 50% to 55%, at least 55% to 60%, at least 60% to 65%, at least 65% to 70%, at least

70% to 75%, at least 75% to 80%, or up to at least 85% relative to a negative control (e.g.,

PBS) as determined using an assay described herein or others known to one of skill in the art.

In some embodiments, administering an Immunostimulating Therapeutic Agent or a

composition comprising an Immunostimulating Therapeutic Agent to a subject (in some

embodiments, an animal model) infected with an infectious agent inhibits or reduces

replication of the infectious agent by at least 1.5 fold, 2 fold, 2.5 fold, 3 fold, 4 fold, 5 fold, 8

fold, 10 fold, 15 fold, 20 fold, or 2 to 5 fold, 2 to 10 fold, 5 to 10 fold, or 5 to 20 fold relative

to a negative control (e.g., PBS) as determined using an assay described herein or others

known to one of skill in the art. In other embodiments, administering an Immunostimulating

Therapeutic Agent or a composition comprising an Immunostimulating Therapeutic Agent to

a subject (in some embodiments, an animal model) infected with an infectious agent inhibits

or reduces replication of the infectious agent by 1 log, 1.5 logs, 2 logs, 2.5 logs, 3 logs, 3.5

logs, 4 logs, 5 logs or more relative to a negative control (e.g., PBS) as determined using an

assay described herein or others known to one of skill in the art.

[00635] In certain embodiments, administering an Immunostimulating Therapeutic Agent

or a composition comprising an Immunostimulating Therapeutic Agent to a subject (in some

embodiments, an animal model) infected with an infectious agent reduces the titer of the



infectious agent by at least 20%, 25%, 30%, 35%, 40%, 45%, 50%, 55%, 60%, 65%, 70%,

75%, 80%, 85%, 90%, or 95%, or 20% to 25%, preferably at least 25% to 30%, at least 30%

to 35%, at least 35% to 40%, at least 40% to 45%, at least 45% to 50%, at least 50% to 55%,

at least 55% to 60%, at least 60% to 65%, at least 65% to 70%, at least 70% to 75%, at least

75% to 80%, or up to at least 85% relative to a negative control (e.g., PBS) as determined

using an assay described herein or others known to one of skill in the art. In some

embodiments, administering an Immunostimulating Therapeutic Agent or a composition

comprising an Immunostimulating Therapeutic Agent to a subject (in some embodiments, an

animal model) infected with an infectious agent reduces the titer of the infectious agent by at

least 1.5 fold, 2 fold, 2.5 fold, 3 fold, 4 fold, 5 fold, 8 fold, 10 fold, 15 fold, 20 fold, or 2 to 5

fold, 2 to 10 fold, 5 to 10 fold, or 5 to 20 fold relative to a negative control (e.g., PBS) as

determined using an assay described herein or others known to one of skill in the art. In other

embodiments, administering an Immunostimulating Therapeutic Agent or a composition

comprising an Immunostimulating Therapeutic Agent to a subject (in some embodiments, an

animal model) infected with an infectious agent reduces the titer of the infectious agent by 1

log, 1.5 logs, 2 logs, 2.5 logs, 3 logs, 3.5 logs, 4 logs, 5 logs or more relative to a negative

control (e.g., PBS) as determined using an assay described herein or others known to one of

skill in the art.

[00636] In certain embodiments, two or more different Immunostimulating Therapeutic

Agents are administered to a subject. In some embodiments, an Immunostimulating

Therapeutic Agent is administered to a subject in combination with one or more other

therapies. Non-limiting examples of other therapies that can be used in combination with

Immunostimulating Therapeutic Agents are described in Sections 5.7 et seq. In one

embodiment, the combination of an Immunostimulating Therapeutic Agent and one or more

other therapies provides an additive therapeutic effect relative to the therapeutic effects of the

Immunostimulating Therapeutic Agent alone or the one or more other therapies alone. In one

embodiment, the combination of an Immunostimulating Therapeutic Agent and one or more

other therapies provides more than an additive therapeutic effect relative to the therapeutic

effects of the Immunostimulating Therapeutic Agent alone or the one or more other therapies

alone. In one embodiment, the combination of an Immunostimulating Therapeutic Agent and

one or more other therapies provides a synergistic therapeutic effect relative to the

therapeutic effect of the Immunostimulating Therapeutic Agent alone or the one or more

other therapies alone.



[00637] In a specific embodiment, an Immunostimulating Therapeutic Agent is

administered to a subject in combination with one or more antibiotics. In another

embodiment, an Immunostimulating Therapeutic Agent is administered in combination with

one or more anti-virals. In another embodiment, an Immunostimulating Therapeutic Agent is

administered in combination with one or more anti-fungals. In another embodiment, an

Immunostimulating Therapeutic Agent is administered in combination with B7-DC Ig, (e.g.,

Amp-224 (Amplimmune; Rockville, Maryland)).

5.5.1.2.1 Patient Population

[00638] In some embodiments, Immunostimulating Therapeutic Agents, compositions

comprising Immunostimulating Therapeutic Agents, or combination therapies are

administered to a subject suffering from an infectious disease caused by infectious agents

including, but not limited to bacteria, fungi, protozae, and viruses. In certain embodiments,

Immunostimulating Therapeutic Agents, compositions comprising Immunostimulating

Therapeutic Agents, or combination therapies are administered to a subject diagnosed as

having an infectious disease caused by infectious agents including, but not limited to bacteria,

fungi, protozae, and viruses. In other embodiments, Immunostimulating Therapeutic Agents,

compositions comprising Immunostimulating Therapeutic Agents, or combination therapies

are administered to a subject predisposed or susceptible to an infectious disease. In some

embodiments, Immunostimulating Therapeutic Agents, compositions comprising

Immunostimulating Therapeutic Agents, or combination therapies are administered to a

subject that lives in a region where there has been or might be an outbreak with infections by

infectious agents. In some embodiments, the infection is a latent infection. In other

embodiments, the infection by the infectious agent is an active infection. In certain

embodiments, the infection by the infectious agent is an acute infection. In yet other

embodiments, the infection by the infectious agent is a chronic infection.

[00639] In some embodiments, an Immunostimulating Therapeutic Agent, composition

comprising an Immunostimulating Therapeutic Agent, or a combination therapy is

administered to a mammal. In certain embodiments, an Immunostimulating Therapeutic

Agent, composition comprising an Immunostimulating Therapeutic Agent, or a combination

therapy is administered to a mammal which is 0 to 6 months old, 6 to 12 months old, 1 to 5

years old, 5 to 10 years old, 10 to 15 years old, 15 to 20 years old, 20 to 25 years old, 25 to 30

years old, 30 to 35 years old, 35 to 40 years old, 40 to 45 years old, 45 to 50 years old, 50 to

55 years old, 55 to 60 years old, 60 to 65 years old, 65 to 70 years old, 70 to 75 years old, 75



to 80 years old, 80 to 85 years old, 85 to 90 years old, 90 to 95 years old or 95 to 100 years

old. In certain embodiments, an Immunostimulating Therapeutic Agent, composition

comprising an Immunostimulating Therapeutic Agent, or a combination therapy is

administered to a pet, e.g., a dog or cat. In certain embodiments, an Immunostimulating

Therapeutic Agent, composition comprising an Immunostimulating Therapeutic Agent, or a

combination therapy is administered to a farm animal or livestock, e.g., pig, cows, horses,

chickens, etc. In certain embodiments, an Immunostimulating Therapeutic Agent,

composition comprising an Immunostimulating Therapeutic Agent, or a combination therapy

is administered to a bird, e.g., ducks or chicken.

[00640] In certain embodiments, an Immunostimulating Therapeutic Agent, composition

comprising an Immunostimulating Therapeutic Agent, or a combination therapy is

administered to a human at risk of an infectious disease. In certain embodiments, an

Immunostimulating Therapeutic Agent, composition comprising an Immunostimulating

Therapeutic Agent, or a combination therapy is administered to a human with an infectious

disease. In some embodiments, an Immunostimulating Therapeutic Agent, composition

comprising an Immunostimulating Therapeutic Agent, or a combination therapy is

administered to a human diagnosed as having an infectious disease. In certain embodiments,

the patient is a human 0 to 6 months old, 6 to 12 months old, 1 to 5 years old, 5 to 10 years

old, 5 to 12 years old, 10 to 15 years old, 15 to 20 years old, 13 to 19 years old, 20 to 25 years

old, 25 to 30 years old, 20 to 65 years old, 30 to 35 years old, 35 to 40 years old, 40 to 45

years old, 45 to 50 years old, 50 to 55 years old, 55 to 60 years old, 60 to 65 years old, 65 to

70 years old, 70 to 75 years old, 75 to 80 years old, 80 to 85 years old, 85 to 90 years old, 90

to 95 years old or 95 to 100 years old. In some embodiments, an Immunostimulating

Therapeutic Agent, composition comprising an Immunostimulating Therapeutic Agent, or a

combination therapy is administered to a human infant or premature human infant. In other

embodiments, an Immunostimulating Therapeutic Agent, composition comprising an

Immunostimulating Therapeutic Agent, or a combination therapy is administered to a human

child. In other embodiments, an Immunostimulating Therapeutic Agent, composition

comprising an Immunostimulating Therapeutic Agent, or a combination therapy is

administered to a human adult. In yet other embodiments, an Immunostimulating

Therapeutic Agent, composition comprising an Immunostimulating Therapeutic Agent, or a

combination therapy is administered to an elderly human.

[00641] In certain embodiments, an Immunostimulating Therapeutic Agent, composition

comprising an Immunostimulating Therapeutic Agent, or a combination therapy is



administered to a primate, preferably a human, or another mammal, such as a pig, cow, horse,

sheep, goat, dog, cat and rodent, in an immunocompromised state or immunosuppressed state

or at risk for becoming immunocompromised or immunosuppressed. In certain

embodiments, an Immunostimulating Therapeutic Agent, composition comprising an

Immunostimulating Therapeutic Agent, or a combination therapy is administered to a subject

receiving or recovering from immunosuppressive therapy. In certain embodiments, an

Immunostimulating Therapeutic Agent, composition comprising an Immunostimulating

Therapeutic Agent, or a combination therapy is administered to a subject that has or is at risk

of getting cancer, AIDS, another infection, or a bacterial infection. In certain embodiments, a

subject that is, will or has undergone surgery, chemotherapy and/or radiation therapy. In

certain embodiments, an Immunostimulating Therapeutic Agent, composition comprising an

Immunostimulating Therapeutic Agent, or a combination therapy is administered to a subject

that has cystic fibrosis, pulmonary fibrosis, or another disease which makes the subject

susceptible to an infection. In certain embodiments, an Immunostimulating Therapeutic

Agent, composition comprising an Immunostimulating Therapeutic Agent, or a combination

therapy is administered to a subject that has, will have or had a tissue transplant. In some

embodiments, an Immunostimulating Therapeutic Agent, composition comprising an

Immunostimulating Therapeutic Agent, or a combination therapy is administered to a subject

that lives in a nursing home, a group home (i.e., a home for 10 or more subjects), or a prison.

In some embodiments, an Immunostimulating Therapeutic Agent, composition comprising an

Immunostimulating Therapeutic Agent, or a combination therapy is administered to a subject

that attends school (e.g., elementary school, middle school, junior high school, high school or

university) or daycare. In some embodiments, an Immunostimulating Therapeutic Agent,

composition comprising an Immunostimulating Therapeutic Agent, or a combination therapy

is admini stered to a subject that works in the healthcare area, such as a doctor or a nurse, or

in a hospital. In certain embodiments, an Immunostimulating Therapeutic Agent,

composition comprising an Immunostimulating Therapeutic Agent, or a combination therapy

is administered t o a subject that is pregnant or will become pregnant.

[00642] In certain embodiments, an Immunostimulating Therapeutic Agent, composition

comprising an Immunostimulating Therapeutic Agent, or a combination therapy is

administered to a subject that has abnormal levels of expression of one or more of the

following: B7-H2, ICOS, CD28, or CTLA-4. In some embodiments, an Immunostimulating

Therapeutic Agent, composition comprising an Immunostimulating Therapeutic Agent, or a



combination therapy is administered to a subject that has abnormal levels of expression of

either B7-H7, B7-H7CR or both.

[00643] In some embodiments, a patient is administered an Immunostimulating

Therapeutic Agent, composition comprising an Immunostimulating Therapeutic Agent, or a

combination therapy before any adverse effects or intolerance to therapies other than

Immunostimulating Therapeutic Agents develops. In some embodiments,

Immunostimulating Therapeutic Agents, compositions comprising Immunostimulating

Therapeutic Agents, or combination therapies are administered to refractory patients. In a

certain embodiment, refractory patient is a patient refractory to a standard therapy. In certain

embodiments, a patient with an infectious disease is refractory to a therapy when the

infectious disease has not significantly been eradicated and/or the symptoms have not been

significantly alleviated. The determination of whether a patient is refractory can be made

either in vivo or in vitro by any method known in the art for assaying the effectiveness of a

treatment of an infectious disease, using art-accepted meanings of "refractory" in such a

context. In various embodiments, a patient with an infection is refractory when replication of

the infectious agent has not decreased or has increased.

[00644] In some embodiments, Immunostimulating Therapeutic Agents, compositions

comprising Immunostimulating Therapeutic Agents, or combination therapies are

administered to a patient to prevent the onset or reoccurrence of an infectious disease in a

patient at risk of developing such a disease. In some embodiments, Immunostimulating

Therapeutic Agents, compositions comprising Immunostimulating Therapeutic Agents, or

combination therapies are administered to a patient who are susceptible to adverse reactions

to conventional therapies.

[00645] In some embodiments, one or more Immunostimulating Therapeutic Agents,

compositions comprising Immunostimulating Therapeutic Agents, or combination therapies

are administered to a patient who has proven refractory to therapies other than

Immunostimulating Therapeutic Agents, but are no longer on these therapies. In certain

embodiments, the patients being managed or treated in accordance with the methods of this

invention are patients already being treated with antibiotics, anti-virals, anti-fungals, or other

biological therapy/immunotherapy. Among these patients are refractory patients, patients

who are too young for conventional therapies, and patients with reoccurring viral infections

despite management or treatment with existing therapies.

[00646] In some embodiments, the subject being administered one or more

Immunostimulating Therapeutic Agents, compositions comprising Immunostimulating



Therapeutic Agents, or combination therapies has not received a therapy prior to the

administration of the Immunostimulating Therapeutic Agents, compositions comprising

Immunostimulating Therapeutic Agents, or combination therapies. In other embodiments,

one or more Immunostimulating Therapeutic Agents, compositions comprising

Immunostimulating Therapeutic Agents, or combination therapies are administered to a

subject who has received a therapy prior to administration of one or more Immunostimulating

Therapeutic Agents or compositions comprising one or more Immunostimulating Therapeutic

Agents, or combination therapies. In some embodiments, the subject administered an

Immunostimulating Therapeutic Agent or a composition comprising an Immunostimulating

Therapeutic Agent was refractory to a prior therapy or experienced adverse side effects to the

prior therapy or the prior therapy was discontinued due to unacceptable levels of toxicity to

the subject.

5.6 PROPHYLACTIC AND THERAPEUTIC USES OF
THERAPEUTIC AGENTS THAT SUPPRESS IMMUNE FUNCTION

5.6.1 Suppressing Immune Function

[00647] In one aspect, presented herein are methods for suppressing one or more immune

system functions or responses in a subject function in a subject, comprising administering to

a subject in need thereof an Inhibitory Therapeutic Agent or a composition thereof. In a

specific embodiment, presented herein are methods for preventing, treating, and/or managing

diseases in which it is desirable to suppress immune function, comprising administering to a

subject in need thereof an Inhibitory Therapeutic Agent or a composition thereof. In specific

embodiments, an Inhibitory Therapeutic Agent can be administered to a subject in

combination with one or more other therapies to suppress immune function or response.

[00648] Non-limiting examples of diseases that can be prevented, treated, or managed by

suppressing immune function include, but are not limited to, autoimmune disease,

inflammatory disorders, graft versus host disease, and transplant rejection.

[00649] In a specific embodiment, an Inhibitory Therapeutic Agent suppresses one or

more immune functions or responses in a subject by at least 99%, at least 95%, at least 90%,

at least 85%, at least 80%, at least 75%, at least 70%, at least 60%, at least 50%, at least 45%,

at least 40%, at least 45%, at least 35%, at least 30%, at least 25%, at least 20%, or at least

10%, or in the range of between 10% to 25%, 25% to 50%, 50% to 75%, or 75% to 95%

relative to the immune function in a subject not administered the Immunostimulating

Therapeutic Agent using assays well known in the art, e.g., ELISPOT, ELISA, and cell



proliferation assays. In a specific embodiment, the immune function is cytokine release (e.g.,

interferon-gamma, IL-2, IL-5, or IL- 12). In one embodiment, the immune function is NK

cell proliferation, which can be assayed, e.g., by flow cytometry to detect the number of cells

expressing markers of NK cells (e.g. , CD56). In one embodiment, the immune function is T

cell proliferation, which can be assayed, e.g., by flow cytometry to detect the number of cells

expressing markers of T cells (e.g. , CD3, CD4, or CD8). In another embodiment, the

immune function is antibody production, which can be assayed, e.g. , by ELISA. In some

embodiments, the immune function is effector function, which can be assayed, e.g., by a

cytotoxicity assay or other assays well known in the art. In another embodiment, the immune

function is a ThI response. In another embodiment, the immune function is a Th2 response.

In another embodiment, the immune function is a Th 17 response. In another embodiment, the

immune function is a Th22 response. In another embodiment, the immune function is a Treg

response.

[00650] In specific embodiments, non-limiting examples of immune functions that may be

suppressed by the Inhibitory Therapeutic Agent are proliferation/expansion of lymphocytes

(e.g., increase in the number of lymphocytes), inhibition of apoptosis of lymphocytes,

activation of dendritic cells (or antigen presenting cells), and antigen presentation. In

particular embodiments, an immune function suppressed by the Inhibitory Therapeutic Agent
+

is proliferation/expansion in the number of or activation of CD4 T cells ( e.g., ThI and Th2
+

helper T cells), CD8 T cells (e.g., cytotoxic T lymphocytes, alpha/beta T cells, and

gamma/delta T cells), B cells ( e.g., plasma cells), memory T cells, memory B cells, dendritic

cells (immature or mature), antigen presenting cells, macrophages, mast cells, natural killer T
+

cells (NKT cells), tumor-resident T cells, CD 122 T cells, Tregs, or natural killer cells (NK

cells). In one embodiment, the Inhibitory Therapeutic Agent suppresses the

proliferation/expansion or number of lymphocyte progenitors. In some embodiments, an
+

Inhibitory Therapeutic Agent decreases the number of CD4 T cells ( e.g., ThI and Th2
+

helper T cells), CD8 T cells (e.g., cytotoxic T lymphocytes, alpha/beta T cells, and

gamma/delta T cells), B cells (e.g., plasma cells), memory T cells, memory B cells, dendritic

cells (immature or mature), antigen presenting cells, macrophages, mast cells, natural killer T
+

cells (NKT cells), tumor-resident T cells, CD 122 T cells, or natural killer cells (NK cells) by

approximately at least 99%, at least 95%, at least 90%, at least 85%, at least 80%, at least

75%, at least 70%, at least 60%, at least 50%, at least 45%, at least 40%, at least 45%, at least

35%, at least 30%, at least 25%, at least 20%, or at least 10%, or in the range of between 10%



to 25%, 25% to 50%, 50% to 75%, or 75% to 95% relative a negative control (e.g., number of

the respective cells not treated, cultured, or contacted with an Inhibitory Therapeutic Agent).

[00651] In certain embodiments, some functions of the immune system, such as Treg

proliferation or activity, are increased when the immune response is decreased.

[00652] Various autoimmune and inflammatory diseases that can be prevented, treated

and/or managed are provided below.

[00653] In certain embodiments, an Inhibitory Therapeutic Agent enhances, activates or

induces one or more signal transduction pathways mediated by CTLA-4 binding to one or

more of its ligands (e.g., B7-1, B7-2, or B7-H2). In some embodiments, an Inhibitory

Therapeutic Agent inhibits or reduces the binding of native CTLA-4 to one or more of its

ligands (e.g., B7-1, B7-2, or B7-H2) as described herein. In a specific embodiment, an

Inhibitory Therapeutic Agent is an agonistic B7-H2-Ig polypeptide or derivative thereof

described herein.

[00654] In certain embodiments, an Inhibitory Therapeutic Agent inhibits or reduces one

or more signal transduction pathways mediated by CD28 binding to one or more of its

ligands (e.g., B7-1, B7-2 or B7-H2). In some embodiments, an Inhibitory Therapeutic Agent

inhibits or reduces the binding of native CD28 to one or more of its ligands (e.g., B7-1, B7-2,

or B7-H2) as described herein. In a specific embodiment, an Inhibitory Therapeutic Agent is

an antagonistic B7-H2-Ig polypeptide or derivative thereof described herein.

[00655] In certain embodiments, an Inhibitory Therapeutic Agent inhibits or reduces one

or more signal transduction pathways mediated by ICOS binding to one or more of its ligands

(e.g., B7-H2). In some embodiments, an Inhibitory Therapeutic Agent inhibits or reduces the

binding of native ICOS to one or more of its ligands (e.g., B7-H2) as described herein. In a

specific embodiment, an Inhibitory Therapeutic Agent is an antagonistic B7-H2-Ig

polypeptide or derivative thereof described herein.

5.6.1.1 Autoimmune and Inflammatory Disorders

[00656] In a specific embodiment, presented herein is a method for treating, preventing

and/or managing an autoimmune disorder or inflammatory disorder in a subject, comprising

administering to a subject in need thereof an effective amount of an Inhibitory Therapeutic

Agent or a composition thereof. In another embodiment, presented herein is a method for

reducing inflammation in a subject, comprising administering to a subject in need thereof an

effective amount of an Inhibitory Therapeutic Agent or a composition thereof. Non-limiting

examples of autoimmune disorders and inflammatory disorders include transplant rejection



and graft versus host disease (GVHD). GVHD occurs when a donor's immune cells (e.g.,

donor's T cells) attack cells in the recipient subject's body. Transplant rejection occurs when

a transplanted organ or tissue fails to be accepted by the body of the transplant recipient. In

general, the transplant rejection is due to the immune system of the recipient (e.g., recipient's

T cells) attacking the transplanted organ or tissue.

[00657] In certain embodiments, administering an Inhibitory Therapeutic Agent or a

composition thereof to a subject (in some embodiments, an animal model) achieves one, two,

three, four, or more of the following effects: (i) reduction or amelioration the severity of an

autoimmune or inflammatory disorder or symptom associated therewith; (ii) reduction in the

duration of a symptom associated with an autoimmune or inflammatory disorder; (iii)

prevention of the progression of an autoimmune or inflammatory disorder, or symptom

associated therewith; (iv) regression of an autoimmune or inflammatory disorder, or symptom

associated therewith; (v) prevention of the development or onset of a symptom associated

with an autoimmune or inflammatory disorder; (vi) prevention of the recurrence of a

symptom associated with an autoimmune or inflammatory disorder; (vii) reduction in organ

failure associated with an autoimmune or inflammatory disorder; (viii) reduction in the

hospitalization of a subject; (ix) reduction in the hospitalization length; (x) an increase in the

survival of a subject with an autoimmune or inflammatory disorder; (xi) a reduction in the

number of symptoms associated with an autoimmune or inflammatory disorder; (xii) a

reduction in inflammation of inflammatory cells; (xiii) a reduction in inflammatory

cytokines; (xiv) a reduction in inflammation associated with an autoimmune or inflammatory

disorder; (xv) improve life expectancy; (xvi) increase symptom-free survival; (xvii) increase

the length of symptom-free remission; and/or (xviii) an enhancement, improvement,

supplementation, complementation, or augmentation of the prophylactic or therapeutic

effect(s) of another therapy.

[00658] In a specific embodiment, administering an Inhibitory Therapeutic Agent or

composition comprising an Inhibitory Therapeutic Agent to a subject (in some embodiments,

an animal model) reduces the inflammation in an subject by at least 99%, at least 95%, at

least 90%, at least 85%, at least 80%, at least 75%, at least 70%, at least 60%, at least 50%, at

least 45%, at least 40%, at least 45%, at least 35%, at least 30%, at least 25%, at least 20%, or

at least 10%, or in the range of between 10% to 25%, 25% to 50%, 50% to 75%, or 75% to

95% relative to the inflammation in an subject not administered the Inhibitory Therapeutic

Agent using methods known in the art. For example, reduction in inflammation can be

measured by the reduction in cytokine secretion (e.g., tumor necrosis factor alpha, interferon



gamma). In a specific embodiment, administering an Inhibitory Therapeutic Agent or

composition comprising an Inhibitory Therapeutic Agent to a subject (in some embodiments,

an animal model) reduces inflammatory cytokine production and/or secretion in an subject by

at least 99%, at least 95%, at least 90%, at least 85%, at least 80%, at least 75%, at least 70%,

at least 60%, at least 50%, at least 45%, at least 40%, at least 45%, at least 35%, at least 30%,

at least 25%, at least 20%, or at least 10%, or in the range of between 10% to 25%, 25% to

50%, 50% to 75%, or 75% to 95% relative to inflammatory cytokine production and/or

secretion in an subject not administered the Inhibitory Therapeutic Agent using methods

known in the art.

[00659] In other embodiments, an Inhibitory Therapeutic Agent can be administered in

combination with one or more other therapies to suppress immune function or response in a

subject. In certain embodiments, two or more different Immunostimulating Therapeutic

Agents are administered to a subject. In some embodiments, an Immunostimulating

Therapeutic Agent is administered to a subject in combination with one or more other

therapies. Various anti-inflammatory agents known in the art can be used in combination

with Inhibitory Therapeutic Agents. See Section 5.7 et seq. for examples of therapies. In

certain embodiments, an Inhibitory Therapeutic Agent is administered in combination with

CTLA-4-Ig (e.g., abatacept, belatacept), an anti-TNF alpha antibody (e.g., Remicade), or

TNFR-Ig (e.g., Enbrel).

5.6.1.1.1 Types of Diseases

[00660] Examples of autoimmune disorders that can be prevented, treated and/or managed

in accordance with the methods described herein include, but are not limited to, celiac

(coeliac disease), alopecia areata, ankylosing spondylitis, antiphospholipid syndrome,

autoimmune Addison's disease, autoimmune diseases of the adrenal gland, autoimmune

hemolytic anemia, autoimmune hepatitis, autoimmune oophoritis and orchitis, autoimmune

thrombocytopenia, Behcet's disease, bullous pemphigoid, cardiomyopathy, celiac sprue-

dermatitis, chronic fatigue immune dysfunction syndrome (CFIDS), chronic inflammatory

demyelinating polyneuropathy, Churg-Strauss syndrome, cicatrical pemphigoid, CREST

syndrome, cold agglutinin disease, Crohn's disease, discoid lupus, essential mixed

cryoglobulinemia, fibromyalgia-fibromyositis, glomerulonephritis, Graves' disease, Guillain-

Barre, Hashimoto's thyroiditis, idiopathic pulmonary fibrosis, idiopathic thrombocytopenia

purpura (ITP), IgA neuropathy, juvenile arthritis, lichen planus, lupus erthematosus,

Meniere's disease, mixed connective tissue disease, multiple sclerosis, type 1 or immune-



mediated diabetes mellitus, myasthenia gravis, pemphigus vulgaris, pernicious anemia,

polyarteritis nodosa, polychondritis, polyglandular syndromes, polymyalgia rheumatica,

polymyositis and dermatomyositis, primary agammaglobulinemia, primary biliary cirrhosis,

psoriasis, psoriatic arthritis, Raynauld's phenomenon, Reiter's syndrome, Rheumatoid

arthritis, sarcoidosis, scleroderma, Sjogren's syndrome, stiff-man syndrome, systemic lupus

erythematosus, lupus erythematosus, takayasu arteritis, temporal arteristis/ giant cell arteritis,

ulcerative colitis, uveitis, vasculitides such as dermatitis herpetiformis vasculitis, vitiligo, and

Wegener's granulomatosis. Examples of inflammatory disorders include, but are not limited

to, asthma, encephilitis, inflammatory bowel disease, chronic obstructive pulmonary disease

(COPD), allergic disorders, septic shock, pulmonary fibrosis, undifferentiated

spondyloarthropathy, undifferentiated arthropathy, arthritis, inflammatory osteolysis, and

chronic inflammation resulting from chronic viral or bacteria infections. Some autoimmune

disorders are associated with an inflammatory condition. Thus, there is overlap between

what is considered an autoimmune disorder and an inflammatory disorder. Therefore, some

autoimmune disorders may also be characterized as inflammatory disorders.

5.6.1.1.2 Patient Population

[00661] In some embodiments, Inhibitory Therapeutic Agents, compositions comprising

Inhibitory Therapeutic Agents, or combination therapies are administered to a subject

suffering from an autoimmune disease or inflammatory disorder. In other embodiments,

Inhibitory Therapeutic Agents, compositions comprising Inhibitory Therapeutic Agents, or

combination therapies are administered to a subject predisposed or susceptible to developing

an autoimmune disease or inflammatory disorder.

[00662] In certain embodiments, an Inhibitory Therapeutic Agent, composition comprising

an Inhibitory Therapeutic Agent, or a combination therapy is administered to a mammal. In

specific embodiments, an Inhibitory Therapeutic Agent, composition comprising an

Inhibitory Therapeutic Agent, or a combination therapy is administered to a mammal which

is 0 to 6 months old, 6 to 12 months old, 1 to 5 years old, 5 to 10 years old, 10 to 15 years

old, 15 to 20 years old, 20 to 25 years old, 25 to 30 years old, 30 to 35 years old, 35 to 40

years old, 40 to 45 years old, 45 to 50 years old, 50 to 55 years old, 55 to 60 years old, 60 to

65 years old, 65 to 70 years old, 70 to 75 years old, 75 to 80 years old, 80 to 85 years old, 85

to 90 years old, 90 to 95 years old or 95 to 100 years old.

[00663] In certain embodiments, an Inhibitory Therapeutic Agent, composition comprising

an Inhibitory Therapeutic Agent, or a combination therapy is administered to a human at risk



developing an autoimmune disease or inflammatory disorder. In certain embodiments, an

Inhibitory Therapeutic Agent, composition comprising an Inhibitory Therapeutic Agent, or a

combination therapy is administered to a human with an autoimmune disease or

inflammatory disorder. In certain embodiments, an Inhibitory Therapeutic Agent,

composition comprising an Inhibitory Therapeutic Agent, or a combination therapy is

administered to a human diagnosed has having an autoimmune disease or inflammatory

disorder. In certain embodiments, the patient is a human 0 to 6 months old, 6 to 12 months

old, 1 to 5 years old, 5 to 10 years old, 5 to 12 years old, 10 to 15 years old, 15 to 20 years

old, 13 to 19 years old, 20 to 25 years old, 25 to 30 years old, 20 to 65 years old, 30 to 35

years old, 35 to 40 years old, 40 to 45 years old, 45 to 50 years old, 50 to 55 years old, 55 to

60 years old, 60 to 65 years old, 65 to 70 years old, 70 to 75 years old, 75 to 80 years old, 80

to 85 years old, 85 to 90 years old, 90 to 95 years old or 95 to 100 years old. In some

embodiments, an Inhibitory Therapeutic Agent, composition comprising an Inhibitory

Therapeutic Agent, or a combination therapy is administered to a human infant or premature

human infant. In other embodiments, an Inhibitory Therapeutic Agent, composition

comprising an Inhibitory Therapeutic Agent, or a combination therapy is administered to a

human child. In other embodiments, an Inhibitory Therapeutic Agent, composition

comprising an Inhibitory Therapeutic Agent, or a combination therapy is administered to a

human adult. In yet other embodiments, an Inhibitory Therapeutic Agent, composition

comprising an Inhibitory Therapeutic Agent, or a combination therapy is administered to an

elderly human.

[00664] In certain embodiments, an Inhibitory Therapeutic Agent, composition comprising

an Inhibitory Therapeutic Agent, or a combination therapy is administered to a pet, e.g., a dog

or cat. In certain embodiments, an Inhibitory Therapeutic Agent, composition comprising an

Inhibitory Therapeutic Agent, or a combination therapy is administered to a farm animal or

livestock, e.g., pig, cows, horses, chickens, etc.

[00665] In certain embodiments, an Inhibitory Therapeutic Agent, composition comprising

an Inhibitory Therapeutic Agent, or a combination therapy is administered to a primate,

preferably a human, or another mammal, such as a pig, cow, horse, sheep, goat, dog, cat and

rodent, in an immunocompromised state or immunosuppressed state or at risk for becoming

immunocompromised or immunosuppressed. In certain embodiments, an Inhibitory

Therapeutic Agent, composition comprising an Inhibitory Therapeutic Agent, or a

combination therapy is administered to a subject receiving or recovering from

immunosuppressive therapy. In certain embodiments, an Inhibitory Therapeutic Agent,



composition comprising an Inhibitory Therapeutic Agent, or a combination therapy is

administered to a subject that has or is at risk of getting AIDS, a viral infection, or a bacterial

infection. In certain embodiments, a subject that is, will or has undergone surgery,

chemotherapy and/or radiation therapy.

[00666] In certain embodiments, an Inhibitory Therapeutic Agent, composition comprising

an Inhibitory Therapeutic Agent, or a combination therapy is administered to a subject that

has abnormal levels of expression of one or more of the following: B7-H2, ICOS, CD28, or

CTLA-4. In some embodiments, an Inhibitory Therapeutic Agent, composition comprising

an Inhibitory Therapeutic Agent, or a combination therapy is administered to a subject that

has abnormal levels of expression of either B7-H7, B7-H7CR or both.

[00667] In some embodiments, a patient is administered an Inhibitory Therapeutic Agent,

composition comprising an Inhibitory Therapeutic Agent, or a combination therapy before

any adverse effects or intolerance to therapies other than Inhibitory Therapeutic Agents

develops. In some embodiments, Inhibitory Therapeutic Agents, compositions comprising

Inhibitory Therapeutic Agents, or combination therapies are administered to refractory

patients. In a certain embodiment, refractory patient is a patient refractory to a standard

therapy. In certain embodiments, a patient with an autoimmune disease or inflammatory

disorder, is refractory to a therapy when the autoimmune disease or inflammatory disorder,

respectively, has not significantly been eradicated and/or the symptoms have not been

significantly alleviated. The determination of whether a patient is refractory can be made

either in vivo or in vitro by any method known in the art for assaying the effectiveness of a

treatment, using art-accepted meanings of "refractory" in such a context. In various

embodiments, a patient with a inflammatory disorder is refractory when inflammation has not

decreased or has increased.

[00668] In some embodiments, Inhibitory Therapeutic Agents, compositions comprising

Inhibitory Therapeutic Agents, or combination therapies are administered to a patient who are

susceptible to adverse reactions to conventional therapies.

[00669] In some embodiments, one or more Inhibitory Therapeutic Agents, compositions

comprising Inhibitory Therapeutic Agents, or combination therapies are administered to a

patient who has proven refractory to therapies other than Inhibitory Therapeutic Agents, but

are no longer on these therapies. In certain embodiments, the patients being managed or

treated in accordance with the methods described herein are patients already being treated

with antibiotics, anti-cancer agents, anti-inflammatory agents, or other biological



therapy/immunotherapy. Among these patients are refractory patients, patients who are too

young for conventional therapies.

[00670] In some embodiments, the subject being administered one or more Inhibitory

Therapeutic Agents, compositions comprising Inhibitory Therapeutic Agents, or combination

therapies has not received a therapy prior to the administration of the Inhibitory Therapeutic

Agents, compositions comprising Inhibitory Therapeutic Agents, or combination therapies.

In other embodiments, one or more Inhibitory Therapeutic Agents, compositions comprising

Inhibitory Therapeutic Agents, or combination therapies are administered to a subject who

has received a therapy prior to administration of one or more Inhibitory Therapeutic Agents,

compositions comprising Inhibitory Therapeutic Agents, or combination therapies. In some

embodiments, the subject administered an Inhibitory Therapeutic Agent or a composition

comprising an Inhibitory Therapeutic Agent was refractory to a prior therapy or experienced

adverse side effects to the prior therapy or the prior therapy was discontinued due to

unacceptable levels of toxicity to the subject.

5.7 COMBINATION THERAPIES

[00671] Other therapies that can be used in combination with Therapeutic Agents ( i.e.,

Immunostimulating Therapeutic Agents and/or Inhibitory Therapeutic Agents) for the

prevention, treatment and/or management of a disease that is affected by immune function or

response, e.g., cancer, infectious disease, autoimmune and inflammatory disease, and

transplant rejection, include, but are not limited to, small molecules, synthetic drugs, peptides

(including cyclic peptides), polypeptides, proteins, nucleic acids ( e.g., DNA and RNA

nucleotides including, but not limited to, antisense nucleotide sequences, triple helices,

RNAi, and nucleotide sequences encoding biologically active proteins, polypeptides or

peptides), antibodies, synthetic or natural inorganic molecules, mimetic agents, and synthetic

or natural organic molecules. Specific examples of such therapies include, but are not

limited to, immunomodulatory agents {e.g., interferon), anti-inflammatory agents {e.g.,

adrenocorticoids, corticosteroids ( e.g., beclomethasone, budesonide, flunisolide, fluticasone,

triamcinolone, methylprednisolone, prednisolone, prednisone, hydrocortisone),

glucocorticoids, steriods, and non-steriodal anti- inflammatory drugs {e.g., aspirin, ibuprofen,

diclofenac, and COX-2 inhibitors), pain relievers, leukotreine antagonists {e.g. , montelukast,

methyl xanthines, zafirlukast, and zileuton), beta2-agonists {e.g., albuterol, biterol, fenoterol,

isoetharie, metaproterenol, pirbuterol, salbutamol, terbutalin formoterol, salmeterol, and

salbutamol terbutaline), anti-PDl antibodies, PDl inhibitors, anti-B7-Hl, anti-CTLA-4,



CTLA-4-Ig anticholinergic agents (e.g., ipratropium bromide and oxitropium bromide),

sulphasalazine, penicillamine, dapsone, antihistamines, anti-malarial agents (e.g.,

hydroxychloroquine), anti-viral agents (e.g., nucleoside analogs (e.g., zidovudine, acyclovir,

gangcyclovir, vidarabine, idoxuridine, trifluridine, and ribavirin), foscarnet, amantadine,

rimantadine, saquinavir, indinavir, ritonavir, and AZT) and antibiotics (e.g., dactinomycin

(formerly actinomycin), bleomycin, erythomycin, penicillin, mithramycin, and anthramycin

(AMC)).

[00672] In certain embodiments, anti-TNF alpha antibodies (e.g., Remicade), CTLA-4-Ig

(e.g., orencia), and/or TNFR-Ig (e.g., Enbrel) are used in combination with a Therapeutic

Agent to prevent, treat, and/or manage an autoimmune disease, inflammatory disease,

rheumatoid arthritis, and/or transplant rejection.

[00673] Any therapy which is known to be useful, or which has been used or is currently

being used for the prevention, management, and/or treatment of a disease that is affected by

immune function or response can be used in combination with Therapeutic Agents. See, e.g.,

Gilman et ah, Goodman and Gilman's: The Pharmacological Basis of Therapeutics, 10th ed.,

McGraw-Hill, New York, 2001; The Merck Manual of Diagnosis and Therapy, Berkow,

M.D. et a (eds.), 17th Ed., Merck Sharp & Dohme Research Laboratories, Rahway, NJ,

1999; Cecil Textbook of Medicine, 20th Ed., Bennett and Plum (eds.), W.B. Saunders,

Philadelphia, 1996, and Physicians' Desk Reference (61st ed. 2007) for information

regarding therapies (e.g., prophylactic or therapeutic agents) which have been or are currently

being used for preventing, treating and/or managing disease or disorder.

5.7.1 Anti-Cancer Agents/Immunomodulatorv Agents

[00674] Non-limiting examples of one or more other therapies that can be used in

combination with a Therapeutic Agent include immunomodulatory agents, such as but not

limited to, chemotherapeutic agents and non-chemotherapeutic immunomodulatory agents.

Non-limiting examples of chemotherapeutic agents include cyclophosphamide, methotrexate,

cyclosporin A, leflunomide, cisplatin, ifosfamide, taxanes such as taxol and paclitaxol,

topoisomerase I inhibitors (e.g., CPT-1 1, topotecan, 9-AC, and GG-21 1), gemcitabine,

vinorelbine, oxaliplatin, 5-fluorouracil (5-FU), leucovorin, vinorelbine, temodal, cytochalasin

B, gramicidin D, emetine, mitomycin, etoposide, tenoposide, vincristine, vinblastine,

colchicin, doxorubicin, daunorubicin, dihydroxy anthracin dione, mitoxantrone, mithramycin,

actinomycin D, 1-dehydrotestosterone, glucocorticoids, procaine, tetracaine, lidocaine,

propranolol, and puromycin homologs, and Cytoxan. Examples of non-chemotherapeutic



immunomodulatory agents include, but are not limited to, anti-T cell receptor antibodies

(e.g., anti-CD4 antibodies (e.g., cM-T412 (Boeringer), IDEC-CE9.1® (IDEC and SKB),

mAB 4162W94, Orthoclone and OKTcdr4a (Janssen-Cilag)), anti-CD3 antibodies (e.g.,

Nuvion (Product Design Labs), OKT3 (Johnson & Johnson), or Rituxan (IDEC)), anti-CD5

antibodies (e.g., an anti-CD5 ricin-linked immunoconjugate), anti-CD7 antibodies (e.g. ,

CHH-380 (Novartis)), anti-CD8 antibodies, anti-CD40 ligand monoclonal antibodies (e.g.,

IDEC-131 (IDEC)), anti-CD52 antibodies (e.g., CAMPATH IH (Ilex)), anti-CD2 antibodies

(e.g. , MEDI-507 (Medlmmune, Inc., International Publication Nos. WO 02/098370 and WO

02/069904), anti-CD 1Ia antibodies (e.g., Xanelim (Genentech)), and anti-B7 antibodies (e.g.,

IDEC- 1 14) (IDEC)); anti-cytokine receptor antibodies (e.g., anti-IFN receptor antibodies,

anti-IL-2 receptor antibodies (e.g., Zenapax (Protein Design Labs)), anti-IL-4 receptor

antibodies, anti-IL-6 receptor antibodies, anti-IL-10 receptor antibodies, and anti-IL-12

receptor antibodies), anti-cytokine antibodies (e.g., anti-IFN antibodies, anti-TNF-alpha

antibodies, anti-IL-1 alpha antibodies, anti-IL-6 antibodies, anti-IL-8 antibodies (e.g., ABX-

IL-8 (Abgenix)), anti-IL-12 antibodies and anti-IL-23 antibodies)); CTLA4-immunoglobulin;

LFA-3TIP (Biogen, International Publication No. WO 93/08656 and U.S. Patent No.

6,162,432); soluble cytokine receptors (e.g., the extracellular domain of a TNF- alpha

receptor or a fragment thereof, the extracellular domain of an IL-I alpha receptor or a

fragment thereof, and the extracellular domain of an IL-6 receptor or a fragment thereof);

cytokines or fragments thereof (e.g. , interleukin (IL)-2, IL-3, IL-4, IL-5, IL-6, IL-7, IL-8, IL-

9, IL-IO, IL-Il, IL-12, IL-15, IL-23, TNF-alpha, TNF-beta, interferon (IFN)-alpha, IFN-beta,

IFN-gamma, and GM-CSF); and anti-cytokine antibodies (e.g., anti-IL-2 antibodies, anti-IL-4

antibodies, anti-IL-6 antibodies, anti-IL-10 antibodies, anti-IL-12 antibodies, anti-IL-1 5

antibodies, anti-TNF- alpha antibodies, and anti-IFN-gamma antibodies), and antibodies that

immunospecifically bind to tumor-associated antigens (e.g., Herceptin®). In certain

embodiments, an immunomodulatory agent is an immunomodulatory agent other than a

chemotherapeutic agent. In other embodiments an immunomodulatory agent is an

immunomodulatory agent other than a cytokine or hemapoietic such as IL-I, IL-2, IL-4, IL-

12, IL-15, TNF, IFN-alpha, IFN-beta, IFN-gamma, M-CSF, G-CSF, IL-3 or erythropoietin.

In yet other embodiments, an immunomodulatory agent is an agent other than a

chemotherapeutic agent and a cytokine or hemapoietic factor.

[00675] Non-limiting examples of anti-cancer agents that can be used as therapies in

combination with Therapeutic Agents, include, but are not limited to: acivicin; aclarubicin;

acodazole hydrochloride; acronine; adozelesin; aldesleukin; altretamine; ambomycin;



ametantrone acetate; aminoglutethimide; amsacrine; anastrozole; anthramycin; asparaginase;

asperlin; azacitidine; azetepa; azotomycin; batimastat; benzodepa; bicalutamide; bisantrene

hydrochloride; bisnafide dimesylate; bizelesin; bleomycin sulfate; brequinar sodium;

bropirimine; busulfan; cactinomycin; calusterone; caracemide; carbetimer; carboplatin;

carmustine; carubicin hydrochloride; carzelesin; cedefingol; chlorambucil; cirolemycin;

cisplatin; cladribine; crisnatol mesylate; cyclophosphamide; cytarabine; dacarbazine;

dactinomycin; daunorubicin hydrochloride; decitabine; dexormaplatin; dezaguanine;

dezaguanine mesylate; diaziquone; docetaxel; doxorubicin; doxorubicin hydrochloride;

droloxifene; droloxifene citrate; dromostanolone propionate; duazomycin; edatrexate;

eflornithine hydrochloride; elsamitrucin; enloplatin; enpromate; epipropidine; epirubicin

hydrochloride; erbulozole; esorubicin hydrochloride; estramustine; estramustine phosphate

sodium; etanidazole; etoposide; etoposide phosphate; etoprine; fadrozole hydrochloride;

fazarabine; fenretinide; floxuridine; fludarabine phosphate; fluorouracil; flurocitabine;

fosquidone; fostriecin sodium; gemcitabine; gemcitabine hydrochloride; hydroxyurea;

idarubicin hydrochloride; ifosfamide; ilmofosine; interleukin II (including recombinant

interleukin II, or rIL2), interferon alpha-2a; interferon alpha-2b; interferon alpha-nl ;

interferon alpha-n3; interferon beta-I a; interferon gamma-I b; iproplatin; irinotecan

hydrochloride; lanreotide acetate; letrozole; leuprolide acetate; liarozole hydrochloride;

lometrexol sodium; lomustine; losoxantrone hydrochloride; masoprocol; maytansine;

mechlorethamine hydrochloride; megestrol acetate; melengestrol acetate; melphalan;

menogaril; mercaptopurine; methotrexate; methotrexate sodium; metoprine; meturedepa;

mitindomide; mitocarcin; mitocromin; mitogillin; mitomalcin; mitomycin; mitosper;

mitotane; mitoxantrone hydrochloride; mycophenolic acid; nocodazole; nogalamycin;

ormaplatin; oxisuran; paclitaxel; pegaspargase; peliomycin; pentamustine; peplomycin

sulfate; perfosfamide; pipobroman; piposulfan; piroxantrone hydrochloride; plicamycin;

plomestane; porfimer sodium; porfiromycin; prednimustine; procarbazine hydrochloride;

puromycin; puromycin hydrochloride; pyrazofurin; riboprine; rogletimide; safmgol; safingol

hydrochloride; semustine; simtrazene; sparfosate sodium; sparsomycin; spirogermanium

hydrochloride; spiromustine; spiroplatin; streptonigrin; streptozocin; sulofenur; talisomycin;

tecogalan sodium; tegafur; teloxantrone hydrochloride; temoporfin; teniposide; teroxirone;

testolactone; thiamiprine; thioguanine; thiotepa; tiazofurin; tirapazamine; toremifene citrate;

trestolone acetate; triciribine phosphate; trimetrexate; trimetrexate glucuronate; triptorelin;

tubulozole hydrochloride; uracil mustard; uredepa; vapreotide; verteporfm; vinblastine

sulfate; vincristine sulfate; vindesine; vindesine sulfate; vinepidine sulfate; vinglycinate



sulfate; vinleurosine sulfate; vinorelbine tartrate; vinrosidine sulfate; vinzolidine sulfate;

vorozole; zeniplatin; zinostatin; zorubicin hydrochloride. Other anti-cancer drugs include,

but are not limited to: 20-epi-l,25 dihydroxyvitamin D3; 5-ethynyluracil; abiraterone;

aclarubicin; acylfulvene; adecypenol; adozelesin; aldesleukin; ALL-TK antagonists;

altretamine; ambamustine; amidox; amifostine; aminolevulinic acid; amrubicin; amsacrine;

anagrelide; anastrozole; andrographolide; angiogenesis inhibitors; antagonist D; antagonist G;

antarelix; anti-dorsalizing morphogenetic protein- 1; antiandrogen, prostatic carcinoma;

antiestrogen; antineoplaston; antisense oligonucleotides; aphidicolin glycinate; apoptosis

gene modulators; apoptosis regulators; apurinic acid; ara-CDP-DL-PTBA; arginine

deaminase; asulacrine; atamestane; atrimustine; axinastatin 1; axinastatin 2; axinastatin 3;

azasetron; azatoxin; azatyrosine; baccatin III derivatives; balanol; batimastat; BCR/ABL

antagonists; benzochlorins; benzoylstaurosporine; beta lactam derivatives; beta-alethine;

betaclamycin B; betulinic acid; bFGF inhibitor; bicalutamide; bisantrene;

bisaziridinylspermine; bisnafide; bistratene A; bizelesin; breflate; bropirimine; budotitane;

buthionine sulfoximine; calcipotriol; calphostin C; camptothecin derivatives; canarypox IL-2;

capecitabine; carboxamide-amino-triazole; carboxyamidotriazole; CaRest M3; CARN 700;

cartilage derived inhibitor; carzelesin; casein kinase inhibitors (ICOS); castanospermine;

cecropin B; cetrorelix; chlorlns; chloroquinoxaline sulfonamide; cicaprost; cis-porphyrin;

cladribine; clomifene analogues; clotrimazole; collismycin A; collismycin B; combretastatin

A4; combretastatin analogue; conagenin; crambescidin 816; crisnatol; cryptophycin 8;

cryptophycin A derivatives; curacin A; cyclopentanthraquinones; cycloplatam; cypemycin;

cytarabine ocfosfate; cytolytic factor; cytostatin; dacliximab; decitabine; dehydrodidemnin B;

deslorelin; dexamethasone; dexifosfamide; dexrazoxane; dexverapamil; diaziquone;

didemnin B; didox; diethylnorspermine; dihydro-5-azacytidine; dihydrotaxol, 9-;

dioxamycin; diphenyl spiromustine; docetaxel; docosanol; dolasetron; doxifluridine;

droloxifene; dronabinol; duocarmycin SA; ebselen; ecomustine; edelfosine; edrecolomab;

eflornithine; elemene; emitefur; epirubicin; epristeride; estramustine analogue; estrogen

agonists; estrogen antagonists; etanidazole; etoposide phosphate; exemestane; fadrozole;

fazarabine; fenretinide; filgrastim; finasteride; flavopiridol; flezelastine; fluasterone;

fludarabine; fluorodaunorunicin hydrochloride; forfenimex; formestane; fostriecin;

fotemustine; gadolinium texaphyrin; gallium nitrate; galocitabine; ganirelix; gelatinase

inhibitors; gemcitabine; glutathione inhibitors; hepsulfam; heregulin; hexamethylene

bisacetamide; hypericin; ibandronic acid; idarubicin; idoxifene; idramantone; ilmofosine;

ilomastat; imidazoacridones; imiquimod; immunostimulant peptides; insulin-like growth



factor- 1 receptor inhibitor; interferon agonists; interferons; interleukins; iobenguane;

iododoxorubicin; ipomeanol, 4-; iroplact; irsogladine; isobengazole; isohomohalicondrin B;

itasetron; jasplakinolide; kahalalide F; lamellarin-N triacetate; lanreotide; leinamycin;

lenograstim; lentinan sulfate; leptolstatin; letrozole; leukemia inhibiting factor; leukocyte

alpha interferon; leuprolide+estrogen+progesterone; leuprorelin; levamisole; liarozole; linear

polyamine analogue; lipophilic disaccharide peptide; lipophilic platinum compounds;

lissoclinamide 7; lobaplatin; lombricine; lometrexol; lonidamine; losoxantrone; HMG-CoA

reductase inhibitor (such as but not limited to, Lovastatin, Pravastatin, Fluvastatin, Statin,

Simvastatin, and Atorvastatin); loxoribine; lurtotecan; lutetium texaphyrin; lysofylline; lytic

peptides; maitansine; mannostatin A; marimastat; masoprocol; maspin; matrilysin inhibitors;

matrix metalloproteinase inhibitors; menogaril; merbarone; meterelin; methioninase;

metoclopramide; MIF inhibitor; mifepristone; miltefosine; mirimostim; mismatched double

stranded RNA; mitoguazone; mitolactol; mitomycin analogues; mitonafide; mitotoxin

fibroblast growth factor-saporin; mitoxantrone; mofarotene; molgramostim; monoclonal

antibody, human chorionic gonadotrophin; monophosphoryl lipid A+myobacterium cell wall

sk; mopidamol; multiple drug resistance gene inhibitor; multiple tumor suppressor 1-based

therapy; mustard anticancer agent; mycaperoxide B; mycobacterial cell wall extract;

myriaporone; N-acetyldinaline; N-substituted benzamides; nafarelin; nagrestip;

naloxone+pentazocine; napavin; naphterpin; nartograstim; nedaplatin; nemorubicin;

neridronic acid; neutral endopeptidase; nilutamide; nisamycin; nitric oxide modulators;

nitroxide antioxidant; nitrullyn; 06-benzylguanine; octreotide; okicenone; oligonucleotides;

onapristone; ondansetron; ondansetron; oracin; oral cytokine inducer; ormaplatin; osaterone;

oxaliplatin; oxaunomycin; paclitaxel; paclitaxel analogues; paclitaxel derivatives;

palauamine; palmitoylrhizoxin; pamidronic acid; panaxytriol; panomifene; parabactin;

pazelliptine; pegaspargase; peldesine; pentosan polysulfate sodium; pentostatin; pentrozole;

perflubron; perfosfamide; perillyl alcohol; phenazinomycin; phenylacetate; phosphatase

inhibitors; picibanil; pilocarpine hydrochloride; pirarubicin; piritrexim; placetin A; placetin

B; plasminogen activator inhibitor; platinum complex; platinum compounds;

platinum-triamine complex; porfimer sodium; porfiromycin; prednisone; propyl bis-acridone;

prostaglandin J2; proteasome inhibitors; protein A-based immune modulator; protein kinase

C inhibitor; protein kinase C inhibitors, microalgal; protein tyrosine phosphatase inhibitors;

purine nucleoside phosphorylase inhibitors; purpurins; pyrazoloacridine; pyridoxylated

hemoglobin polyoxyethylene conjugate; raf antagonists; raltitrexed; ramosetron; ras farnesyl

protein transferase inhibitors; ras inhibitors; ras-GAP inhibitor; retelliptine demethylated;



rhenium Re 186 etidronate; rhizoxin; ribozymes; RII retinamide; rogletimide; rohitukine;

romurtide; roquinimex; rubiginone B 1; ruboxyl; safingol; saintopin; SarCNU; sarcophytol A;

sargramostim; Sdi 1 mimetics; semustine; senescence derived inhibitor 1; sense

oligonucleotides; signal transduction inhibitors; signal transduction modulators; single chain

antigen binding protein; sizofiran; sobuzoxane; sodium borocaptate; sodium phenylacetate;

solverol; somatomedin binding protein; sonermin; sparfosic acid; spicamycin D;

spiromustine; splenopentin; spongistatin 1; squalamine; stem cell inhibitor; stem-cell division

inhibitors; stipiamide; stromelysin inhibitors; sulfmosine; superactive vasoactive intestinal

peptide antagonist; suradista; suramin; swainsonine; synthetic glycosaminoglycans;

tallimustine; tamoxifen methiodide; tauromustine; tazarotene; tecogalan sodium; tegafur;

tellurapyrylium; telomerase inhibitors; temoporfin; temozolomide; teniposide;

tetrachlorodecaoxide; tetrazomine; thaliblastine; thiocoraline; thrombopoietin;

thrombopoietin mimetic; thymalfasin; thymopoietin receptor agonist; thymotrinan; thyroid

stimulating hormone; tin ethyl etiopurpurin; tirapazamine; titanocene bichloride; topsentin;

toremifene; totipotent stem cell factor; translation inhibitors; tretinoin; triacetyluridine;

triciribine; trimetrexate; triptorelin; tropisetron; turosteride; tyrosine kinase inhibitors;

tyrphostins; UBC inhibitors; ubenimex; urogenital sinus-derived growth inhibitory factor;

urokinase receptor antagonists; vapreotide; variolin B; vector system, erythrocyte gene

therapy; velaresol; veramine; verdins; verteporfin; vinorelbine; vinxaltine; Vitaxin®;

vorozole; zanoterone; zeniplatin; zilascorb; and zinostatin stimalamer. Additional anti-cancer

drugs are 5-fluorouracil and leucovorin. These two agents are particularly useful when used

in methods employing thalidomide and a topoisomerase inhibitor. In specific embodiments, a

anti-cancer agent is not a chemotherapeutic agent.

[00676] In certain embodiments, certain of the therapies described in this section 5.7. 1 are

used in combination with a Therapeutic Agent to prevent, treat, or manage an autoimmune

disease, inflammatory disease, and/or transplant rejection.

5.7.2 Antiviral Agents

[00677] Antiviral agents that can be used in combination with Therapeutic Agents include,

but are not limited to, non-nucleoside reverse transcriptase inhibitors, nucleoside reverse

transcriptase inhibitors, protease inhibitors, and fusion inhibitors. In one embodiment, the

antiviral agent is selected from the group consisting of amantadine, oseltamivir phosphate,

rimantadine, and zanamivir. In another embodiment, the antiviral agent is a non-nucleoside

reverse transcriptase inhibitor selected from the group consisting of delavirdine, efavirenz,



and nevirapine. In another embodiment, the antiviral agent is a nucleoside reverse

transcriptase inhibitor selected from the group consisting of abacavir, didanosine,

emtricitabine, emtricitabine, lamivudine, stavudine, tenofovir DF, zalcitabine, and

zidovudine. In another embodiment, the antiviral agent is a protease inhibitor selected from

the group consisting of amprenavir, atazanavir, fosamprenav, indinavir, lopinavir, nelfmavir,

ritonavir, and saquinavir. In another embodiment, the antiviral agent is a fusion inhibitor

such as enfuvirtide.

[00678] Additional, non-limiting examples of antiviral agents for use in combination with

Therapeutic Agents include the following: rifampicin, nucleoside reverse transcriptase

inhibitors (e.g., AZT, ddl, ddC, 3TC, d4T), non-nucleoside reverse transcriptase inhibitors

(e.g., delavirdine efavirenz, nevirapine), protease inhibitors (e.g., aprenavir, indinavir,

ritonavir, and saquinavir), idoxuridine, cidofovir, acyclovir, ganciclovir, zanamivir,

amantadine, and palivizumab. Other examples of anti-viral agents include but are not limited

to acemannan; acyclovir; acyclovir sodium; adefovir; alovudine; alvircept sudotox;

amantadine hydrochloride (SYMMETRELTM); aranotin; arildone; atevirdine mesylate;

avridine; cidofovir; cipamfylline; cytarabine hydrochloride; delavirdine mesylate;

desciclovir; didanosine; disoxaril; edoxudine; enviradene; enviroxime; famciclovir; famotine

hydrochloride; fiacitabine; fialuridine; fosarilate; foscamet sodium; fosfonet sodium;

ganciclovir; ganciclovir sodium; idoxuridine; kethoxal; lamivudine; lobucavir; memotine

hydrochloride; methisazone; nevirapine; oseltamivir phosphate (TAMIFLUTM); penciclovir;

pirodavir; ribavirin; rimantadine hydrochloride (FLUMADINETM); saquinavir mesylate;

somantadine hydrochloride; sorivudine; statolon; stavudine; tilorone hydrochloride;

trifluridine; valacyclovir hydrochloride; vidarabine; vidarabine phosphate; vidarabine sodium

phosphate; viroxime; zalcitabine; zanamivir (RELENZATM); zidovudine; and zinviroxime.

5.7.3 Antibacterial Agents

[00679] Antibacterial agents, including antibiotics, that can be used in combination with

Therapeutic Agents include, but are not limited to, aminoglycoside antibiotics, glycopeptides,

amphenicol antibiotics, ansamycin antibiotics, cephalosporins, cephamycins oxazolidinones,

penicillins, quinolones, streptogamins, tetracyclins, and analogs thereof. In some

embodiments, antibiotics are administered in combination with a Therapeutic Agent to

prevent and/or treat a bacterial infection.



[00680] In a specific embodiment, Therapeutic Agents are used in combination with other

protein synthesis inhibitors, including but not limited to, streptomycin, neomycin,

erythromycin, carbomycin, and spiramycin.

[00681] In one embodiment, the antibacterial agent is selected from the group consisting

of ampicillin, amoxicillin, ciprofloxacin, gentamycin, kanamycin, neomycin, penicillin G,

streptomycin, sulfanilamide, and vancomycin. In another embodiment, the antibacterial

agent is s elected from the group consisting of azithromycin, cefonicid, cefotetan,

cephalothin, cephamycin, chlortetracycline, clarithromycin, clindamycin, cycloserine,

dalfopristin, doxycycline, erythromycin, linezolid, mupirocin, oxytetracycline, quinupristin,

rifampin, spectinomycin, and trimethoprim.

[00682] Additional, non-limiting examples of antibacterial agents for use in combination

with Therapeutic Agents include the following: aminoglycoside antibiotics (e.g., apramycin,

arbekacin, bambermycins, butirosin, dibekacin, neomycin, neomycin, undecylenate,

netilmicin, paromomycin, ribostamycin, sisomicin, and spectinomycin), amphenicol

antibiotics (e.g., azidamfenicol, chloramphenicol, florfenicol, and thiamphenicol), ansamycin

antibiotics (e.g., rifamide and rifampin), carbacephems (e.g., loracarbef), carbapenems (e.g.,

biapenem and imipenem), cephalosporins (e.g., cefaclor, cefadroxil, cefamandole, cefatrizine,

cefazedone, cefozopran, cefpimizole, cefpiramide, and cefpirome), cephamycins (e.g.,

cefbuperazone, cefmetazole, and cefminox), folic acid analogs (e.g., trimethoprim),

glycopeptides (e.g., vancomycin), lincosamides (e.g., clindamycin, and lincomycin),

macrolides (e.g., azithromycin, carbomycin, clarithomycin, dirithromycin, erythromycin, and

erythromycin acistrate), monobactams (e.g., aztreonam, carumonam, and tigemonam),

nitrofurans (e.g., furaltadone, and furazolium chloride), oxacephems (e.g., flomoxef, and

moxalactam), oxazolidinones (e.g., linezolid), penicillins (e.g., amdinocillin, amdinocillin

pivoxil, amoxicillin, bacampicillin, benzylpenicillinic acid, benzylpenicillin sodium, epicillin,

fenbenicillin, floxacillin, penamccillin, penethamate hydriodide, penicillin o benethamine,

penicillin 0, penicillin V, penicillin V benzathine, penicillin V hydrabamine,

penimepicycline, and phencihicillin potassium), quinolones and analogs thereof (e.g. ,

cinoxacin, ciprofloxacin, clinafloxacin, flumequine, grepagloxacin, levofloxacin, and

moxifloxacin), streptogramins (e.g., quinupristin and dalfopristin), sulfonamides (e.g., acetyl

sulfamethoxypyrazine, benzylsulfamide, noprylsulfamide, phthalylsulfacetamide,

sulfachrysoidine, and sulfacytine), sulfones (e.g., diathymosulfone, glucosulfone sodium, and

solasulfone), and tetracyclines (e.g., apicycline, chlortetracycline, clomocycline, and

demeclocycline). Additional examples include cycloserine, mupirocin, tuberin amphomycin,



bacitracin, capreomycin, colistin, enduracidin, enviomycin, and 2,4 diaminopyrimidines (e.g.,

brodimoprim).

5.8 ADMINISTRATION & DOSAGE OF THERAPEUTIC AGENTS

5.8.1 MODE OF ADMINISTRATION OF THERAPEUTIC AGENTS

[00683] Therapeutic Agents can be administered via any route known in the art.

Therapeutic Agents or compositions thereof can be administered orally, or by any other

convenient route, for example, by infusion or bolus injection, by absorption through epithelial

or mucocutaneous linings (e.g., oral mucosa, rectal, and intestinal mucosa) and may be

administered together with another biologically active agent. Administration can be systemic

or local. Various delivery systems are known, e.g., encapsulation in liposomes,

microparticles, microcapsules, capsules, and can be used to deliver the Therapeutic Agents or

compositions thereof and pharmaceutically acceptable salts thereof.

[00684] Methods of administration include but are not limited to parenteral, intradermal,

intramuscular, intraperitoneal, intravenous, subcutaneous, intranasal, epidural, oral,

sublingual, intranasal, intracerebral, intravaginal, transdermal, rectally, by inhalation,

intratumorally, or topically, particularly to the ears, nose, eyes, or skin. The mode of

administration is left to the discretion of the practitioner. In some embodiments,

administration will result in the release of a Therapeutic Agent into the bloodstream.

[00685] In specific embodiments, it may be desirable to administer a Therapeutic Agent

locally. This may be achieved, for example, and not by way of limitation, by local infusion,

topical application, e.g., in conjunction with a wound dressing, by injection, by means of a

catheter, by means of a suppository, or by means of an implant, said implant being of a

porous, non-porous, or gelatinous material, including membranes, such as sialastic

membranes, or fibers.

[00686] In certain embodiments, it may be desirable to introduce a Therapeutic Agent into

the central nervous system by any suitable route, including intraventricular, intrathecal and

epidural injection. Intraventricular injection may be facilitated by an intraventricular

catheter, for example, attached to a reservoir, such as an Ommaya reservoir.

[00687] Pulmonary administration can also be employed, e.g., by use of an inhaler or

nebulizer, and formulation with an aerosolizing agent, or via perfusion in a fluorocarbon or

synthetic pulmonary surfactant.

[00688] In certain embodiments, a Therapeutic Agent is formulated as a suppository, with

traditional binders and vehicles such as triglycerides.



[00689] For viral infections or melanoma with cutaneous manifestations, the Therapeutic

Agent can be administered topically.

[00690] In another embodiment, a Therapeutic Agent is delivered in a vesicle, in particular

a liposome (See Langer, 1990, Science 249:1527 1533; Treat et al, in Liposomes in the

Therapy of Infectious Disease and Bacterial infection, Lopez-Berestein and Fidler (eds.),

Liss, New York, pp. 353 365 (1989); Lopez Berestein, ibid., pp. 317 327).

[00691] In another embodiment, a Therapeutic Agent is delivered in a controlled release

system (See, e.g., Goodson, in Medical Applications of Controlled Release, supra, vol. 2, pp.

115 138 (1984)). Examples of controlled-release systems are discussed in the review by

Langer, 1990, Science 249:1527 1533 may be used. In one embodiment, a pump may be

used (See Langer, supra; Sefton, 1987, CRC Crit. Ref. Biomed. Eng. 14:201; Buchwald et al.,

1980, Surgery 88:507; Saudek et al., 1989, N. Engl. J . Med. 321:574). In another

embodiment, polymeric materials can be used (See Medical Applications of Controlled

Release, Langer and Wise (eds.), CRC Pres., Boca Raton, Florida (1974); Controlled Drug

Bioavailability, Drug Product Design and Performance, Smolen and Ball (eds.), Wiley, New

York (1984); Ranger and Peppas, 1983, J . Macromol. Sci. Rev. Macromol. Chem. 23:61; See

also Levy et al., 1985, Science 228:190; During et al., 1989, Ann. Neurol. 25:351; Howard et

al., 1989, J . Neurosurg. 71:105). In a specific embodiment, a controlled-release system

comprising a Therapeutic Agent is placed in close proximity to the tissue affected by the

disease to be prevented, treated and/or managed. In accordance with this embodiment, the

close proximity of the controlled-release system to the affected tissue may result in only a

fraction of the dose of the Therapeutic Agent required if it is systemically administered.

5.8.2 DOSAGE OF THERAPEUTIC AGENTS

[00692] The amount of a Therapeutic Agent, or the amount of a composition comprising a

Therapeutic Agent, that will be effective in the prevention, treatment and/or management of a

disease can be determined by standard clinical techniques. In vitro or in vivo assays may

optionally be employed to help identify optimal dosage ranges. The precise dose to be

employed will also depend, e.g., on the route of administration, the type of symptoms, and

the seriousness of the symptoms, and should be decided according to the judgment of the

practitioner and each patient's or subject's circumstances.

[00693] In some embodiments, the dosage of a Therapeutic Agent or compositions thereof

is determined by extrapolating from the no observed adverse effective level (NOAEL), as

determined in animal studies. This extrapolated dosage is useful in determining the



maximum recommended starting dose for human clinical trials. For instance, the NOAELs

can be extrapolated to determine human equivalent dosages (HED). Typically, HED is

extrapolated from a non-human animal dosage based on the doses that are normalized to body

surface area (i.e., mg/m2). In specific embodiments, the NOAELs are determined in mice,

hamsters, rats, ferrets, guinea pigs, rabbits, dogs, primates, primates (monkeys, marmosets,

squirrel monkeys, baboons), micropigs or minipigs. For a discussion on the use of NOAELs

and their extrapolation to determine human equivalent doses, See Guidance for Industry

Estimating the Maximum Safe Starting Dose in Initial Clinical Trials for Therapeutics in

Adult Healthy Volunteers, U.S. Department of Health and Human Services Food and Drug

Administration Center for Drug Evaluation and Research (CDER), Pharmacology and

Toxicology, July 2005. In one embodiment, a Therapeutic Agent or composition thereof is

administered at a dose that is lower than the human equivalent dosage (HED) of the NOAEL

over a period of 1 week, 2 weeks, 3 weeks, 1 month, 2 months, three months, four months,

six months, nine months, 1 year, 2 years, 3 years, 4 years or more.

[00694] In certain embodiments, a dosage regime for a human subject can be extrapolated

from animal model studies using the dose at which 10% of the animals die (LDlO). In

general the starting dose of a Phase I clinical trial is based on preclinical testing. A standard

measure of toxicity of a drug in preclinical testing is the percentage of animals that die

because of treatment. It is well within the skill of the art to correlate the LDlO in an animal

study with the maximal-tolerated dose (MTD) in humans, adjusted for body surface area, as a

basis to extrapolate a starting human dose. In some embodiments, the interrelationship of

dosages for one animal model can be converted for use in another animal, including humans,

using conversion factors (based on milligrams per meter squared of body surface) as

described, e.g., in Freireich et al, Cancer Chemother. Rep., 1966, 50:219-244. Body surface

area may be approximately determined from height and weight of the patient. See, e.g.,

Scientific Tables, Geigy Pharmaceuticals, Ardley, N. Y., 1970, 537. In certain embodiments,

the adjustment for body surface area includes host factors such as, for example, surface area,

weight, metabolism, tissue distribution, absorption rate, and excretion rate. In addition, the

route of administration, excipient usage, and the specific disease or virus to target are also

factors to consider. In one embodiment, the standard conservative starting dose is about 1/10

the murine LDlO, although it may be even lower if other species (i.e., dogs) were more

sensitive to the Therapeutic Agent. In other embodiments, the standard conservative starting

dose is about 1/100, 1/95, 1/90, 1/85, 1/80, 1/75, 1/70, 1/65, 1/60, 1/55, 1/50, 1/45, 1/40, 1/35,

1/30, 1/25, 1/20, 1/15, 2/10, 3/10, 4/10, or 5/10 of the murine LDlO. In other embodiments,



an starting dose amount of a Therapeutic Agent in a human is lower than the dose

extrapolated from animal model studies. In another embodiment, an starting dose amount of

a Therapeutic Agent in a human is higher than the dose extrapolated from animal model

studies. It is well within the skill of the art to start doses of the active composition at

relatively low levels, and increase or decrease the dosage as necessary to achieve the desired

effect with minimal toxicity.

[00695] Exemplary doses of Therapeutic Agents comprising polypeptides or antibodies or

compositions thereof include milligram or microgram amounts per kilogram of subject or

sample weight (e.g., about 1 microgram per kilogram to about 500 milligrams per kilogram,

about 5 micrograms per kilogram to about 100 milligrams per kilogram, or about 1

microgram per kilogram to about 50 micrograms per kilogram). In specific embodiments, a

daily dose is at least 50 mg, 75 mg, 100 mg, 150 mg, 250 mg, 500 mg, 750 mg, or at least 1

g -

[00696] In one embodiment, the dosage is a concentration of 0.01 to 5000 mM, 1 to 300

mM, 10 to 100 mM and 10 mM to 1 M. In another embodiment, the dosage is a

concentration of at least 5 µM, at least 10 µM, at least 50 µM, at least 100 µM, at least 500

µM, at least 1 mM, at least 5 mM, at least 10 mM, at least 50 mM, at least 100 mM, or at

least 500 mM.

[00697] In one embodiment, the dosage is a concentration of 0.01 to 5000 mM, 1 to 300

mM, 10 to 100 mM and 10 mM to 1 M. In another embodiment, the dosage is a

concentration of at least 5 µM, at least 10 µM, at least 50 µM, at least 100 µM, at least 500

µM, at least 1 mM, at least 5 mM, at least 10 mM, at least 50 mM, at least 100 mM, or at

least 500 mM. In a specific embodiment, the dosage is 0.25 µg/kg or more, preferably 0.5

µg/kg or more, 1 µg/kg or more, 2 µg/kg or more, 3 µg/kg or more, 4 µg/kg or more, 5 µg/kg

or more, 6 µg/kg or more, 7 µg/kg or more, 8 µg/kg or more, 9 µg/kg or more, or 10 µg/kg or

more, 25 µg/kg or more, preferably 50 µg/kg or more, 100 µg/kg or more, 250 µg/kg or more,

500 µg/kg or more, 1 mg/kg or more, 5 mg/kg or more, 6 mg/kg or more, 7 mg/kg or more, 8

mg/kg or more, 9 mg/kg or more, or 10 mg/kg or more of a patient's body weight.

[00698] In another embodiment, the dosage is a unit dose of 1 mg, preferably 2 mg, 5 mg,

10 mg, 50 mg, 100 mg, 150 mg, 200 mg, 250 mg, 300 mg, 350 mg, 400 mg, 500 mg, 550 mg,

600 mg, 650 mg, 700 mg, 750 mg, 800 mg or more. In another embodiment, the dosage is a

unit dose that ranges from about 5 mg to about 100 mg, about 100 mg to about 200 µg, about

150 mg to about 300 mg, about 150 mg to about 400 mg, 250 µg to about 500 mg, about 500

mg to about 800 mg, about 500 mg to about 1000 mg, or about 5 mg to about 1000 mg.



[00699] Exemplary doses of Therapeutic Agents comprising nucleic acids or compositions

thereof include 0.1 µg, 0.5 µg, 1 µg, 1.5 µg, 2 µg, 3 µg, 4 µg, 5 µg, 6 µg, 7 µg, 8 µg, 9 µg, 10

µg, 15 µg, 20 µg, 25 µg, 30 µg, 35 µg, 40 µg, 45 µg, 50 µg, or 60 µg of nucleic acids per dose.

In a specific embodiment, the dose is in the range of 10 ng to 100 mg, or 50 ng to 100 mg, or

100 ng to 100 mg of nucleic acids per dose. In some specific embodiments, the dose is in the

range of 10 pg to 100 mg, or 50 pg to 100 mg, or 100 pg to 100 mg, or 100 pg to 100 ng of

nucleic acids per dose.

[00700] In certain embodiments, suitable dosage ranges for oral administration are about

0.001 milligram to about 500 milligrams of a Therapeutic Agent, per kilogram body weight

per day. In specific embodiments, the oral dose is about 0.01 milligram to about 100

milligrams per kilogram body weight per day, about 0.1 milligram to about 75 milligrams per

kilogram body weight per day or about 0.5 milligram to 5 milligrams per kilogram body

weight per day. The dosage amounts described herein refer to total amounts administered;

that is, if more than one Therapeutic Agent is administered, then, in some embodiments, the

dosages correspond to the total amount administered. In a specific embodiment, oral

compositions contain about 10% to about 95% a Therapeutic Agent by weight.

[00701] Suitable dosage ranges for intravenous (i.v.) administration are about 0.01

milligram to about 100 milligrams per kilogram body weight per day, about 0.1 milligram to

about 35 milligrams per kilogram body weight per day, and about 1 milligram to about 10

milligrams per kilogram body weight per day. In some embodiments, suitable dosage ranges

for intranasal administration are about 0.01 pg/kg body weight per day to about 1 mg/kg body

weight per day. Suppositories generally contain about 0.01 milligram to about 50 milligrams

of a Therapeutic Agent per kilogram body weight per day and comprise active ingredient in

the range of about 0.5% to about 10% by weight.

[00702] Recommended dosages for intradermal, intramuscular, intraperitoneal,

subcutaneous, epidural, sublingual, intracerebral, intravaginal, transdermal administration or

administration by inhalation are in the range of about 0.001 milligram to about 500

milligrams per kilogram of body weight per day. Suitable doses for topical administration

include doses that are in the range of about 0.001 milligram to about 50 milligrams,

depending on the area of administration.

[00703] In another embodiment, a subject is administered one or more doses of an

effective amount of a Therapeutic Agent or a composition thereof, wherein the effective

amount is not the same for each dose. In another embodiment, a subject is administered one

or more doses of an effective amount of a Therapeutic Agent or a composition thereof,



wherein the dose of an effective amount administered to said subject is increased by, e.g.,

0.01 µg/kg, 0.02 µg/kg, 0.04 µg/kg, 0.05 µg/kg, 0.06 µg/kg, 0.08 µg/kg, 0.1 µg/kg, 0.2 µg/kg,

0.25 µg/kg, 0.5 µg/kg, 0.75 µg/kg, 1 µg/kg, 1.5 µg/kg, 2 µg/kg, 4 µg/kg, 5 µg/kg, 10 µg/kg, 15

µg/kg, 20 µg/kg, 25 µg/kg, 30 µg/kg, 35 µg/kg, 40 µg/kg, 45 µg/kg, or 50 µg/kg, as treatment

progresses. In another embodiment, a subject is administered one or more doses of an

effective amount of a Therapeutic Agent or composition thereof, wherein the dose is

decreased by, e.g., 0.01 µg/kg, 0.02 µg/kg, 0.04 µg/kg, 0.05 µg/kg, 0.06 µg/kg, 0.08 µg/kg,

0.1 µg/kg, 0.2 µg/kg, 0.25 µg/kg, 0.5 µg/kg, 0.75 µg/kg, 1 µg/kg, 1.5 µg/kg, 2 µg/kg, 4 µg/kg,

5 µg/kg, 10 µg/kg, 15 µg/kg, 20 µg/kg, 25 µg/kg, 30 µg/kg, 35 µg/kg, 40 µg/kg, 45 µg/kg, or

50 µg/kg, as treatment progresses.

[00704] For Therapeutic Agents comprising cells expressing B7-H7, B7-H7CR, B7-H2,

ICOS, CD28 or CTLA-4 in high amounts, the suitable dosage range for administration by any

route of administration can be at least 100, 200, 300, 400, 500, 700, 1,000, 5,000, 10,000,

25,000, 50,000, or 100,000 cells. In specific embodiments, the number of cells is at least 100,

200, 300, 400, 500 cells. In other embodiments, the number of cells is at least 300, 400, 500,

700, 1,000 cells. In yet other specific embodiments, the number of cells is at least 700, 1,000,

5,000, 10,000 cells. In some embodiments, the number of cells is at least 5,000, 10,000,

25,000, 50,000, or 100,000 cells. In yet another embodiment, the number of cells is at least

50,000, or 100,000 cells. In other embodiments, the number of cells is at least IxIO6, 5 xlO6,

IxIO7, 5 xlO7, 1 xlO8, 5 xlO8 or more cells. In specific embodiments, the number of cells is

between IxIO4 to IxIO4, 5xlO4 to 5xlO6, IxIO 5 to IxIO 7, IxIO 5 to 5 xlO8, IxIO6 to 1 xlO8, or

IxIO6 to IxIO7, or IxIO4 to IxIO 5 cells.

[00705] In certain embodiments, a subject is administered a Therapeutic Agent or

composition thereof in an amount effective to inhibit or reduce symptoms associated with a

disease or disorder by at least 25%, at least 30%, at least 35%, at least 40%, at least 45%, at

least 50%, at least 55%, at least 60%, at least 65%, at least 70%, at least 75%, at least 80%, at

least 85%, at least 90%, or at least 95% or at least 20% to 25%, preferably at least 25% to

30%, at least 30% to 35%, at least 35% to 40%, at least 40% to 45%, at least 45% to 50%, at

least 50% to 55%, at least 55% to 60%, at least 60% to 65%, at least 65% to 70%, at least

70% to 75%, at least 75% to 80%, or up to at least 85% relative to a negative control as

determined using an assay described herein or others known to one of skill in the art. In

certain embodiments to treat, a subject is administered a Therapeutic Agent or a composition

thereof in an amount effective to inhibit or reduce symptoms associated with a disease or

disorder by at least 1.5 fold, 2 fold, 2.5 fold, 3 fold, 4 fold, 5 fold, 8 fold, 10 fold, 15 fold, 20



fold, or 2 to 5 fold, 2 to 10 fold, 5 to 10 fold, or 5 to 20 fold relative to a negative control as

determined using an assay described herein or other known to one of skill in the art.

[00706] In certain embodiments to treat or manage an infectious disease, a subject is

administered an Immunostimulating Therapeutic Agent or composition thereof in an amount

effective to inhibit or reduce replication of an infectious agent by at least 20% to 25%,

preferably at least 25% to 30%, at least 30% to 35%, at least 35% to 40%, at least 40% to

45%, at least 45% to 50%, at least 50% to 55%, at least 55% to 60%, at least 60% to 65%, at

least 65% to 70%, at least 70% to 75%, at least 75% to 80%, or up to at least 85% relative to

a negative control as determined using an assay described herein or others known to one of

skill in the art. In certain embodiments, a subject is administered an Immunostimulating

Therapeutic Agent or composition thereof in an amount effective to inhibit or reduce

replication of an infectious agent by at least 1.5 fold, 2 fold, 2.5 fold, 3 fold, 4 fold, 5 fold, 8

fold, 10 fold, 15 fold, 20 fold, or 2 to 5 fold, 2 to 10 fold, 5 to 10 fold, or 5 to 20 fold relative

to a negative control as determined using an assay described herein or others known to one of

skill in the art. In other embodiments, a subject is administered an Immunostimulating

Therapeutic Agent or composition thereof in an amount effective to inhibit or reduce

replication of an infectious agent by at least 1 log, 1.5 logs, 2 logs, 2.5 logs, 3 logs, 3.5 logs, 4

logs, 5 logs or more relative to a negative control as determined using an assay described

herein or others known to one of skill in the art.

[00707] In certain embodiments to prevent, treat, and/or manage cancer, a subject is

administered an Immunostimulating Therapeutic Agent or composition thereof in an amount

effective to inhibit or reduce tumor growth or cancer cell proliferation by at least 20% to

25%, preferably at least 25% to 30%, at least 30% to 35%, at least 35% to 40%, at least 40%

to 45%, at least 45% to 50%, at least 50% to 55%, at least 55% to 60%, at least 60% to 65%,

at least 65% to 70%, at least 70% to 75%, at least 75% to 80%, or up to at least 85% relative

to a negative control as determined using an assay described herein or others known to one of

skill in the art. In some embodiments, a subject is administered an Immunostimulating

Therapeutic Agent or composition thereof in an amount effective to inhibit or reduce tumor

growth or cancer cell proliferation by at least 1.5 fold, 2 fold, 2.5 fold, 3 fold, 4 fold, 5 fold,

8 fold, 10 fold, 15 fold, 20 fold, or 2 to 5 fold, 2 to 10 fold, 5 to 10 fold, or 5 to 20 fold

relative to a negative control as determined using an assay described herein or others known

to one of skill in the art.

[00708] In certain embodiments to treat or manage autoimmune or inflammatory diseases,

a subject is administered an Inhibitory Therapeutic Agent or composition thereof in an



amount effective to suppress or reduce certain aspects of the immune function by at least

20% to 25%, preferably at least 25% to 30%, at least 30% to 35%, at least 35% to 40%, at

least 40% to 45%, at least 45% to 50%, at least 50% to 55%, at least 55% to 60%, at least

60% to 65%, at least 65% to 70%, at least 70% to 75%, at least 75% to 80%, or up to at least

85% relative to a negative control as determined using an assay described herein or others

known to one of skill in the art. In some embodiments, a subject is administered an

Inhibitory Therapeutic Agent or composition thereof in an amount effective to suppress or

reduce certain aspects of the immune function by at least 1.5 fold, 2 fold, 2.5 fold, 3 fold, 4

fold, 5 fold, 8 fold, 10 fold, 15 fold, 20 fold, or 2 to 5 fold, 2 to 10 fold, 5 to 10 fold, or 5 to

20 fold relative to a negative control as determined using an assay described herein or others

known to one of skill in the art.

[00709] In certain embodiments to, a subject is administered an Immunostimulating

Therapeutic Agent or composition thereof in an amount effective to induce or enhance an

immune response by at least 20% to 25%, preferably at least 25% to 30%, at least 30% to

35%, at least 35% to 40%, at least 40% to 45%, at least 45% to 50%, at least 50% to 55%, at

least 55% to 60%, at least 60% to 65%, at least 65% to 70%, at least 70% to 75%, at least

75% to 80%, or up to at least 85% relative to a negative control as determined using an assay

described herein or others known to one of skill in the art. In some embodiments, a subject

is administered an Immunostimulating Therapeutic Agent or composition thereof in an

amount effective to induce or enhance an immune response by at least 1.5 fold, 2 fold, 2.5

fold, 3 fold, 4 fold, 5 fold, 8 fold, 10 fold, 15 fold, 20 fold, or 2 to 5 fold, 2 to 10 fold, 5 to 10

fold, or 5 to 20 fold relative to a negative control as determined using an assay described

herein or others known to one of skill in the art.

[00710] In certain embodiments to, a subject is administered an Immunostimulating

Therapeutic Agent or composition thereof in an amount effective to increase or enhance the

number of lymphocytes (in some embodiments, in a specific target body compartment) by at

least 20% to 25%, preferably at least 25% to 30%, at least 30% to 35%, at least 35% to 40%,

at least 40% to 45%, at least 45% to 50%, at least 50% to 55%, at least 55% to 60%, at least

60% to 65%, at least 65% to 70%, at least 70% to 75%, at least 75% to 80%, or up to at least

85% relative to a negative control as determined using an assay described herein or others

known to one of skill in the art. In some embodiments, a subject is administered an

Immunostimulating Therapeutic Agent or composition thereof in an amount effective to

increase or enhance the number of lymphocytes (in some embodiments, in a specific target

body compartment) by at least 1.5 fold, at least 2 fold, at least 2.5 fold, at least 3 fold, at least



4 fold, at least 5 fold, at least 8 fold, at least 10 fold, at least 15 fold, or at least 20 fold; or by

approximately 2 to 5 fold, 2 to 10 fold, 5 to 10 fold, or 5 to 20 fold relative to a negative

control as determined using an assay described herein or others known to one of skill in the

art. In some embodiments, the specific target body compartment where the number of

lymphocytes is increased or enhanced by an Immunostimulating Therapeutic Agent is the

lung, stomach, heart, kidney, liver, small intestines, large intestines, breast, prostate, or

bladder. In particular embodiments, the specific target body compartment where the number

of lymphocytes is increased or enhanced is the body compartment affected by a disease or

disorder (e.g., cancer or infectious disease). In some embodiments, the specific target body

compartment where the number of lymphocytes is increased or enhanced is the lymph node,

spleen, or peripheral blood.

[00711] In certain embodiments to, a subject is administered an Inhibitory Therapeutic

Agent or composition thereof in an amount effective to reduce the number of lymphocytes (in

some embodiments, in a specific target body compartment) by at least 20% to 25%,

preferably at least 25% to 30%, at least 30% to 35%, at least 35% to 40%, at least 40% to

45%, at least 45% to 50%, at least 50% to 55%, at least 55% to 60%, at least 60% to 65%, at

least 65% to 70%, at least 70% to 75%, at least 75% to 80%, or up to at least 85% relative to

a negative control as determined using an assay described herein or others known to one of

skill in the art. In some embodiments, a subject is administered an Inhibitory Therapeutic

Agent or composition thereof in an amount effective to reduce the number of lymphocytes (in

some embodiments, in a specific target body compartment) by at least 1.5 fold, at least 2 fold,

at least 2.5 fold, at least 3 fold, at least 4 fold, at least 5 fold, at least 8 fold, at least 10 fold, at

least 15 fold, or at least 20 fold; or by approximately 2 to 5 fold, 2 to 10 fold, 5 to 10 fold, or

5 to 20 fold relative to a negative control as determined using an assay described herein or

others known to one of skill in the art. In some embodiments, the specific target body

compartment where the number of lymphocytes is reduced by an Inhibitory Therapeutic

Agent is the lung, stomach, heart, kidney, liver, small intestines, large intestines, breast,

prostate, or bladder. In particular embodiments, the specific target body compartment where

the number of lymphocytes is increased or enhanced is the body compartment affected by a

disease or disorder (e.g., cancer or infectious disease). In some embodiments, the specific

target body compartment where the number of lymphocytes is increased or enhanced is the

lymph node, spleen, or peripheral blood.

[00712] In certain embodiments, a dose of a Therapeutic Agent or composition thereof is

administered to a subject every day, every other day, every couple of days, every third day,



once a week, twice a week, three times a week, or once every two weeks. In other

embodiments, two, three or four doses of a Therapeutic Agent or composition thereof is

administered to a subject every day, every couple of days, every third day, once a week or

once every two weeks. In some embodiments, a dose(s) of a Therapeutic Agent or

composition thereof is administered for 2 days, 3 days, 5 days, 7 days, 14 days, or 2 1 days.

In certain embodiments, a dose of a Therapeutic Agent or composition thereof is

administered for 1 month, 1.5 months, 2 months, 2.5 months, 3 months, 4 months, 5 months,

6 months or more.

[00713] The dosages of prophylactic or therapeutic agents which have been or are

currently used for the prevention, treatment and/or management of a disease or disorder, such

as, e.g., cancer, infectious disease, autoimmune and inflammatory disease, and transplant

rejection, can be determined using references available to a clinician such as, e.g., the

Physicians' Desk Reference (63rd ed. 2009). Preferably, dosages lower than those which

have been or are currently being used to prevent, treat and/or manage the disease or disorder

are utilized in combination with one or more Therapeutic Agents or compositions thereof.

[00714] The above-described administration schedules are provided for illustrative

purposes only and should not be considered limiting. A person of ordinary skill in the art will

readily understand that all doses are within the scope of the invention.

5.9 BIOLOGICAL ASSAYS

5.9.1 Assays to Assessing the Binding Characteristics of Therapeutic
Agents

[00715] Therapeutic Agents that specifically bind to the B7-H7, B7-H7CR, B7-H2, ICOS,

CD28, CTLA-4, or a complex of B7-H7 and B7-H7CR, or B7-H2 and either ICOS, CD28 or

CTLA-4 can be assessed using any method well known in the art, e.g., ELISA,

coimmunoprecipitation, Biacore assays, and KinEx A assays.

[00716] Binding assays can be used to determine the binding affinity of a Therapeutic

Agent for B7-H7, B7-H7CR, B7-H2, ICOS, CD28, CTLA-4, or a complex of B7-H7 and B7-

H7CR, or B7-H2 and either ICOS, CD28 or CTLA-4. Binding assays may be performed

either as direct binding assays or as competition-binding assays. Binding can be detected

using standard ELISA or standard Flow Cytometry assays. In a direct binding assay, a

Therapeutic Agent is tested for binding to the B7-H7, B7-H7CR, B7-H2, ICOS, CD28,

CTLA-4, or a complex of B7-H7 and B7-H7CR, or B7-H2 and either ICOS, CD28 or CTLA-

4.



[00717] Competition-binding assays, on the other hand, assess the ability of a Therapeutic

Agent to compete with a known agent (e.g., antibodies or other compound) that binds to B7-

H7, B7-H7CR, B7-H2, ICOS, CD28, CTLA-4, or a complex of B7-H7 and B7-H7CR, or B7-

H2 and either ICOS, CD28 or CTLA-4.

[00718] In a direct binding assay, B7-H7, B7-H7CR, B7-H2, ICOS, CD28, CTLA-4, or a

complex of B7-H7 and B7-H7CR, or B7-H2 and either ICOS, CD28 or CTLA-4 is contacted

with a Therapeutic Agent under conditions that allow binding of the Therapeutic Agent to the

B7-H7, B7-H7CR, B7-H2, ICOS, CD28, CTLA-4, or a complex of B7-H7 and B7-H7CR, or

B7-H2 and either ICOS, CD28 or CTLA-4. The binding may take place in solution or on a

solid surface. Preferably, the candidate antibody is previously labeled for detection. Any

detectable compound may be used for labeling, such as but not limited to, a luminescent,

fluorescent, or radioactive isotope or group containing same, or a nonisotopic label, such as

an enzyme or dye. After a period of incubation sufficient for binding to take place, the

reaction is exposed to conditions and manipulations that remove excess or non-specifically

bound antibody. Typically, it involves washing with an appropriate buffer. Finally, the

presence of a Therapeutic Agent bound to B7-H7, B7-H7CR, B7-H2, ICOS, CD28, CTLA-4,

or a complex of B7-H7 and B7-H7CR, or B7-H2 and either ICOS, CD28 or CTLA-4is

detected.

[00719] In a competition-binding assay, a Therapeutic Agent is evaluated for its ability to

inhibit or displace the binding of a known agent (e.g., an antibody other compound) to the

B7-H7, B7-H7CR, B7-H2, ICOS, CD28, CTLA-4, or a complex of B7-H7 and B7-H7CR, or

B7-H2 and either ICOS, CD28 or CTLA-4. A labeled known binder of B7-H7, B7-H7CR,

B7-H2, ICOS, CD28, CTLA-4, or a complex of B7-H7 and B7-H7CR, or B7-H2 and either

ICOS, CD28 or CTLA-4 may be mixed, and placed under conditions in which the interaction

between them would normally occur, with and without the addition of the Therapeutic Agent.

The amount of labeled known binder that binds the B7-H7, B7-H7CR, B7-H2, ICOS, CD28,

CTLA-4, or a complex of B7-H7 and B7-H7CR, or B7-H2 and either ICOS, CD28 or CTLA-

4 may be compared to the amount bound in the presence or absence of the Therapeutic

Agent.

[00720] In one embodiment, the binding assay is carried out with one or more components

immobilized on a solid surface to facilitate antibody antigen complex formation and

detection. In various embodiments, the solid support could be, but is not restricted to,

polycarbonate, polystyrene, polypropylene, polyethylene, glass, nitrocellulose, dextran,

nylon, polyacrylamide and agarose. The support configuration can include beads,



membranes, microparticles, the interior surface of a reaction vessel such as a microtiter plate,

test tube or other reaction vessel. The immobilization of B7-H7, B7-H7CR, B7-H2, ICOS,

CD28, CTLA-4, or a complex of B7-H7 and B7-H7CR, or B7-H2 and either ICOS, CD28 or

CTLA-4, or other component, can be achieved through covalent or non-covalent attachments.

In one embodiment, the attachment may be indirect, i.e., through an attached antibody. In

another embodiment, the B7-H7, B7-H7CR, B7-H2, ICOS, CD28, CTLA-4, or a complex of

B7-H7 and B7-H7CR, or B7-H2 and either ICOS, CD28 or CTLA-4 and negative controls

are tagged with an epitope, such as glutathione S-transferase (GST) so that the attachment to

the solid surface can be mediated by a commercially available antibody such as anti-GST

(Santa Cruz Biotechnology).

[00721] For example, such an affinity binding assay may be performed using the B7-H7,

B7-H7CR, B7-H2, ICOS, CD28, CTLA-4, or a complex of B7-H7 and B7-H7CR, or B7-H2

and either ICOS, CD28 or CTLA-4 which is immobilized to a solid support. Typically, the

non-mobilized component of the binding reaction, in this case the Therapeutic Agent, is

labeled to enable detection. A variety of labeling methods are available and may be used,

such as luminescent, chromophore, fluorescent, or radioactive isotope or group containing

same, and nonisotopic labels, such as enzymes or dyes. In one embodiment, the Therapeutic

Agent is labeled with a fluorophore such as fluorescein isothiocyanate (FITC, available from

Sigma Chemicals, St. Louis). Such an affinity binding assay may be performed using the B7-

H7, B7-H7CR, B7-H2, ICOS, CD28, CTLA-4, or a complex of B7-H7 and B7-H7CR, or B7-

H2 and either ICOS, CD28 or CTLA-4 immobilized on a solid surface. Therapeutic Agents

are then incubated with the B7-H7, B7-H7CR, B7-H2, ICOS, CD28, CTLA-4, or a complex

of B7-H7 and B7-H7CR, or B7-H2 and either ICOS, CD28 or CTLA-4 and the specific

binding of Therapeutic Agents is detected by methods known in the art including, but not

limited to, BiaCore Analyses, ELISA, FMET and RIA methods.

[00722] Finally, the label remaining on the solid surface may be detected by any detection

method known in the art. For example, if the Therapeutic Agent is labeled with a

fluorophore, a fluorimeter may be used to detect complexes.

[00723] In one embodiment, the Therapeutic Agent is added to intact cells that express B7-

H7, B7-H7CR, B7-H2, ICOS, CD28, or CTLA-4, or isolated membranes containing B7-H7,

B7-H7CR, B7-H2, ICOS, CD28, or CTLA-4. Thus, direct binding of Therapeutic Agent may

be assayed in intact cells in culture or in animal models. A labeled Therapeutic Agent may

be mixed with cells that express B7-H7, B7-H7CR, B7-H2, ICOS, CD28, or CTLA-4, or with

crude extracts obtained from such cells. Isolated membranes may be used to identify



Therapeutic Agents that interact with B7-H7, B7-H7CR, B7-H2, ICOS, CD28, or CTLA-4.

For example, in a typical experiment using isolated membranes, cells may be genetically

engineered to express B7-H7, B7-H7CR, B7-H2, ICOS, CD28, or CTLA-4. Membranes can

be harvested by standard techniques and used in an in vitro binding assay. Labeled

Therapeutic Agent (e.g., fluorescent labeled antibody) is bound to the membranes and

assayed for specific activity; specific binding is determined by comparison with binding

assays performed in the presence of excess unlabeled (cold) Therapeutic Agent.

Alternatively, soluble B7-H7, B7-H7CR, B7-H2, ICOS, CD28, or CTLA-4 may be

recombinantly expressed and utilized in non-cell based assays to identify Therapeutic Agents

that bind to B7-H7, B7-H7CR, B7-H2, ICOS, CD28, or CTLA-4.

[00724] Alternatively, the binding reaction may be carried out in solution. In this assay,

the labeled component is allowed to interact with its binding partner(s) in solution. If the size

differences between the labeled component and its binding partner(s) permit such a

separation, the separation can be achieved by passing the products of the binding reaction

through an ultrafilter whose pores allow passage of unbound labeled component but not of its

binding partner(s) or of labeled component bound to its partner(s). Separation can also be

achieved using any reagent capable of capturing a binding partner of the labeled component

from solution, such as an antibody against the binding partner and so on.

[00725] Various methods described above or known in the art can be adapted to assay the

binding affinity of a Therapeutic Agent for B7-H7, B7-H7CR, B7-H2, ICOS, CD28, CTLA-

4, or a complex of B7-H7 and B7-H7CR, or B7-H2 and either ICOS, CD28 or CTLA-4.

5.9.2 Assays for Assessing the Function of the Therapeutic Agents

[00726] Various assays known in the art can be used to assess whether a Therapeutic

Agent activates, enhances, suppresses or reduces immune function. In one aspect, the

Therapeutic Agent increases an immune response that can be, e.g., an antibody response

(humoral response) or a cellular immune response, e.g., cytokine secretion (e.g., interferon-

gamma), helper activity or cellular cytotoxicity. In one embodiment, the increased immune

response is increased cytokine secretion, antibody production, effector function, T cell

proliferation, and/or NK cell proliferation. In another aspect, the Therapeutic Agent

suppresses an immune response that can be, e.g., an antibody response (humoral response) or

a cellular immune response, e.g., cytokine secretion (e.g., interferon-gamma), helper activity

or cellular cytotoxicity. In one embodiment, the decreased immune response is decreased

cytokine secretion, antibody production, effector function, T cell proliferation, and/or NK cell



proliferation. Various assays to measure such activities are well known in the art, and

exemplary descriptions of such assays are provided below.

[00727] Proliferation of certain immune cells may assessed by 3H-thymidine

incorporation. The "tetramer staining" assay (Altman et al, 1996, Science 274: 94-96) may

be used to identify antigen-specific T-cells and to assess how Therapeutic Agents modulate

(e.g., activate, enhance, reduce or suppress) antigen-specific T cell responses. For example,

an MHC molecule containing a specific peptide antigen, such as a tumor-specific antigen, is

multimerized to make soluble peptide tetramers and labeled, for example, by complexing to

streptavidin. The MHC-peptide antigen complex is then mixed with a population of T cells

obtained from a subject administered with an immunogenic composition alone or in

combination with a Therapeutic Agent. Biotin is then used to stain T cells which express the

tumor-specific antigen of interest.

[00728] Furthermore, using the mixed lymphocyte target culture assay, the cytotoxicity of

T cells can be tested in a 5 1Cr-release assay as described, e.g., in Palladino et al., 1987,

Cancer Res. 47:5074-5079. Briefly, the mixed lymphocyte culture is added to a target cell

suspension to give different effector: target (E:T) ratios (usually 1:1 to 40: 1). The target cells

are pre-labeled by incubating IxIO6 target cells in culture medium containing 500 µCi Of 5 1Cr

per ml for one hour at 37°C. The cells are washed three times following labeling. Each assay

point (E:T ratio) is performed in triplicate and the appropriate controls incorporated to

measure spontaneous 5 1Cr release (no lymphocytes added to assay) and 100% release (cells

lysed with detergent). After incubating the cell mixtures for 4 hours, the cells are pelleted by

centrifugation at 20Og for 5 minutes. The amount Of 5 1Cr released into the supernatant is

measured by a gamma counter. The percent cytotoxicity is measured as cpm in the test

sample minus spontaneously released cpm divided by the total detergent released cpm minus

spontaneously released cpm.

[00729] An ELISPOT assay can be used to measure cytokine release in vitro by T cells

after administration of an effective amount of a Therapeutic Agent to a subject. Cytokine

release is detected by antibodies which are specific for a particular cytokine, e.g., interleukin-

2, tumor necrosis factor-α or interferon- γ (see, e.g., Scheibenbogen et al., 1997, Int. J . Cancer

71:932-936). The assay is carried out in a microtitre plate which has been pre-coated with an

antibody specific for a cytokine of interest which captures the cytokine secreted by T cells.

After incubation of T cells for 24-48 hours in the coated wells, the T cells are removed and

replaced with a second labeled antibody that recognizes a different epitope on the cytokine.

After extensive washing to remove unbound antibody, an enzyme substrate which produces a



colored reaction product is added to the plate. The number of cytokine-producing cells is

counted under a microscope. This method has the advantages of short assay time, and

sensitivity without the need of a large number of cytotoxic T cells.

[00730] In specific embodiments, the assays described in Examples 6 and 7, infra, may be

used to assess the affect of a Therapeutic Agent on immune function. For example, the affect

of a Therapeutic Agent on immune function can be assessed using the T cell costimulation

assay described in Examples 6 and 7 infra.

[00731] Enzyme-linked immunosorbent assays (ELISA) are well known in the art and are

described, e.g., in Section 2.1 of Current Protocols in Immunology, Coligan et al. (eds.), John

Wiley and Sons, Inc. 1997.

[00732] In some aspects, the immune response induced or enhanced by an

Immunostimulating Therapeutic Agent is enhanced or increased by at least at least 10%,

15%, 20%, 25%, 30%, 40%, 50%, 60%, 70%, 75%, 80%, 90%. 95%, 98% or 99%, or in the

range of between 10% to 25%, 10% to 50%, 25% to 50%, 25% to 75%, 50% to 75%, 50% to

90%, 75% to 90%, 75% to 100% relative to an immune response elicited by a negative

control as determined by any known assay in the art. In certain embodiments, the immune

response induced by the Immunostimulating Therapeutic Agent is enhanced by at least 0.5-2

times, at least 2-5 times, at least 5-10 times, at least 10-50 times, at least 50-100 times, at

least 100-200 times, at least 200-300 times, at least 300-400 times or at least 400-500 times

relative to the immune response induced by a negative control as assayed by any known

method in the art. In specific embodiments, the assay used to assess immune response

measures the level of antibody production, cytokine production, or cellular cytoxicity, and

such assays are well known in the art. In some embodiments, the assay used to measure the

immune response is an enzyme-linked immunosorbent assay (ELISA) that determines

antibody or cytokine levels, an ELISPOT assay that determines cytokine release, or a 51Cr

release assay that determines cellular cytotoxicity.

[00733] In specific embodiments, the Immunostimulating Therapeutic Agent induces or

enhances an immune response in a subject that is measured by antibody titer in the serum of

the subject, and the antibody titer is at least 0.2 to 5 times, 5 to 20 times, 10 to 30 times, 20 to

50 times, 50 to 200 times, 100 to 500, 200 to 1000 times, or 500 to 2,000 times higher as

compared to the antibody titer in the serum of a subject administered a negative control. In

specific embodiments, the mean serum antibody titer against the antigen in the subject

administered the Immunostimulating Therapeutic Agent is increased by at least 0.5-2 times,

at least 2-5 times, at least 5-10 times, at least 10-50 times, at least 50-100 times, at least 100-



200 times, at least 200-300 times, at least 300-400 times or at least 400-500 times relative to

the mean serum antibody titer in the subject administered a negative control as determined by

methods well known in the art.

[00734] In another specific embodiment, presented herein are methods of administering

Immunostimulating Therapeutic Agents to modulate the level of cytokine production or

secretion as compared to the level of cytokine production or secretion in a negative control

sample.

[00735] In a specific embodiment, presented herein are methods of administering

Immunostimulating Therapeutic Agents to induce or enhance the level of cytokine production

or secretion, e.g., interferon-γ , (that may be 0.5 to 500 times higher) as compared to the level

of cytokine production or secretion in a negative control sample. In specific embodiments,

the Immunostimulating Therapeutic Agent induces or enhances an immune response that is

measured by increased cytokine release, and the cytokine concentration is at least 0.2 to 5

times, 5 to 20 times, 10 to 30 times, 20 to 50 times, 50 to 200 times, 100 to 500, 200 to 1000

times, or 500 to 2,000 times higher as compared to the cytokine concentration of a negative

control. In specific embodiments, the mean serum cytokine concentration of samples

obtained from a subject administered the Immunostimulating Therapeutic Agent is increased

by at least 0.5-2 times, at least 2-5 times, at least 5-10 times, at least 10-50 times, at least 50-

100 times, at least 100-200 times, at least 200-300 times, at least 300-400 times or at least

400-500 times relative to the mean serum cytokine concentration of samples obtained from a

subject administered a negative control as determined by methods well known in the art. In

some embodiments, the negative control can be samples from the subject prior to

administration of the Immunostimulating Therapeutic Agent.

[00736] In a specific embodiment, presented herein are methods of administering

Immunostimulating Therapeutic Agents to decrease the level of cytokine production or

secretion as compared to the level of cytokine production or secretion in a negative control

sample. In specific embodiments, the Immunostimulating Therapeutic Agent induces or

enhances an immune response that is measured by decreased cytokine release, and the

cytokine concentration is at least 0.2 to 5 times, 5 to 20 times, 10 to 30 times, 20 to 50 times,

50 to 200 times, 100 to 500, 200 to 1000 times, or 500 to 2,000 times lower as compared to

the cytokine concentration of a negative control. In specific embodiments, the mean serum

cytokine concentration of samples obtained from a subject administered the

Immunostimulating Therapeutic Agent is decreased by at least 0.5-2 times, at least 2-5 times,

at least 5-10 times, at least 10-50 times, at least 50-100 times, at least 100-200 times, at least



200-300 times, at least 300-400 times or at least 400-500 times relative to the mean serum

cytokine concentration of samples obtained from a subject administered a negative control as

determined by methods well known in the art. In some embodiments, the negative control

can be samples from the subject prior to administration of the Immunostimulating

Therapeutic Agent.

[00737] In specific embodiments, the Immunostimulating Therapeutic Agent induces or

enhances NK cell proliferation in a subject that by at least 0.2 to 5 times, 5 to 20 times, 10 to

30 times, 20 to 50 times, 50 to 200 times, 100 to 500, 200 to 1000 times, or 500 to 2,000

times higher relative to NK cell proliferation in a negative control. In specific embodiments,

the Agonisitc Therapeutic Agent induces or enhances T cell proliferation in a subject that by

at least 0.2 to 5 times, 5 to 20 times, 10 to 30 times, 20 to 50 times, 50 to 200 times, 100 to

500, 200 to 1000 times, or 500 to 2,000 times higher relative to T cell proliferation in a

negative control as determined by methods well known in the art, e.g., flow cytometry, CSFE

staining, 3H-thymidine incorporation.

[00738] The increase in antibody (humoral) or cellular immune response induced by an

effective amount of the Therapeutic Agent can be assessed using various methods well

known in the art.

[00739] In some aspects, the immune response suppressed by an Inhibitory Therapeutic

Agent is reduced by at least 10%, 15%, 20%, 25%, 30%, 40%, 50%, 60%, 70%, 75%, 80%,

90%. 95%, 98% or 99%, or in the range of between 10% to 25%, 10% to 50%, 25% to 50%,

25% to 75%, 50% to 75%, 50% to 90%, 75% to 90%, 75% to 100% relative to an immune

response elicited by a negative control as determined by any known assay in the art. In

certain embodiments, the immune response reduced by the Inhibitory Therapeutic Agent is

enhanced by at least 0.5-2 times, at least 2-5 times, at least 5-10 times, at least 10-50 times, at

least 50-100 times, at least 100-200 times, at least 200-300 times, at least 300-400 times or at

least 400-500 times relative to the immune response induced by a negative control as assayed

by any known method in the art. In specific embodiments, the assay used to assess immune

response measures the level of antibody production, cytokine production, or cellular

cytoxicity, and such assays are well known in the art. In some embodiments, the assay used

to measure the immune response is an enzyme-linked immunosorbent assay (ELISA) that

determines antibody or cytokine levels, an ELISPOT assay that determines cytokine release,

or a 51Cr release assay that determines cellular cytotoxicity.

[00740] In specific embodiments, the Inhibitory Therapeutic Agent reduces an immune

response in a subject that is measured by antibody titer in the serum of the subject, and the



antibody titer is at least 0.2 to 5 times, 5 to 20 times, 10 to 30 times, 20 to 50 times, 50 to 200

times, 100 to 500, 200 to 1000 times, or 500 to 2,000 times higher as compared to the

antibody titer in the serum of a subject administered a negative control. In specific

embodiments, the mean serum antibody titer against the antigen in the subject administered

the Inhibitory Therapeutic Agent is decreased by at least 0.5-2 times, at least 2-5 times, at

least 5-10 times, at least 10-50 times, at least 50-100 times, at least 100-200 times, at least

200-300 times, at least 300-400 times or at least 400-500 times relative to the mean serum

antibody titer in the subject administered a negative control as determined by methods well

known in the art.

[00741] In another specific embodiment, presented herein are methods of administering

Inhibitory Therapeutic Agents to modulate the level of cytokine production or secretion as

compared to the level of cytokine production or secretion in a negative control sample.

[00742] In another specific embodiment, presented herein are methods of administering

Inhibitory Therapeutic Agents to decreases the level of cytokine production or secretion, e.g.,

interferon-γ , (that may be 0.5 to 500 times higher) as compared to the level of cytokine

production or secretion in a negative control sample. In specific embodiments, the Inhibitory

Therapeutic Agent reduces an immune response that is measured by decreased cytokine

release, and the cytokine concentration is at least 0.2 to 5 times, 5 to 20 times, 10 to 30 times,

20 to 50 times, 50 to 200 times, 100 to 500, 200 to 1000 times, or 500 to 2,000 times lower as

compared to the cytokine concentration of a negative control. In specific embodiments, the

mean serum cytokine concentration of samples obtained from a subject administered the

Inhibitory Therapeutic Agent is decreased by at least 0.5-2 times, at least 2-5 times, at least 5-

10 times, at least 10-50 times, at least 50-100 times, at least 100-200 times, at least 200-300

times, at least 300-400 times or at least 400-500 times relative to the mean serum cytokine

concentration of samples obtained from a subject administered a negative control as

determined by methods well known in the art. In some embodiments, the negative control

can be samples from the subject prior to administration of the Inhibitory Therapeutic Agent.

[00743] In another specific embodiment, presented herein are methods of administering

Inhibitory Therapeutic Agents to induce or enhance the level of cytokine production or

secretion as compared to the level of cytokine production or secretion in a negative control

sample. In specific embodiments, the Inhibitory Therapeutic Agent induces or enhances an

immune response that is measured by increased cytokine release, and the cytokine

concentration is at least 0.2 to 5 times, 5 to 20 times, 10 to 30 times, 20 to 50 times, 50 to 200

times, 100 to 500, 200 to 1000 times, or 500 to 2,000 times higher as compared to the



cytokine concentration of a negative control. In specific embodiments, the mean serum

cytokine concentration of samples obtained from a subject administered the Inhibitory

Therapeutic Agent is increased by at least 0.5-2 times, at least 2-5 times, at least 5-10 times,

at least 10-50 times, at least 50-100 times, at least 100-200 times, at least 200-300 times, at

least 300-400 times or at least 400-500 times relative to the mean serum cytokine

concentration of samples obtained from a subject administered a negative control as

determined by methods well known in the art. In some embodiments, the negative control

can be samples from the subject prior to administration of the Inhibitory Therapeutic Agent.

[00744] In specific embodiments, the Inhibitory Therapeutic Agent reduces NK cell

proliferation in a subject that by at least 0.2 to 5 times, 5 to 20 times, 10 to 30 times, 20 to 50

times, 50 to 200 times, 100 to 500, 200 to 1000 times, or 500 to 2,000 times higher relative to

NK cell proliferation in a negative control. In specific embodiments, the Inhibitory

Therapeutic Agent reduces T cell proliferation in a subject that by at least 0.2 to 5 times, 5 to

20 times, 10 to 30 times, 20 to 50 times, 50 to 200 times, 100 to 500, 200 to 1000 times, or

500 to 2,000 times higher relative to T cell proliferation in a negative control as determined

by methods well known in the art, e.g., flow cytometry, CSFE staining, 3H-thymidine

incorporation.

5.9.3 Cytotoxicity Assays

[00745] The toxicity and/or efficacy of the therapies described herein can be determined

by standard pharmaceutical procedures in cell cultures or experimental animals, e.g., for

determining the LD50 (the dose lethal to 50% of the population) and the ED50 (the dose

therapeutically effective in 50% of the population). The dose ratio between toxic and

therapeutic effects is the therapeutic index and it can be expressed as the ratio LD50/ED50.

Therapies that exhibit large therapeutic indices are preferred. While therapies that exhibit

toxic side effects may be used, care should be taken to design a delivery system that targets

such agents to the site of affected tissue in order to minimize potential damage to uninfected

cells and, thereby, reduce side effects.

[00746] The data obtained from the cell culture assays and animal studies can be used in

formulating a range of dosage of the prophylactic and/or therapeutic agents for use in

humans. The dosage of such agents lies preferably within a range of circulating

concentrations that include the ED50 with little or no toxicity. The dosage may vary within

this range depending upon the dosage form employed and the route of administration utilized.

For any therapy used in the method, e.g., as described herein, the therapeutically effective



dose can be estimated initially from cell culture assays. A dose may be formulated in animal

models to achieve a circulating plasma concentration range that includes the IC50 (i.e., the

concentration of the Therapeutic Agent that achieves a half-maximal inhibition of symptoms)

as determined in cell culture. Such information can be used to more accurately determine

useful doses in humans. Levels in plasma may be measured, for example, by high

performance liquid chromatography.

[00747] In certain embodiments, the cytotoxicity of a Therapeutic Agent can be

determined by measuring the level of apoptosis of cells in a cell culture exposed to the

Therapeutic Agent. In one embodiment, apoptosis can be quantitated by measuring DNA

fragmentation. Commercial photometric methods for the quantitative in vitro determination

of DNA fragmentation are available. Examples of such assays, including TUNEL (which

detects incorporation of labeled nucleotides in fragmented DNA) and ELISA-based assays,

are described in Biochemica, 1999, no. 2, pp. 34 37 (Roche Molecular Biochemicals). In yet

another embodiment, apoptosis can be observed morphologically.

[00748] Cell lines on which such assays can be performed are well known to those of skill

in the art. Apoptosis, necrosis and proliferation assays can also be performed on primary

cells, e.g., a tissue explant.

5.9.4 Animal Models

[00749] Therapeutic Agents are preferably assayed in vivo for the desired therapeutic or

prophylactic activity prior to use in humans. For example, in one embodiment, a Therapeutic

Agent can be administered to the animal at the same time as the onset of a disease or disorder

in the animal. In another embodiment, a Therapeutic Agent can be administered to the

animal prior to the onset of a disease or disorder in the animal. In another embodiment, a

Therapeutic Agent can be administered to the animal subsequent to the onset of a disease or

disorder in the animal. In a specific embodiment, the Therapeutic Agent is administered to

the animal more than one time. In another specific embodiment, the Therapeutic Agent is

administered in combination with another therapy.

[00750] Therapeutic Agents can be tested in animal models systems including, but are not

limited to, rats, mice, chicken, cows, monkeys, pigs, goats, sheep, dogs, rabbits, guinea pigs,

etc. In a specific embodiment, Therapeutic Agents are tested in a mouse model system. Such

model systems are widely used and well-known to the skilled artisan. In a specific

embodiment, Therapeutic Agents are tested in knockout animals for restoration of function.



For example, a B7-H2 knockout may be used to test for restoration of certain B7-H2 -related

functions by certain Therapeutic Agents.

[00751] The anti-cancer activity of the Therapeutic Agent can be determined by using

various experimental animal models for the study of cancer well known in the art as

described in, e.g., Relevance of Tumor Models for Anticancer Drug Development (1999, eds.

Fiebig and Burger); Contributions to Oncology (1999, Karger); The Nude Mouse in

Oncology Research (1991, eds. Boven and Winograd); and Anticancer Drug Development

Guide (1997 ed. Teicher), incorporated herein by reference in their entireties.

[00752] Animal models for cancer can be used to assess the efficacy of a Therapeutic

Agent, a composition thereof, or a combination therapy comprising a Therapeutic Agent.

Non-limiting examples of animal models for lung cancer include, but are not limited to, lung

cancer animal models described by Zhang & Roth (1994, In vivo 8(5):755-69) and a

transgenic mouse model with disrupted p53 function (see, e.g., Morris et al, 1998, J La State

Med Soc 150(4): 179-85). An example of an animal model for breast cancer includes, but is

not limited to, a transgenic mouse that overexpresses cyclin D l (see, e.g., Hosokawa et al.,

2001, Transgenic Res 10(5):471-8). An example of an animal model for colon cancer

includes, but is not limited to, a TCR-y and p53 double knockout mouse (see, e.g., Kado et

al., 2001, Cancer Res 61(6):2395-8). Examples of animal models for pancreatic cancer

include, but are not limited to, a metastatic model of PancO2 murine pancreatic

adenocarcinoma (see, e.g., Wang et al., 2001, Int J Pancreatol 29(l):37-46) and nu-nu mice

generated in subcutaneous pancreatic tumours (see, e.g., Ghaneh et al., 2001, Gene Ther

8(3): 199-208). Examples of animal models for non-Hodgkin's lymphoma include, but are

not limited to, a severe combined immunodeficiency ("SCID") mouse (see, e.g., Bryant et al.,

2000, Lab Invest 80(4):553-73) and an IgHmu-HOXll transgenic mouse (see, e.g., Hough et

al., 1998, Proc Natl Acad Sci USA 95(23): 13853-8). An example of an animal model for

esophageal cancer includes, but is not limited to, a mouse transgenic for the human

papillomavirus type 16 E7 oncogene (see, e.g., Herber et al., 1996, J Virol 70(3): 1873-81).

Examples of animal models for colorectal carcinomas include, but are not limited to, Ape

mouse models (see, e.g., Fodde & Smits, 2001, Trends MoI Med 7(8):369-73 and Kuraguchi

et al., 2000, Oncogene 19(50):5755-63).

[00753] For animal models of infectious diseases, the effectiveness of a Therapeutic Agent

relative to a negative control can be assessed in animals infected with virus. Samples

obtained from these animals (e.g., serum, urine, sputum, semen, saliva, plasma, or tissue

sample) can be tested for enhancement of immune function, e.g., enhancement in cytokine



release, enhancement in antibody production, T cell proliferation, NK cell proliferation, with

methods well known in the art and described herein. Samples obtained from these animals

(e.g., serum, urine, sputum, semen, saliva, plasma, or tissue sample) can also be tested for

reduction in viral replication via well known methods in the art, e.g., those that measure

altered viral replication (as determined, e.g., by plaque formation) or the production of viral

proteins (as determined, e.g., by Western blot, ELISA, or flow cytometry analysis) or viral

nucleic acids (as determined, e.g., by RT-PCR, northern blot analysis or southern blot). For

quantitation of virus in tissue samples, tissue samples are homogenized in phosphate-buffered

saline (PBS), and dilutions of clarified homogenates are adsorbed for 1 hour at 37°C onto

monolayers of cells (e.g., Vero, CEF or MDCK cells). In other assays, histopathologic

evaluations are performed after infection, preferably evaluations of the organ(s) the virus is

known to target for infection. Virus immunohistochemistry can be performed using a viral-

specific monoclonal antibody. Non-limiting exemplary animal models described below can

be adapted for other viral systems.

[00754] Various animal models for infectious diseases that are well known in the art can

be employed to assess the efficacy of Therapeutic Agents in preventing, treating, and/or

managing infectious diseases, e.g.: mouse models of herpes simplex virus (HSV) are

described in Crute et al, Nature Medicine, 2002, 8:386-391 and Bolger et al, Antiviral Res.,

1997, 35:157-165; guinea pig models of HSV are described in Chen et al., Virol. J, 2004 Nov

23, 1:11; animal models of mouse cytomegalovirus (MCMV) and human cytomegalovirus

(HCMV) are described in Kern et al., Antimicrob. Agents Chemother., 2004, 48:4745-4753;

Guinea pig models of CMV is described in Bourne et al., Antiviral Res., 2000, 47:103-109,

Bravo et al., Antiviral Res., 2003, 60:41-49 and Bravo et al, J . Infectious Diseases, 2006,

193:591-597; animal models of influenza virus are described in Sidwell et al., Antiviral Res.,

2000, 48:1-16; and McCauley et al., Antiviral Res., 1995, 27:179-186; mouse models of

hepatitis B virus (HBV) are described in Cavanaugh et al., J . Virol, 1997, 71:3236-3243 and

Guidotti et al., J . Virol, 1995, 69:6158-6169; mouse models of hepatitis C virus (HCV) are

described in Zhu et al, Antimicrobial Agents and Chemother., 2006, 50:3260-3268, Bright et

al, Nature, 2005, 436:973-978, Hsu et al, Nat. Biotechnol, 2003, 21:519-525, Ilan et al, J .

Infect. Dis. 2002, 185:153-161, Kneteman et al, Hepatology, 2006, 43:1346-1353, Mercer et

al, Nat. Med., 2001, 7:927-933, and Wu et al, Gastroenterology, 2005, 128:1416-1423;

animal models of HIV are described in Ayash-Rashkovsky et al, FASEB J., 2005, 19:1149-

1151, Mosier et al, Semin. Immunol, 1996, 8:255-262, Mosier et al, Hosp. Pract. (Off Ed).,

1996, 31:41-48, 53-55, 59-60, Bonyhadi et al, MoI Med. Today, 1997, 3:246-253, Jolicoeur



et al., Leukemia, 1999, 13:S78-S80, Browning et al, Proc. Natl. Acad. Sci. USA, 1997,

94:14637-14641, and Sawada et al., J . Exp. Med., 1998, 187:1439-1449, and Schito et al.,

Curr. HIV Res., 2006, 4:379-386.

[00755] Other animal models for viral infections can also be used to assess the efficacy of

a Therapeutic Agent, a composition thereof, or a combination therapy comprising a

Therapeutic Agent, e.g., animal models for viral infections such as EBV-associated diseases,

gammaherpesviruses, infectious mononucleosis, simian immunodeficiency virus ("SIV"),

Borna disease virus infection, hepatitis, varicella virus infection, viral pneumonitis, Epstein-

Barr virus pathogenesis, feline immunodeficiency virus ("FIV"), HTLV type 1 infection,

human rotaviruses, and genital herpes have been developed (see, e.g., Hayashi et al., 2002,

Histol Histopathol 17(4): 1293-3 10; Arico et al., 2002, J Interferon Cytokine Res

22(11): 1081-8; Flano et al., 2002, Immunol Res 25(3):201-17; Sauermann, 2001, Curr MoI

Med l(4):515-22; Pletnikov et al., 2002, Front Biosci 7:d593-607; Engler et al., 2001, MoI

Immunol 38(6):457-65; White et al., 2001, Brain Pathol ll(4):475-9; Davis & Matalon,

2001, News Physiol Sci 16:185-90; Wang, 2001, Curr Top Microbiol Immunol. 258:201-19;

Phillips et al., 2000, J Psychopharmacol. 14(3):244-50; Kazanji, 2000, AIDS Res Hum

Retroviruses. 16(16): 1741-6; Saif et al., 1996, Arch Virol Suppl. 12:153-61; and Hsiung et

al., 1984, Rev Infect Dis. 6(l):33-50).

[00756] Other animal models for viral respiratory infections include, but not limited to,

PIV (see, e.g., Shephard et al., 2003 Res Vet Sci 74(2): 187-190; Ottolini et al., 2002 J Infect

Dis 186(12): 1713-1717), and RSV (see, e.g., Culley et al., 2002 J Exp Med 196(10): 1381-

1386; and Curtis et al., 2002 Exp Biol Med 227(9): 799-802).

[00757] The Therapeutic Agent, composition thereof, or combination therapy comprising

the Therapeutic Agent can be tested for their ability to decrease the time course of viral

infection.

[00758] Animal models for bacterial infections can also be used to assess the efficacy of a

Therapeutic Agent, a composition thereof, or a combination therapy comprising a

Therapeutic Agent. Animal models for bacterial infections such as H. pylori-infection,

genital mycoplasmosis, primary sclerosing cholangitis, cholera, chronic lung infection with

Pseudomonas aeruginosa, Legionnaires' disease, gastroduodenal ulcer disease, bacterial

meningitis, gastric Helicobacter infection, pneumococcal otitis media, experimental allergic

neuritis, leprous neuropathy, mycobacterial infection, endocarditis, Aeromonas-associated

enteritis, Bacteroides fragilis infection, syphilis, streptococcal endocarditis, acute

hematogenous osteomyelitis, human scrub typhus, toxic shock syndrome, anaerobic



infections, Escherichia coli infections, and Mycoplasma pneumoniae infections have been

developed (see, e.g., Sugiyama et al, 2002, J Gastroenterol. 37 Suppl 13:6-9; Brown et al,

2001, Am J Reprod Immunol. 46(3):232-41; Vierling, 2001, Best Pract Res Clin

Gastroenterol. 15(4):591-610; Klose, 2000, Trends Microbiol. 8(4): 189-91; Stotland et al.,

2000, Pediatr Pulmonol. 30(5):413-24; Brieland et al., 2000, Immunopharmacology

48(3):249-52; Lee, 2000, Baillieres Best Pract Res Clin Gastroenterol. 14(l):75-96; Koedel &

Pfister, 1999, Infect Dis Clin North Am. 13(3):549-77; Nedrud, 1999, FEMS Immunol Med

Microbiol. 24(2):243-50; Prellner et al., 1999, Microb Drug Resist. 5(l):73-82; Vriesendorp,

1997, J Infect Dis. 176 Suppl 2:S164-8; Shetty & Antia, 1996, Indian J Lepr. 68(l):95-104;

Balasubramanian et al., 1994, Immunobiology 191(4-5):395-401; Carbon et al., 1994, Int J

Biomed Comput. 36(l-2):59-67; Haberberger et al., 1991, Experientia. 47(5):426-9;

Onderdonk et al., 1990, Rev Infect Dis. 12 Suppl 2:S169-77; Wicher & Wicher, 1989, Crit

Rev Microbiol. 16(3): 181-234; Scheld, 1987, J Antimicrob Chemother. 20 Suppl A:71-85;

Emslie & Nade, 1986, Rev Infect Dis. 8(6): 84 1-9; Ridgway et al., 1986, Lab Anim Sci.

36(5):481-5; Quimby & Nguyen, 1985, Crit Rev Microbiol. 12(1): 1-44; Onderdonk et al.,

1979, Rev Infect Dis. l(2):291-301; Smith, 1976, Ciba Found Symp. (42):45-72, and Taylor-

Robinson, 1976, Infection. 4(1 Suppl):4-8).

[00759] The Therapeutic Agent, composition thereof, or combination therapy comprising

the Therapeutic Agent can be tested for their ability to decrease the time course of bacterial

infection, e.g., a bacterial respiratory infection by at least 25%, at least 50%, at least 60%, at

least 75%, at least 85%, at least 95%, or at least 99% or 25% to 65%, 40% to 65%, 50% to

90%, 65% to 90%, 70% to 90%, 75% to 95%, 80% to 95%, or 85% to 99% relative to a

negative control using methods well known in the art.

[00760] The efficacy of Therapeutic Agents, compositions thereof, or combination

therapies comprising Therapeutic Agents for the prevention, treatment and/or management of

a fungal infection can be assessed in animal models for such infections. Animal models for

fungal infections such as Candida infections, zygomycosis, Candida mastitis, progressive

disseminated trichosporonosis with latent trichosporonemia, disseminated candidiasis,

pulmonary paracoccidioidomycosis, pulmonary aspergillosis, Pneumocystis carinii

pneumonia, cryptococcal meningitis, coccidioidal meningoencephalitis and cerebrospinal

vasculitis, Aspergillus niger infection, Fusarium keratitis, paranasal sinus mycoses,

Aspergillus fumigatus endocarditis, tibial dyschondroplasia, Candida glabrata vaginitis,

oropharyngeal candidiasis, X-linked chronic granulomatous disease, tinea pedis, cutaneous

candidiasis, mycotic placentitis, disseminated trichosporonosis, allergic bronchopulmonary



aspergillosis, mycotic keratitis, Cryptococcus neoformans infection, fungal peritonitis,

Curvularia geniculata infection, staphylococcal endophthalmitis, sporotrichosis, and

dermatophytosis have been developed (see, e.g., Arendrup et al., 2002, Infection 30(5):286-

91; Kamei, 2001, Mycopathologia 152(1):5-13; Guhad et al., 2000, FEMS Microbiol

Lett.l92(l):27-31; Yamagata et al., 2000, J Clin Microbiol. 38(9):32606; Andrutis et al.,

2000, J Clin Microbiol. 38(6):2317-23; Cock et al., 2000, Rev Inst Med Trop Sao Paulo

42(2):59-66; Shibuya et al., 1999, Microb Pathog. 27(3): 123-31; Beers et al., 1999, J Lab

Clin Med. 133(5):423-33; Najvar et al., 1999, Antimicrob Agents Chemother.43(2):413-4;

Williams et al., 1988, J Infect Dis. 178(4):1217-21; Yoshida, 1988, Kansenshogaku Zasshi.

1998 Jun;72(6):621-30; Alexandrakis et al., 1998, Br J Ophthalmol. 82(3):306-l 1;

Chakrabarti et al., 1997, J Med Vet Mycol. 35(4):295-7; Martin et al., 1997, Antimicrob

Agents Chemother. 41(1): 13-6; Chu et al., 1996, Avian Dis. 40(3):715-9; Fidel et al., 1996, J

Infect Dis. 173(2):425-31; Cole et al., 1995, FEMS Microbiol Lett. 15;126(2):177-80;

Pollock et al., 1995, Nat Genet. 9(2):202-9; Uchida et al., 1994, Jpn J Antibiot. 47(10): 1407-

12; : Maebashi et al., 1994, J Med Vet Mycol. 32(5):349-59; Jensen & Schonheyder, 1993, J

Exp Anim Sci. 35(4): 155-60; Gokaslan & Anaissie, 1992, Infect Immun. 60(8):3339-44;

Kurup et al., 1992, J Immunol. 148(12):3783-8; Singh et al., 1990, Mycopathologia.

112(3): 127-37; Salkowski & Balish, 1990, Infect Immun. 58(10):3300-6; Ahmad et al., 1986,

Am J Kidney Dis. 7(2): 153-6; Alture-Werber E, Edberg SC, 1985, Mycopathologia.

89(2):69-73; Kane et al., 1981, Antimicrob Agents Chemother. 20(5):595-9; Barbee et al.,

1977, Am J Pathol. 86(l):281-4; and Maestrone et al., 1973, Am J Vet Res. 34(6):833-6).

Animal models for fungal respiratory infections such as Candida albicans, Aspergillus

fumigatus, invasive pulmonary aspergillosis, Pneumocystis carinii, pulmonary

cryptococcosis, Pseudomonas aeruginosa, Cunninghamella bertholletia (see, e.g., Aratani et

al., 2002 Med Mycol 40(6):557-563; Bozza et al., 2002 Microbes Infect 4(13): 1281-1290;

Kurup et al., 2002 Int Arch Allergy Immunol 129(2): 129-137; Hori et al., 2002 Eur J

Immuno 32(5): 1282-1291; Rivera et al., 2002 J Immuno 168(7): 3419-3427; Vassallo et al.,

2001, Am J Respir Cell MoI Biol 25(2): 203-21 1; Wilder et al., 2002 Am J Respir Cell MoI

Biol 26(3): 304-314; Yonezawa et al., 2000 J Infect Chemother 6(3): 155-161; Cacciapuoti et

al., 2000 Antimicrob Agents Chemother 44(8): 2017-2022; and Honda et al., 1998

Mycopathologia 144(3): 141-146).

[00761] The Therapeutic Agents, compositions thereof, or combination therapies

comprising Therapeutic Agents can be tested for their ability to decrease the time course of

fungal infection (e.g., a fungal respiratory infection) by at least 25%, at least 50%, at least



60%, at least 75%, at least 85%, at least 95%, or at least 99% or 25% to 65%, 40% to 65%,

50% to 90%, 65% to 90%, 70% to 90%, 75% to 95%, 80% to 95%, or 85% to 99% relative to

a negative control (e.g., PBS) as measured using assays well known in the art. Techniques

known to those of skill in the art can be used to analyze the function of the Therapeutic

Agents, compositions thereof, or combination therapies comprising Therapeutic Agents in

vivo.

[00762] Animal models for autoimmune disorders can also be used to assess the efficacy

of a Therapeutic Agent, composition thereof, or combination therapy comprising a

Therapeutic Agent. Animal models for autoimmune disorders such as type 1 diabetes,

thyroid autoimmunity, systemic lupus erythematosus, and glomerulonephritis have been

developed (Flanders et al, 1999, Autoimmunity 29:235-246; Krogh et al, 1999, Biochimie

81:511-515; Foster, 1999, Semin. Nephrol. 19:12-24).

[00763] Efficacy in preventing, treating and/or managing an autoimmune disorder may be

demonstrated, e.g., by detecting the ability of a Therapeutic Agent, a composition, or a

combination therapy described herein to reduce one or more symptoms of the autoimmune

disorder, to reduce mean absolute lymphocyte counts, to decrease T cell activation, to

decrease T cell proliferation, to reduce cytokine production, or to modulate one or more

particular cytokine profiles. Efficacy in preventing or treating psoriasis may be

demonstrated, e.g., by detecting the ability of a Therapeutic Agent or composition thereof to

reduce one or more symptoms of psoriasis, to reduce mean absolute lymphocyte counts, to

reduce cytokine production, to modulate one or more particular cytokine profiles, to decrease

scaling, to decrease erythema, to decrease plaque elevation, to decrease T cell activation in

the dermis or epidermis of an affected area, to decrease T cell infiltration to the dermis or

epidermis of an affected area, to reduce PASI, to improve the physician's global assessment

score, or to improve quality of life.

[00764] The anti-inflammatory activity of a Therapeutic Agent, a composition thereof, or a

combination therapy comprising a Therapeutic Agent can be determined by using various

experimental animal models of inflammatory arthritis known in the art and described in

Crofford LJ. and Wilder R.L., "Arthritis and Autoimmunity in Animals," in Arthritis and

Allied Conditions: A Textbook of Rheumatology, McCarty (eds.), Chapter 30 (Lee and

Febiger, 1993). Experimental and spontaneous animal models of inflammatory arthritis and

autoimmune rheumatic diseases can also be used to assess the anti-inflammatory activity of

the Therapeutic Agents, compositions thereof, or combination therapies comprising

Therapeutic Agents.



[00765] The anti-inflammatory activity of a Therapeutic Agent, a composition thereof, or a

combination therapy comprising a Therapeutic Agent can also be assessed by measuring the

inhibition of carrageenan-induced paw edema in the rat, using a modification of the method

described in Winter C. A. et al, "Carrageenan Induced Edema in Hind Paw of the Rat as an

Assay for Anti-inflammatory Drugs" Proc. Soc. Exp. Biol Med. I ll, 544-547, (1962). This

assay has been used as a primary in vivo screen for the anti-inflammatory activity of most

NSAIDs, and is considered predictive of human efficacy. The anti-inflammatory activity of

the test therapies (e.g., The Therapeutic Agents, compositions thereof, or combination

therapies comprising Therapeutic Agents) is expressed as the percent inhibition of the

increase in hind paw weight of the test group relative to the vehicle dosed control group.

[00766] In a specific embodiment where the experimental animal model used is adjuvant-

induced arthritis rat model, body weight can be measured relative to a control group to

determine the anti-inflammatory activity of a Therapeutic Agent, a composition thereof, or a

combination therapy.

[00767] Animal models for allergies and asthma are known in the art, such as constant-

flow inflation with end-inspiratory occlusion described in Ewart et al., 1995 J Appl Physiol

79(2):560-566 and other assays described in, e.g., Komai et al., 2003 Br J Pharmacol 138(5):

912-920; Kenyon et al., 2003 Toxicol Appl Pharmacol 186(2): 90-100; Path et al., 2002 Am J

Resp & Critical Care Med 166(6): 818-826; Martins et al., 1990 Crit Care Med 19:515-519;

Nicolaides et al., 1997 Proc Natl Acad Sci USA 94:13175-13180; McLane et al., 1998

19:713-720; and Temann et al., 1998 J Exp Med 188(7): 1307-1320. For example, the

murine adoptive transfer model is an animal model used to assess the efficacy a Therapeutic

Agent, a composition thereof, or a combination therapy for the prevention, treatment, and/or

management, of asthma include. In the murine adoptive transfer model, aeroallergen

provocation of THl or TH2 recipient mice results in TH effector cell migration to the airways

and is associated with an intense neutrophilic (THl) and eosinophilic (TH2) lung mucosal

inflammatory response (Cohn et al., 1997, J . Exp. Med. 1861737-1747). Airway

hypersensitivity can be induced in mice by ovalbumin (Tomkinson et al., 2001, J . Immunol.

166:5792-5800) or Schistosoma mansoni egg antigen (Tesciuba et al., 2001, J . Immunol.

167:1996-2003).

[00768] Efficacy in preventing or treating an inflammatory disorder may be demonstrated,

e.g., by detecting the ability of a Therapeutic Agent, a composition thereof, or a combination

therapy comprising a Therapeutic Agent to reduce one or more symptoms of the

inflammatory disorder, to decrease T cell activation, to decrease T cell proliferation, to



modulate one or more cytokine profiles, to reduce cytokine production, to reduce

inflammation of a joint, organ or tissue or to improve quality of life.

[00769] Changes in inflammatory disease activity may also be assessed through tender and

swollen joint counts, patient and physician global scores for pain and disease activity, and the

ESR/CRP. Progression of structural joint damage may be assessed by quantitative scoring of

X-rays of hands, wrists, and feet (Sharp method). Changes in functional status in humans

with inflammatory disorders may be evaluated using the Health Assessment Questionnaire

(HAQ), and quality of life changes are assessed with the SF.

[00770] The efficacy of a Therapeutic Agent, a composition thereof, or a combination

therapy comprising a Therapeutic Agent in preventing, treating and/or managing Type I

allergic reaction may be assessed by its ability to induce anti-IgE antibodies that inhibit IgE

from binding to is receptor on mast cells or basophils in vitro. IgE levels can be assayed by

immunoassays, gel electrophoresis followed by visualization, radioimmunosorbent test

(RIST), radioallergosorbent test (RAST), or any other method known to those skilled in the

art.

5.10 KITS

[00771] Provided herein is a pharmaceutical pack or kit comprising one or more containers

filled with one or more of the ingredients of the compositions described herein, such as one

or more antibodies provided herein, or one or more Therapeutic Agents provided herein.

Optionally associated with such container(s) can be a notice in the form prescribed by a

governmental agency regulating the manufacture, use or sale of pharmaceuticals or biological

products, which notice reflects approval by the agency of manufacture, use or sale for human

administration. In addition, the pharmaceutical pack or kit may include instructions for use

of an antibody or Therapeutic Agent described herein.

[00772] The kits encompassed herein can be used in the above methods. In one

embodiment, a kit comprises an antibody described herein, preferably an isolated antibody, in

one or more containers. In another embodiment, a kit comprises a Therapeutic Agent

described herein, in one or more containers.

[00773] In certain embodiments, encompassed herein are diagnostic kits for assessing the

level of expression of a native receptor or native ligand. In some embodiments, one or more

of the Therapetic Agents described herein may be used to assess the level of expression of a

native receptor or native ligand. Accordingly, provided herein are diagnostic kits comprising

a Therapeutic Agent described, in a container. In some embodiments, instructions for how to



use to the Therapeutic Agent to assess the level of expression of a native receptor or native

ligand is included with the kit. In particular, the instructions included can describe contacting

a patient sample (e.g., cells, fluids, etc.) with a Therapeutic Agent and detecting the

Therapeutic Agent bound to the sample. The Therapeutic Agent might be labeled with a

detectable moiety or a labeled secondary agent that recognizes the Therapeutic Agent might

be used (and thus, can be included in the kit).

5.11 SCREENING ASSAY TO IDENTIFY
RECEPTOR/LIGAND INTERACTIONS

[00774] In one aspect, presented herein are methods for identifying a receptor-ligand

interaction. In one embodiment, presented herein is a method for identifying a receptor-

ligand interaction, comprising: (a) contacting a fusion protein or conjugate with a cell

engineered to express or expressing a protein of interest under conditions that permit the

fusion protein or conjugate and the protein of interest to form a complex, wherein the fusion

protein comprises a target protein or a fragment thereof and a peptide tag or other polypeptide

marker, a penentrating peptide, or small molecule other than an organic molecule; and (b)

detecting the presence of a fusion protein-protein of interest complex or conjugate-protein of

interest complex, wherein the presence of a fusion protein-protein of interest complex or

conjugate-protein of interest complex indicates that the target protein and the protein of

interest have a receptor-ligand interaction. In another embodiment, presented herein is a

method for identifying a receptor-ligand interaction, comprising: (a) contacting a fusion

protein or conjugate with a cell engineered to express or expressing 2, 4, 6, 8, 10, 12 or more

proteins of interest, or between 2 to 5, 2 to 8, 5 to 8, 5 to 10, or 10 to 12 proteins of interest

under conditions that permit the fusion or conjugate protein and a protein of interest to form a

complex, wherein the fusion protein or conjugate comprises a target protein or a fragment

thereof and a peptide tag or other polypeptide marker, a penentrating peptide, or small

molecule other than an organic molecule; and (b) detecting the presence of a fusion protein-

protein of interest complex or conjugate-protein of interest complex, wherein the presence of

a fusion protein-protein of interest complex or conjugate-protein of interest complex indicates

that the target protein and the protein of interest have a receptor-ligand interaction.

[00775] In another embodiment, presented herein is a method for identifying a receptor-

ligand interaction, comprising: (a) contacting a library of fusion proteins or a library of

conjugates with a cell engineered to express or expressing a protein of interest under

conditions that permit a fusion protein or conjugate and the protein of interest to form a

complex, wherein the fusion protein or conjugate comprises a target protein or a fragment



thereof and a peptide tag or other polypeptide marker, a penentrating peptide, or a small

molecule other than an organic molecule; and (b) detecting the presence of a fusion protein-

protein of interest complex or conjugate-protein of interest complex, wherein the presence of

a fusion protein-protein of interest complex or conjugate-protein of interest complex indicates

that the target protein and the protein of interest have a receptor-ligand interaction. In

another embodiment, presented herein is a method for identifying a receptor-ligand

interaction, comprising: (a) contacting a fusion protein or conjugate with a library of cells

engineered to express or expressing a different protein of interest under conditions that permit

the fusion protein or conjugate and a protein of interest to form a complex, wherein the fusion

protein or conjugate comprises a target protein or a fragment thereof and a peptide tag or

other polypeptide marker, a penentrating peptide, or small molecule other than an organic

molecule; and (b) detecting the presence of a fusion protein-protein of interest complex or

conjugate-protein of interest complex, wherein the presence of a fusion protein-protein of

interest complex or conjugate-protein of interest complex indicates that the target protein and

the protein of interest have a receptor-ligand interaction.

[00776] In certain embodiments, the target protein is expressed by a mammalian cell. In a

specific embodiment the target protein is expressed by a hematopoietic cell. In another

embodiment, the target protein is expressed by a muscle cell. In another embodiment the

target protein expressed by a fibroblast. In another embodiment, the target protein is

expressed by a epithelial cell. In another embodiment, the target protein is expressed by an

endothelial cell. In another embodiment, the target protein is expressed by a lymphocyte. In

another embodiment, the target protein is expressed by a macrophage or a fragment thereof.

In another embodiment, the target protein is expressed by a dendritic cell. In another

embodiment, the target protein is a co-stimulatory molecule (e.g., a co-stimulatory receptor or

ligand). In another embodiment, the target protein is a cytokine or cytokine receptor. In a

specific embodiment, the target protein is a human protein. In another specific embodiment,

the target protein is a full length transmembrane protein. In another embodiment, the target

protein is an orphan receptor or orphan ligand.

[00777] Non-limiting examples of peptide tags and other polypeptide markers include: a

hexa-histidine peptide, an HA tag, a flag tag, the Fc domain of an antibody (e.g., an IgG

antibody such as IgGl or IgG2) and a region of the Fc domain of an antibody (e.g. an IgG

antibody). In certain embodiments, a fusion protein comprises both a peptide tag or other

polypeptide marker and a penentrating peptide.



[00778] Standard molecular biology techniques can be used to generate nucleic acids

encoding a fusion protein, express the fusion protein, and isolate or purify it from cell culture.

Nucleic acids encoding the extracellular domain of a target protein or a fragment thereof as

well as nucleic acids encoding peptide tags or other polypeptide markers, or penetrating

peptides may be publicly or commercially available. Nucleic acids can be engineered into

constructs using standard molecular biology techniques. See Sections 5.2.4 and 5.3.4, supra,

relating to nucleic acids. The nucleic acid constructs described in that section can also be

used to produce nucleic acid constructs for transfection into cells for use in the methods

described in this section.

[00779] In certain embodiments, the protein of interest is a protein expressed by a

mammalian cell. In a specific embodiment the protein of interest is a protein expressed by a

hematopoietic cell. In another embodiment, the protein of interest is a protein expressed by a

muscle cell. In another embodiment the protein of interest is a protein expressed by a

fibroblast. In another embodiment, the protein of interest is a protein expressed by a

epithelial cell. In another embodiment, the protein of interest is a protein expressed by a

endothelial cell. In another embodiment, the protein of interest is a protein expressed by a

lymphocyte. In another embodiment, the protein of interest is a protein expressed by a

dendritic cell. In another embodiment, the protein of interest is a protein is a co-stimulatory

molecule (e.g., a co-stimulatory receptor or ligand). In another embodiment, the protein of

interest is a cytokine or cytokine receptor. In a specific embodiment, the protein of interest is

a human protein. In another specific embodiment, the protein of interest is a full length

transmembrane protein. In another embodiment, the protein of interest is an orphan receptor

or orphan ligand. See Table 1 non-limiting examples of proteins of interest.

[00780] Nucleic acids encoding a protein of interest or a fragment thereof may be publicly

or commercially available. Nucleic acids can be engineered into constructs using standard

molecular biology techniques. See Sections 5.2.4 and 5.3.4, supra, relating to nucleic acids.

The nucleic acid constructs described in that section can also be used to produce nucleic acid

constructs for transfection into cells for use in the methods described in this section.

[00781] Cells may be transfected stably or transiently with a nucleic acid sequence

encoding a protein of interest or a nucleic acid construct comprising a nucleic acid sequence

encoding a protein of interest. See Section 5.3.5 supra for methods for transfecting cells with

nucleic acid sequences. Non-limiting examples of cells that can be used to express the fusion

protein(s) include mammalian cells, bacterial cells, yeast cells, primary cells, immortalized

cells, and insect cells. In certain embodiments, the cells are a mammalian cell line.



Examples of mammalian cell lines include, but are not limited to, COS, CHO, HeLa,

NIH3T3, HepG2, MCF7, HEK, 293T, RD, PC12, hybridomas, pre-B cells, 293, 293H, K562,

SkBr3, BT474, A204, M07Sb, TFy, Raji, Jurkat, MOLT-4, CTLL-2, MC-IXC, SK-N-MC,

SK-N-MC, SK-N-DZ, SH-SY5Y, C127, NO, and BE(2)-C cells. Other mammalian cell lines

available as hosts for expression are known in the art and include many immortalized cell

lines available from the American Type Culture Collection (ATCC). In another embodiment,

the cells are immortalized cell lines derived from a subject. In another embodiment, the cells

are primary or secondary cells from a subject. In a particular embodiment, the cells are

cancer cells. In another embodiment, the cells are fetal/embryonic cells. In some

embodiments, the cells are progenitor cells. In some embodiments, the cells are lymphocytes

(e.g., T cells and B cells). In another embodiment, the cells are stem cells. In a specific

embodiment, the cells are 293T cells.

[00782] In specific embodiments, cells transfected with nucleic acids encoding a protein of

interest have a high level of expression.

[00783] In certain embodiments, a fusion protein or conjugate is contacted with a cell

expressing a protein of interest in a well of plate. In particular embodiments, a fusion protein

or conjugate is contacted with a cell expressing a protein of interest in a microtiter plate. In a

specific embodiment, microtiter plate is a 12 well, 96, well, or 384 well microtiter plate.

[00784] In certain embodiments, a cell expressing a protein of interest is incubated with a

fusion protein or conjugate under physiological conditions. In some embodiments, a cell

expressing a protein of interest is incubated with a fusion protein or conjugate at about 22°C,

25°C, 32°C, or 37°C, or about 22°C to about 25°C, about 22°C to about 27°C, about 25°C to

about 27°C, about 32°C to about 35°C, or 32°C to about 37°C. In certain embodiments, a

cell expressing a protein of interest is contacted with a fusion protein or conjugate for about 5

minutes, 10 minutes, 15 minutes, 30 minutes, 45 minutes, 1 hour, 2 hours, 4 hours, 6 hours, 8

hours, 10 hours, 12 hours, 16 hours, 18 hours, 1 day, 2 days or more. In some embodiments,

after contacting the fusion protein or conjugate with a protein of interest, one or more wash

steps may be performed to remove unbound fusion protein or unbound conjugate. In

alternative embodiments, no wash steps may be performed to remove unbound fusion protein

or unbound conjugate.

[00785] In some embodiments, an antibody that specifically binds to a peptide tag or other

polypeptide marker, or a penentrating peptide is used to detect a fusion protein-protein of

interest complex or conjugate-protein of interest complex. In some embodiments, the

antibody is contacted with the cells at about 22°C, 25°C, 32°C, or 37°C, or about 22°C to



about 25°C, about 22°C to about 27°C, about 25°C to about 27°C, about 32°C to about 35°C,

or 32°C to about 37°C. In some embodiments, the antibody is contacted with the cells for

about 15 minutes, 30 minutes, 45 minutes, 1 hour, 2 hours, 4 hours, 6 hours, 8 hours, 10

hours, 12 hours, 16 hours, 18 hours, 1 day, 2 days or more. In some embodiments, after

contacting the antibody with the cells, one or more wash steps may be performed to remove

unbound antibody. In alternative embodiments, no wash steps may be performed to remove

unbound antibody.

[00786] In specific embodiments, an antibody that specifically binds to a peptide tag or

other polypeptide marker, or a penentrating peptide is labeled with a detectable moiety. Non-

limiting examples of detectable moities can be found in Section 5.1.2 and 5.2.3, supra. In a

specific embodiment, the antibody is labeled with a fluorescent moiety. In certain

embodiments, the Applied BioSystem 8200 Cellular Detection System (CDS) can be used to

detect the fluorescence of the antibody bound to the fusion protein-protein of interest

complex. In a specific embodiment, the CDS scans the well of a microtiter plate at a depth of

about 75 µm, about 90 µm, about 95 µm, about 100 µm, about 105 µm, about 110 µm, about

115 µm, or about 120 µm. In some embodiments, fluorescence polarization is used to detect

a fusion protein-protein of interest complex.

[00787] Once a receptor-ligand interaction has been identified using a method described

this section, the receptor-ligand interaction may be assessed using another biological assay

described herein (e.g., binding affinity, a proliferation assay, etc.).

[00788] The assays described in this section can be applied to identify an interaction

between a small molecule and another organic molecule, such as a peptide comprising certain

residues of interest from a particular protein (e.g., tyrosine residues).

6. EXAMPLE: IDENTIFICATION OF LYMPHOCYTE CO-STIMLUATORY
INTERACTIONS BY A HUMAN RECEPTOR PROTEOME

[00789] The following example is offered by way of illustration, and not by way of

limitation.

6.1 MATERIALS & METHODS

6.1.1 Plasmids, fusion proteins and monoclonal antibodies

[00790] Human full length plasma membrane cDNA set (MHS5007) was purchased from

the Open Biosystems Inc. (Huntsville, AL), and -800 genes from the set which is on

mammalian expression vector pCMV-SPORT6 were included. Approximately 1,000 genes in

non-mammalian expression vector pcDNA3.2/V5-DEST or pcDNA6.2/V5-DEST plasmids



were cloned into pcDNA3 vector using the Gateway Cloning System based on homologous

recombination (Invitrogen, Carlsbad, CA). Other genes are cloned into pcDNA3 plasmid by

Standard RT-PCR cloning technique and the cDNA sequences were validated by the

sequencing.

[00791] Human CD28Ig, CTLA4Ig, ICOSIg, PD-IIg, B7-lIg, B7-2Ig, B7-Hllg, B7-DCIg

and B7-H2Ig fusion proteins were purchased from R&D systems (Minneapolis, MN).

CTLA4Ig (Orencia) was purchased from the Bristol-Myers Squibb (New York, NY). B7-

H7Ig, B7-H67CRIg and FLAG-Ig fusion proteins were made by transiently transfecting 293T

cells with the constructs in pMIgV or pHIgV plasmids, and were purified by protein A

columns as described previously (1).

[00792] Mouse anti-human CD3 mAb OKT3, mouse anti-human CD28 mAb CD28.6

(blocking), mouse anti-human CD28 mAb CD28.2 (costimulatory), mouse anti-human

CTLA-4 mAb 14D3 and mouse anti-human B7-H2 mAb MIH12 were purchased from

eBioscience (San Diego, CA). Mouse anti-human ICOS mAb C398.4A and mouse anti-

human B7-H2mAb 9F.8A4 were purchased from BioLegend (San Diego, CA). Anti-human

Ig and anti-mouse Ig FMAT blue antibody were purchased from Applied Biosystems (Foster

City, CA). Control human IgG (Synagis®) was purchased from Medlmmune (Rockville,

MD). Control hamster IgG, hamster anti-mouse TNP was purchased from eBioscience.

Mouse anti-human B7-H7 mAb was generated from a hybridoma derived from the fusion of

SP2 myeloma with B cells from a mouse immunized with human B7-H7Ig. Hamster anti-

human B7-H7CR mAb was generated from a hybridoma derived by fusion of SP2 myeloma

with B cells from a hamster immunized with human B7-H7CRIg as described elsewhere (2).

All other antibodies used in flow cytometry were purchased from BD Bioscience (San Jose,

CA) or eBioscience.

6.1.2 High-throughput transfection and screening

[00793] Plasmids with human transmembrane genes were diluted by OPTI-MEM media

and placed individually into five 384-well plates at 30 ng/well. Lipofectamine 2000 was

added to each well and mix with plasmids for 30 minutes. Ten thousand 293T cells were

added subsequently to the wells to perform transient transfection. Eight hours after

transfection, human CD28Ig and anti-human Ig FMAT blue secondary antibody, or human

B7-H7CRIg and anti-mouse Ig FMAT blue secondary antibody were added into the wells.

The plates were read twenty-four hours after transfection by the Applied Biosystems 8200



cellular detection system and analyzed by CDS 8200 software. The plasmids in positive wells

were picked and subsequently transfected into 293T cells for further validation.

6.1.3 Surface Plasmon Resonance

[00794] Protein interactions were measured and analyzed on a BIAcore 3000 instrument

(BIAcore AB, Uppsala, Sweden) performed at 25°C as described previously (3). 0.1 M

Hepes, pH 7.4, containing 0.15 M NaCl, 0.005% surfactant P20 (HBS) was used as running

buffer. Human B7-H2Ig, CD28Ig and CTLA-4Ig were purchase from R&D systems. All

other reagents were purchased from BIAcore. The B7-H2Ig was covalently coupled to a CM5

sensor chip (BIAcore AB) by crosslinking primary amine groups to the carboxymethylated

dextran matrix. A flow cell on the CM5 chip was activated with 1:1N-ethyl-N-

dimethylaminopropyl carbodiimid (EDC) and N-hydroxysuccinimide (NHS) mixture,

followed by injection of 20 µg/ml B7-H2Ig diluted in 10 mM sodium acetate buffer, pH 5.0,

until desired response units (RU) were achieved. Another activated flow cell on the same

chip, which did not receive any fusion protein, was used as a control sensor surface. The

remaining activated carboxyl groups were blocked with 1 M ethanolamine (pH 8.5).

Subsequently, the flow cells were extensively washed with HBS to generate a stable baseline.

Analytes, ICOSIg, CD28Ig and CTLA4Ig, in serial dilutions were injected over the sensor

surface in triplicates at a flow rate of 20-30 µl/min for 3 min, and then the dissociation was

allowed for 5 min. The flow cells were regenerated by two consecutive 10-second pulse

with 10 mM NaOH. Data was analyzed by BIAevaluation software 4.1 (BIAcore).

6.1.4 T cell costimulation assay

[00795] OKT mAb (anti-human CD3) was pre-coated in the 96-well plates at the indicated

concentrations. B7-H2Ig, B7-H7Ig, anti-B7-H7CR or control Ig at 5 µg/ml were also

immobilized in the wells. Human peripheral blood T cells were negatively selected and

purified by a human pan-T cell selection kit or a human CD4 T cell selection kit (Miltenyi

Biotec, Auburn, CA). Naive human T cells were added into each well at 2.5-3xlO5 cells/well

and cultured for three days. In some experiments, costimulatory anti-human CD28 or

blocking anti-human CD28 and anti-human ICOS were added at the beginning of the culture.

3HTdR was added during the final six hours of culture. 3H-TdR incorporation was counted

with a MicroBeta Trilux liquid scintillation counter (Wallac).

6.1.5 Human monocvte-drived macrophages and dendritic cells

[00796] Human PBMC were isolated by density-gradient centrifugation. Fifty million

PBMCs were adhered on 100mm tissue culture dish for 45 min in a 37 degree incubator.



Adherent cells at 0.5xl0 6 cells/ml were cultured in 10ml 10% complete RPMI media. The

media was supplemented with l,000U/ml GM-CSF for macrophage generation, or 500U/ml

IL-4 and lOOOU/ml GM-CSF for dendritic cell differentiation. On day 2, 4 and 6, half of the

media was taken out and changed with fresh media with cytokines. On day 7, macrophages

and immature dendritic cells were harvested.

6.1.6 ELISA

[00797] Supernatants from T cell costimulation assay were collected. Human IFN-γ , IL-2

and IL-10 were detected by sandwich ELISA methods according to the manufacturer

instructions (BD PharMingen or eBioscience).

6.2 RESULTS

[00798] Plasma membrane receptors on immune cells are evolved to mediate broad

biological functions including detection of pathogens, cell adhesion, antigen recognition and

transmission of extracellular signals into cells. Therefore, interactions between immune

receptors and their ligands (or counter-receptor) are pivotal for cell communication and

integration leading to execution of immune responses. By searching human genome

databases, more than 3,000 unique DNA sequences, which encode hydrophilic extracellular

domain and hydrophobic transmembrane domain, are predicted to be capable of encoding cell

membrane proteins (4, 5). However, less than 500 proteins have been identified as counter-

receptors and this is largely due to limitation of sensitive methods. Many cell surface proteins

or their mRNA are in low abundance and their expressions varies according to environmental

cues. In addition, the majority of cell surface molecular interactions are in fast-on-and-fast-

off mode with weak affinity. While this feature allows maximal control of signaling and their

effect in immune responses, it increases the difficulty to identify the interactions by current

methods including expression cloning and protein micro-sequencing.

[00799] Over 1,900 full length human transmembrane genes have been obtained based on

their expression on hematopoietic cells (Table 1). These genes include the molecules from

immunoglobulin superfamily (IgSF), tumor necrosis factor superfamily (TNFRSF), C-type

lectin superfamily, G protein coupled receptor (GPCR) superfamily, as well as the majority

of lectins, integrins and scavenger receptors. By transfection of individual plasmids into 293T

cells in 384-well plates, high level expression of genes in 50-70% of 293T cells from

randomly selected samples in this proteome was demonstrated. High level expression of

individual proteins on the cell surface increases avidity of interaction with their counter-

receptors. For screening of an unknown counter-receptor of a target protein, the extracellular



domain of the target gene is genetically fused to a tag gene (mouse IgG2a Fc, human IgGl

Fc, FLAG or 6xHIS), and the recombinant fusion protein, which is generated by transient

transfection of the plasmid into 293T cells, is used for detection by binding to the proteome.

Fluorescence-labeled secondary antibody against the tag is applied to detect the binding of

target protein to the proteome. The Applied Biosystem 8200 Cellular Detection System

(CDS) was adapted for rapid screening of binding fluorescence activity (Figure 1). The CDS

allows scanning of only the bottom of a microplate well at a depth of 100 µm so as to ignore

non-binding secondary antibody, resulting in a high signal to noise ratio eliminating all

washing steps. Combining increased avidity interaction and a highly sensitive detection

system, enables the identification receptor-ligand interactions which are undetectable on

primary cells by other methods such as flow cytometry.

[00800] Molecules in the B7-CD28 family are found to modulate T cell receptor signals

and play essential roles in the control of T cell-mediated immune responses in positive and

negative fashions (6-8). CD28 was selected as a target protein to test the proteome system.

CD28 delivers a costimulatory signal to naive T cells upon engaging one of two counter-

receptors B7-1 or B7-2, on professional antigen presenting cells including dendritic cells, B

cells and macrophages (9). As expected, recombinant human CD28Ig fusion proteins bound

293T cells which were transfected to express B7-1 (CD80) or B7-2 (CD86, B70) genes. The

cells expressing Fc receptors were also positively stained due to human IgGl Fc tag on

CD28Ig. Unexpectedly, CD28Ig was also found to bind 293T cells transfected with B7-H2

gene (Figure 2). B7-H2 (ICOSL, CD275, B7RP-1) is a B7 family molecule and was

previously shown to be the ligand for inducible costimulator (ICOS) (7). ICOS is a CD28-

like molecule on activated T cells and is costimulatory for T cells upon binding B7-H2 to

preferentially elicit Th2-mediated immune responses (10, 11). This binding was validated by

flow cytometry analysis with positive staining of CD28Ig to B7-H2+ 293 cells (Fig. 3A and

3B) and vice versa with B7-H2Ig staining of CD28+ cells (Fig. 3D). Importantly, the binding

of CD28Ig to B7-H2+ 293T cells could be selectively blocked by the inclusion of monoclonal

antibody (mAb) against CD28 (clone CD28.6) (Fig. 3B) and mAb against B7-H2 (clone

MIH 12) (data not shown). Interestingly, while a B7-H2 mAb (clone 9F.8A4) could block

binding of B7-H2Ig to both ICOS and CD28, another mAb (clone MIH 12) selectively

abrogated the B7-H2/CD28 but not B7-H2/ICOS interactions (Figures 3D and 4), indicating

that B7-H2 utilizes non-overlapping binding sites to interact with CD28 and ICOS. The

results thus demonstrate the specificity of B7-H2/CD28 binding. Affinity comparison of B7-

H2 to ICOS vs. CD28 by surface plasmon resonance (SPR) analysis shows that B7-H2/CD28



interaction has a significantly slow association (Ka) and a faster dissociation constants (Kd)

to B7-H2/ICOS (Fig. 3F), indicating that ICOS has higher affinity than CD28 for binding B7-

H2. CD28 is constitutively expressed on naive T cells while ICOS is inducible upon antigen

stimulation ( 11). These findings implicate a role of B7-H2 in the costimulation of naive T

cells in addition to activated T cells.

[00801] CTLA-4, homologue of CD28 and similar to ICOS, can be induced on T cells

upon activation. Engagements of CTLA-4 by B7-1 and B7-2 are thought to deliver an

inhibitory signal to down-regulate T cell response to antigen (12). CTLA4Ig was shown to

also bind B7-H2+ 293 cells (Fig. 3C) and the binding was largely eliminated by inclusion of

a CTLA-4 mAb (clone 14D3) (Fig. 3C) which showed to block CTLA-4 and its ligands (13).

Conversely, B7-H2Ig bound CTLA-4+ 293T cells and two B7-H2 mAbs (clone MIH 12 and

9F.8A4), which block B7-H2/CD28 binding, also abrogated this binding (Figures 3D, 3E and

4). In comparison with B7-H2/ICOS, B7-H2/CTLA-4 interaction has a much slower

association and a faster dissociation (Fig. 3F). These results indicate that B7-H2 will

preferentially interact with ICOS. Both ICOS and CTLA-4 are inducible receptors with

similar expression kinetics upon activation ( 11). This finding predicts that the major effect of

B7-H2 on activated T cells will be those related to ICOS rather than CTLA-4. To determine

if there are other interactions in currently discovered molecules of the B7-CD28 family, the

binding of these receptors and their counter-receptors were screened using the proteomic

system. As summarized in Figure 5A, there are no additional interactions except further

confirmation of B7-H2 binding to both CD28 and CTLA-4.

[00802] Comparison of binding B7-H2 to CTLA-4 vs. CD28 by SPR analysis indicates

that B7-H2/CTLA-4 interaction has ~4 fold less association (Ka) but similar dissociation rate

(Kd) to B7-H2/CD28 (Fig. 3F), indicating that B7-H2 has higher affinity to CD28 than

CTLA-4 (Fig. 3F). This observation is in sharp contrast to B7-1 and B7-2 which bind CTLA-

4 with much higher affinity (>10 folds) than CD28 (14), implicating that B7-H2 is a non-

redundant ligand to B7-1/B7-2. To test this, the ability of the B7-H2/CD28 interaction to be

interfered by B7-1/B7-2 was determined. By flow cytometry, saturated doses of B7-lIg and

B7-2Ig had only minimal effect on the binding of CD28Ig to B7-H2+ 293T cells, supporting

that B7-H2 interacts with a non-overlapping site vs. B7-1/B7-2 on CD28 molecule (Fig. 3G).

In contrast, B7-1 and B7-2 are largely redundant in term of their interaction with CD28 and

could compete each other for binding CD28 (15). These findings implicate a new feature of

costimulation: more than one structure on a costimulatory receptor is available for ligands to



interact, and this finding suggests that B7-H2 could costimulate naive T cells in synergy with

B7-1/B7-2.

[00803] To further understand architecture of interactions between B7-H2 and its three

receptors, site-directed mutagenesis was conducted to identify critical residues for these

interactions. Selection of residues for mutation was based on their locations in the interfaces

of B7-H2/ICOS interaction as predicted from crystal structure analysis (16) as shown in

ribbon diagram (Fig. 6A). These residues were all converted to alanine, a small aromatic

amino acid, to avoid a large overall structure modulation (16). Wild type and mutated B7-H2

full length genes were transfected into 293 cells and the binding of these cells by CD28Ig,

CTLA-4Ig and ICOSIg were determined by flow cytometry analysis. All mutants, which lost

their binding to CD28, also do not interact with CTLA-4, indicating that B7-H2 binding sites

for CD28 and CTLA-4 are largely overlapped, i.e. CD28 and CTLA-4 should compete for the

binding to B7-H2. Two mutants (Y5 IA, Y53A) that lose their binding to ICOS, also show

significant decrease in their binding to CD28 and CTLA-4 (Figure 6B). Interestingly, two

mutants (Ll 16A and F122A), which largely retain the ability to bind ICOS, have only

minimal binding capacity to CD28 and CTLA-4. In the context of the finding that MIH12

mAb selectively blocked B7-H2 binding to CD28 and CTLA-4 but not ICOS (Fig. 4), these

results support the notion that B7-H2 uses non-identical but overlapping binding sites for

interacting with ICOS and CD28/CTLA-4.

[00804] To demonstrate that the interaction of B7-H2 and CD28 is functional, an in vitro

costimulation assay was utilized in which suboptimal concentrations of plate-bound human

CD3 mAb were used as mimicry of a T cell receptor signal and B7-H2Ig was co-immobilized

in the same well to provide costimulation for purified human T cells. B7-H2Ig potently

costimulated proliferation of naive human T cells in this assay (Fig. 3J). Inclusion of blocking

mAb either to CD28 (clone CD28.6, non-costimulatory) or ICOS (clone C398.4A, non-

costimulatory) partially but significantly reduced T cell proliferation, whereas blockade of

both ICOS and CD28 negated the majority of B7-H2 costimulatory effect (Fig. 3J), This

result indicates that the effect of B7-H2-mediated costimulation of T cells requires CD28 in

addition to ICOS in this in vitro T cell proliferation assay. To exclude possible costimulation

from B7-1 and B7-2 that could be upregulated on T cells, both B7-1 and B7-2 were blocked

by specific mAb in this assay. B7-H2Ig-mediated costimulation was not affected by mAb to

B7-1/B7-2 while this treatment inhibited T cell costimulation by B7-lIg and B7-2Ig (data not

shown). The effect of B7-H2 specific mAb MIH12 is shown to selectively eliminate B7-H2

binding to CD28/CTLA-4 but not to ICOS (Fig. 4). This treatment partially suppressed the



B7-H2Ig-mediated costimulation. Furthermore, mAb 9F.8A4, which blocks B7-H2 binding

to all three receptors, completely abolished the effect of B7-H2Ig (Fig. 3K). All together,

these results support that B7-H2 is capable of costimulating T cell growth via CD28.

[00805] B7-H2-CD28/CTLA4 interactions add another layer of complexity to T cell

costimulation. The non-overlapping expression patterns of B7-H2 with B7-1 and B7-2 in the

peripheral organs make it possible that three ligands could affect T cell responses through

CD28/CTLA4 in spatially and timely divergent settings. Discovery of B7-H2-CD28 and B7-

H2-CTLA4 interactions thus validated this proteomic system as a tool to discover novel

interactions even among well-studied molecules.

[00806] The use of this proteome system to identify the receptor for orphan ligands using

B7-H7 as an example was explored. B7-H7 was previously described as human endogenous

retrovirus-H long terminal repeat-associating protein 2 (HHLA2) without identified

biological function (17), though it was noted as a potential B7 family member by homolog

search (18). By comparison of its nucleotide and protein sequences, its homology to other

known human B7 members including B7-1, B7-2, B7-H1, B7-DC, B7-H2, B7-H3 and B7-

H4, with the highest homology to B7-H4 was demonstrated (Fig. 7). Therefore, assigned the

gene name B7-H7 was assigned. The gene is located in chromosome 3ql3. 13, immediately

adjacent to B7-1 and B7-2, and encodes a 414 amino-acid-long type I transmembrane protein

with predicted molecular mass ~45KD. B7-H7 has 3 signature immunoglobulin (Ig) sets

(IgV-IgC-IgV) in its extracellular domain and shares -20% homology in protein sequence

with other B7 family molecules. B7-H7 also has an irregular intracellular domain without any

significant homology to other B7 family molecules and no obvious motifs for signal

transduction, a signature of the B7 family molecules.

[00807] By screening the receptor-ligand proteome with B7-H7Ig, a B7-H7 binding

partner called transmembrane and immunoglobulin domain containing 2 (TMIGD2) (gene ID

126259) was identified (Fig. 8). Similar to B7-H7, no function has been assigned for this

gene. Herein this gene product was renamed the counter-receptor for B7-H7 (B7-H7CR). B7-

H7CR is located in chromosome 19pl3.3 and encodes a transmembrane protein with a single

extracellular IgV domain and a long intracellular domain, which is structurally similar to

other known B7 family receptors. Notably, the intracellular domain of B7-H7CR also

contains three tyrosine residues, which are potentially docking sites for signaling

transduction. Overall, B7-H7CR shares about 10% protein sequence homology with CD28,

CTLA-4, ICOS and PD-I (Fig. 9). mAb specific to both human B7-H7 and B7-H7CR was

generated. By transfection of 293T cells with B7-H7CR gene, the expression of cell surface



B7-H7CR by staining with anti-B7-H7CR mAb (clone 4-5) in flow cytometry analysis was

demonstrated. B7-H7Ig strongly bound B7-H7CR+ 293T cells but not mock-transfected cells

(Fig. 10A). Similarly, B7-H7CRIg also bound cells which were transfected with B7-H7 gene,

but not mock-transfected cells. Inclusion of B7-H7 mAb (clone 2D3) completely blocked this

interaction (Fig. 11). The potential cross-reactivity between B7-H7CR to other known B7

family ligands was excluded by B7-H7CRIg staining of 293T cells transfected with human

B7-1, B7-2, B7-H1, B7-DC, B7-H2, B7-H3 (both 2Ig and 4Ig forms) and B7-H4 (Figure 12).

These results thus indicate that B7-H7 specifically binds B7-H7CR and may represent a new

pair in the B7-CD28 family.

[00808] B7-H7 mRNA is abundant in testis, colon, lung, kidney and pancreas while it

shows low levels in small intestine, liver and skeletal muscle. In contrast, B7-H7CR mRNA

was mainly found in lymphoid organs (Fig. 13); thymus and spleen are the most abundant,

with peripheral blood lymphocyte (PBL) and liver showing second. Consistent to these

findings, no cell surface B7-H7 was detected by specific mAb on T, B, NK cells or

neutrophils in human PBL (Fig. 14). However, macrophages derived from monocytes

constantly expressed B7-H7, and activation of macrophages with LPS, polyLC, heat-killed

Listeria monocytogenes (HKLM) or interferon-gamma further upregulated the expression

(Fig. 10B). Monocyte-derived immature dendritic cells (DC) could also be induced by poly

I:C or HKLM to express B7-H7. On the other hand, B7-H7CR is constitutively expressed on

the majority of T and NK cells, but not on B cells (Fig. 10C). Taken together, the expression

patterns of B7-H7 and its counter-receptor suggest their roles in the interaction of

professional antigen-presenting cells with T and NK cells.

[00809] A hallmark of the B7 family molecules is their capability to costimulate or

coinhibit T cell responses in the presence of antigen (6). The plate-coated B7-H7Ig strongly

promoted CD4+ T cell proliferation as well as production of IL-2, IFN-γ and IL-10 in the

presence of suboptimal doses of anti-CD3 mAb (OKT3) (Fig. 10D). In addition, the B7-

H7CR mAb in immobilized form could mimic the role of B7-H7 to enhance T cell

proliferation either alone or in synergy with CD28 mAb (Fig. 10E), suggesting an agonistic

feature of this B7-H7CR mAb. Furthermore, inclusion of soluble B7-H7 mAb (2D3) or B7-

H7CRIg abrogated the costimulatory effect of B7-H7 (Fig. 10F). Combined together, these

results support that B7-H7 and B7-H7CR interaction represents a novel T cell costimulatory

pathway which promotes human T cell growth.

[00810] The mechanisms of these newly described costimulatory pairs in the regulation of

immune responses is yet to be elucidated (Fig. 15), especially in the context of other



costimulatory and coinhbitory pathways previously described. However, this receptor-ligand

proteomic system represents a promising approach to discover new molecular interactions on

cell surface. With the expansion of proteome to include all plasma membrane proteins, this

system could be utilized to identify any cell surface receptor-ligand pair in question and there

the significance should be well beyond mere understanding the immune system.
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7. EXAMPLE: MOLECULAR BASIS OF FUNCTIONAL REDUNDANCY
IN CD28 AND ICOS COSTIMULATORY PATHWAYS

[00830] The following example is offered by way of illustration, and not by way of

limitation.

7.1 MATERIALS & METHODS

[00831] Plasmids, fusion proteins and monoclonal antibodies. Human full length

plasma membrane cDNA set (MHS5007) was purchased from Open Biosystems Inc.



(Huntsville, AL). About 800 genes from the set which is on mammalian expression vector

pCMV-SPORT6 were selected. Over 1,000 genes were cloned into mammalian expression

vector pcDNA3.2/V5-DEST, pcDNA6.2/V5-DEST or pLP-CMVneo vectors using Gateway

Cloning System (Invitrogen, Carlsbad, CA) and Creator Cloning Kit (BD Biosciences, San

Jose, CA). Other genes were cloned into pcDNA3. l(-) plasmid by standard RT-PCR cloning

technique. All plasmids were validated by sequencing.

[00832] Human and mouse CD28, CTLA4, ICOS, PD-I, B7-1, B7-2, B7-H1, B7-DC and

B7-H2 Ig fusion proteins were purchased from R&D systems (Minneapolis, MN). Wild type

and mutant Human B7-H2 Ig were made by transiently transfecting 293T cells with the

constructs in pHIgV plasmids, and were purified by protein A columns as described

previously 19.

[00833] Mouse anti-human CD3 mAb OKT3, mouse anti-human CD28 mAb CD28.6

(blocking), mouse anti-human CTLA-4 mAb 14D3 and mouse anti-human B7-H2 mAb

MIH12 were purchased from eBioscience (San Diego, CA). Mouse anti-human B7-H2 mAb

9F.8A4 was purchased from BioLegend (San Diego, CA). Anti-human Ig FMAT blue

antibody was purchased from Applied Biosystems (Foster City, CA). Control human IgG

(Synagis) was purchased from Medlmmune (Rockville, MD). All other antibodies used in

flow cytometry were purchased from BD Biosciences or eBioscience.

[00834] Surface Plasmon Resonance. Protein interactions were measured and analyzed

on a BIAcore 3000 instrument (BIAcore AB, Uppsala, Sweden) performed at 25°C as

described previously 20. 0.1 M Hepes, pH 7.4, containing 0.15 M NaCl, 0.005% surfactant

P20 (HBS) was used as running buffer. Human B7-H2Ig, CD28Ig and CTLA-4Ig were

purchased from R&D systems. All other reagents were purchased from BIAcore. The B7-

H2Ig was covalently coupled to a CM5 sensor chip (BIAcore AB) by crosslinking primary

amine groups to the carboxymethylated dextran matrix. A flow cell on the CM5 chip was

activated with 1:1N-ethyl-N-dimethylaminopropyl carbodiimide (EDC) and N-

hydroxysuccinimide (NHS) mixture, followed by injection of 20 µg/ml B7-H2Ig diluted in 10

mM sodium acetate buffer, pH 5.0, until desired response units (RU) were achieved. Another

activated flow cell on the same chip, which did not receive any fusion protein, was used as a

control sensor surface. The remaining activated carboxyl groups were blocked with 1 M

ethanolamine (pH 8.5). Subsequently, the flow cells were extensively washed with HBS to

generate a stable baseline. ICOSIg, CD28Ig and CTLA4Ig, in serial dilutions were injected

over the sensor surface in triplicates at a flow rate of 20-30 µl/min for 3 min, and then the

dissociation was allowed for 5 min. The flow cells were regenerated by two consecutive 10-



second pulses with 1OmM NaOH. Data was analyzed by BIAevaluation software 4.1

(BIAcore).

[00835] T cell costimulation assay. OKT3 mAb (anti-human CD3) was pre-coated in 96-

well plates at the indicated concentrations. B7-H2Ig or isotype-matched control Ig at 5µg/ml

was also immobilized in the wells. T cells from human peripheral mononuclear cells

(PBMCs) were negatively selected and purified by a human pan-T cell selection kit or a

human CD4 T cell selection kit (Miltenyi Biotec, Auburn, CA). Purified human T cells were

added into each well at 2.5xlO 5/well and cultured for three days. In some experiments, anti-

B7-H2 mAb, MIH12 or 9F.8A4 was added at the beginning of culture, and unbound mAbs

were washed away by media before addition of T cells. 3HTdR was added during the final

six hours of culture. 3H-TdR incorporation was counted with a MicroBeta Trilux liquid

scintillation counter (PerkinElmer, Waltham, MA).

[00836] Human monocyte-derived dendritic cells. Human PBMCs were isolated by

density-gradient centrifugation. Fifty million PBMCs were adhered on a 100mm tissue

culture dish for 45 min in a 37 degree incubator. Adherent cells at 0.5xl06/ml were cultured

in 10ml complete RPMI media containing 10% human AB serum. The media was

supplemented with 500U/ml recombinant human interleukin-4 (BD Biosciences) and

1000U/ml recombinant human granulocyte-monocyte growth factor for dendritic cell

differentiation. On day 2, 4 and 6, half of the media was replaced with fresh media and

cytokines. On day 7, dendritic cells were harvested.

7.2 RESULTS

[00837] Using the receptor-ligand proteome approach described in Example 6, we

demonstrated that recombinant human CD28Ig fusion proteins bound to 293T cells

expressing B7-1, B7-2 and B7-H2. A lower level of CD28Ig bound to cells expressing B7-

H2 than cells expressing B7-1 and B7-2 (Figure 16 and 5A). A binding activity to occuldin

(OCLN) molecule was also found but later this interaction was demonstrated to be non

specific (data not shown). There was no additional binding activity by CD28Ig in our

receptor-ligand proteome (Figure 2). Therefore, CD28 and ICOS may share a common

ligand, B7-H2.

[00838] This binding was first validated by staining of CD28Ig to B7-H2 + 293T cells with

optimized transient transfection protocol. High B7-H2 expression was verified by positive

anti-B7-H2 monoclonal antibody (mAb) staining and negative anti-B7-l and anti-B7-2

staining by flow cytometry analysis (Figure 16A). Under this condition, a significant fraction



of cells also stained positively with ICOSIg, demonstrating the specific expression of B7-H2

on 293T cells. Importantly, CD28Ig showed significant binding to B7-H2+ 293T cells, and

this binding could be completely blocked by the inclusion of a mAb against CD28 (clone

CD28.6). Interestingly, CTLA4Ig could also bind B7-H2+ 293T transfectant and the binding

was largely blocked by a mAb against CTLA-4 (clone 14D3) (Figure 16A), suggesting B7-

H2, similar to B7-1 and B7-2, binds both CD28 and CTLA-4. To further validate these

interactions, 293T cells were transiently transfected to express high level CD28 or CTLA4, as

shown by positive mAbs staining. Binding of these cells by B7-H2Ig demonstrated a

significant staining. The binding could be completely abrogated by inclusion of a mAb

against B7-H2 (Clone MIH 12) or by ICOSIg (Figure 16B and 16C). These results support

the specificity of interactions between B7-H2 and CD28/CTLA-4 and an overlapping binding

site on B7-H2 for interacting with CD28, CTLA-4 and ICOS.

[00839] Next, the binding affinity of B7-H2 to ICOS, CD28 and CTLA-4 was compared

by surface plasmon resonance (SPR) analysis (Figure 16D). B7-H2/CD28 interaction had a

significantly slower association constant (K ON= 1.2 X I O4 M 1S 1) and a faster dissociation

constant (KOFF=0.01 7 S 1) compared to B7-H2/ICOS (KON =2.4xlO 5 M 1S1; K OFF=0.004 S 1),

indicating that ICOS has a much higher affinity (-100 folds) than CD28 for binding B7-H2.

Meanwhile, B7-H2/CTLA-4 had slightly lower affinity (~4 folds) than B7-H2/CD28

interaction (Figure 16D). When compared with the published affinity of B7-1/CD28

interaction (KD = 4µM) (14), the affinity of B7-H2/CD28(KD=1.4 µM) and B7-H2/CTLA4

(KD = 5.5 µM) is in a similar range.

[00840] While these results reveal B7-H2 as a potential ligand for both CD28 and CTLA-

4, there are several fundamental differences between these and previously identified

interactions. CTLA-4 has at least a 10 fold higher affinity than CD28 to interact with

B7s(14) /whereas B7-H2 has similar affinity for these two receptors. CD28 is constitutively

expressed on naive T cells while ICOS and CTLA4 are inducible upon antigen stimulation

(3). Because B7-H2 is constitutively expressed by hematopoietic and non-hematopoietic

cells, these findings implicate a role of B7-H2 in the costimulation of naive T cells through

CD28. The role of B7-H2 in the inhibition of activated T cells via CTLA-4 may be minimal

because B7-H2 has a much lower affinity for CTLA-4 than ICOS.

[00841] Next, the B7-H2/CD28 interaction was examined to see if it could compete with

other CD28 ligands, B7-1 and B7-2. By flow cytometry analysis, saturated doses of B7-lIg

and B7-2Ig had only minimal effect on the binding of CD28Ig to B7-H2+ 293T cells,

supporting that CD28 interacts with B7-H2 through a different interface than B7-1/B7-2



(Figure 16E). Interestingly, B7-2Ig but not B7-lIg appears to partially compete for the

binding of CTLA-4Ig to B7-H2, indicating that the binding sites on CTLA-4 for B7-H2 and

B7-2 may be partially overlapped (Figure 16E). In contrast, B7-1 and B7-2 are largely

redundant in terms of their interaction with CD28 and CTLA-4 and could compete with each

other for binding (1). These findings implicate a new feature of CD28 costimulation: more

than one interface on a costimulatory receptor is available for different ligands to engage.

These finding also suggest that B7-H2 could costimulate naive T cells through CD28 in

synergy with B7-1/B7-2.

[00842] To understand the architecture of the interactions between B7-H2 and its three

receptors, site-directed mutagenesis on B7-H2 was conducted to identify critical residues for

these interactions. Selection of residues for mutation was based on their locations in the

binding interfaces of B7-H2 and three receptors predicted from the crystal structure of B7-

2/CTLA4 (15, 16) (Figure 6A). These residues were all converted to alanine, a small

aromatic amino acid with neutral charge, to avoid a large overall structure modulation (16).

Wild type (wt) and mutated B7-H2 full length genes were expressed on the surface of 293T

cells and confirmed by anti-B7-H2 mAb staining. The binding of these cells by CD28Ig,

CTLA-4Ig and ICOSIg were determined by flow cytometry analysis and relative binding

capacity of these recombinant fusion proteins to B7-H2 mutants were compared to wt B7-H2

(Figure 6B). All mutants, which lost their binding to CD28 (Y51A, Y53A, L l 16A and

F 122A), also did not interact with CTLA-4, indicating that B7-H2 binding sites for CD28 and

CTLA-4 are largely overlapped, i.e., CD28 and CTLA-4 should compete for the binding to

B7-H2. Two mutants (Y5 IA, Y53A) that lost their binding to ICOS, also show no binding to

CD28 and CTLA-4. Interestingly, two mutants (Ll 16A and F 122A), which largely retained

the ability to bind ICOS, have only minimal binding capacity to CD28 and CTLA-4. These

results support the notion that B7-H2 uses non-identical but overlapping binding sites for

interacting with ICOS versus CD28 /CTLA-4, whereas B7-H2 may use similar, if not

identical binding sites to interact with CD28 and CTLA-4.

[00843] The finding that B7-H2 might utilize differential binding sites to interact with

ICOS versus CD28/CTLA-4 encouraged the seeking of mAbs that selectively block

individual interactions to facilitate functional analysis. By screening available mAbs against

B7-H2, the MIH 12 was demonstrated to selectively blocked B7-H2 binding to CD28/CTLA-

4 but not to ICOS, whereas 9F.8A4 abrogated B7-H2Ig binding to all three receptors by flow

cytometry analysis (Figure 4).



[00844] Consistent with previous reports (4, 17), we demonstrated that mouse B7-H2 did

not interact with mouse CD28 and CTLA-4 (Figures 5B and 19). Interestingly, when mouse

B7-H2 IgV region (Metl-Vall49) was replaced with its corresponding human counterpart

(Metl-Glnl23), this chimeric gene product was capable of binding mouse CD28Ig and

CTLA-4Ig (Figure 19), indicating that mouse and human B7-H2 might have divergent

evolutions from a common ancestor.

[00845] To demonstrate that the interaction of B7-H2 and CD28 is functional, an in vitro

costimulation assay was utilized in which suboptimal concentrations of human CD3 mAb

were immobilized in the wells of a 96-well plate as a mimicry of T cell receptor (TCR)

signaling. B7-H2Ig was co-immobilized in the same well to provide a costimulatory signal

for purified human T cells. While suboptimal concentrations of CD3 mAb up to 0.1 µg/ml

did not stimulate significant proliferation of T cells, inclusion of B7-H2Ig induced a high

level proliferation of T cells as evidenced by increased incorporation of tritiated thymidine

(Fig. 20A). The effect of B7-H2 was dependent on TCR signaling because B7-H2Ig itself in

the absence of CD3 mAb did not stimulate any detectable proliferation (data not shown).

Inclusion of MIH 12 mAb, which specifically blocks B7-H2 binding to CD28/CTLA-4,

suppressed about 50% of B7-H2Ig-mediated costimulation. The 9F.8A4 mAb, which blocks

B7-H2 binding to all three receptors, completely abolished the effect of B7-H2Ig (Fig.20A).

Using carboxyl fluorescent succinimidyl ester (CFSE)-labeled human T cells to monitor cell

division, blockade of B7-H2/CD28 interaction with MIH12 had a partial inhibitory effect on

the division of both CD4 and CD8 T cells whereas 9F.8A4 completely suppressed T cell

division (Figure 21). Activated T cells in this setting expressed high level ICOS in addition

to CD28 (data not shown). These results suggest that both CD28 and ICOS on T cells

independently contribute to the costimulatory effect of B7-H2. CTLA-4 was also upregulated

on T cells with similar kinetics as ICOS in our experimental setting (data not shown).

However, the predominant effect of B7-H2Ig in this system is enhancement of T cell growth.

This is likely due to the low affinity of B7-H2/CTLA-4 interaction (Figure 16). All together,

these results support that B7-H2 is capable of costimulating T cell growth via engaging

CD28.

[00846] One characteristic feature of CD4+ T cell costimulation by CD28 and ICOS is that

both of them induce high amounts of cytokines, whereas TCR engagement alone produce

minimal (3). Cytokine production mediated by immobilized human B7-lIg and B7-H2Ig in

the same concentration was compared (Figure 22). Consistent with previous finding using

CD28 and ICOS agonist mAbs (6), costimulation through B7-1 and B7-H2 induce a



overlapping spectrum of T cell-derived cytokines including TNFα, IFNγ, IL-4, IL-5, IL-IO

and IL-17, with one major difference that only B7-lIg stimulated large amount of IL-2 (3).

B7-1 also appears to elicit higher level of TNFα and IFNγ, while B7-H2 induces higher level

IL-17A (18). Both B7-1 and B7-H2 induced similar levels of other cytokines with small

differences observed in different experiments (data not shown). A major difference in

comparison with previously published results using agonist mAb (3), it was found that B7-H2

did not preferentially stimulate IL- 10 production (Figure 22).

[00847] In the context of this generally overlapping cytokine profiles induced by B7-1 and

B7-H2, the relative contribution of B7-H2/CD28 vs. B7-H2/ICOS to the overall B7-H2-

mediated cytokine production by antibody blockade was evaluated (Figure 20B). As

expected, blockade by 9F.8A4 reduced all cytokine productions to background level,

indicating that cytokine production is dependent on all three receptors of B7-H2. However,

selective blockade of B7-H2/CD28 interaction by MIH12 partially decreased the production

of the majority of cytokines, with more profound effects on IL-4, IL-5, IL-10 and IL-17 but

less effective on IL-2, TNFα and IFNγ (Figure 20B). These results indicate a significant

portion of CD28-mediated Th2 and IL-17 cytokine production might be attributed to B7-H2

binding instead of exclusively to B7-1/B7-2 engagement.

[00848] The observation that B7-H2/CD28 interaction is not conserved in mouse prevents

us to evaluate this pathway in vivo. Next, the role of B7-H2/CD28 interaction in more

physiologically relevant models in vitro, including antigen-specific memory T cell recall

response and primary T cell responses to allogeneic antigens, was elevaluated. In the first

model, monocyte-derived dendritic cells were incubated with tetanus toxoid (TT) to stimulate

autologous peripheral T cells from an adult individual who was immunized previously with

tetanus vaccine. The proliferation and IFNγ production of polyclonal long-term memory T

cells in response to TT antigen were examined in the presence of selected mAbs. MIH 12

reduced TT antigen-elicited proliferation by approximately 20%, a small but significant

inhibition (P<0.05) (Figure 20C). However, this treatment had a profound effect on IFNγ

production: over 80% IFNγ production was suppressed (Figure 20D). Addition of a CD28

blocking mAb (clone CD28.6, non-costimulatory) or 9F.8A4 achieved >50% inhibition on

proliferation and >90% on IFNγ production (Figures 2OC and 20D). These findings indicate

that both CD28 and ICOS pathways are required for the proliferation and IFNγ production of

memory T cells in this setting. B7-H2/CD28 interaction, albeit plays a minor role in the

growth of memory T cells, is critical for TT-induced IFNγ production from memory T cells.



[00849] In the second model, monocyte-derived dendritic cells were used for stimulation

of allogeneic T cells from peripheral blood. In this culture system, MIH 12 also significantly

suppressed IFNγ production from allogeneic T cells (P<0.05) (Figure 20E). Similar to TT

antigen-elicited memory T cell response, MIH 12 was mainly effective on IFNγ production

but less effective on T cell growth (data not shown). These findings may be related to the

weak ability of B7-H2/CD28 to stimulate IL-2 production (Figure 22). These results

demonstrate that endogenous B7-H2/CD28 interaction plays critical roles in promoting T cell

activation and cytokine production.

[00850] These findings demonstrate that B7-H2 is the third ligand for CD28 (Figure 17A).

B7-H2 is expressed constitutively by hematopoietic and non-hematopoietic cells in peripheral

organs, whereas B7-1 and B7-2 are largely inducible molecules on selective antigen-

presenting cells. This distinct and non-overlapping expression pattern of these three ligands

may regulate T cell responses through CD28/CTLA-4 in spatially and temporally divergent

settings. Constitutive B7-H2 expression may allow CD28 costimulation to be sustained in

peripheral organs for effector or memory T cells. It is yet to be determined whether B7-H2

provides a completely overlapping signal as B7-1 and B7-2. The non-competing nature of

B7-H2/CD28 and B7s/CD28 interactions also make it possible that B7-1/B7-2 and B7-H2

could bind CD28 simultaneously, delivering synergistic costimulatory signals in lymphoid

organs (Figure 17B). These finding also warrant re-evaluation of CD28 and ICOS pathways

as targets for immunotherapeutic manipulation. For example, the effect of CTLA-4Ig

(abatacept) as an immunosuppressive drug could be interpreted at least partially as

interference of B7-H2/CD28 interaction, since CTLA-4 and CD28 share the same binding

interface with B7-H2.
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Table 1. List of cDNA clones used in the receptor-ligand proteome.



















































































We Claim:

1. A pharmaceutical composition comprising an antibody that specifically binds

to B7-H7CR, an antibody that specifically binds to B7-H7, an antibody the specifically binds

to B7-H7CR/B7-H7 complex, a B7-H7CR derivative, or a B7-H7 derivative in an amount

effective to modulate T lymphocyte proliferation, and a pharmaceutically acceptable carrier.

2. A pharmaceutical composition comprising a fusion protein in an amount

effective to modulate T lymphocyte proliferation, and a pharmaceutically acceptable carrier,

wherein the fusion protein comprises: (i) the extracellular domain of B7-H7 or a fragment

thereof and the Fc domain of an immunoglobulin or a constant region thereof; or (ii) the

extracellular domain of B7-H7CR or a fragment thereof and the Fc domain of an

immunoglobulin or a constant region thereof

3. A pharmaceutical composition comprising an Immunostimulating Therapeutic

Agent in an amount effective to treat or manage cancer, and a pharmaceutically acceptable

carrier, wherein the Immunostimulating Therapeutic Agent is:

a. a B7-H7 derivative;

b. an antibody that specifically binds to B7-H7CR;

c. an antibody that specifically binds to B7-H7CR/B7-H7 complex; or

d. a fusion protein comprising the extracellular domain of B7-H7 or a

fragment thereof and the Fc domain of an immunoglobulin or a

constant region thereof

4. A pharmaceutical composition comprising an Immunostimulating Therapeutic

Agent in an amount effective to treat or manage an infectious disease, and a pharmaceutically

acceptable carrier, wherein the Immunostimulating Therapeutic Agent is:

a. a B7-H7 derivative;

b. an antibody that specifically binds to B7-H7CR;

c. an antibody that specifically binds to B7-H7CR/B7-H7 complex; or

d. a fusion protein comprising the extracellular domain of B7-H7 or a

fragment thereof and the Fc domain of an immunoglobulin or a

constant region thereof

5. A pharmaceutical composition comprising an Inhibitory Therapeutic Agent in

an amount effective to treat or manage an autoimmune or inflammatory disease, and a

pharmaceutically acceptable carrier, wherein the Inhibitory Therapeutic Agent is:

a. a B7-H7CR derivative;

b. a B7-H7 derivative;



c. an antibody specific for B7-H7;

d. an antibody that specifically binds to B7-H7CR;

e. a fusion protein comprising the extracellular domain of B7-H7CR or a

fragment thereof and the Fc domain of an immunoglobulin or a

constant region thereof; or

f a fusion protein comprising the extracellular domain of B7-H7CR or a

fragment thereof and the Fc domain of an immunoglobulin or a

constant region thereof

6. The pharmaceutical composition of claim 1, 3, 4 or 5, wherein the B7H7

derivative is a soluble form of B7-H7.

7. The pharmaceutical composition of claim 1 or 5, wherein the B7H7CR

derivative is a soluble form of B7-H7CR.

8. A method of modulating the interaction between B7-H7 and B7-H7CR,

comprising contacting immune cells that express or are induced to express B7-H7 or B7-

H7CR with one or more of the following agents in an amount effective to modulate the

interaction between B7-H7 and B7-H7CR

a. an antibody that specifically binds to B7-H7;

b. an antibody that specifically binds to B7-H7CR;

c. antibody the specifically binds to B7-H7CR/B7-H7 complex;

d. a B7-H7 derivative;

e. a B7-H7CR derivative,

f a B7-H7CR fusion protein, wherein the B7-H7CR fusion protein

comprises the extracellular domain of B7-H7CR or a fragment thereof

and the Fc domain of an immunoglobulin or a constant region thereof;

or

g. a B7-H7 fusion protein, wherein the B7-H7CR fusion protein

comprises the extracellular domain of B7-H7CR or a fragment thereof

and the Fc domain of an immunoglobulin or a constant region thereof

9. A method for modulating T lymphocyte proliferation, comprising contacting

T-lymphocytes that express or are induced to express B7-H7CR with one or more of the

following agents in amount effective to modulate T lymphocyte proliferation:

a. an antibody that specifically binds to B7-H7;

b. an antibody that specifically binds to B7-H7CR;

c. antibody the specifically binds to B7-H7CR/B7-H7 complex;



d. a B7-H7 derivative;

e. a B7-H7CR derivative,

f . a B7-H7CR fusion protein, wherein the B7-H7CR fusion protein

comprises the extracellular domain of B7-H7CR or a fragment thereof

and the Fc domain of an immunoglobulin or a constant region thereof;

or

g. a B7-H7 fusion protein, wherein the B7-H7CR fusion protein

comprises the extracellular domain of B7-H7CR or a fragment thereof

and the Fc domain of an immunoglobulin or a constant region thereof.

10. A method for modulating immune function, comprising administering to a

subject in need thereof with one or more of the following agents in amount effective to

modulate immune function:

a. an antibody that specifically binds to B7-H7;

b. an antibody that specifically binds to B7-H7CR;

c. antibody the specifically binds to B7-H7CR/B7-H7 complex;

d. a B7-H7 derivative;

e. a B7-H7CR derivative,

f . a B7-H7CR fusion protein, wherein the B7-H7CR fusion protein

comprises the extracellular domain of B7-H7CR or a fragment thereof

and the Fc domain of an immunoglobulin or a constant region thereof;

or

g. a B7-H7 fusion protein, wherein the B7-H7CR fusion protein

comprises the extracellular domain of B7-H7CR or a fragment thereof

and the Fc domain of an immunoglobulin or a constant region thereof.

11. A method for treating or managing cancer, comprising administering to a

subject in need thereof an effective amount of an Immunostimulating Therapeutic Agent,

wherein the Immunostimulating Therapeutic Agent is:

a. B7-H7 derivative;

b. an antibody that specifically binds to B7-H7CR;

c. an antibody that specifically binds to B7-H7CR/B7-H7 complex; or

d. a fusion protein comprising the extracellular domain of B7-H7 or a

fragment thereof and the Fc domain of an immunoglobulin or a

constant region thereof.



12. A method for treating or managing an infectious disease, comprising

administering to a subject in need thereof an effective amount of an Immunostimulating

Therapeutic Agent, wherein the Immunostimulating Therapeutic Agent is:

a. B7-H7 derivative;

b. an antibody that specifically binds to B7-H7CR;

c. an antibody that specifically binds to B7-H7CR/B7-H7 complex; or

d. a fusion protein comprising the extracellular domain of B7-H7 or a

fragment thereof and the Fc domain of an immunoglobulin or a

constant region thereof.

13. A method for treating or managing an autoimmune or inflammatory disease,

comprising administering to a subject in need thereof an effective amount of an Inhibitory

Therapeutic Agent, wherein the Inhibitory Therapeutic Agent is:

a. a B7-H7CR derivative;

b. a B7-H7 derivative;

c. an antibody specific for B7-H7;

d. an antibody that specifically binds to B7-H7CR;

e. a fusion protein comprising the extracellular domain of B7-H7CR or a

fragment thereof and the Fc domain of an immunoglobulin or a

constant region thereof; or

f . a fusion protein comprising the extracellular domain of B7-H7CR or a

fragment thereof and the Fc domain of an immunoglobulin or a

constant region thereof.

14. A method for treating or managing graft versus host disease or an organ

transplant rejection, comprising administering to a subject in need thereof an effective

amount of an Inhibitory Therapeutic Agent, wherein the Inhibitory Therapeutic Agent is:

a. a B7-H7CR derivative;

b. a B7-H7 derivative;

c. an antibody specific for B7-H7;

d. an antibody that specifically binds to B7-H7CR;

e. a fusion protein comprising the extracellular domain of B7-H7CR or a

fragment thereof and the Fc domain of an immunoglobulin or a

constant region thereof; or



f . a fusion protein comprising the extracellular domain of B7-H7CR or a

fragment thereof and the Fc domain of an immunoglobulin or a

constant region thereof.

15. The method of claim 8, 9, 10, 13 or 14, wherein the B7H7CR derivative is a

soluble form of B7-H7CR.

16. The methods of claim 8, 9, 10, 11, 12, 13 or 14, wherein the B7-H7 derivative

is a soluble form of B7-H7.

17. A method for selectively modulating the interaction between B7-H2 and

CD28, comprising contacting immune cells with one or more of the following agents in an

amout effective to modulate the interaction between B7-H2 and CD28:

a. an antibody that specifically binds to CD28;

b. a CD28 derivative;

c. a fusion protein comprising the extracellular domain of B7-H2 or a

fragment thereof and the Fc domain of an immunoglobulin or a

constant region thereof; or

d. a fusion protein comprising the extracellular domain of CD28 or a

fragment thereof and the Fc domain of an immunoglobulin or a

constant region thereof.

18. A method for selectively modulating the interaction between B7-H2 and

CLTA-4, comprising contacting immune cells with one or more of the following agents in an

amout effective to modulate the interaction between B7-H2 and CTLA-4:

a. an antibody that specifically binds to CTLA-4;

b. a CTLA-4 derivative;

c. a fusion protein comprising the extracellular domain of B7-H2 or a

fragment thereof and the Fc domain of an immunoglobulin or a

constant region thereof; or

d. a fusion protein comprising the extracellular domain of CD28 or a

fragment thereof and the Fc domain of an immunoglobulin or a

constant region thereof.

19. A method for selectively modulating the interaction between B7-H2 and

CLTA-4 and the interaction between B7-H2 and CD28, comprising contacting immune cells

with one or more of the following agents in an amout effective to modulate the interaction

between B7-H2 and CLTA-4 and the interaction between B7-H2 and CD28:

a. an antibody that specifically binds to B7-H2;



b. a B7-H2 derivative; or

c. a fusion protein comprising the extracellular domain of B7-H2 or a

fragment thereof and the Fc domain of an immunoglobulin or a

constant region thereof.

20. A method for selectively modulating the interaction between B7-H2 and

ICOS, comprising contacting immune cells with one or more of the following agents in an

amout effective to modulate the interaction between B7-H2 and ICOS:

a. an antibody that specifically binds to ICOS;

b. an antibody that specifically binds to B7-H2;

c. an ICOS derivative;

d. a B7-H2 derivative;

e. a fusion protein comprising the extracellular domain of ICOS or a

fragment thereof and the Fc domain of an immunoglobulin or a

constant region thereof; or

f . a fusion protein comprising the extracellular domain of B7-H2 or a

fragment thereof and the Fc domain of an immunoglobulin or a

constant region thereof.

2 1. The method of claim 20, wherein the B7-H2 derivative comprises an amino

acid substitution at either position 53, 116, and/or 122 or at all three positions .

22. A method for treating or managing cancer, comprising administering to a

subject in need thereof an effective amount of one or more of the following agents that

selectively increase one or more of the signal transduction pathways induced by the binding

ofB7-H2 to CTLA-4:

a. an antibody that specifically binds to CTLA-4;

b. an antibody that specifically binds to B7-H2;

c. an antibody that specifically binds to a B7-H2/ CTLA-4 complex;

d. a B7-H2 derivative; or

e. a fusion protein comprising the extracellular domain of B7-H2 or a

fragment thereof and the Fc domain of an immunoglobulin or a

constant region thereof.

23. A method for treating or managing an infectious disease, comprising

administering to a subject in need thereof an effective amount of one or more of the following

agents that selectively increase one or more of the signal transduction pathways induced by

the binding of B7-H2 to CTLA-4:



a. an antibody that specifically binds to CTLA-4;

b. an antibody that specifically binds to B7-H2;

c. an antibody that specifically binds to a B7-H2/ CTLA-4 complex;

d. a B7-H2 derivative; or

e. a fusion protein comprising the extracellular domain of B7-H2 or a

fragment thereof and the Fc domain of an immunoglobulin or a

constant region thereof.

24. A method for treating or managing an autoimmune or inflammatory disease,

comprising administering to a subject in need thereof an effective amount of one or more of

the following agents that selectively suppress or reduce one or more of the signal transduction

pathways induced by the binding of B7-H2 to CTLA-4:

a. an antibody that specifically binds to CTLA-4;

b. an antibody that specifically binds to B7-H2;

c. an antibody that specifically binds to a B7-H2/CTLA-4 complex;

d. an ICOS derivative;

e. a B7-H2 derivative;

f . a fusion protein comprising the extracellular domain of CTLA-4 or a

fragment thereof and the Fc domain of an immunoglobulin or a

constant region thereof.; or

g. a fusion protein comprising the extracellular domain of B7-H2 or a

fragment thereof and the Fc domain of an immunoglobulin or a

constant region thereof.

25. A method for treating or managing graft versus host disease or an organ

transplant rejection, comprising administering to a subject in need thereof an effective

amount of one or more of the following agents that selectively suppress or reduce one or

more of the signal transduction pathways induced by the binding of B7-H2 to CTLA-4:

a. an antibody that specifically binds to CTLA-4;

b. an antibody that specifically binds to B7-H2;

c. an antibody that specifically binds to a B7-H2/CTLA-4 complex;

d. an ICOS derivative;

e. a B7-H2 derivative;

f . a fusion protein comprising the extracellular domain of CTLA-4 or a

fragment thereof and the Fc domain of an immunoglobulin or a

constant region thereof.; or



g. a fusion protein comprising the extracellular domain of B7-H2 or a

fragment thereof and the Fc domain of an immunoglobulin or a

constant region thereof.

26. A method for treating or managing cancer, comprising administering to a

subject in need thereof an effective amount of one or more of the following agents that

selectively increase one or more of the signal transduction pathways induced by the binding

ofB7-H2 to CD28:

a. an antibody that specifically binds to CD28;

b. an antibody that specifically binds to B7-H2;

c. an antibody that specifically binds to a B7-H2/ CD28complex;

d. a B7-H2 derivative; or

e. a fusion protein comprising the extracellular domain of B7-H2 or a

fragment thereof and the Fc domain of an immunoglobulin or a

constant region thereof.

27. A method for treating or managing an infectious disease, comprising

administering to a subject in need thereof an effective amount of one or more of the following

agents that selectively increase one or more of the signal transduction pathways induced by

the binding of B7-H2 to CD28:

a. an antibody that specifically binds to CD28;

b. an antibody that specifically binds to B7-H2;

c. an antibody that specifically binds to a B7-H2/ CD28 complex;

d. a B7-H2 derivative; or

e. a fusion protein comprising the extracellular domain of B7-H2 or a

fragment thereof and the Fc domain of an immunoglobulin or a

constant region thereof.

28. A method for treating or managing an autoimmune or inflammatory disease,

comprising administering to a subject in need thereof an effective amount of one or more of

the following agents that selectively suppress or reduce one or more of the signal transduction

pathways induced by the binding of B7-H2 to CD28:

a. an antibody that specifically binds to CD28;

b. an antibody that specifically binds to B7-H2;

c. an antibody that specifically binds to a B7-H2/CD28 complex;

d. an ICOS derivative;

e. a B7-H2 derivative;



f . a fusion protein comprising the extracellular domain of CD28 or a

fragment thereof and the Fc domain of an immunoglobulin or a

constant region thereof.; or

g. a fusion protein comprising the extracellular domain of B7-H2 or a

fragment thereof and the Fc domain of an immunoglobulin or a

constant region thereof.

29. A method for treating or managing graft versus host disease or an organ

transplant rejection, comprising administering to a subject in need thereof an effective

amount of one or more of the following agents that selectively suppress or reduce one or

more of the signal transduction pathways induced by the binding of B7-H2 to CD28:

a. an antibody that specifically binds to CD28;

b. an antibody that specifically binds to B7-H2;

c. an antibody that specifically binds to a B7-H2/ CD28 complex;

d. an ICOS derivative;

e. a B7-H2 derivative;

f . a fusion protein comprising the extracellular domain of CD28 or a

fragment thereof and the Fc domain of an immunoglobulin or a

constant region thereof.; or

g. a fusion protein comprising the extracellular domain of B7-H2 or a

fragment thereof and the Fc domain of an immunoglobulin or a

constant region thereof.

30. The method of claim 13, 24, or 28, wherein the inflammatory disease is an

allergic disorder.

31. The method of any one of claims 11 to 14 or 22 to 29, wherein the subject is a

human.
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