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7) ABSTRACT

The present invention is based, at least in part, on the
discovery of certain genes which are absent from T regula-
tory cells and present on effector T cells (Th1 and Th2), ¢.g,.,
Protein Kinase C Theta (PKC theta). Furthermore, a path-
way essential for the production of inflammatory cytokines
and cellular proliferation of inflammatory, effector T cells is
not utilized by regulatory T cells. Accordingly, in one aspect
the invention provides. methods for promoting regulatory T
cell function in immune cells relative to effector T cell
function, comprising contacting immune cells with an agent
that inhibits a protein kinase C theta pathway in the immune
cells. In another aspect, the invention provides methods for
treating a subject having a condition that would benefit from
promoting regulatory T cell function relative to effector T
cell function in the subject, comprising administering an
agent that inhibits a protein kinase C theta pathway in
immune cells of the subject. In still another aspect, the
invention provides assays for screening compounds that
specifically modulate a effector T cell function without
modulating regulatory T cell function comprising contacting
a protein kinase C theta pathway molecule with a test
compound and determining the ability of the test compound
to modulate the protein kinase C theta pathway molecule
activity, wherein modulation of a protein kinase C theta
pathway molecule activity indicates that the test compound
is a specific modulator of a effector T cell function.
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FIGURE 1
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MOLECULES PREFERENTIALLY ASSOCIATED
WITH EFFECTOR T CELLS AND METHODS OF
THEIR USE

RELATED APPLICATIONS

[0001] This application claims the benefit of U.S. Provi-
sional Application, 60/467,477, filed May 2, 2003, titled
“Methods for Promoting Regulatory T Cell Function in
Immune Cells Relative to Effector T Cell Function”. This
application also claims the benefit of U.S. Provisional Appli-
cation, 60/424,777, filed Nov. 8, 2002, titled “Intracellular
Proteins of Th1 and/or TH2 Cells and Regulation of Immune
Responses.” The entire contents of each of these applica-
tions are incorporated herein by reference

BACKGROUND OF THE INVENTION

[0002] Protein kinase C (PKC) is a family of enzymes that
are physiologically activated by 1,2-diacylglycerol (DAG)
and other lipids. When activated, the isozymes bind to
membrane phospholipids or to membrane receptors and
anchor the enzymes in a subcellular compartment (reviewed
in Liu and Heckman, Cell. Signal., 1998, 10, 529-542).
Protein kinase C isozymes differ in number and expression
level in different cell lines and tissues. To date, 11 different
isozymes (alpha, betal, betall, gamma, delta, epsilon, nu,
lambda, mu, theta and zeta) have been identified and they
have been divided into three groups based on their differ-
ential expression patterns and cofactor requirements. Inter-
est in protein kinase C as a therapeutic target was generated
by the finding that it is the major cellular receptor through
which a class of tumor-promoting agents, called phorbol
esters, exert their pleiotropic effects on cells (Liu and
Heckman, Cell. Signal., 1998, 10, 529-542).

[0003] Protein kinase C theta (also known as PKC-theta,
PKCT, PRKCT, nPKC-theta and PRKCQ), one of the novel
serine/threonine protein kinase C isoforms (nPKC), is
expressed ubiquitously in tissues with the highest levels
found in hematopoietic cell lines, including T-cells and
thymocytes (Baier et al., J. Biol. Chem., 1993, 268, 4997-
5004; Keenan et al., Immunology, 1997, 90, 557-563; Meller
et al., Cell. Immunol., 1999, 193, 185-193; Wang et al,,
Biochem. Biophys. Res. Commun., 1993, 191, 240-246).
This isozyme has been shown to be specifically responsible
for antigen driven activation events in peripheral T cells.
Protein kinase C theta is not required for the development of
T cells in the thymus, as Protein kinase C theta knock-out
mice develop normal numbers of peripheral T cells. How-
ever, when these mice are challenged with an antigen, they
fail to make a T cell response.

SUMMARY OF THE INVENTION

[0004] The present invention is based, at least in part, on
the finding that certain molecules are preferentially associ-
ated with effector T cells (Th1 andTh2) or regulatory T cells.
For example, it has been found that protein kinase C theta
(PKC theta) is preferentially expressed by cells of the Thl
and Th2 lineages. Accordingly, immune responses by one or
the other subset of cells can be preferentially modulated. The
invention pertains, €.g., to methods of modulating (e.g., up-
or down-modulating), the balance between the activation of
regulatory T cells and effector T cells leading to modulation
of immune responses and to compositions useful in modu-
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lating those responses. The invention also pertains to meth-
ods useful in diagnosing, treating, or preventing conditions
that would benefit from modulating effector T cell function
relative to regulatory T cell function or from modulating
regulatory T cell function relative to effector T cell function
in a subject. The subject methods and compositions are
especially useful in the diagnosis, treatment or prevention of
conditions characterized by a too-vigorous effector T cell
response to antigens associated with the condition, in the
diagnosis, treatment or prevention of conditions character-
ized by a weak effector T cell response, in the diagnosis,
treatment or prevention of conditions characterized by a
too-vigorous regulatory T cell response, or in the diagnosis,
treatment, or prevention of conditions characterized by a
weak regulatory T cell response.

[0005] Accordingly, in one aspect, the invention pertains
to a method for treating a condition in a subject in need of
such treatment, comprising administering an agent that
modulates the expression or activity of a protein kinase C
theta pathway component, wherein the effect of such treat-
ment is to modulate the balance of effector T cell function
relative to regulatory T cell function in the subject. In one
embodiment, the component is a nucleic acid selected from
the group consisting of SEQ ID NOs: 1, 3,5, 7, 9, and 11.
In another embodiment, the component is a polypeptide
selected from the group consisting of SEQ ID NOs: 2, 4, 6,
8, 10, and 12. In yet another embodiment, the agent is a
protein, peptide, small molecule or nucleic acid. In a further
embodiment, the condition is a transplant, an allergic dis-
order, an autoimmune disorder, a viral infection, a microbial
infection, a parasitic infection or cancer.

[0006] In another aspect, the invention pertains to a
method for modulating the expression or activity of a protein
kinase C theta pathway component, comprising: contacting
a population of cells, the population of cells comprising one
or more of the following: T cells; naive T cells; regulatory
T cells; effector T cells; or peripheral blood leukocytes, with
an agent that modulates the expression or activity of a PKC
theta pathway component, wherein the effect of such con-
tacting is to modulate the balance of effector T cell function
relative to regulatory T cell function in the population of
cells. In one embodiment the method further comprises
administering the population of cells that have been con-
tacted with an agent to a subject suffering from a condition,
the effect of which is treat the condition. In another embodi-
ment, the agent is protein, peptide, small molecule or nucleic
acid. In a further embodiment, the condition is a transplant,
an allergic disorder, an autoimmune disorder, a viral infec-
tion, a microbial infection, a parasitic infection or cancer.

[0007] Inanother aspect, the invention pertains to an assay
for identifying agents modulating the expression or activity
of a protein kinase C theta pathway component, comprising:
contacting an indicator composition comprising a protein
kinase C theta pathway component with a plurality of test
agents; and, determining the ability of a test agent to
modulate the expression or activity of a protein kinase C
theta pathway component, wherein the agent identified is
able to modulate the balance of effector T cell function
relative to regulatory T cell function. In one embodiment,
the agent is a protein, peptide, small molecule or nucleic
acid. In another embodiment, the indicator composition is a
cell expressing a protein kinase C theta pathway component.
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BRIEF DESCRIPTION OF THE DRAWINGS
[0008] FIG. 1is a diagram of T cell activation pathways.

[0009] FIGS. 2A-C depict graphs which illustrate signals
observed on the Affymetrix™ Gene Chip indicating expres-
sion of genes associated with the PKC theta signaling
pathway in three cell types, Th1, Th2, and regulatory T cells.
FIG. 1A shows expression of PKC theta in Thl and Th2
cells, but not regulatory T cells. FIG. 1B shows expression
of Bel 10 in Thl and Th2 cells, but not regulatory T cells.
FIG. 1C shows expression of CARMA1 in Th1 cells, but
not regulatory T cells. “Absent” calls are indicated as no
signal.

[0010] FIG. 3 depicts results of staining of human lym-
phocytes with anti-TCR and anti-PKC theta antibodies in
peripheral blood lymphocytes (PBL), Th1, Th2, and regu-
latory T cells. PBL or differentiated Th1, Th2 and regulatory
T cells were stained with FITC- anti-TCR or HRP-anti-PKC
theta followed by TRITC anti-HRP.

[0011] FIG. 4 depicts inhibition of proliferation of Thl
and Th2 cells, but not regulatory T cells, by Rottlerin, a
commercially available inhibitor of PKC enzymes. Differ-
entiated cells were stimulated with CD3 and CD28 in the
presence of absence of the PKC inhibitor Rottlerin. Incor-
poration of *H-thymidine was used to monitor cell prolif-
eration. Proliferation of each cell type is normalized to the
proliferation observed in the absence of inhibitor.

[0012] FIG. 5 graphically depicts representative data
showing that the antennapedia-PKCO peptide selectively
inhibits the proliferation of Thl and Th2 but not TGFp-
derived Treg cells.

DETAILED DESCRIPTION OF THE
INVENTION

[0013] In classical immune responses, effector T cell
(Teft) responses dominate over responses of T regulatory
cells (Treg) resulting in antigen removal. Tolerance initiates
with the same steps as the classical activation pathway (i.¢.,
antigen presentation and T cell activation), but factors
including, but not limited to, the abundance of antigen, the
means by which it is presented to the T cell, and the relative
availability of CD4+ cell help lead to the proliferation of a
distinct class of lymphocytes called regulatory T cells. Just
as effector T cells mediate classical immune responses,
regulatory T cells mediate tolerogenic responses. However,
unwanted or misdirected immune responses, such as those
associated with allergy, autoimmune diseases, organ rejec-
tion, chronic administration of therapeutic proteins and the
like, can lead to conditions in the body which are undesir-
able and which, in some instances, can prove fatal. The
dominance or shifting of balance of regulatory T cells over
effector T cells results in antigen preservation and immu-
nological tolerance.

[0014] The present invention is based, at least in part, on
the identification of genes which are expressed differentially
between effector T cells (Thl and Th2) and regulatory T
cells. Among the genes preferentially expressed by effector
T cells are the genes for PKC theta and other protein
members known to be required for signal transduction from
PKC theta through NFkB in T cells (FIG. 1). Protein
members of the PKC theta pathway, including PKC theta,
can be utilized to identify compounds, including but not
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limited to compounds which would be capable of blocking
an unwanted immune response. A desired property of the
identified compounds could include, but is not limited to the
ability to affect the balance between effector T cells and
regulatory T cells such that a regulatory T cell-mediated
response is dominant. Development of such a dominant
regulatory response would be capable of controlling and/or
preventing future unwanted immune responses.

[0015] Because regulatory T cells are capable of activating
and dividing in response to T cell receptor stimulation, but
do not appear to utilize the PKC theta signaling system,
compounds which selectively target and modulate, e.g.,
downmodulate, PKC theta and members of this pathway are
useful as preferential modulators of effector T cell
responses. These compounds are useful in the treatment or
prevention of conditions that would benefit from preferential
modulation of, e.g., promoting effector T cell function. In
one embodiment, such compounds do not modulate a regu-
latory T cell response (or modulating such responses in a
favorable direction, e.g., through the use of an additional
agent or protocol) function in a subject. Likewise, these
compounds are useful in the treatment of prevention of
conditions characterized by too-vigorous effector T cell
responses and which would be helped by the simultaneous
development of a robust regulatory T cell response to
antigens associated with the condition.

[0016] In one embodiment of the invention, any of the
members of the PKC theta pathway (e.g., see FIG. 1) may
be expressed and used in screening assays, e.g., high
throughput screening assays, to identify compounds which
would bind to and inhibit the function of these proteins.
Blockade of this pathway preferentially inhibits inflamma-
tory responses. Therefore, compounds directed to this path-
way would be capable of reducing, preventing or halting
unwanted inflammatory responses, e.g., the destruction of
organ transplants, while minimally affecting the T regulatory
cell population, or resulting in a net positive effect on the T
regulatory population. In one embodiment, such compounds
allow the desirable expansion of the regulatory T cell
population, which would ultimately control all future attacks
on the transplanted organ without additional compounds.

[0017] These compounds would also be useful in halting
autoimmune attack in a number of diseases such as Multiple
Sclerosis, Systemic Lupus, or inflammatory bowel syn-
dromes, for example. As in the case of transplant rejection,
for example, these drugs would halt tissue destruction by the
effector T cells, while permitting the regulatory arm of the
immune system to re-exert dominance and eventually con-
trol the disease in the absence of additional drug treatment.

[0018] Regulatory T cells have also been shown to func-
tion to control antibody responses. Some autoimmune dis-
eases are mediated in large part by autoantibodies. Because
this therapy would inhibit the T cell help provided to B cells
by effector T cells, it would also be useful in treating
autoantibody mediated autoimmune diseases such as Myas-
thenia Gravis.

[0019] In one embodiment of the invention, unlike cur-
rently used immunosuppressives, the compounds described
herein only need to be administered over a short term course
of therapy, rather than an intermediate course of therapy or
an extended or prolonged course of therapy, to control
unwanted immune responses, because they foster develop-
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ment of a homeostatic immunoregulatory mechanism. In
one embodiment of the invention the compounds described
herein may be administered in multiple rounds of a short
course of therapy. The compounds described herein may be
administered in two rounds of therapy or three rounds of
therapy or more than three rounds of therapy. In another
embodiment of the invention a test may be administered to
a patient receiving the therapy to determine the efficacy of
said therapy to determine if an additional course of therapy
is needed. The tests administered may include by are not
limited to a biopsy, a blood test, an assay to determine the
proper functioning of, e.g., a renal transplant, an X-ray, an
MRI or a; physical examination. Because the resulting
immunoregulation would be mediated by natural T cell
mechanisms, the need for additional drugs is needed to
maintain immunoregulation can be reduced or eliminated
once the dominant regulatory T cell response is established.
In one embodiment, elimination of prolonged or life-long
treatment with immunosuppressants is achieved and will
eliminate many, if not all, side effects currently associated
with treatment of, for example, autoimmunity and organ
grafts.

[0020] As can been seen in FIG. 1, activation of the T cell
requires signaling through both the T cell receptor for
antigen (TCR) and CD28. The CD4 molecule provides
additional kinase signals resulting in a complete, strong
cellular response. Among the molecules phosphorylated by
these early T cell activating events is the adaptor protein vav.
Phosphorylated vav has been shown to interact with adhe-
sion molecules to alter cell shape and also serves to activate
PKC theta. Activated PKC theta migrates to the cell mem-
brane where it attaches to a scaffolding protein, CARMAL.
Also interacting with CARMAL is the protein Bel 10. Bel 10
is phosphorylated by PKC theta and is then able to release
IxB, an inhibitory molecule, from NFkB, thereby activating
NFxB. Activated NFkB then enters the nucleus where it
binds to specific sites on the DNA, resulting in transcription
of mRNA for genes coding for many of the molecules
characteristic of and mediating the inflammatory immune
response.

[0021] I. Definitions

[0022] As used herein, the term “protein kinase C theta”
refers to the serine/threonine protein kinase also known as
PKCT, PRKCT, nPKC-theta and PRKCQ. The nucleotide
sequence of protein kinase C theta is shown in SEQ ID NO:1
and the amino acid sequence of protein kinase C theta is
shown in SEQ ID NO:2. PKC theta is expressed ubiqui-
tously in tissues with the highest levels found in hemato-
poietic cell lines, including T-cells and thymocytes (Baier et
al., J. Biol. Chem., 1993, 268, 4997-5004; Keenan et al.,
Immunology, 1997, 90, 557-563; Meller et al., Cell. Immu-
nol., 1999, 193, 185-193; Wang, et al., Biochem. Biophys.
Res. Commun., 1993, 191, 240-246). This isozyme has been
shown to function in a calcium-independent fashion, and
transient overexpression of the protein in murine thymoma
cells resulted in transcriptional activation of an interleukin-2
promoter-driven construct (Baier et al., Eur. J. Biochem.,
1994, 225, 195-203).

[0023] The term “protein kinase C theta pathway”
includes the means by which a cell converts an extracellular
influence or signal (e.g., a signal transduced by a receptor on
the surface of a cell, such as a cytokine receptor or an
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antigen receptor) into a cellular response (e.g., modulation
of gene transcription), wherein PKC theta is one of the
molecules involved in transduction of the signal. As used
herein, a “PKC theta pathway component” or “pathway
component” includes a molecule in a signal transduction
pathway involving PKC theta, e.g., PKC theta or molecules
upstream or downstream of PKC theta that are involved in
transducing the extracellular influence or signal into a cel-
lular response. Preferably, modulation of a PKC theta path-
way component results in the modulation of a biological
activity of PKC theta. Exemplary components of a PKC
theta pathway are known to the skilled artisan and generally
outlined in FIG. 1 and include: PKC theta, vav, CARMA1
Bcl10, IkB and NF«B. The nucleotide sequence of vav is
shown in SEQ ID NO:3 and the amino acid sequence of vav
is shown in SEQ ID NO:4; the nucleotide sequence of
CARMAL is shown in SEQ ID NO:5 and the amino acid
sequence of CARMAL is shown in SEQ ID NO:6; the
nucleotide sequence of Bel 10 is shown in SEQ ID NO:7 and
the amino acid sequence of Bel 10 is shown in SEQ ID
NO:8; the nucleotide sequence of IkB is shown in SEQ ID
NO:9 and the amino acid sequence of IkB is shown in SEQ
ID NO:10; the nucleotide sequence of NFxB is shown in
SEQ ID NO:11 and the amino acid sequence of NF«B is
shown in SEQ ID NO:12.

[0024] As used herein, the term “CARMA1” refers to the
lipid raft-associated regulator of TCR-induced NFkB acti-
vation and CD28 costimulation-dependent Jnk activation,
also known as CARD 11. CARMA is a scaffolding protein.
CARMAL belongs to the membrane-associated guanylate
kinase (MAGUK) family, a class of proteins that functions
as molecular scaffolds for the assembly of multiprotein
complexes at specialized regions of the plasma membrane.
This protein is also a member of the CARD protein family,
which is defined by carrying a characteristic caspase-asso-
ciated recruitment domain (CARD). This protein has a
domain structure similar to that of CARD14 protein. The
CARD domains of both proteins have been shown to spe-
cifically interact with BCL10, a protein known to function as
a positive regulator of cell apoptosis and NF-kappaB acti-
vation. When expressed in cells, this protein activates NFxB
and induced the phosphorylation of BCL10. Gaide; O.ct al.
Nat. Immunol. 3 (9), 836-843 (2002) Wang, D., et al. Nat.
Immunol. 3 (9), 830-835 (2002); Gaide, O., etal. FEBS Lett.
496 (2-3), 121-127 (2001); Bertin, J., etal. J. Biol. Chem.
276 (15), 11877-11882 (2001)

[0025] As used herein the term “Bel 107 refers to the
protein containing a caspase recruitment domain (CARD)
and has been shown to induce apoptosis and to activate
NF-kappaB. This protein is reported to interact with other
CARD domain containing proteins including CARD?9, 10,
11 and 14, which are thought to function as upstream
regulators in NF-kappaB signaling. The Bcl 10 gene was
identified by its translocation in a case of mucosa-associated
lymphoid tissue (MALT) lymphoma. This protein is found
to form a complex with MALT , a protein encoded by
another gene known to be translocated in MALT lymphoma.
MALT1 and this protein are thought to synergize in the
activation of NF-kappaB, and the deregulation of either of
them may contribute to the same pathogenetic process that
leads to the malignancy. (see, €.g., GenBank accession No.
NM__003921; Maes, B. et al. Blood 99 (4), 1398-1404
(2002); Kawano, T. et al. Anficancer Res. 22 (1A), 305-309
(2002); Wang, L., ¢t al. J. Biol. Chem. 276 (24), 21405-
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21409 (2001); Lucas, P. C., et al. J. Biol. Chem. 276 (22),
19012-19019 (2001); Bertin, J., et al. J. Biol Chem. 276
(15), 11877-11882 (2001); Ruland, J., et al. Cell 104 (1),
33-42 (2001); Bertin, J., et al J. Biol. Chem. 275 (52),
41082-41086 (2000)).

[0026] As used herein, the term “effector T cell” includes
T cells which function to eliminate antigen (e.g., by pro-
ducing cytokines which modulate the activation of other
cells or by cytotoxic activity). The term “effector T cell”
includes T helper cells (e.g., Thl and Th2 cells) and cyto-
toxic T cells. Th1 cells mediate delayed type hypersensitiv-
ity responses and macrophage activation while Th2 cells
provide help to B cells and are critical in the allergic
response (Mosmann and Coffman, 1989, Annu. Rev. Immu-
nol. 7, 145-173; Paul and Seder, 1994, Cell 76, 241-25 1,
Arthur and Mason, 1986, J. Fxp. Med. 163, 774-786; Paliard
et al., 1988, J. Immunol. 141, 849-855; Finkelman et al.,
1988, J. Immunol. 141, 2335-2341).

[0027] As used herein, the term “T helper type 1 response™
(Th1 response) refers to a response that is characterized by
the production of one or more cytokines selected from
IFN-y, IL-2, TNF, and lymphotoxin (LT) and other cytokines
produced preferentially or exclusively by Thl cells rather
than by Th2 cells. As used herein, a “T helper type 2
response” (Th2 response) refers to a response by CD4+ T
cells that is characterized by the production of one or more
cytokines selected from IL-4, [L-5, IL-6 and IL-10, and that
is associated with efficient B cell “help” provided by the Th2
cells (e.g., enhanced IgG1 and/or IgE production).

[0028] As used herein, the term “regulatory T cell”
includes T cells which produce low levels of IL-2, IL-4,
IL-5, and IL-12. Regulatory T cells produce TNFa, TGEp,
IEN-y, and IL-10, albeit at lower levels than effector T cells.
Although TGFp is the predominant cytokine produced by
regulatory T cells, the cytokine is produced at levels less
than or equal to that produced by Th1 or Th2 cells, e.g., an
order of magnitude less than in Th1 or Th2 cells. Regulatory
T cells can be found in the CD4+CD25+ population of cells
(see, e.g., Waldmann and Cobbold. 2001. Immunity.
14:399). Regulatory T cells actively suppress the prolifera-
tion and eytokine production of Th1, Th2, or naive T cells
which have been stimulated in culture with an activating
signal (e.g., antigen and antigen presenting cells or with a
signal that mimics antigen in the context of MHC, e.g.,
anti-CD3 antibody, plus anti-CD28 antibody).

[0029] As used herein the phrase, “modulating the balance
of regulatory T cell function relative to effector T cell
function” or “modulating regulatory T cell function relative
to effector T cell function” includes preferentially altering at
least one regulatory T cell function (in a population of cells
including both T effector cells and T regulatory cells) such
that there is a shift in the balance of T effector/T regulatory
cell activity as compared to the balance prior to treatment.

[0030] As used herein the phrase, “modulating the balance
of effector T cell function relative to regulatory T cell
function” or “modulating effector T cell function relative to
regulatory T cell function” includes preferentially altering at
least one effector T cell function (in a population of cells
including both T effector cells and T regulatory cells) is
altered such that there is a shift in the balance of T effector/T
regulatory cell activity as compared to the balance prior to
treatment.
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[0031] As used herein, the term “agent” includes com-
pounds that modulate, e.g., up-modulate or stimulate and
down-modulate or inhibit, the expression and/or activity of
a molecule of the invention. As used herein the term
“inhibitor” or “inhibitory agent” includes agents which
inhibit the expression and/or activity of a molecule of the
invention. Exemplary inhibitors include antibodies, RNAI,
compounds that mediate RNAi (e.g., siRNA), antisense
RNA, dominant/negative mutants of molecules of the inven-
tion, peptides, and/or peptidomimetics.

[0032] The term “stimulator” or “stimulatory agent”
includes agents, ¢.g., agonists, which increase the expression
and/or activity of molecules of the invention. Exemplary
stimulating agents include active protein and nucleic acid
molecules, peptides and peptidomimetics of molecules of
the invention. The agents of the invention can directly
modulate, i.e., increase or decrease, the expression and/or
activity of a molecule of the invention. Exemplary agents are
described herein or can be identified using screening assays
that select for such compounds, as described in detail below.

[0033] For screening assays of the invention, preferably,
the “test compound or agent” screened includes molecules
that are not known in the art to modulate the balance of T cell
activation, e.g., the relative activity of T effector cells as
compared to the relative activity of r regulatory cells or vice
versa. Preferably, a plurality of agents is tested using the
instant methods.

[0034] Inoneembodiment, a screening assay of the inven-
tion can be performed in the presence of an activating agent.
As used herein, the term “activating agent” includes one or
more agents that stimulate T cell activation (e.g., effector
functions such as cytokine production, proliferation, and/or
lysis of target cells). Exemplary activating agents are known
in the art and include, but are not limited to, e.g., mitogens
(e.g., phytohemagglutinin or concanavalin A), antibodies
that react with the T cell receptor or CD3 (in some cases
combined with antigen presenting cells or antibodies that
react with CD28), or antigen plus antigen presenting cells.

[0035] Preferably, the modulating agents of the invention
are used for a short term or course of therapy rather than an
extended or prolonged course of therapy. As used herein the
language “short term or course of therapy” includes a
therapeutic regimen that is of relatively short duration
relative to the course of the illness being treated. For
example a short course of therapy may last between about
one week to about eight weeks. In contrast, “an intermediate
course of therapy” includes a therapeutic regimen that is of
longer duration than a short course of therapy. For example,
an intermediate course of therapy can last from more than
two months to about four months (e.g., between about eight
to about 16 weeks). An “extended or prolonged course of
therapy” includes those therapeutic regimens that last longer
than about four months, e.g., from about five months on. For
example, an extended course of therapy may last from about
six months to as long as the illness persists. The appropri-
ateness of one or more of the courses of therapy described
above for any one individual can readily be determined by
one of ordinary skill in the art. In addition, the treatment
appropriate for a subject may be changed over time as
required.

[0036] As used herein, the term “tolerance” includes
refractivity to activating receptor-mediated stimulation.
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Such refractivity is generally antigen-specific and persists
after exposure to the tolerizing antigen has ceased. For
example, tolerance is characterized by lack of cytokine
production, e.g., IL-2. Tolerance can occur to self antigens
or to foreign antigens.

[0037] As used herein, the term “T cell” (i.e., T lympho-
cyte) is intended to include all cells within the T cell lineage,
including thymocytes, immature T cells, mature T cells and
the like, from a mammal (e.g., human). Preferably, T cells
are mature T cells that express either CD4 or CDS, but not
both, and a T cell receptor. The various T cell populations
described herein can be defined based on their cytokine
profiles and their function.

[0038] As used herein, the term “naive T cells” includes T
cells that have not been: exposed to cognate antigen and so
are not activated or memory cells. Naive T cells are not
cycling and human naive T cells are CD45RA+. If naive T
cells recognize antigen and receive additional signals
depending upon but not limited to the amount of antigen,
route of administration and timing of administration, they
may proliferate and differentiate into various subsets of T
cells, e.g. effector T cells.

[0039] As used herein, the term “memory T cell” includes
lymphocytes which, after exposure to antigen, become func-
tionally quiescent and which are capable of surviving for
long periods in the absence of antigen. Human memory T
cells are CD45RA-.

[0040] The “molecules of the invention™ (e.g., nucleic acid
or polypeptide molecules) are preferentially expressed (and/
or preferentially active in modulating the balance between T
effector cells and T regulatory cells) in a particular cell type,
e.g., effector T cells, or in regulatory T cells. Such molecules
may be necessary in the process that leads to differentiation
of the cell type and may be expressed prior to or at an early
stage of differentiation to the cell type. Such molecules may
be secreted by the cell, extracellular (expressed on the cell
surface) or expressed intracellularly, and may be involved in
a signal transduction pathway that leads to differentiation.
Modulator molecules of the invention include molecules of
the invention as well as molecules (e.g., drugs) which
modulate the expression of a molecule of the invention.

[0041] As used herein the term “T effector (Teff) mol-
ecule” includes molecules that are preferentially expressed
and/or preferentially active in effector T cells.

[0042] As used herein the term “T regulatory (Treg)
molecule” includes molecules that are preferentially
expressed and/or preferentially active in regulatory T cells.

[0043] In one embodiment, small molecules can be used
as test compounds. The term “small molecule” is a term of
the art and includes molecules that are less than about 1000
molecular weight or less than about 500 molecular weight.
In one embodiment, small molecules do not exclusively
comprise peptide bonds. In another embodiment, small
molecules are not oligomeric. Exemplary small molecule
compounds which can be screened for activity include, but
are not limited to, peptides, peptidomimetics, nucleic acids,
carbohydrates, small organic molecules (e.g., polyketides)
(Canc et al. 1998. Science 282:63), and natural product
extract libraries. In another embodiment, the compounds are
small, organic non-peptidic compounds. In a further
embodiment, a small molecule 1s not biosynthetic.
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[0044] As wused herein, the term “oligonucleotide”
includes two or more nucleotides covalently coupled to each
other by linkages (e.g., phosphodiester linkages) or substi-
tute linkages.

[0045] As used herein, the term “peptide” includes rela-
tively short chains of amino acids linked by peptide bonds.
The term “peptidomimetic” includes compounds containing
non-peptidic structural elements that are capable of mim-
icking or antagonizing peptides.

[0046] As used herein, the term “reporter gene” includes
genes that express a detectable gene product, which may be
RNA or protein. Preferred reporter genes are those that are
readily detectable. The reporter gene may also be included
in a construct in the form of a fusion gene with a gene that
includes desired transcriptional regulatory sequences or
exhibits other desirable properties. Examples of reporter
genes include, but are not limited to CAT (chloramphenicol
acetyl transferase) (Alton and Vapnek (1979), Nature 282:
864-869) luciferase, and other enzyme detection systems,
such as beta-galactosidase; firefly luciferase (deWet et al.
(1987), Mol. Cell. Biol. 7:725-737); bacterial luciferase
(Engebrecht and Silverman (1984), Proc. Natl. Acad. Sci.;
USA 1: 4154-4158; Baldwin et al. (1984), Biochemistry 23:
3663-3667); alkaline phosphatase (Toh et al. (1 989) Eur. J.
Biochem. 182:231-238, Hall et al. (1983)J. Mol. Appl. Gen.
2: 101), human placental secreted alkaline phosphatase
(Cullen and Malim (1992) Methods in Enzymol. 216:362-
368) and green fluorescent protein (U.S. Pat. No. 5,491,084;
WO 96/23898).

[0047] “Treatment”, as used herein, is defined as the
application or administration of a therapeutic agent to a
patient, or application or administration of a therapeutic
agent to anisolated tissue or cell line from a patient, who has
a disease or disorder, a symptom of discase or disorder or a
predisposition toward a disease or disorder, with the purpose
of curing, healing, alleviating, relieving, altering, remedy-
ing, ameliorating, improving or affecting the disease or
disorder, at least one symptom of disease or disorder or
modulating the balance of effector T cell function relative to
regulatory T cell function.

[0048]
[0049]

[0050] According to a modulatory method of the inven-
tion, expression and/or activity of a protein kinase C theta
pathway and/or expression and/or activity of a protein
kinase C theta pathway component is stimulated in a cell by
contacting the cell with a stimulatory agent. Examples of
such stimulatory agents include active protein and nucleic
acid molecules that are introduced into the cell to increase
expression and/or activity of a protein kinase C theta path-
way component in the cell.

[0051] A preferred stimulatory agent is a nucleic acid
molecule encoding a protein product of a protein kinase C
theta pathway component, wherein the nucleic acid mol-
ecule is introduced into the cell in a form suitable for
expression of the active protein of a protein kinase C theta
pathway in the cell. To express a protein in a cell, typically
anucleic acid molecule encoding a polypeptide of a pathway
component is first introduced into a recombinant expression
vector using standard molecular biology techniques, e.g., as
described herein. A nucleic acid molecule encoding a

11. Modulatory Agents
A. Stimulatory Agents
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polypeptide of a pathway component can be obtained, for
example, by amplification using the polymerase chain reac-
tion (PCR), using primers based on the nucleotide sequence
of a pathway component. Following isolation or amplifica-
tion of the nucleic acid molecule encoding a polypeptide of
a pathway component, the DNA fragment is introduced into
an expression vector and transfected into target cells by
standard methods, as described herein.

[0052] Variants of the nucleotide sequences described
herein which encode a polypeptide which retains biological
activity are also embraced by the invention. For example,
nucleic acid molecules which hybridize under high strin-
gency conditions with the disclosed nucleic acid molecule.
As used herein, the term “hybridizes under high stringency
conditions” is intended to describe conditions for hybrid-
ization and washing under which nucleotide sequences
having substantial homology (e.g., typically greater than
70% homology) to each other remain stably hybridized to
each other. A preferred, non-limiting example of high strin-
gency conditions are hybridization in a hybridization buffer
that contains 6xsodium chloride/sodium citrate (SSC) at a
temperature of about 45° C. for several hours to overnight,
followed by one or more washes in a washing buffer
containing 0.2x SSC, 0.1% SDS at a temperature of about
50-65° C.

[0053] Another aspect of the invention features biologi-
cally active portions (i.c., bioactive fragments) of a protein
kinase C theta pathway component, including polypeptide
fragments suitable for use in making fusion proteins.

[0054] In one embodiment, a protein kinase C theta path-
way component or a bioactive fragment thereof can be
obtained from cells or tissue sources by an appropriate
purification scheme using standard protein purification tech-
niques In another embodiment, a pathway component
immunogen or bioactive fragment is produced by recombi-
nant DNA techniques. Alternative to recombinant expres-
sion, a pathway component or bioactive fragment can be
synthesized chemically using standard peptide synthesis
techniques.

[0055] The polypeptide, bioactive fragment or fusion pro-
tein, as used herein is preferably “isolated” or “purified”.
The terms “isolated” and “purified” are used interchange-
ably herein. “Isolated” or “purified” means that the polypep-
tide, bioactive fragment or fusion protein is substantially
free of cellular material or other contaminating proteins
from the cell or tissue source from which the polypeptide is
derived, substantially free of other protein fragments, for
example, non-desired fragments in a digestion mixture, or
substantially free from chemical precursors or other chemi-
cals when chemically synthesized. The language “substan-
tially free of cellular material” includes preparations in
which the polypeptide is separated from other components
of the cells from which it is isolated or recombinantly
produced. In one embodiment, the language “substantially
free of cellular material” includes preparations of polypep-
tide having less than about 30% (by dry weight) of con-
taminating protein, more preferably less than about 20% of
contaminating protein, still more preferably less than about
10% of contaminating protein, and most preferably less than
about 5% contaminating protein. When polypeptide is
recombinantly produced, it is also preferably substantially
free of culture medium, i e., culture medium represents less
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than about 20%, more preferably less than about 10%, and
most preferably less than about 5% of the volume of the
polypeptide preparation. When polypeptide is produced by,
for example, chemical or enzymatic processing from iso-
lated or purified protein, the preparation is preferably free of
enzyme reaction components or chemical reaction compo-
nents and is free of non-desired fragments, i.e., the desired
polypeptide represents at least 75% (by dry weight) of the
preparation, preferably at least 80%, more preferably at least
85%, and even more preferably at least 90%, 95%, 99% or
more or the preparation.

[0056] The language “substantially free of chemical pre-
cursors or other chemicals” includes preparations of
polypeptide in which the polypeptide is separated from
chemical precursors or other chemicals which are involved
in the synthesis of the polypeptide. In one embodiment, the
language “substantially free of chemical precursors or other
chemicals” includes preparations having less than about
30% (by dry weight) of chemical precursors or reagents,
more preferably less than about 20% chemical precursors or
reagents, still more preferably less than about 10% chemical
precursors or reagents, and most preferably less than about
5% chemical precursors or reagents.

[0057] Bioactive fragments of polypeptides of a protein
kinase C theta pathway component include polypeptides
comprising amino acid sequences sufficiently identical to or
derived from the amino acid sequence of the polypeptide of
a pathway component which include less amino acids than
the full length protein, and exhibit at least one biological
activity of the full-length protein. Typically, biologically
active portions comprise a domain or motif with at least one
activity of the full-length protein. A biologically active
portion of a polypeptide of the invention can be a polypep-
tide which is, for example, 10, 20, 30, 40, 50, 100, 150, 200,
250, 300, 350, 400, 450, 500, 550, 600, 650, 700, 750, 800,
850, 900, 950, 1000 or more amino acids in length. More-
over, other biologically active portions, in which other
regions of the protein are deleted, can be prepared by
recombinant techniques and evaluated for one or more of the
functional activities of a native protein. Mutants can also be
utilized as assay reagents, for example, mutants having
reduced, enhanced or otherwise altered biological properties
identified according to one of the activity assays described
herein.

[0058] Variants of a polypeptide molecule of a protein
kinase C theta pathway component which retain biological
activity are also embraced by the invention. In one embodi-
ment, such a variant polypeptide has at least about 80%,
85%, 90%, 95%, 98% identity.

[0059] To determine the percent identity of two amino
acid sequences (or of two nucleotide or amino acid
sequences), the sequences are aligned for optimal compari-
son purposes (e.g., gaps can be introduced in the first
sequence or second sequence for optimal alignment). The
amino acid residues or nucleotides at corresponding amino
acid positions or nucleotide positions are then compared.
When a position in the first sequence is occupied by the
same residue as the corresponding position in the second
sequence, then the molecules are identical at that position.
The percent identity between the two sequences is a function
of the number of identical positions shared by the sequences
(.., % homology=# of identical positions/total # of posi-
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tionsx100), optionally penalizing the score for the number of
gaps introduced and/or length of gaps introduced.

[0060] The comparison of sequences and determination of
percent identity between two sequences can be accom-
plished using a mathematical algorithm. In one embodiment,
the alignment generated over a certain portion of the
sequence aligned having sufficient identity but not over
portions having low degree of identity (i.c., a local align-
ment). A preferred, non-limiting example of a local align-
ment algorithm utilized for the comparison of sequences is
the algorithm of Karlin and Altschul (1990) Proc. Natl.
Acad. Sci. USA 87:2264-68, modified as in Karlin and
Altschul (1993) Proc. Natl. Acad. Sci. USA 90:5873-77.
Such an algorithm is incorporated into the BLAST programs
(version 2.0) of Altschul, et al. (1990)J. Mol. Biol. 215:403-
10. BLAST alignments can be generated and percent iden-
tity calculated using BLAST protein searches (e.g., the
XBLAST program) using the sequence of a polypeptide of
a pathway component or a portion thereof as a query,
score=50, wordlength=3.

[0061] In another embodiment, the alignment is optimized
by introducing appropriate gaps and percent identity is
determined over the length of the aligned sequences (i.c., a
gapped alignment). To obtain gapped alignments for com-
parison purposes, Gapped BLAST can be utilized as
described in Altschul et al., (1997) Nucleic Acids Research
25(17):3389-3402. In another embodiment, the alignment is
optimized by introducing appropriate gaps and percent iden-
tity is determined over the entire length of the sequences
aligned (i.c., a global alignment). A preferred, non-limiting
example of a mathematical algorithm utilized for the global
comparison of sequences is the algorithm of Myers and
Miller, CABIOS (1989). Such an algorithm is incorporated
into the ALIGN program (version 2.0) which is part of the
GCG sequence alignment software package. When utilizing
the ALIGN program for comparing amino acid sequences, a
PAM120 weight residue table, a gap length penalty of 12,
and a gap penalty of 4 can be used.

[0062] The invention also provides chimeric or fusion
proteins of a protein kinase C theta pathway component. As
used herein, a “chimeric protein” or “fusion protein” com-
prises a polypeptide of a pathway component operatively
linked to a different polypeptide. Within a fusion protein, the
entire polypeptide of a pathway component can be present or
a bioactive portion of the polypeptide can be present. Such
fusion proteins can be used to modify the activity of a
protein kinase C theta pathway component.

[0063] Preferably, a chimeric or fusion protein of the
invention is produced by standard recombinant DNA tech-
niques. For example, DNA fragments coding for the differ-
ent polypeptide sequences are ligated together in-frame in
accordance with conventional techniques, for example by
employing blunt-ended or stagger-ended termini for liga-
tion, restriction enzyme digestion to provide for appropriate
termini, filling-in of cohesive ends as appropriate, alkaline
phosphatase treatment to avoid undesirable joining, and
enzymatic ligation. In another embodiment, the fusion gene
can be synthesized by conventional techniques including
automated DNA synthesizers. Alternatively, PCR amplifi-
cation of gene fragments can be carried out using anchor
primers which give rise to complementary overhangs
between two consecutive gene fragments which can subse-
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quently be annealed and reamplified to generate a chimeric
gene sequence (see, for example, Current Protocols in
Molecular Biology, eds. Ausubel et al. John Wiley & Sons:
1992). Moreover, many expression vectors are commer-
cially available that already encode a fusion moiety. A
nucleic acid molecule encoding a polypeptide of a pathway
component can be cloned into such an expression vector
such that the fusion moiety is linked in-frame to the polypep-
tide of a pathway component.

[0064] Other stimulatory agents that can be used to stimu-
late the activity of a protein kinase C theta pathway com-
ponent protein are chemical compounds that stimulate
expression or activity of a pathway component in cells, such
as compounds that directly stimulate the protein product of
a pathway component and compounds that promote the
interaction between a protein product of a pathway compo-
nent and substrates or target DNA binding sites. Such
compounds can be identified using screening assays that
select for such compounds, as described in detail below.

[0065]

[0066] Inhibitory agents of the invention can be, for
example, intracellular binding molecules that act to inhibit
the expression or activity of a PKC8 pathway component.
For molecules that are expressed intracellularly, intracellular
binding molecules can be used to modulate expression
and/or activity. As used herein, the term “intracellular bind-
ing molecule” is intended to include molecules that act
intracellularly to inhibit the expression or activity of a
protein by binding to the protein itself, to a nucleic acid (e.g.,
an mRNA molecule) that encodes the protein or to a target
with which the protein normally interacts (e.g., to a DNA
target sequence to which the marker binds). Examples of
intracellular binding molecules, described in further detail
below, include antisense marker nucleic acid molecules
(c.g., to inhibit translation of mRNA), intracellular antibod-
ies (e.g., to inhibit the activity of protein) and dominant
negative mutants of the pathway component proteins. In the
case of molecules that are secreted or expressed on the cell
surface, in addition to inhibition by intracellular binding
molecules (e.g, antisense nucleic acid molecules or mol-
ecules which mediate RNAI) the activity of such molecules
can be inhibited using agents which act outside the cell, e.g,,
to disrupt the binding between a ligand and its receptor such
as antibodies.

[0067] In one embodiment, an inhibitory agent of the
invention is an antisense nucleic acid molecule that is
complementary to a gene encoding a protein kinase C theta
pathway component or to a portion of said gene, or a
recombinant expression vector encoding said antisense
nucleic acid molecule. The use of antisense nucleic acids to
downmodulate the expression of a particular protein in a cell
is well known in the art (sec e.g., Weintraub, H. et al,,
Antisense RNA as a molecular tool for genetic analysis,
Reviews—Trends in Genetics, Vol. 1(1) 1986; Askari, F. K.
and McDonnell, W. M. (1996) N. Eng. J. Med. 334:316-318;
Bennett, M. R. and Schwartz, S. M. (1995) Circulation
92:1981-1993; Mercola, D. and Cohen, J. S. (1995) Cancer
Gene Ther. 2:47-59; Rossi, J. J. (1995) Br. Med Bull.
51:217-225; Wagner, R. W. (1994) Nature 372:333-335). An
antisense nucleic acid molecule comprises a nucleotide
sequence that is complementary to the coding strand of
another nucleic acid molecule (e.g., an mRNA sequence)

B. Inhibitory Agents
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and accordingly is capable of hydrogen bonding to the
coding strand of the other nucleic acid molecule. Antisense
sequences complementary to a sequence of an mRNA can be
complementary to a sequence found in the coding region of
the mRNA, the 5' or 3' untranslated region of the MRNA or
a region bridging the coding region and an untranslated
region (e.g., at the junction of the 5' untranslated region and
the coding region). Furthermore, an antisense nucleic acid
can be complementary in sequence to a regulatory region of
the gene encoding the mRNA, for instance a transcription
initiation sequence or regulatory element. Preferably, an
antisense nucleic acid is designed so as to be complementary
to a region preceding or spanning the initiation codon on the
coding strand or in the 3' untranslated region of an mRNA.
An antisense nucleic acid molecule for inhibiting the expres-
sion of protein in a cell can be designed based upon the
nucleotide sequence encoding the protein constructed
according to the rules of Watson and Crick base pairing.

[0068] An antisense nucleic acid molecule can exist in a
variety of different forms. For example, the antisense nucleic
acid can be an oligonucleotide that is complementary to only
a portion of a gene. An antisense oligonucleotide can be
constructed using chemical synthesis procedures known in
the art. An antisense oligonucleotide can be chemically
synthesized using naturally occurring nucleotides or vari-
ously modified nucleotides designed to increase the biologi-
cal 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. To inhibit
expression in cells in culture, one or more antisense oligo-
nucleotides can be added to cells in culture media, typically
at about 200 ug oligonucleotide/ml.

[0069] Alternatively, an antisense nucleic acid molecule
can be produced biologically using an expression vector into
which a nucleic acid has been subcloned in an antisense
orientation (i.e., nucleic acid transcribed from the inserted
nucleic acid will be of an antisense orientation to a target
nucleic acid of interest). Regulatory sequences operatively
linked to a nucleic acid cloned in the antisense orientation
can be chosen which direct the expression of the antisense
RNA molecule in a cell of interest, for instance promoters
and/or enhancers or other regulatory sequences can be
chosen which direct constitutive, tissue specific or inducible
expression of antisense RNA. For example, for inducible
expression of antisense RNA, an inducible eukaryotic regu-
latory system, such as the Tet system (e.g., as described in
Gossen, M. and Bujard, H. (1992) Proc. Natl. Acad. Sci.
USA 89:5547-5551; Gossen, M. et al. (1995) Science
268:1766-1769; PCT Publication No. WO 94/29442; and
PCT Publication No. WO 96/01313) can be used. The
antisense expression vector is prepared as described below
for recombinant expression vectors, except that the cDNA
(or portion thereof) is cloned into the vector in the antisense
orientation. The antisense expression vector can be in the
form of, for example, a recombinant plasmid, phagemid or
attenuated virus. The antisense expression vector is intro-
duced into cells using a standard transfection technique, as
described herein for recombinant expression vectors.

[0070] In another embodiment, a compound that mediates
RNAI can be used to inhibit a protein kinase C theta pathway
component. RNA interference is a post-transcriptional, tar-
geted gene-silencing technique that uses double-stranded
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RNA (dsRNA) to degrade messenger RNA (mRNA) con-
taining the same sequence as the dsRNA (Sharp, P. A. and
Zamore, P. D. 287, 2431-2432 (2000); Zamore, P. D., et al.
Cell 101, 25-33 (2000). Tuschl, T. et al. Genes Dev. 13,
3191-3197 (1999)). The process occurs when an endog-
enous ribonuclease cleaves the longer dsRNA into shorter,
21- or 22-nucleotide-long RNAs, termed small interfering
RNAs or siRNAs. The smaller RNA segments then mediate
the degradation of the target mRNA. Kits for synthesis of
RNAI are commercially available from, e.g. New England
Biolabs and Ambion. In one embodiment one or more of the
chemistries described above for use in antisense RNA can be
employed.

[0071] In another embodiment, an antisense nucleic acid
for use as an inhibitory agent is a ribozyme. 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
(for reviews on ribozymes see ¢.g., Ohkawa, J. et al. (1995)
J. Biochem. 118:251-258; Sigurdsson, S. T. and Eckstein, F.
(1995) Trends Biotechnol. 13:286-289; Rossi, J. J. (1995)
Trends Biotechnol. 13:301-306; Kichntopt; M. et al. (1995)
J. Mol. Med. 73:65-71). A ribozyme having specificity for
the mRNA of a pathway component can be designed based
upon the nucleotide sequence of a protein kinase C theta
pathway component cDNA sequence. For example, a deriva-
tive of a Tetrahymena [.-19 IVS RNA can be constructed in
which the base sequence of the active site is complementary
to the base sequence to be cleaved in the mRNA of a
pathway component. See for example U.S. Pat. Nos. 4,987,
071 and 5,116,742, both by Cech et al. Alternatively, a
pathway component mRNA can be used to select a catalytic
RNA having a specific ribonuclease activity from a pool of
RNA molecules. See for example Bartel, D. and Szostak, J.
W. (1993) Science 261: 1411-1418.

[0072] A polypeptide molecule of a protein kinase C theta
pathway component or a portion or fragment of a protein
kinase C theta pathway component, can also be used as an
immunogen to generate antibodies that bind a pathway
component or that block pathway component binding using
standard techniques for polyclonal and monoclonal antibody
preparation.

[0073] To make antibodies a full-length polypeptide can
be used or, alternatively, the invention provides antigenic
peptide fragments for use as immunogens. Preferably, an
antigenic fragment comprises at least 8 amino acid residues
of the amino acid sequence of a polypeptide of a protein
kinase C theta pathway component and encompasses an
epitope of the polypeptide such that an antibody raised
against the peptide forms a specific immune complex with
the polypeptide of a pathway component. Preferably, the
antigenic peptide comprises at least 10 amino acid residues,
more preferably at least 15 amino acid residues, even more
preferably at least 20 amino acid residues, and most pref-
erably at least 30 amino acid residues. Preferred epitopes
encompassed by the antigenic peptide are regions of
polypeptides that are located on the surface of the protein,
e.g., hydrophilic regions. Such regions can be readily iden-
tified using art recognized methods.

[0074] An immunogen typically is used to prepare anti-
bodies by immunizing a suitable subject, (e.g., rabbit, goat,
mouse or other mammal) with the immunogen. An appro-
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priate immunogenic preparation can contain, for example,
recombinantly expressed polypeptide or a chemically syn-
thesized polypeptide. The preparation can further include.an
adjuvant, such as Freund’s complete or incomplete adjuvant,
or similar immunostimulatory agent. Immunization of a
suitable subject with an immunogenic preparation induces a
polyclonal antibody response, respectively.

[0075] In one embodiment, inhibitory compounds of the
invention are antibodies or modified antibody molecules.
The term “antibody” as used herein refers to immunoglo-
bulin molecules and immunologically active portions of
immunoglobulin molecules, i.e., molecules that contain an
antigen binding site which specifically binds (immunoreacts
with) an antigen. Examples of immunologically active por-
tions of immunoglobulin molecules include F(ab) and
F(ab'), fragments which can be generated by treating the
antibody with an enzyme such as pepsin as well as VH and
VL domains that can be cloned from antibody molecules and
used to generate modified antigen binding molecules, such
as minibodies or diabodies.

[0076] The invention provides polyclonal and monoclonal
antibodies. The term “monoclonal antibody” or “mono-
clonal antibody composition”, as used herein, refers to a
population of antibody molecules that contain only one
species of an antigen binding site capable of immunoreact-
ing with a particular epitope of an antigen. A monoclonal
antibody composition thus typically displays a single bind-
ing affinity for a particular antigen or polypeptide with
which it immunoreacts.

[0077] Polyclonal antibodies can be prepared as described
above by immunizing a suitable subject with an immunogen.
The antibody titer in the immunized subject can be moni-
tored over time by standard techniques, such as with an
enzyme linked immunosorbent assay (ELISA) using immo-
bilized antigen. If desired, the antibody molecules can be
isolated from the mammal (e.g., from the blood) and further
purified by well known techniques, such as protein A chro-
matography to obtain the IgG fraction. At an appropriate
time after immunization, e.g., when the antibody titers are
highest, antibody-producing cells can be obtained from the
subject and used to prepare monoclonal antibodies by stan-
dard techniques, such as the hybridoma technique originally
described by Kohler and Milstein (1975) Nature 256:495-
497) (sce also, Brown et al. (1981)J. Immunol. 127:539-46;
Brown et al. (1980) J. Biol. Chem.255:4980-83; Yeh et al.
(1976) PNAS 76:2927-31; and Yeh et al. (1982) Int. J.
Cancer 29:269-75), the more recent human B cell hybri-
doma technique (Kozbor et al. (1983) Immurnol Today 4:72),
the EBV-hybridoma technique (Cole et al. (1985), Mono-
clonal Antibodies and Cancer Therapy, Alan R. Liss, Inc.,
pp- 77-96) or trioma techniques. The technology for pro-
ducing monoclonal antibody hybridomas is well known (see
generally R. H. Kenneth, in Monoclonal Antibodies: A New
Dimension In Biological Analyses, Plenum Publishing
Corp., New York, N.Y. (1980); E. A. Lerner (1981) Yale J.
Biol. Med., 54:387-402; M. L. Gefter et al. (1977) Somatic
Cell Genet. 3:231-36). Briefly, an immortal cell line (typi-
cally a myeloma) is fused to lymphoeytes (typically sple-
nocytes) from a mammal immunized with an immunogen as
described above, and the culture supernatants of the result-
ing hybridoma cells are screened to identify a hybridoma
producing a monoclonal antibody that binds to the antigen.
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[0078] Any of the many well known protocols used for
fusing lymphocytes and immortalized cell lines can be
applied for the purpose of generating a monoclonal antibody
(see, ¢.g., G. Galfre et al. (1977) Nature 266:55052; Gefter
et al. Somatic Cell Genet., cited supra; Lerner, Yale J. Biol.
Med., cited supra; Kenneth, Monoclonal Antibodies, cited
supra). Moreover, the ordinarily skilled worker will appre-
ciate that there are many variations of such methods which
also would be useful. Typically, the immortal cell line (e.g.,
a myeloma cell line) is derived from the same mammalian
species as the lymphocytes. For example, murine hybrido-
mas can be made by fusing lymphocytes from a mouse
immunized with an immunogenic preparation of the present
invention with an immortalized mouse cell line. Preferred
immortal cell lines are mouse myeloma cell lines that are
sensitive to culture medium containing hypoxanthine, ami-
nopterin and thymidine (“HAT medium”). Any of a number
of myeloma cell lines can be used as a fusion partner
according to standard techniques, e.g., the P3-NS1/1-Ag4-1,
P3-x63-Ag8.653 or Sp2/0-Agl4 myeloma lines. These
myeloma lines are available from ATCC. Typically, HAT-
sensitive mouse myeloma cells are fused to mouse spleno-
cytes using polyethylene glycol (“PEG”). Hybridoma cells
resulting from the fusion are then selected using HAT
medium, which kills unfused and unproductively fused
myeloma cells (unfused splenocytes die after several days
because they are not transformed). Hybridoma cells produc-
ing a monoclonal antibody of a protein kinase C theta
pathway are detected by screening the hybridoma culture
supernatants for antibodies that bind to the antigen, e.g,,
using a standard ELISA assay.

[0079] Alternative to preparing monoclonal antibody-se-
creting hybridomas, a monoclonal antibody can be identified
and isolated by screening a recombinant combinatorial
immunoglobulin library (e.g., an antibody phage display
library) with an antigen to thereby isolate immunoglobulin
library members that bind the antigen. Kits for generating
and screening phage display libraries are commercially
available (e.g., the Pharmacia Recombinant Phage Antibody
System, Catalog No. 27-9400-0 1; and the Stratagene Sur-
fZAP™ Phage Display Kit, Catalog No. 240612). Addition-
ally, examples of methods and reagents particularly ame-
nable for use in generating and screening antibody display
library can be found in, for example, Ladner et al. U.S. Pat.
No. 5,223,409; Kang et al. PCT International Publication
No. WO 92/18619; Dower et al. PCT International Publi-
cation No. WO 91/17271; Winter ¢t al. PCT International
Publication WO 92/20791; Markland et al. PCT Interna-
tional Publication No. WO 92/15679; Breitling et al. PCT
International Publication WO 93/01288; McCafferty et al.
PCT International Publication No. WO 92/01047; Garrard et
al. PCT International Publication No. WO 92/09690; Ladner
et al. PCT International Publication No. WO 90/02809;
Fuchs et al. (1991) Bio/Technology 9:1370-1372; Hay et al.
(1992) Hum. Antibod. Hybridomas 3:81-85; Huse et al.
(1989) Science 246:1275-1281; Griffiths et al. (1993) EMBO
J 12:725-734; Hawkins et al. (1992)J. Mol. Biol. 226:889-
896; Clarkson et al. (1991) Nature 352:624-628; Gram et al.
(1992) PNAS 89:3576-3580; Garrad et al. (1991) Bio/Tech-
nology 9:1373-1377;, Hoogenboom et al. (1991) Nuc. Acid
Res. 19:4133-4137; Barbas et al. (1991) PNAS 88:7978-
7982; and McCafferty et al. Nature (1990) 348:552-554.

[0080] Another type of inhibitory agent that can be used to
inhibit the expression and/or activity of a protein kinase C
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theta pathway in a cell is an intracellular antibody specific
for a protein kinase C theta pathway, preferably an intrac-
ellular molecule of the invention. The use of intracellular
antibodies to inhibit protein function in a cell is known in the
art (see ¢.g., Carlson, J. R. (1988) Mol. Cell. Biol. 8:2638-
2646; Biocca, S. et al. (1990) EMBO J. 9:101-108; Werge,
T. M. et al. (1990) FEBS Letters 274:193-198; Carlson, J. R.
(1993) Proc. Natl. Acad Sci. USA 90:7427-7428; Marasco,
W.A. et al. (1993) Proc. Natl. Acad. Sci. USA 90:7889-7893;
Biocca, S. et al. (1994) Bio/Technology 12:396-399; Chen,
S-Y. et al. (1994) Human Gene Therapy 5:595-601; Duan, L.
et al. (1994) Proc. Natl. Acad. Sci. USA 91:5075-5079;
Chen, S-Y. et al. (1994) Proc. Natl. Acad. Sci. USA 91:5932-
5936; Beerli, R. R. et al. (1994) J. Biol. Chem. 269:23931-
23936; Beerli, R. R. et al. (1 994) Biochem. Biophys. Res.
Commun. 204:666-672; Mhashilkar, A. M. et al. (1995)
EMBO J. 14:1542-1551; Richardson, J. H. etal. (1995) Proc.
Natl. Acad. Sci. USA 92:3137-3141; PCT Publication No.
WO 94/02610 by Marasco et al.; and PCT Publication No.
WO 95/03832 by Duan et al.).

[0081] To inhibit activity using an intracellular antibody, a
recombinant expression vector is prepared which encodes
the antibody chains in a form such that, upon introduction of
the vector into a cell, the antibody chains are expressed as
a functional antibody in an intracellular compartment of the
cell. For inhibition of the activity of a protein kinase C theta
pathway according to the inhibitory methods of the inven-
tion, an intracellular antibody that specifically binds the
protein product of a protein kinase C theta pathway is
expressed in the cytoplasm of the cell. To prepare an
intracellular antibody expression vector, antibody light and
heavy chain cDNAs encoding antibody chains specific for
the target protein of interest are isolated, typically from a
hybridoma that secretes a monoclonal antibody specific for
the protein kinase C theta pathway. Hybridomas secreting
anti-protein kinase C theta pathway monoclonal antibodies,
or recombinant monoclonal antibodies, can be prepared as
described below. Once a monoclonal antibody specific for
the marker protein has been identified (e.g., either a hybri-
doma-derived monoclonal antibody or a recombinant anti-
body from a combinatorial library), DNAs encoding the
light and heavy chains of the monoclonal antibody are
isolated by standard molecular biology techniques. For
hybridoma derived antibodies, light and heavy chain cDNAs
can be obtained, for example, by PCR amplification or
c¢DNA library screening. For recombinant antibodies, such
as from a phage display library, cDNA encoding the light
and heavy chains can be recovered from the display package
(e.g., phage) isolated during the library screening process.
Nucleotide sequences of antibody light and heavy chain
genes from which PCR primers or cDNA library probes can
be prepared are known in the art. For example, many such
sequences are disclosed in Kabat, E. A, et al. (1991)
Sequences of Proteins of Immunological Interest, Fifth Edi-
tion, U.S. Department of Health and Human Services, NIH
Publication No. 91-3242 and in the “Vbase” human germ-
line sequence database.

[0082] Once obtained, the antibody light and heavy chain
sequences are cloned into a recombinant expression vector
using standard methods. To allow for cytoplasmic expres-
sion of the light and heavy chains, the nucleotide sequences
encoding the hydrophobic leaders of the light and heavy
chains are removed. An intracellular antibody expression
vector can encode an intracellular antibody in one of several
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different forms. For example, in one embodiment, the vector
encodes full-length antibody light and heavy chains such
that a full-length antibody is expressed intracellularly. In
another embodiment, the vector encodes a full-length light
chain but only the VH/CH1 region of the heavy chain such
that a Fab fragment is expressed intracellularly. In the most
preferred embodiment, the vector encodes a single chain
antibody (scFv) wherein the variable regions of the light and
heavy chains are linked by a flexible peptide linker (c.g.,
(Gly,Ser);) and expressed as a single chain molecule. To
inhibit the activity of a protein kinase C theta pathway in a
cell, the expression vector encoding the intracellular anti-
body is introduced into the cell by standard transfection
methods, as discussed herein.

[0083] Yet another form of an inhibitory agent of the
invention is an inhibitory form of a polypeptide of a protein
kinase C theta pathway, e.g, a dominant negative inhibitor.
For example, in one embodiment, an active site (e.g., an
enzyme active site or a DNA binding domain) can be
mutated. Such dominant negative proteins can be expressed
in cells using a recombinant expression vector encoding the
protein, which is introduced into the cell by standard trans-
fection methods.

[0084] Other inhibitory agents that can be used to inhibit
the activity of a marker protein are chemical compounds that
directly inhibit marker activity or inhibit the interaction
between the marker and target DNA or another protein. Such
compounds can be identified using screening assays that
select for such compounds, as described in detail below.

[0085] III. Screening Assays

[0086] The invention provides methods (also referred to
herein as “screening assays”) for identifying modulators,
i.e., candidate or test compounds or agents (e.g., peptides,
peptidomimetics, small molecules or other drugs) that have
a modulatory effect on a protein kinase C theta pathway
component, in effector T cells relative to regulatory T cells.

[0087] A. Cell Free Assays

[0088] In one embodiment, the screening assay can be
done in a cell-free format. A protein kinase C theta pathway
component, ¢.g., PKC theta or a non-PKC theta polypeptide
which acts upstream or downstream of PKC theta in a
pathway involving PKC theta, e.g., a PKC pathway com-
ponent, e.g., CARMA1, vav or Bel 10, is expressed by
recombinant methods in host cells and the polypeptide can
be isolated from the host cell culture medium using standard
methods for purifying polypeptides, for example, by ion-
exchange chromatography, gel filtration chromatography,
ultrafiltration, electrophoresis, and/or immunoaffinity puri-
fication with antibodies specific for a protein kinase C theta
pathway component to produce protein that can be used in
a cell free composition. Alternatively, an extract of a path-
way component or cells expressing a pathway component
can be prepared for use as a cell-free composition.

[0089] In one embodiment, the protein kinase C theta
pathway component is then contacted with a test compound
and the ability of the test compound to bind to the pathway
component or bioactive fragment thereof, is determined.
Binding of the test compound to a pathway component can
be accomplished, for example, by coupling the test com-
pound or the pathway component (e.g., polypeptide or
fragment thereof) with an enzymati or radioisotopic label
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such that binding of the test compound to the pathway
component can be determined by detecting the labeled
compound or the pathway component in a complex. For
example, test compounds or a pathway component (e.g,
polypeptides) can be labeled with **°1, **S, **C, or *H, either
directly or indirectly, and the radioisotope detected by direct
counting of radioemmission or by scintillation counting.
Alternatively, test compounds or a pathway component
(e.g.,polypeptides) can be enzymatically labeled with, for
example, horseradish peroxidase, alkaline phosphatase, or
luciferase, and the enzymatic label detected by determina-
tion of conversion of an appropriate substrate to product.

[0090] Binding of the test compound to a protein kinase C
theta pathway component can also be accomplished using a
technology such as real-time Biomolecular Interaction
Analysis (BIA). Sjolander, S. and Urbaniczky, C. (1991)
Anal. Chem. 63:2338-2345 and Szabo et al. (1995) Curr.
Opin. Struct. Biol. 5:699-705. As used herein, “BIA” is a
technology for studying biospecific interactions in real time,
without labeling any of the interactants (e.g., BlAcore™).
Changes in the optical phenomenon of surface plasmon
resonance (SPR) can be used as an indication of real-time
reactions between biological molecules. In a preferred
embodiment, the assay includes contacting a polypeptide
pathway component or biologically active portion thereof
with a target molecule of a pathway component, to form an
assay mixture, contacting the assay mixture with a test
compound, and determining the ability of the test compound
to interact with a polypeptide pathway component, wherein
determining the ability of the test compound to interact with
a pathway component comprises determining the ability of
the test compound to preferentially bind to a pathway
component or the bioactive portion thereof as compared to
a control molecule. In another embodiment, the assay
includes contacting a polypeptide pathway component or
biologically active portion thereof with a target molecule of
a pathway component, to form an assay mixture, contacting
the assay mixture with a test compound, and determining the
ability of the test compound to modulate binding between a
polypeptide protein kinase C theta pathway component and
a known modulator of the polypeptide.

[0091] In another embodiment, when a binding partner of
the molecule of the invention is known, ¢.g., vav, CARMALI,
and Bel 10, that binding partner can be used in a screening
assay to identify modulator compounds.

[0092] In another embodiment, the assay is a cell-free
assay in which a polypeptide pathway component or bioac-
tive portion thereof is contacted with a test compound and
the ability of the test compound to modulate (e.g., stimulate
or inhibit) the activity of the polypeptide pathway compo-
nent or biologically active portion thereof is determined.
This embodiment of the invention is particularly useful
when the pathway component is an intracellular molecule
and its activity can be measured in a cell-free system.

[0093] In yet another embodiment, the cell-free assay
involves contacting a polypeptide protein kinase C theta
pathway component or biologically active portion thereof
with a molecule to which a protein kinase C theta pathway
component binds (e.g., a known binding partner) to form an
assay mixture, contacting the assay mixture with a test
compound, and determining the ability of the test compound
to modulate the activity of the pathway component, as
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compared to a control compound. The activity of the target
molecule can be determined by, for example, detecting the
phosphorylation of an appropriate substrate, e.g., vav or Bel
10, and the like, detecting catalytic/fenzymatic activity of the
target using an appropriate substrate, detecting the induction
of a reporter gene (comprising a target-responsive regulatory
element operatively linked to a nucleic acid encoding a
detectable marker, e.g., luciferase), or detecting a target-
regulated cellular response.

[0094] In one embodiment, the amount of binding of a
protein kinase C theta pathway component to the target
molecule in the presence of the test compound is greater than
the amount of binding of a protein kinase C theta pathway
component to the target molecule in the absence of the test
compound, in which case the test compound is identified as
a compound that enhances binding of a protein kinase C
theta pathway component. In another embodiment, the
amount of binding of a protein kinase C theta pathway
component to the target molecule in the presence of the test
compound is less than the amount of binding of a protein
kinase C theta pathway component to the target molecule in
the absence of the test compound, in which case the test
compound is identified as a compound that inhibits binding
of a protein kinase C theta pathway component.

[0095] Binding of the test compound to a polypeptide
protein kinase C theta pathway component can be deter-
mined either directly or indirectly as described above.

[0096] In the methods of the invention for identifying test
compounds that modulate an interaction between a polypep-
tide pathway component and a target molecule, the full-
length polypeptide pathway component may be used in the
method, or, alternatively, only portions of a pathway com-
ponent may be used. The degree of interaction between a
polypeptide pathway component and the target molecule can
be determined, for example, by labeling one of the polypep-
tides with a detectable substance (e.g., a radiolabel), isolat-
ing the non-labeled polypeptide and quantitating the amount
of detectable substance that has become associated with the
non-labeled polypeptide. The assay can be used to identify
test compounds that either stimulate or inhibit the interaction
between a pathway component protein and a target mol-
ecule. A test compound that stimulates the interaction
between a polypeptide pathway component and a target
molecule, ¢.g., an agonist, is identified based upon its ability
to increase the degree of interaction between a polypeptide
pathway component and a target molecule as compared to
the degree of interaction in the absence of the test com-
pound. A test compound that inhibits the interaction between
a polypeptide pathway component and a target molecule,
e.g., an antagonist, is identified based upon its ability to
decrease the degree of interaction between a polypeptide
pathway component and a target molecule as compared to
the degree of interaction in the absence of the compound.

[0097] In more than one embodiment of the assays of the
present invention it may be desirable to immobilize either a
protein kinase C theta pathway component or a pathway
component target molecule, for example, to facilitate sepa-
ration of complexed from uncomplexed forms of one or both
of the polypeptides, or to accommodate automation of the
assay. Binding of a test compound to a polypeptide pathway
component, or interaction of a polypeptide pathway com-
ponent with a pathway component target molecule in the
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presence and absence of a test compound, can be accom-
plished in any vessel suitable for containing the reactants.
Examples of such vessels include microtitre plates, test
tubes, and micro-centrifuge tubes. In one embodiment, a
fusion protein can be provided which adds a domain that
allows one or both of the polypeptides to be bound to a
matrix. For example, glutathione-S-transferase/pathway
component fusion proteins or glutathione-S-transferase/tar-
get fusion proteins can be adsorbed onto glutathione
sepharose beads (Sigma Chemical, St. Louis, Mo.) or glu-
tathione derivatized microtitre plates, which are then com-
bined with the test compound or the test compound and
either the non-adsorbed target polypeptide or a polypeptide
pathway component, and the mixture incubated under con-
ditions conducive to complex formation (e.g., at physiologi-
cal conditions for salt and pH). Following incubation, the
beads or microtitre plate wells are washed to remove any
unbound components, the matrix is immobilized in the case
of beads, and complex formation is determined either
directly or indirectly, for example, as described above.
Alternatively, the complexes can be dissociated from the
matrix, and the level of pathway component binding or
activity determined using standard techniques.

[0098] Other techniques for immobilizing polypeptides on
matrices can also be used in the screening assays of the
invention. For example, either a polypeptide pathway com-
ponent or a pathway component target molecule can be
immobilized utilizing conjugation of biotin and streptavidin.
A biotinylated polypeptide pathway component or target
molecules can be prepared from biotin-NHS (N-hydroxy-
succinimide) using techniques known in the art (e.g., bioti-
nylation kit, Pierce Chemicals, Rockford, Il1.), and immo-
bilized in the wells of streptavidin-coated 96 well plates
(Pierce Chemical). Alternatively, antibodies which are reac-
tive with a pathway component or target molecules but
which do not interfere with binding of a pathway component
to its target molecule can be derivatized to the wells of the
plate, and unbound target or a pathway component is trapped
in the wells by antibody conjugation. Methods for detecting
such complexes, in addition to those described above for the
GST-immobilized complexes, include immunodetection of
complexes using antibodies reactive with a pathway com-
ponent or target molecule, as well as enzyme-linked assays
which rely on detecting an enzymatic activity associated
with a polypeptide pathway component or target molecule.

[0099] B. Cell-Based Assays

[0100] In one embodiment, a cell that naturally expresses
or, more preferably, a cell that has been engineered to
express a protein kinase C theta pathway component, for
example, by introducing into the cell an expression vector
encoding the polypeptide is used in the screening methods of
the invention. Alternatively, a polypeptide pathway compo-
nent (e.g., a cell extract from a protein kinase C theta
pathway component expressing cell or a composition that
includes a purified molecule of a protein kinase C theta
pathway component, either natural or recombinant) can be
used.

[0101] Compounds that modulate expression and/or activ-
ity of a protein kinase C theta pathway component (or a
molecule that acts upstream or downstream of a protein
kinase C theta pathway component) can be identified using
various “read-outs.” Methods for detecting alterations in the
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expression of and/or an expression profile of a pathway
component are known in the art and include, for example, a
differential display methodology, Northern blot analysis,
quantitative RT-PCR, and Western blot analysis.

[0102] An example of a “read-out” is the use of an
indicator cell which can be transfected with an expression
vector, incubated in the presence and in the absence of a test
compound, and the effect of the compound on the expression
of the pathway component or on a biological response
regulated by a pathway component can be determined. The
biological activities include activities determined in vivo, or
in vitro, according to standard techniques for each protein
kinase C theta pathway component. A biological activity can
be a direct activity or an indirect activity. Examples of such
activities include the migration of PKC theta to the cell
membrane, detecting the phosphorylation of an appropriate
substrate, ¢.g., Bel 10, or detecting activation of NFkB or its
translocation to the nucleus, or detecting transcription of a
gene whose transcription is modulated by NFkB (e.g., where
the mRNA is measured, the gene product is measured, or
transcription of a reporter gene is measured).

[0103] In one embodiment one biological activity of a
molecule of the invention is modulated, e.g., phosphoryla-
tion of Bel 10, activation of NFkB or its translocation to the
nucleus, or cytokine production. In another embodiment,
two biological activities of a molecule of the invention are
modulated, e.g., cytokine production and phosphorylation of
Bel 10.

[0104] The ability of a test compound to modulate binding
of a protein kinase C theta pathway component to a target
molecule or to bind to itself can also be determined. Deter-
mining the ability of the test compound to modulate binding
of a protein kinase C theta pathway component to a target
molecule (e.g., a binding partner, e.g., vav or CARMAL1) can
be accomplished as described above, by, coupling a target
molecule of a pathway component with a radioisotope,
enzymatic or fluorescent label such that binding of the test
compound to a pathway component is determined by detect-
ing the labeled pathway component-target molecule in a
complex.

[0105] In another embodiment, a different molecule (i.c.,
a molecule which is not a pathway component) acting
upstream or downstream in a pathway involving a pathway
component can be included in an indicator composition for
use in a screening assay. Non-limiting examples of mol-
ecules that may be used as upstream or downstream indi-
cators include, members of the NF-kappa B and NFAT
signaling pathways. Compounds identified in a screening
assay employing such a molecule would also be useful in
modulating a molecule of the invention activity, albeit
indirectly.

[0106] The cells used in the instant assays can be eukary-
otic or prokaryotic in origin.

[0107] Recombinant expression vectors that can be used
for expression of a polypeptide or a non-polypeptide path-
way component acting upstream or downstream of the
pathway component in the indicator cell are known in the
art. In one embodiment, within the expression vector coding
sequences are operatively linked to regulatory sequences
that allow for inducible or constitutive expression of the
polypeptide in the indicator cell (e.g., viral regulatory
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sequences, such as a cytomegalovirus promoter/enhancer,
can be used). Use of a recombinant expression vector that
allows for inducible or constitutive expression of the
polypeptide in the indicator cell is preferred for identifica-
tion of compounds that enhance or inhibit the activity of
protein kinase C theta pathway components. In an alterna-
tive embodiment, within the expression vector the coding
sequences are operatively linked to regulatory sequences of
the endogenous gene (i.c., the promoter regulatory region
derived from the endogenous pathway component gene).
Use of a recombinant expression vector in which expression
is controlled by the endogenous regulatory sequences is
preferred for identification of compounds that enhance or
inhibit the transcriptional expression of a protein kinase C
theta pathway component.

[0108] In one embodiment, an assay is a cell-based assay
in which a cell expressing a protein kinase C theta pathway
component is contacted with a test compound and the ability
of the test compound to modulate the activity of the pathway
component(s) is determined. The cell, for example, can be of
mammalian origin or a yeast cell. The component (e.g., a
polypeptide pathway component, or biologically active por-
tion thereof), for example, can be expressed heterologously
or native to the cell. Determining the ability of the test
compound to modulate the activity of the component can be
accomplished by assaying for any of the activities of a
protein kinase C theta pathway component as described
herein.

[0109] For example, determining the ability of the test
compound to modulate the activity of a polypeptide pathway
component can be accomplished by assaying for the activity
of, for example, a protein kinase C theta pathway component
or a target molecule thereof. In another embodiment, deter-
mining the ability of the test compound to modulate the
activity of a polypeptide, or biologically active portion
thereof, is accomplished by assaying for the ability to bind
a target molecule or a bioactive portion thereof. In a pre-
ferred embodiment, the cell which expresses a polypeptide,
or biologically active portion thereof, further expresses a
target molecule, or biologically active portion thereof. In
another preferred embodiment, the cell expresses more than
two protein kinase C theta pathway components or biologi-
cally active portions thereof.

[0110] According to the cell-based assays for the present
invention, determining the ability of the test compound to
modulate the activity of a polypeptide or biologically active
portion thereof, can be determined by assaying for any of the
native activities of a molecule of a polypeptide or by
assaying for an indirect activity which is coincident with the
activity of a polypeptide, as described herein, for example,
assaying for cytokine production or differentiation of naive
T cells into effector T cells, or by assaying the activity of a
protein encoded by a gene having a response element.

[0111] Furthermore, determining the ability of the test
compound to modulate the activity of a polypeptide or
biologically active portion thereof can be determined by
assaying for an activity which is not native to the polypep-
tide, but for which the cell has been recombinantly engi-
neered. For example, the cell can be engineered to express
a reporter gene construct that includes DNA encoding a
reporter protein operably linked to a gene regulated by a
polypeptide of the invention. It is also intended that in
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preferred embodiments, the cell-based assays of the present
invention comprise a final step of identifying the compound
as a modulator of a pathway component activity.

[0112] As used interchangeably herein, the terms “oper-
ably linked” and “operatively linked” are intended to mean
that the nucleotide sequence is linked to a regulatory
sequence in a manner which allows expression of the
nucleotide sequence in a host cell (or by a cell extract).
Regulatory sequences are art-recognized and can be selected
to direct expression of the desired polypeptide in an appro-
priate host cell. The term regulatory sequence is intended to
include promoters, enhancers, polyadenylation signals and
other expression control elements. Such regulatory
sequences are known to those skilled in the art and are
described in Goeddel, Gene Expression Technology: Meth-
ods in Enzymology 185, Academic Press, San Diego, Calif.
(1990). It should be understood that the design of the
expression vector may depend on such factors as the choice
of the host cell to be transfected and/or the type and/or
amount of polypeptide desired to be expressed.

[0113] Avwariety of reporter genes are known in the art and
are suitable for use in the screening assays of the invention.
Examples of suitable reporter genes include those which
encode chloramphenicol acetyltransferase, beta-galactosi-
dase, alkaline phosphatase or luciferase. Standard methods
for measuring the activity of these gene products are known
in the art.

[0114] In yet another aspect of the invention, a polypep-
tide pathway component can be used as a “bait protein” in
a two-hybrid assay or three-hybrid assay (see, e.g., U.S. Pat.
No. 5,283,317, Zervos et al. (1993) Cell 72:223-232;
Madura et al. (1993) J. Biol. Chem. 268:12046-12054;
Bartel et al. (1993) Biotechniques 14:920-924; Iwabuchi et
al. (1993) Oncogene 8:1693-1696; and Brent W094/10300),
to identify other proteins which bind to or interact with a
PKC theta pathway component and are involved in the
activity of the pathway component. Such pathway compo-
nent-target molecules are also likely to be involved in the
regulation of cellular activities modulated by a polypeptide
pathway component.

[0115] At least one exemplary two-hybrid system is based
on the modular nature of most transcription factors, which
consist of separable DNA-binding and activation domains.
Briefly, the assay utilizes two different DNA constructs. In
one construct, the gene that codes for a polypeptide pathway
component is fused to a gene encoding the DNA binding
domain of a known transcription factor (e.g., GAL-4). In the
other construct, a DNA sequence, from a library of DNA
sequences, that encode an unidentified protein (“prey” or
“sample”) is fused to a gene that codes for the activation
domain of the known transcription factor. If the “bait” and
the “prey” proteins are able to interact, in vivo, forming a
pathway component-dependent complex, the DNA-binding
and activation domains of the transcription factor are
brought into close proximity. This proximity allows tran-
scription of a reporter gene (e.g., LacZ) which is operably
linked to a transcriptional regulatory site responsive to the
transcription factor. Expression of the reporter gene can be
detected and cell colonies containing the functional tran-
scription factor can be isolated and used to obtain the cloned
gene which encodes the protein which interacts with a
polypeptide pathway component.
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[0116] Another exemplary two-hybrid system, referred to
in the art as the CytoTrap™ system, is based in the modular
nature of molecules of the Ras signal transduction cascade.
Briefly, the assay features a fusion protein comprising the
“bait” protein and Son-of-Sevenless (SOS) and the cDNAs
for unidentified proteins (the “prey”) in a vector that encodes
myristylated target proteins. Expression of an appropriate
bait-prey combination results in translocation of SOS to the
cell membrane where it activates Ras. Cytoplasmic recon-
stitution of the Ras signaling pathway allows identification
of proteins that interact with the bait protein of interest, for
example, a PKC theta pathway component protein. Addi-
tional mammalian two hybrid systems are also known in the
art and can be utilized to identify proteins that interact with
a pathway component.

[0117] In another aspect, the invention pertains to a com-
bination of two or more assays described herein. For
example, a modulating agent can be identified using a
cell-based or a cell free assay, and the ability of the agent to
modulate the activity and/or expression of a pathway com-
ponent protein can be confirmed in an in vitro system, e.g.,
in cell culture, or in vivo, e.g., in an animal such as an animal
model of inflammation, using art recognized techniques, or
as described herein.

[0118] In an embodiment of a screening assay of the
invention, once a test compound is identified as modulating
a PKC theta pathway component, the effect of the test
compound can be assayed for an ability to modulate effector
T cell function relative to T regulatory cell function and can
be confirmed as an effector T cell modulator, for example,
based on measurements of the effects in immune cells, either
in vitro (e.g., using cell lines or cells derived from a subject)
or in vivo (e.g., using an animal model). Accordingly, the
screening methods of the invention can further comprise
determining the effect of the compound on at least one T
effector cell activity and/or at least one T regulatory activity
to thereby confirm that a compound has the desired effect.

[0119] Inone embodiment, a compound is further assayed
for the ability to modulate an activity associated with a T
effector cell, e.g., proliferation or cytokine production or
cytotoxicity by a Teffector cell. In a further embodiment, the
ability of a compound is further assayed for the ability to
modulate an activity associated with a T regulatory cell, e.g.,
proliferation or cytokine production by regulatory T cells,
the ability to downregulate T effector cells or induce toler-
ance. For example, determining the ability of a test com-
pound to modulate tolerance can be determined by assaying
secondary T cell responses. If the T cells are unresponsive to
the subsequent activation attempts, as determined by IL-2
synthesis and/or T cell proliferation, a state of tolerance has
been induced, ¢.g., T regulatory cells have been activated.
Alternatively, if 1L-2 synthesis is stimulated and T cells
proliferate, T effector cells have been activated. See, e.g.,
Gimmi, C. D. et al. (1 993) Proc. Natl. Acad. Sci. USA 90,
6586-6590; and Schwartz (1990) Science, 248, 1349-1356,
for example assay systems that can used as the basis for an
assay in accordance with the present invention. T cell
proliferation can be measured, for example, by assaying
[*H] thymidine incorporation and methods to measure pro-
tein levels of members of the MAP kinase cascade or
activation of the AP-1 complex. Cytokine levels can be
assayed by any number of commercially available kits for
immunoassays, including but not limited to, Stratagene, Inc.,
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La Jolla, Calif. Tolerized T cells will have decreased IL-2
production when compared with stimulated T cells. Other
methods for measuring the diminished activity of tolerized
T cells include, without limitation, measuring intracellular
calcium mobilization, measuring protein levels of members
of the MAP kinase cascade, members of the NFAT cascade,
and/or by measuring the activity of the AP-1 complex of
transcription factors in a T cell upon engagement of its T cell
receptors.

[0120] In another embodiment, an assay for the expansion
of a population of T regulatory and/or T effector cells by
detecting cells expressing markers associated with one or the
other cell population using techniques described herein or
known in the art.

[0121] Alternatively, a modulator of a protein kinase C
theta pathway component identified as described herein can
be used in an animal model to determine the mechanism of
action of such a modulator. For example, an agent can be
tested in art recognized animal models of human diseases
(e.g., EAE as a model of multiple sclerosis and the NOD
mice as a model for diabetes) or other well characterized
animal models of human autoimmune diseases. Such animal
models include the mrl/lpr/lpr mouse as a model for lupus
erythematosus, murine collagen-induced arthritis as a model
for rheumatoid arthritis, and murine experimental myasthe-
nia gravis (see Paul ed., Fundamental Immunology, Raven
Press, New York, 1989, pp. 840-856). A modulatory (i.c.,
stimulatory or inhibitory) agent of the invention can be
administered to test animals and the course of the disease in
the test animals can then be monitored using standard
methods for the particular model being used. Effectiveness
of the modulatory agent is evidenced by amelioration of the
discase condition in animals treated with the agent as
compared to untreated animals (or animals treated with a
control agent).

[0122] Tt will be understood that it may be desirable to
formulate such compound(s) as pharmaceutical composi-
tions (described supra) prior to contacting them with cells.

[0123] 1In one aspect, cell-based systems, as described
herein, may be used to identify agents that may act to
modulate effector T cell function relative to T regulatory cell
function, for example. For example, such cell systems may
be exposed to an agent, suspected of exhibiting an ability to
modulate effector T cell function relative to T regulatory cell
function, at a sufficient concentration and for a time suffi-
cient to elicit response in the exposed cells. After exposure,
the cells are examined to determine whether one or more
responses have been altered.

[0124] In addition, in one embodiment, the ability of a
compound to modulate effector T cell markers and/or effec-
tor T cell markers can be measured.

[0125] In addition, animal-based disease systems, such as
those described herein, may be used to identify agents
capable of modulating effector T cell function relative to T
regulatory cell function, for example. Such animal models
may be used as test substrates for the identification of drugs,
pharmaceuticals, therapies and interventions which may be
effective in modulating effector T cell function relative to T
regulatory cell function. In addition, an agent identified as
described herein (e.g., a modulating agent of a molecule of
the invention) can be used in an animal model to determine
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the efficacy, toxicity, or side effects of treatment with such an
agent. Alternatively, an agent identified as described herein
can be used in an animal model to determine the mechanism
of action of such an agent.

[0126] Additionally, gene expression patterns may be uti-
lized to assess the ability of an agent to modulate effector T
cell function relative to T regulatory cell function. For
example, the expression pattern of one or more genes may
form part of “an expression profile” or “transcriptional
profile” which may be then used in such an assessment.
“Gene expression profile” or “transcriptional profile”, as
used herein, includes the pattern of mRNA expression
obtained for a given tissue or cell type under a given set of
conditions. Gene expression profiles may be generated, for
example, by utilizing a differential display procedure, North-
ern analysis and/or RT-PCR.

[0127] Inone embodiment, the sequences of a molecule of
the invention may be used as probes and/or PCR primers for
the generation and corroboration of such gene expression
profiles.

[0128] Gene expression profiles may be characterized for
known states within the cell or animal-based model systems.
Subsequently, these known gene expression profiles may be
compared to ascertain the effect a test agent has to modify
such gene expression profiles and to cause the profile to
more closely resemble that of a more desirable profile.

[0129] Furthermore, this invention pertains to uses of
novel agents identified by the above-described screening
assays for treatments as described herein.

[0130]

[0131] The test compounds or agents of the present inven-
tion can be obtained using any of the numerous approaches
in combinatorial library methods known in the art, includ-
ing: biological libraries; spatially addressable parallel solid
phase or solution phase libraries; synthetic library methods
requiring deconvolution; the ‘one-bead one-compound’
library method; and synthetic library methods using affinity
chromatography selection. The biological library approach
is limited to peptide libraries, while the other four
approaches are applicable to peptide, non-peptide oligomer
or small molecule libraries of compounds (Lam, K. S.
(1997) Anticancer Drug Des. 12:145).

[0132] Examples of methods for the synthesis of molecu-
lar libraries can be found in the art, for example in: DeWitt
et al. (1993) Proc. Natl. Acad Sci. USA 90:6909; Erb et al.
(1994) Proc. Natl. Acad. Sci., USA 91:11422; Zuckermann
et al. (1994) J. Med. Chem. 37:2678; Cho et al. (1993)
Science 261:1303; Carrell et al. (1994) Angew. Chem. Int.
Ed. Engl. 33:2059; Carell et al. (1994) Angew. Chem. Int.
Ed. Engl. 33:2061; and in Gallop et al. (1994) J. Med. Chem.
37:1233.

[0133] Libraries of compounds can be presented in solu-
tion (e.g., Houghten (1992) Biotechniques 13:412-421), or
on beads (Lam (1991) Nature 354:82-84), chips (Fodor
(1993) Nature 364:555-550), bacteria (Ladner U.S. Pat. No.
5,223,409), spores (Ladner USP ’409), plasmids (Cull et al.
(1992) Proc. Natl. Acad Sci, USA 89:1865-1869) or on
phage (Scott and Smith (1990) Science 249:386-390); (Dev-
lin (1990) Science 249:404-406); (Cwirla et al. (1990) Proc.
Natl. Acad. Sci., USA 87:6378-6382); (Felici (1991) J. Mol.
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Biol. 222:301-310); (Ladner supra.). In a preferred embodi-
ment, the library is a natural product library.

[0134] Non limiting exemplary compounds which can be
screened for activity include, but are not limited to, peptides,
nucleic acids, carbohydrates, small organic molecules, and
natural product extract libraries.

[0135] Candidate/test compounds or agents include, for
example, 1) peptides such as soluble peptides, including
Ig-tailed fusion peptides and members of random peptide
libraries (see, ¢.g., Lam, K. S. et al. (1991) Nature 354:82-
84; Houghten, R. et al. (1991) Nafure 354:84-86) and
combinatorial chemistry-derived molecular libraries made
of D- and/or L-configuration amino acids; 2) phosphopep-
tides (e.g., members of random and partially degenerate,
directed phosphopeptide libraries, see, e.g., Songyang, Z. et
al. (1993) Cell 72:767-778); 3) antibodies (e.g., polyclonal,
monoclonal, humanized, anti-idiotypic, chimeric, and single
chain antibodies as well as Fab, F(ab"),, Fab expression
library fragments, and epitope-binding fragments of anti-
bodies); 4) small organic and inorganic molecules (e.g.,
molecules obtained from combinatorial and natural product
libraries); 5) enzymes (e.g., endoribonucleases, hydrolases,
nucleases, proteases, synthatases, isomerases, polymerases,
kinases, phosphatases, oxido-reductases and ATPases), 6)
mutant forms of protein kinase C theta pathway compo-
nents, e.g., dominant negative mutant forms of protein
kinase C theta pathway components, and 7) antisense RNA
molecules or molecules that mediate RNAI.

[0136] Art recognized techniques of structure based drug
design can also be used to identify compounds that modulate
the expression or activity of one or more protein kinase C
theta pathway components.

[0137]

[0138] The present invention also features diagnostic
assays, for determining expression of a protein kinase C
theta pathway component, within the context of a biological
sample (e.g., blood, serum, cells, tissue) to thereby deter-
mine whether an individual is afflicted with a disease or
disorder, or is at risk of developing such a disease or
disorder, or for use as a monitoring method to assess
treatment efficacy and/or disease remission. The invention
also provides for prognostic (or predictive) assays for deter-
mining whether an individual is at risk of developing such
a disorder (c.g., a disorder associated with expression or
activity of a protein kinase C theta pathway component) or
as a method to prevent relapse of a disease or disorder. Such
assays can be used for prognostic or predictive purpose to
thereby phophylactically treat an individual prior to the
onset of a disease or disorder. A preferred agent for detecting
a protein kinase C theta pathway component protein is an
antibody capable of binding to a pathway component pro-
tein, preferably an antibody with a detectable label or
primers for amplifying a gene encoding a pathway compo-
nent. The term “biological sample” is intended to include
tissues, cells and biological fluids isolated from a subject, as
well as tissues, cells and fluids present within a subject. The
invention also encompasses Kkits for the detection of expres-
sion or activity of a pathway component in a biological
sample in order to assess the balance between Teffector cells
and T regulatory cells to a particular antigen in the subject.
For example, the kit can comprise a labeled compound or
agent capable of detecting a pathway component or its

V. Diagnostic Assays
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activity in a biological sample; means for determining the
amount of a pathway component in the sample; and/or
means for comparing the amount of a pathway component in
the sample with a standard. The compound or agent can be
packaged in a suitable container. The kit can further com-
prise instructions for using the kit.

[0139]

[0140] Another aspect of the invention pertains to vectors,
preferably expression vectors, for producing protein
reagents (e.g., fusion proteins reagents) of the instant inven-
tion or for causing a protein kinase C theta pathway com-
ponent to be expressed in a cell, e.g., a patient’s cell, e.g., in
vitro or in vivo. As used herein, the term “vector” refers to
a nucleic acid molecule capable of transporting another
nucleic acid to which it has been linked. A preferred vector
is a “plasmid”, which refers to a circular double stranded
DNA loop into which additional DNA segments can be
ligated. In the present specification, “plasmid” and “vector”
can be used interchangeably as the plasmid is the most
commonly used form of vector. Preferred protein reagents
include polypeptides or bioactive fragments thereof of pro-
tein kinase C theta pathway components.

[0141] The recombinant expression vectors of the inven-
tion comprise a nucleic acid that encodes a polypeptide of
the invention in a form suitable for expression of the nucleic
acid in a host cell, which means that the recombinant
expression vectors include one or more regulatory
sequences, selected on the basis of the host cells to be used
for expression, which is operatively linked to the nucleic
acid sequence to be expressed. Within a recombinant expres-
sion vector, “operably linked” is intended to mean that the
nucleotide sequence of interest is linked to the regulatory
sequence(s) in a manner which allows for expression of the
nucleotide sequence (e.g., in an in vitro transcription/trans-
lation system or in a host cell when the vector is introduced
into the host cell). The term “regulatory sequence” is
intended to include promoters, enhancers and other expres-
sion control elements (e.g., polyadenylation signals). The
expression vectors can be introduced into host cells to
thereby produce proteins, including fusion proteins or pep-
tides. Alternatively, retroviral expression vectors and/or
adenoviral expression vectors can be utilized to express the
proteins of the present invention.

[0142] The recombinant expression vectors of the inven-
tion can be designed for expression of polypeptides in
prokaryotic or eukaryotic cells. For example, polypeptides
can be expressed in bacterial cells such as F. coli, insect cells
(using baculovirus expression vectors) yeast cells or mam-
malian cells. Suitable host cells are discussed further in
Goeddel, Gene Expression Technology: Methods in Enzy-
mology 185, Academic Press, San Diego, Calif. (1990).

[0143] Expression of proteins in prokaryotes is most often
carried out in E. coli with vectors containing constitutive or
inducible promoters directing the expression of either fusion
or non-fusion proteins. Fusion vectors add a number of
amino acids to a protein encoded therein, usually to the
amino terminus of the recombinant protein. Such fusion
vectors typically serve three purposes: 1) to increase expres-
sion of recombinant protein; 2) to increase the solubility of
the recombinant protein; and 3) to aid in the purification of
the recombinant protein by acting as a ligand in affinity
purification. Often, in fusion expression vectors, a pro-
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teolytic cleavage site is introduced at the junction of the
fusion moiety and the recombinant protein to enable sepa-
ration of the recombinant protein from the fusion moiety
subsequent to purification of the fusion protein. Purified
fusion proteins are particularly useful in the cell-free assay
methodologies of the present invention.

[0144] In yet another embodiment, a nucleic acid mol-
ecule encoding a polypeptide of a protein kinase C theta
pathway component is expressed in mammalian cells, for
example, for use in the cell-based assays described herein.
When used in mammalian cells, the expression vector’s
control functions are often provided by viral regulatory
elements. In another embodiment, the recombinant mam-
malian expression vector is capable of directing expression
of the nucleic acid preferentially in a particular cell type
(e.g., tissue-specific regulatory elements are used to express
the nucleic acid).

[0145] Another aspect of the invention pertains to assay
cells into which a recombinant expression vector has been
introduced. An assay cell can be prokaryotic or eukaryotic,
but preferably is eukaryotic. Apreferred assay cellisa T cell,
for example, a human T cell. T cells can be derived from
human blood and expanded ex vivo prior to use in the assays
of the present invention. Vector DNA can be introduced into
prokaryotic or eukaryotic cells via conventional transforma-
tion or transfection techniques. Suitable methods for trans-
forming or transfecting host cells can be found in Sambrook,
et al. (Molecular Cloning: A Laboratory Manual. 2nd, ed.,
Cold Spring Harbor Laboratory, Cold Spring Harbor Labo-
ratory Press, Cold Spring Harbor, N.Y., 1989), and other
laboratory manuals.

[0146] VII. Methods of the Invention
[0147] A. Methods of Use

[0148] The modulatory methods of the invention can be
performed in vitro (e.g., by culturing the cell with the agent
or by introducing the agent into cells in culture) or, alter-
natively, in vivo (¢.g., by administering the agent to a subject
or by introducing the agent into cells of a subject, such as by
gene therapy).

[0149] In one embodiment, a subject is identified as one
that would benefit from modulation of the balance between
T effector and T regulatory cells prior to treatment to
modulate a PKC theta pathway component. For example, in
one embodiment, the relative activity of T regulatory and T
effector cells can be measured. In another embodiment, the
relative numbers of T effector cells and T regulatory cells
can be calculated. In another embodiment, the presence of T
effector and T regulatory cells can be detected at a particular
site, e.g., the site of a transplant.

[0150] In one embodiment, a subject’s cells are assayed
for the activity and/or expression of one or more of the
pathway components prior to treatment with a modulator of
a pathway component (identified as described herein) in
order to identify the subject as one that would benefit from
the modulation of T effector or T regulatory cells.

[0151] In another embodiment, a subject can be monitored
after treatment with a conventional immunomodulatory
reagent to determine whether the patient would benefit from
modulation of the balance between T effector and T regu-
latory cells.
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[0152] In another embodiment, a modulator of a pathway
component is administered to a subject in vivo or in vitro
prior to exposure to an antigen or simultaneously with
exposure to an antigen. In one embodiment, the therapy is a
therapeutic protein for repeated administration, ¢.g., Factor
VIII treatment.

[0153] For practicing the modulatory method in vitro,
cells can be obtained from a subject by standard methods
and incubated (i.e., cultured) in vitro with a modulatory
agent of the invention in order to modulate the activity of a
pathway component in the cells. For example, peripheral
blood mononuclear cells (PBMCs) can be obtained from a
subject and isolated by density gradient centrifugation, e.g.,
with Ficoll/Hypaque. Specific cell populations can be
depleted or enriched using standard methods. For example,
T cells can be enriched, for example, by positive selection
using antibodies to T cell surface markers, for example, by
incubating cells with a specific primary monoclonal anti-
body (mAb), followed by isolation of cells that bind the
mADb using magnetic beads coated with a secondary anti-
body that binds the primary mAb. Specific cell populations
can also be isolated by fluorescence activated cell sorting
according to standard methods. If desired, cells treated in
vitro with a modulatory agent of the invention can be
re-administered to the subject. For administration to a sub-
ject, it may be preferable to first remove residual agents in
the culture from the cells before administering them to the
subject. This can be done for example by a Ficoll/Hypaque
gradient centrifugation of the cells. For further discussion of
ex vivo genetic modification of cells followed by re-admin-
istration to a subject, see also U.S. Pat. No. 5,399,346 by W.
F. Anderson et al.

[0154] For practicing the modulatory method in vivo in a
subject, the modulatory agent can be administered to the
subject such that activity of a pathway component in cells of
the subject is modulated. The term “subject” is intended to
include living organisms in which an immune response can
be elicited. Preferred subjects are mammals. Examples of
subjects include humans, monkeys, dogs, cats, mice, rats,
cows, horses, goats and sheep.

[0155] For stimulatory or inhibitory agents that comprise
nucleic acids (including recombinant expression vectors
encoding marker protein, antisense RNA, intracellular, anti-
bodies or dominant negative inhibitors), the agents can be
introduced into cells of the subject using methods known in
the art for introducing nucleic acid (e.g., DNA) into cells in
vivo. Examples of such methods encompass both non-viral
and viral methods, including:

[0156] Direct Injection: Naked DNA can be introduced
into cells in vivo by directly injecting the DN A into the cells
(sce e.g., Acsadi et al. (1991) Nature 332:815-818; Wolff, et
al. (1990) Science 247:1465-1468). For example, a delivery
apparatus (e.g., a “gene gun”) for injecting DNA into cells
in vivo can be used. Such an apparatus is commercially
available (e.g., from BioRad).

[0157] Cationic Lipids: Naked DNA can be introduced
into cells in vivo by complexing the DNA with cationic
lipids or encapsulating the DNA in cationic liposomes.
Examples of suitable cationic lipid formulations include
N-[-1-(2,3-dioleoyloxy)propylJN,N,N-triethylammonium

chloride (DOTMA) and a 1:1 molar ratio of 1,2-dimyristy-
loxy-propyl-3-dimethylhydroxyethylammonium  bromide
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(DMRIE) and dioleoy! phosphatidylethanolamine (DOPE)
(see e.g., Logan, J. J. et al. (1995) Gene Therapy 2:38-49;
San, H. et al. (1993) Human Gene Therapy 4:781-788).

[0158] Receptor-Mediated DNA Uptake: Naked DNA can
also be introduced into cells in vivo by complexing the DNA
to a cation, such as polylysine, which is coupled to a ligand
for a cell-surface receptor (see for example Wu, G. and W,
C. H. (1988) J. Biol. Chem. 263:14621; Wilson, et al. (1992)
J. Biol. Chem. 267:963-967; and U.S. Pat. No. 5,166,320).
Binding of the DNA-ligand complex to the receptor facili-
tates uptake of the DNA by receptor-mediated endocytosis.
A DNA-ligand complex linked to adenovirus capsids which
naturally disrupt endosomes, thereby releasing material into
the cytoplasm can be used to avoid degradation of the
complex by intracellular lysosomes (see for example Curiel,
et al. (1991) Proc. Natl. Acad. Sci., USA 88:8850; Cristiano,
et al. (1993) Proc. Natl. Acad. Sci., USA 90:2122-2126).

[0159] Retroviruses: Defective retroviruses are well char-
acterized for use in gene transfer for gene therapy purposes
(for a review see Miller, A. D. (1990) Blood 76:271). A
recombinant retrovirus can be constructed having a nucle-
otide sequences of interest incorporated into the retroviral
genome. Additionally, portions of the retroviral genome can
be removed to render the retrovirus replication defective.
The replication defective retrovirus is then packaged into
virions which can be used to infect a target cell through the
use of a helper virus by standard techniques. Protocols for
producing recombinant retroviruses and for infecting cells in
vitro or in vivo with such viruses can be found in Current
Protocols in Molecular Biology, Ausubel, F. M. et al. (eds.)
Greene Publishing Associates, (1989), Sections 9.10-9.14
and other standard laboratory manuals. Examples of suitable
retroviruses include pLJ, pZIP, pWE and pEM which are
well known to those skilled in the art. Examples of suitable
packaging virus lines include WCrip, WCre, W2 and WAm.
Retroviruses have been used to introduce a variety of genes
into many different cell types, including epithelial cells,
endothelial cells, lymphocytes, myoblasts, hepatocytes,
bone marrow cells, in vitro and/or in vivo (see for example
Eglitis, et al. (1985) Science 230:1395-1398; Danos and
Mulligan (1988) Proc. Natl. Acad. Sci., USA 85:6460-6464;
Wilson et al. (1988) Proc. Natl. Acad. Sci., USA 85:3014-
3018; Armentano et al. (1990) Proc. Natl. Acad Sci., USA
87:6141-6145; Huber et al. (1991) Proc. Nail. Acad Sci,
USA 88:8039-8043; Ferry, et al. (1991) Proc. Natl. Acad
Sci., USA 88:8377-8381; Chowdhury, et al. (1991) Science
254:1802-1805; van Beusechem, et al. (1992) Proc. Natl.
Acad Sci., USA 89:7640-7644; Kay, et al. (1992) Human
Gene Therapy 3:641-647; Dai, et al. (1992) Proc. Natl.
Acad. Sci., USA 89:10892-10895; Hwu, et al. (1993) J.
Immunol. 150:4104-4115; U.S. Pat. No. 4,868,116, U.S. Pat.
No. 4,980,286; PCT Application WO 89/07136; PCT Appli-
cation WO 89/02468; PCT Application WO 89/05345; and
PCT Application WO 92/07573). Retroviral vectors require
target cell division in order for the retroviral genome (and
foreign nucleic acid inserted into it) to be integrated into the
host genome to stably introduce nucleic acid into the cell.
Thus, it may be necessary to stimulate replication of the
target cell.

[0160] Adenoviruses: The genome of an adenovirus can
be manipulated such that it encodes and expresses a gene
product of interest but is inactivated in terms of its ability to
replicate in a normal lytic viral life cycle. See for example
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Berkner, et al. (1988) BioTechniques 6:616; Rosenfeld, et al.
(1991) Science 252:431-434; and Rosenfeld et al. (1992)
Cell 68:143-155. Suitable adenoviral vectors derived from
the adenovirus strain Ad type 5 d1324 or other strains of
adenovirus (e.g., Ad2, Ad3, and Ad7 etc.) are well known to
those skilled in the art. Recombinant adenoviruses are
advantageous in that they do not require dividing cells to be
effective gene delivery vehicles and can be used to infect a
wide variety of cell types, including airway epithelium
(Rosenfeld, et al. (1992) cited supra), endothelial cells
(Lemarchand, et al. (1992) Proc. NatL. Acad Sci., USA
89:6482-6486), hepatocytes (Herz and Gerard (1993) Proc.
Natl. Acad Sci., USA 90:2812-2816) and muscle cells
(Quantin, et al. (1992) Proc. Natl. Acad. Sci., USA 89:2581-
2584). Additionally,. introduced adenoviral DNA (and for-
eign DNA contained therein) is not integrated into the
genome of a host cell but remains episomal, thereby avoid-
ing potential problems that can occur as a result of inser-
tional mutagenesis in situations where introduced DNA
becomes integrated into the host genome (e.g., retroviral
DNA). Moreover, the carrying capacity of the adenoviral
genome for foreign DNA is large (up to 8 kilobases) relative
to other gene delivery vectors (Berkner, et al. cited supra;
Haj-Ahmand and Graham (1986) J. Virol. 57:267). Most
replication-defective adenoviral vectors currently in use are
deleted for all or parts of the viral E1 and E3 genes but retain
as much as 80% of the adenoviral genetic material.

[0161] Adeno-Associated Viruses: Adeno-associated virus
(AAV) is a naturally occurring defective virus that requires
another virus, such as an adenovirus or a herpes virus, as a
helper virus for efficient replication and a productive life
cycle. (For a review see Muzyczka, et al. Curr. Topics in
Micro. Immunol. (1992) 158:97-129). It is also one of the
few viruses that may integrate its DNA into non-dividing
cells, and exhibits a high frequency of stable integration (sce
for example Flotte, et al. (1992) Am. J. Respir. Cell. Mol.
Biol. 7:349-356; Samulski et al. (1989) J. Virol. 63:3822-
3828; and McLaughlin, et al.(1989)J. Virol. 62:1963-1973).
Vectors containing as little as 300 base pairs of AAV can be
packaged and can integrate. Space for exogenous DNA is
limited to about 4.5 kb. An AAV vector such as that
described in Tratschin, et al. (1985) Mol. Cell. Biol. 5:3251-
3260 can be used to introduce DNA into cells. A variety of
nucleic acids have been introduced into different cell types
using AAV vectors (see for example Hermonat, et al. (1984)
Proc. Natl. Acad. Sci., USA 81:6466-6470; Tratschin, et al.
(1985) Mol. Cell. Biol. 4:2072-2081; Wondisford, et al.
(1988) Mol. Endocrinol. 2:32-39; Tratschin, et al. (1984) J.
Virol. 51:611-619; and Flotte, et al. (1993) J. Biol. Chem.
268:3781-3790).

[0162] The efficacy of a particular expression vector sys-
tem and method of introducing nucleic acid into a cell can
be assessed by standard approaches routinely used in the art.
For example, DNA introduced into a cell can be detected by
a filter hybridization technique (¢.g., Southern blotting) and
RNA produced by transcription of introduced DNA can be
detected, for example, by Northern blotting, RNase protec-
tion or reverse transcriptase-polymerase chain reaction (RT-
PCR). The gene product can be detected by an appropriate
assay, for example by immunological detection of a pro-
duced protein, such as with a specific antibody, or by a
functional assay to detect a functional activity of the gene
product.
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[0163] In one embodiment, a retroviral expression vector
encoding a marker is used to express marker protein in cells
in vivo, to thereby stimulate marker protein expression or
activity in vivo. Such retroviral vectors can be prepared
according to standard methods known in the art (e.g., as
discussed above).

[0164] A modulatory agent, such as a chemical compound,
can be administered to a subject as a pharmaceutical com-
position. Such compositions typically comprise the modu-
latory agent and a pharmaceutically acceptable carrier. As
used herein the term “pharmaceutically acceptable carrier”
is intended to include any and all solvents, dispersion media,
coatings, antibacterial and antifungal agents, isotonic and
absorption delaying agents, and the like, compatible with
pharmaceutical administration. The use of such media and
agents for pharmaceutically active substances is well known
in the art. Except insofar as any conventional media or agent
is incompatible with the active compound, use thereof in the
compositions is contemplated. Supplementary active com-
pounds can also be incorporated into the compositions.
Pharmaceutical compositions can be prepared as described
below.

[0165] B. Methods of Treatment

[0166] Numerous disease conditions associated with a
predominant effector T cell function are known and could
benefit from modulation of the type of response mounted in
the individual suffering from the disease condition. The
methods can involve either direct administration of a modu-
latory agent to a subject in need of such treatment or ex vivo
treatment of cells obtained from the subject with an agent
followed by re-administration of the cells to the subject. The
treatment may be further enhanced by administering other
immunomodulatory agents. Application of the immuno-
modulatory methods of the invention to such diseases is
described in further detail below.

[0167] Many autoimmune disorders are the result of inap-
propriate or unwanted activation of T effector cells resulting
in the production of cytokines and autoantibodies involved
in the pathology of the diseases. In addition, T effector cell
function is associated with graft rejection. Allergies are also
mediated by T effector cells. Accordingly, when a reduced
effector T cell or antibody response is desired, the methods
of the invention can be used to downmodulate the expres-
sion and/or activity a molecule preferentially associated with
T effector cells, e.g., such that at least one T effector cell
function is downmodulated relative to at least one T regu-
latory cell function. In another embodiment, such disorders
can be ameliorated by upmodulating the expression and/or
activity of a molecule preferentially associated with T regu-
latory cells, e.g., such that at least one T regulatory cell
function is upmodulated relative to at least one T effector
cell function.

[0168] In contrast, there are conditions that would benefit
from enhancing at least one activity of T effector cells and/or
downmodulating at least one activity of T regulatory cells.
For example, immune effector cells often fail to react
effectively with cancer cells. Accordingly, when a enhanced
effector T cell or antibody response is desired, the methods
of the invention can be used to upmodulate the expression
and/or activity a molecule preferentially associated with T
effector cells, e.g., such that at least one T effector cell
function is upmodulated relative to at least one T regulatory
cell function.
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[0169] Inone embodiment, these modulatory methods can
be used in combination with an antigen to either enhance or
reduce the immune response to the antigen. For example, T
effector cell responses can be enhanced in a vaccine prepa-
ration or reduced in order to reduce effector cell responses
to a therapeutic protein which much be chronically admin-
istered to the subject, ¢.g., factor VIII.

[0170] More specifically, preferentially downregulating at
least one activity of the effector T cells relative to modu-
lating at least one activity of regulatory T cell function in a
subject is useful, e.g., in situations of tissue, skin and organ
transplantation, in graft-versus-host disease (GVHD), or in
autoimmune diseases such as systemic lupus erythematosus,
and multiple sclerosis. For example, preferentially promot-
ing regulatory T cell function and/or reducing effector T cell
function results in reduced tissue destruction in tissue trans-
plantation. Typically, in tissue transplants, rejection of the
transplant is initiated through its recognition as foreign by
immune cells, followed by an immune reaction that destroys
the transplant. The administration of an agent or modulator
as described herein, alone or in conjunction with another
immunomodulatory agent prior to or at the time of trans-
plantation can modulate effector T cell function as well as
regulatory T cell function in a subject.

[0171] Many autoimmune disorders are the result of inap-
propriate activation of immune cells that are reactive against
self tissue and which promote the production of cytokines
and autoantibodies involved in the pathology of the diseases.
Preventing the activation of autoreactive immune cells may
reduce or eliminate disease symptoms. The efficacy of
reagents in preventing or alleviating autoimmune disorders
can be determined using a number of well-characterized
animal models of human autoimmune diseases. Examples
include murine experimental autoimmune encephalitis, sys-
temic lupus erythematosus in MRL/lpr/lpr mice or NZB
hybrid mice, murine autoimmune collagen arthritis, diabetes
mellitus in NOD mice and BB rats, and murine experimental
myasthenia gravis (see Paul ed., Fundamental Immunology,
Raven Press, New York, 1989, pp. 840-856).

[0172] As used herein, the term “autoimmunity” refers to
the condition in which a subject’s immune system (e.g., T
and B cells) starts reacting against his or her own tissues.
Non-limiting examples of autoimmune diseases and disor-
ders having an autoimmune component that may be treated
according to the invention include type 1 diabetes, arthritis
(including rheumatoid arthritis, juvenile rheumatoid arthri-
tis, psoriatic arthritis), multiple sclerosis, myasthenia gravis,
systemic lupus erythematosis, autoimmune thyroiditis, der-
matitis (including atopic dermatitis and eczematous derma-
titis), psoriasis, Sjogren’s Syndrome, including keratocon-
junctivitis sicca secondary to Sjdgren’s Syndrome, alopecia
areata, allergic responses due to arthropod bite reactions,
Crohn’s disease, iritis, conjunctivitis, keratoconjunctivitis,
ulcerative colitis, asthma, allergic asthma, cutaneous lupus
erythematosus, scleroderma, drug eruptions, leprosy rever-
sal reactions, erythema nodosum leprosum, autoimmune
uveitis, allergic encephalomyelitis, acute necrotizing hem-
orrhagic encephalopathy, idiopathic bilateral progressive
sensorineural hearing loss, aplastic anemia, pure red cell
anemia, idiopathic thrombocytopenia, polychondritis,
Wegener’s granulomatosis, chronic active hepatitis,
Stevens-Johnson syndrome, idiopathic sprue, lichen planus,
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Crohn’s disease, Graves ophthalmopathy, sarcoidosis, pri-
mary biliary cirrhosis, uveitis posterior, and interstitial lung
fibrosis.

[0173] Preferably, inhibition of effector cell function is
useful therapeutically in the treatment of allergy and allergic
reactions, ¢.g., by inhibiting IgE production. Inhibition of
effector T cell function and/or promotion of regulatory T cell
function can be accompanied by exposure to allergen in
conjunction with appropriatt MHC molecules. Allergic
reactions can be systemic or local in nature, depending on
the route of entry of the allergen and the pattern of deposi-
tion of IgE on mast cells or basophils. Thus, inhibition of
effector T cell mediated allergic responses can occur locally
or systemically by administration of an agent or inhibitor.

[0174] Preferably, inhibition of at lest one effector T cell
fimction may also be important therapeutically in viral
infections of immune cells. For example, in the acquired
immune deficiency syndrome (AIDS), viral replication is
stimulated by immune cell activation. Inhibition of effector
T cell function may result in inhibition of viral replication
and thereby ameliorate the course of AIDS.

[0175] Upregulating T effector cells is also useful in
therapy. Upregulation of at least one T effector activity can
be useful in enhancing an existing immune response or
eliciting an initial immune response. For example, prefer-
ably increasing at least one T effector cell activity using
agents which stimulate a molecule of the invention in
effector T cells is useful in cases of infections with microbes,
e.g., bacteria, viruses, or parasites. These would include
viral skin diseases such as Herpes or shingles, in which case
such an agent can be delivered topically to the skin. In
addition, systemic viral diseases such as influenza, the
common cold, and encephalitis might be alleviated by the
administration of such agents systemically. In another
embodiment, expression and/or activity of at least one
molecule of the invention associated with T regulatory cells
can be downmodulated.

[0176] Immunity against a pathogen, e.g., a virus, can be
induced by vaccinating with a viral protein along with an
agent that activates effector T cell function in an appropriate
adjuvant. Nucleic acid vaccines can be administered by a
variety of means, for example, by injection (e.g., intramus-
cular, intradermal, or the biolistic injection of DNA-coated
gold particles into the epidermis with a gene gun that uses
a particle accelerator or a compressed gas to inject the
particles into the skin (Haynes et al. 1996. J. Biofechnol.
44:37)). Alternatively, nucleic acid vaccines can be admin-
istered by non-invasive means. For example, pure or lipid-
formulated DNA can be delivered to the respiratory system
or targeted elsewhere, e.g., Peyers patches by oral delivery
of DNA (Schubbert. 1997. Proc. Natl. Acad. Sci., USA
94:961). Attenuated microorganisms can be used for deliv-
ery to mucosal surfaces. (Sizemore et al. (1995) Science.
270:29). Pathogens for which vaccines are useful include
hepatitis B, hepatitis C, Epstein-Barr virus, cytomegalovi-
rus, HIV-1, HIV-2, tuberculosis, malaria and schistosomia-
sis.

[0177] In another application, preferential upregulation or
enhancement of at least one effector T cell function is useful
in the induction of tumor immunity. In another embodiment,
the immune response can be stimulated by the transmission
of activating signal. For example, immune responses against
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antigens to which a subject cannot mount a significant
immune response, e.g., to an autologous antigen, such as a
tumor specific antigens can be induced in this fashion.

[0178] The present invention provides for both prophy-
lactic and therapeutic methods of treating a subject at risk of
(or susceptible to) a disorder or having a disease, disorder or
condition that would benefit from preferentially modulating
at least one effector T cell function while having little effect
on a T regulatory response and vice versa. Administration of
a prophylactic agent can occur prior to the manifestation of
symptoms, such that a disease or disorder is prevented or,
alternatively, delayed in its progression.

[0179] These agents can be administered in vitro (e.g., by
contacting the cell with the agent) or, alternatively, in vivo
(e.g., by administering the agent to a subject). As such; the
present invention provides methods of treating an individual
afflicted with a disease or disorder that would benefit from
up- or downmodulation of T effector cells while not affect-
ing regulatory T cells.

[0180] The modulatory agents of the invention can be
administered alone or in combination with one or more
additional agents. For example, in one embodiment, two
agents described herein can be administered to a subject. In
another embodiment, an agent described herein can be
administered in combination with other immunomodulating
agents. Examples of other immunomodulating reagents
include antibodies that block a costimulatory signal, (e.g.,
against CD28, ICOS), antibodies that activate an inhibitory
signal via CTLA4, and/or antibodies against other immune
cell markers (e.g., against CD40, against CD40 ligand, or
against cytokines), fusion proteins (e.g., CTLA4-Fc, PD-1-
Fc), and immunosuppressive drugs, (e.g., rapamyein,
cyclosporine A or FK506). In certain instances, it may be
desirable to further administer other agents that upregulate
immune responses, for example, agents which deliver T cell
activation signals, in order elicit or augment an immune
response.

[0181] Unlike current immunosuppressives, agents or
inhibitors as described herein, because they would foster
development of a homeostatic immunoregulatory mecha-
nism, would require short term administration (e.g., for a
period of several weeks to months), rather than prolonged
treatment, to control unwanted immune responses. Pro-
longed treatment with the agent or inhibitor or with a general
immunosuppressant is unnecessary as the subject develops a
robust regulatory T cell response to antigens (e.g., donor
antigens, self antigens) associated with the condition.
Because the resulting immunoregulation is mediated by
natural T cell mechanisms, no drugs would be needed to
maintain immunoregulation once the dominant regulatory T
cell response is established. Elimination of life-long treat-
ment with immunosuppressants would eliminate many, if
not all, side effects currently associated with treatment of
autoimmunity and organ grafts.

[0182] In one embodiment, immune responses can be
enhanced in an infected patient by removing immune cells
from the patient, contacting immune cells in vitro an agent
that activates effector T cell function, and reintroducing the
in vitro stimulated immune cells into the patient.

[0183]

[0184] Modulatory agents, €.g., inhibitory or stimulatory
agents as described herein, can be incorporated into phar-

VIII. Pharmaceutical Compositions
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maceutical compositions suitable for administration. Such
compositions typically comprise the agent and a pharma-
ceutically acceptable carrier. As used herein the language
“pharmaceutically acceptable carrier” is intended to include
any and all solvents, dispersion media, coatings, antibacte-
rial and antifungal agents, isotonic and absorption delaying
agents, and the like, compatible with pharmaceutical admin-
istration. The use of such media and agents for pharmaceu-
tically active substances is well known in the art. Except
insofar as any conventional media or agent is incompatible
with the active compound, use thereof in the compositions
is contemplated. Supplementary active compounds can also
be incorporated into the compositions.

[0185] A pharmaceutical composition of the invention is
formulated to be compatible with its intended route of
administration. Examples of routes of administration include
parenteral, e.g., intravenous, intradermal, intramuscular,
subcutaneous, oral (e.g., inhalation), transdermal (topical),
transmucosal, and rectal administration. Solutions or sus-
pensions used for parenteral, intradermal, or subcutaneous
application can include the following components: a sterile
diluent such as water for injection, saline solution, fixed oils,
polyethylene glycols, glycerine, propylene glycol or other
synthetic solvents; antibacterial agents such as benzyl alco-
hol or methyl parabens; antioxidants such as ascorbic acid or
sodium bisulfite; chelating agents such as ethylenediamine-
tetraacetic acid; buffers such as acetates, citrates or phos-
phates and agents for the adjustment of tonicity such as
sodium chloride or dextrose. pH can be adjusted with acids
or bases, such as hydrochloric acid or sodium hydroxide.
The parenteral preparation can be enclosed in ampules,
disposable syringes or multiple dose vials made of glass or
plastic.

[0186] Pharmaceutical compositions suitable for inject-
able use include sterile aqueous solutions (where water
soluble) or dispersions and sterile powders for the extem-
poraneous preparation of sterile injectable solutions or dis-
persion. For intravenous administration, suitable carriers
include physiological saline, bacteriostatic water, Cremo-
phor EL™ (BASF, Parsippany, N.J.) or phosphate buffered
saline (PBS). In all cases, the composition must be sterile
and should be fluid to the extent that easy syringeability
exists. It must be stable under the conditions of manufacture
and storage and must be preserved against the contaminating
action of microorganisms such as bacteria and fungi. The
carrier can be a solvent or dispersion medium containing, for
example, water, ethanol, polyol (for example, glycerol,
propylene glycol, and liquid polyetheylene glycol, and the
like), and suitable. mixtures thereof. The proper fluidity can
be maintained, for example, by the use of a coating such as
lecithin, by the maintenance of the required particle size in
the case of dispersion and by the use of surfactants. Pre-
vention of the action of microorganisms can be achieved by
various antibacterial and antifungal agents, for example,
parabens, chlorobutanol, phenol, ascorbic acid, thimerosal,
and the like. In many cases, it is preferable to include
isotonic agents, for example, sugars, polyalcohols such as
manitol, sorbitol, and sodium chloride in the composition.
Prolonged absorption of the injectable compositions can be
brought about by including in the composition an agent
which delays absorption, for example, aluminum
monostearate and gelatin.
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[0187] Sterile injectable solutions can be prepared by
incorporating the active compound in the required amount in
an appropriate solvent with one or a combination of ingre-
dients enumerated above, as required, followed by filtered
sterilization. Generally, dispersions are prepared by incor-
porating the active compound into a sterile vehicle which
contains a basic dispersion medium and the required other
ingredients from those enumerated above. In the case of
sterile powders for the preparation of sterile injectable
solutions, the preferred methods of preparation are vacuum
drying and freeze-drying which yields a powder of the active
ingredient plus any additional desired ingredient from a
previously sterile-filtered solution thereof.

[0188] Oral compositions generally include an inert dilu-
ent or an edible carrier. They can be enclosed in gelatin
capsules or compressed into tablets. For the purpose of oral
therapeutic administration, the active compound can be
incorporated with excipients and used in the form of tablets,
troches, or capsules. Oral compositions can also be prepared
using a. fluid carrier for use as a mouthwash, wherein the
compound in the fluid carrier is applied orally and swished
and expectorated or swallowed. Pharmaceutically compat-
ible binding agents, and/or adjuvant materials can be
included as part of the composition. The tablets, pills,
capsules, troches and the like can contain any of the fol-
lowing ingredients, or compounds of a similar nature: a
binder such as microcrystalline cellulose, gum tragacanth or
gelatin; an excipient such as starch or lactose, a disintegrat-
ing agent such as alginic acid, Primogel, or corn starch; a
lubricant such as magnesium stearate or Sterotes; a glidant
such as colloidal silicon dioxide; a sweetening agent such as
sucrose or saccharin; or a flavoring agent such as pepper-
mint, methyl salicylate, or orange flavoring.

[0189] For administration by inhalation, the compounds
are delivered in the form of an aerosol spray from pressured
container or dispenser which contains a suitable propellant,
e.g., a gas such as carbon dioxide, or a nebulizer.

[0190] Systemic administration can also be by transmu-
cosal or transdermal means. For transmucosal or transder-
mal administration, penetrants appropriate to the barrier to
be permeated are used in the formulation. Such penetrants
are generally known in the art, and include, for example, for
transmucosal administration, detergents, bile salts, and
fusidic acid derivatives. Transmucosal administration can be
accomplished through the use of nasal sprays or supposito-
ries. For transdermal administration, the active compounds
are formulated into ointments, salves, gels, or creams as
generally known in the art.

[0191] The compounds can also be prepared in the form of
suppositories (e.g., with conventional suppository bases
such as cocoa butter and other glycerides) or retention
enemas for rectal delivery.

[0192] In one embodiment, modulatory agents are pre-
pared with carriers that will protect the compound against
rapid elimination from the body, such as a controlled release
formulation, including implants and microencapsulated
delivery systems. Biodegradable, biocompatible polymers
can be used, such as ethylene vinyl acetate, polyanhydrides,
polyglycolic acid, collagen, polyorthoesters, and polylactic
acid. Methods for preparation of such formulations should
be apparent to those skilled in the art. The materials can also
be obtained commercially from Alza Corporation and Nova
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Pharmaceuticals, Inc. Liposomal suspensions can also be
used as pharmaceutically acceptable carriers. These can be
prepared according to methods known to those skilled in the
art, for example, as described in U.S. Pat. No. 4,522 811.

[0193] Tt is especially advantageous to formulate oral or
parenteral compositions in dosage unit form for ease of
administration and uniformity of dosage. Dosage unit form
as used herein refers to physically discrete units suited as
unitary dosages for the subject to be treated; each unit
containing a predetermined quantity of active compound
calculated to produce the desired therapeutic effect in asso-
ciation with the required pharmaceutical carrier. The speci-
fication for the dosage unit forms of the invention are
dictated by and directly dependent on the unique character-
istics of the active compound and the particular therapeutic
effect to be achieved, and the limitations inherent in the art
of compounding such an active compound for the treatment
of individuals.

[0194] Toxicity and therapeutic efficacy of such com-
pounds can be determined by standard pharmaceutical pro-
cedures 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 effec-
tive 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. Compounds which
exhibit large therapeutic indices are preferred. While com-
pounds that exhibit toxic side effects can be used, care
should be taken to design a delivery system that targets such
compounds to the site of affected tissue in order to minimize
potential damage to uninfected cells and, thereby, reduce
side effects.

[0195] The data obtained from the cell culture assays and
animal studies can be used in formulating a range of dosage
for use in humans. The dosage of such compounds 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
compound used in the method of the invention, the thera-
peutically effective dose can be estimated initially from cell
culture assays. A dose can be formulated in animal models
to achieve a circulating plasma concentration range that
includes the IC50 (i.e., the concentration of the test com-
pound which achieves a half-maximal inhibition of symp-
toms) as determined in cell culture. Such information can be
used to more accurately determine useful doses in humans.
Levels in plasma can be measured, for example, by high
performance liquid chromatography.

[0196] The pharmaceutical compositions can be included
in a container, pack, or dispenser together with instructions
for administration.

[0197]

[0198] Modulating agents of the invention are adminis-
tered to subjects in a biologically compatible form suitable
for pharmaceutical administration in vivo. By “biologically
compatible form suitable for administration in vivo” is
meant a form of the agent to be administered in which any
toxic effects are outweighed by the therapeutic effects of the
agent.

IX. Administration of Modulating Agents

[0199] Administration of a therapeutically active amount
of the therapeutic compositions of the present invention is
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defined as an amount effective, at dosages and for periods of
time necessary to achieve the desired result. For example, a
therapeutically active amount of agent may vary according
to factors such as the disease state, age, sex, and weight of
the individual, and the ability of agent to elicit a desired
response in the individual. Dosage regimens can be adjusted
to provide the optimum therapeutic response. For example,
several divided doses can be administered daily or the dose
can be proportionally reduced as indicated by the exigencies
of the therapeutic situation.

[0200] The agent can be administered in a convenient
manner such as by injection (subcutaneous, intravenous,
etc.), oral administration, inhalation, transdermal applica-
tion, or rectal administration. Depending on the route of
administration, the active compound can be coated in a
material to protect the compound from the action of
enzymes, acids and other natural conditions which may
inactivate the compound. For example, to administer the
agent by other than parenteral administration, it may be
desirable to coat, or co-administer the agent with, a material
to prevent its inactivation.

[0201] Agent can be co-administered with enzyme inhibi-
tors or in an appropriate carrier such as liposomes. Pharma-
ceutically acceptable diluents include saline and aqueous
buffer solutions. Adjuvant is used in its broadest sense and
includes any immune stimulating compound such as inter-
feron. Adjuvants contemplated herein include resorcinols,
non-ionic surfactants such as polyoxyethylene oleyl ether
and n-hexadecyl polyethylene ether. Enzyme inhibitors
include pancreatic trypsin inhibitor, diisopropylfluorophos-
phate (DEEP) and trasylol. Liposomes include water-in-oil-
in-water emulsions as well as conventional liposomes
(Sterna et al. (1984) J. Neuroimmunol. 7:27).

[0202] The active compound may also be administered
parenterally or intraperitoneally. Dispersions can also be
prepared in glycerol, liquid polyethylene glycols, and mix-
tures thereof and in oils. Under ordinary conditions of
storage and use, these preparations may contain a preserva-
tive to prevent the growth of microorganisms.

[0203] When the active compound is suitably protected, as
described above, the agent can be orally administered, for
example, with an inert diluent or an assimilable edible
carrier. As used herein “pharmaceutically acceptable carrier”
includes any and all solvents, dispersion media, coatings,
antibacterial and antifungal agents, isotonic and absorption
delaying agents, and the like. The use of such media and
agents for pharmaceutically active substances is well known
in the art. Except insofar as any conventional media or agent
is incompatible with the active compound, use thereof in the
therapeutic compositions is contemplated. Supplementary
active compounds can also be incorporated into the com-
positions.

[0204] This invention is further illustrated by the follow-
ing examples which should not be construed as limiting. The
contents of all references, patents and published patent
applications cited throughout this application, as well as the
Figures and attached Appendices, are incorporated herein by
reference.
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EXAMPLES

EXAMPLE 1

[0205] Identification of Genes Preferentially Expressed in
T Effector Cells or T Regulatory Cells Using Affymetrix™
Gene Chips

[0206] This example describes the identification of genes
which are present in certain T cell types and absent from
other T cell types. In particular, genes used differentially
between effector T cells (Thl and Th2) and regulatory T
cells are identified.

[0207] Methods
[0208] Culture of T Cell Lines
[0209] Differentiated cell lines were produced from cells

prepared from human cord blood or peripheral blood CD4+
CD45RA+naive T cells by a variety of methods, including
flow cytometry and magnetic bead separations. Purity of the
starting populations was >95%. Cells were then stimulated
by CD3 and CD28 antibodies in RPMI 1640 with 10% FCS
and 1% Human AB serum with defined mixtures of cytok-
ines and neutralizing antibodies to cytokines to produce the
differentiated cell types. Thl cells were produced by culture
with IL12 (62 U/ml) and anti-IL4 (0.2 ug/ml); Th2 cells
were produced by culture in IL4(145 U/ml) and anti-IL12
(10 ug/ml) and anti-IFNy (10 ug/ml); and regulatory T cells
were produced by culture in TGFB (32 U/ml), IL9 (42
U/ml), anti-IL4 (10 ug/ml) and anti-IL12 (10 ug/ml) and
anti-IFNy(10 ug/ml). (Note: anti-IL12 was not used in all
experiments). All cultures were supplemented with IL2 (65
U/ml) and IL15 (4500 U/ml). Cells were split into larger
culture dishes as warranted by cell division. At the conclu-
sion of one round of cell differentiation (7-12 days), cells
were harvested for preparation of total RNA for use in the
gene chip experiments.

[0210]

[0211] RNA from each cell type was prepared using the
Qiagen™ RNeasy kit as described by the manufacturer.
After isolation of high quality total RNA from each cell type,
the RNA was biotin labeled and fragmented for use in the
Affymetrix™ Gene chip as recommended by Affymetrix™.
Briefly, RNA was copied into cDNA using Superscript™ 11
polymerase and a T7 primer. The complementary strand was
then synthesized using F. coli DNA Polymerase 1. The
product, dsDNA, was phenol/chloroform extracted and etha-
nol precipitated. In vitro transcription using Biotinylated
nucleosides was then performed to amplify and label the
RNA using the ENZO™ Bioarray High Yield RNA tran-
script labeling kit. The labeled product was cleaned up using
the clean-up procedure described with the Qiagen RNeasy
kit. Labeled RNA was fragmented by incubation in 200 mM
Tris acetate, 500 mM potassium acetate and 150 mM mag-
nesium acetate and the recommended amount was loaded
onto the Affymetrix™ Hul33 gene array, chips A and B.
Affymetrix™ chips were hybridized as recommended by the
manufacturer and washed as recommended in the Affyme-
trix™ automated chip washer. Following washing and tag-
ging of Biotinylated RNA fragments with fluorochromes,
the chips were read in the Affymetrix™ chip reader. For each
cell type and each chip all probesets, representing a total of
approximately 34,000 human genes, was scored as “present”
or “absent” based on statistical analysis of the fluorescent

Affymetrix™ Gene Chip Experiment
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signals on sense and nonsense portions of the chip using
Affymetrix™ Microarray Suite software. These “present”
and “absent” calls for each probeset, along with the signal
strength were imported into Microsoft™ Access databases.
Using queries, datafiles of all genes scored present for each
cell type were created. Genes which scored present on all
cell types were removed from further study using queries.
Datafiles of genes which were unique to a cell type or
preferentially expressed in one cell type relative to another
were created using queries to select genes which only scored
present on Thil, Th2 or regulatory T cells. In addition,
datafiles of genes which were only present in the effector
(Th1 and Th2) cells but absent in the regulatory T cells or
present only in the regulatory T cells but absent in the
effector T cells were created.

[0212] Among the genes which appeared to be preferen-
tially used in the activated effector T cells relative to the
regulatory T cells, were genes for a series of proteins known
to be required for signal transduction in activated T cells
through Protein Kinase C theta. Examination of the results
obtained regarding the presence of genes associated with the
PKC theta signaling pathway revealed that while effector T
cells appeared to be actively transcribing messages for
molecules utilized in this pathway, the regulatory T cells did
not. FIG. 2 shows the genechip expression data for the
relevant probesets.

EXAMPLE 2
[0213] PKC Theta is Not Required to Activate Regulatory
T Cells
[0214] Two experiments were performed to verify that

PKC theta signaling was preferentially utilized by effector T
cells versus regulatory T cells and was required for effector
T cell activation but not for regulatory cell activation. The
first experiment verified the decrease in expression of the
PKC theta protein in regulatory T cells. Populations of Thl,
Th2 and regulatory T cells were prepared as described
above. These cells were centrifuged onto microscope slides
and stained using antibodies specific for the TCR and for
PKC theta. Examination of the different cell types (FIG. 3)
revealed that while all of the cell types expressed the TCR,
PKC theta expression was only strongly expressed in periph-
eral blood T cells and Th2 cells, while it was diffusely
expressed throughout the cytoplasm of the Thl cells. Little
to no expression was evident in the regulatory T cells.

[0215] The lack of requirement for functional PKC theta
by regulatory T cells was demonstrated by treating Th1, Th2
and regulatory T cells with a commercially available inhibi-
tor of the novel protein kinase C enzymes (PKCH and
PKC9), Rottlerin. Differentiated cells, prepared as above,
were re-stimulated using CD3 and CD28 in the presence of
a range of concentrations of the commercial inhibitor Rot-
tlerin. In three of three experiments, Rottlerin inhibited cell
division by Th1 and Th2 cells at 5 uM but did not inhibit the
proliferation of regulatory T cells (FIG. 4).

EXAMPLE 3
[0216] Inhibition of PKCO Selectively Inhibits Thl and
Th2 Cell Proliferation.

[0217] The chemical inhibitor of protein kinase C theta,
Rottlerlin, has been shown to bave additional inhibitory
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effects on other cellular enzymes critical for cell division at
higher concentrations (Davies, SP, et al. (2000) Biochem. J.
351:95-105). Therefore, in order to demonstrate that PKC8
inhibitors have the ability to block proliferation of Thl and
Th2 cells more completely than TGFp-derived Treg cells, a
more selective molecule was utilized.

[0218] In vitro, peptides derived from a PDPK1 (SEQ ID
NO:13 and SEQ ID NO:14) interacting portion of PKC8
have been shown to be capable of specifically inhibiting
PKCO activity (Ghosh, S. and,D’Acquisto F., WO
03/004612). The specificity of these peptides is much greater
than the specificity demonstrated for any available small
molecule inhibitors, and these peptides have been shown to
specifically inhibit PKC68 compared to other PKC family
members.

[0219] However, peptide inhibitors of intracellular
enzymes do not cross the cell membrane and therefore are
not be effective in in vitro assays using whole cells. To
circumvent this problem the PKC8 inhibitory peptide can be
synthesized attached at its N-terminus to the third helix of
the antennapedia homeodomain; a peptide known to permit
entry of peptides and proteins through biological membranes
with no apparent damage to the cells (Fenton, M., et al.
(1998) J. Immunol. Methods 212:41-48; Dostmann, WRG,
et al. (2000) Proc. Natl. Acad Sci., USA 97:14772-14777).
The sequence of the peptide used in these studies was:

NH,-RQIKIWFQNRRMKWKKMDQNMFRNF SFNMP-COOH (SEQ ID

NO: 15)

[0220] In order to test the ability of this antennapedia-
PKC8 peptide to selectively inhibit the proliferation of Thl
and Th2 but not TGFp-derived Treg cells, differentiated
cells were cultured in wells coated with CD3 and CD28
following protocols well known in the art, in the presence or
absence of the peptide inhibitor. Three days after initiation
of the cultures, three replicate tissue culture wells for each
condition for each cell type were fed with media containing
*H-thymidine to monitor cell division. Wells were harvested
18 hr later and incorporated *H was measured by scintilla-
tion counting. Replicate wells were averaged and when
comparisons of proliferation were made for each cell type
between cells with no inhibitor or increasing concentrations
of inhibitor it was found that the antenapedia-PKC8 inhibi-
tory peptide had inhibited proliferation of the Th1l and Th2
cells to 16% of control levels but TGFp-derived Treg cells
proliferated between 50 and 80% of their control level (FIG.
35).

[0221] EQUIVALENTS

[0222] Those skilled in the art will recognize, or be able to
ascertain using no more than routine experimentation, many
equivalents to the specific embodiments of the invention
described herein. Such equivalents are intended to be
encompassed by the following claims.
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SEQUENCE LISTING

<160> NUMBER OF SEQ ID NOS: 15

<210> SEQ ID NO 1
<211> LENGTH: 2705

<212> TYPE:

DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 1

tgctegetec
tgcgggtect
aaagagtatg
ccaccctggg
gtgaaaggca
gagaggtgca
cgaatgctaa
tttgagacqgg
gtccaccacg
tetgtetgee
aatgcagcaa
atcaatagee
tttaaagtet
ggactggcac
cagacaaaqqg
atgattgaga
ggteeggtty
ccgacaceqgqg
gataaaatgt
aaactaaaaa
gtetteetgg
gatgtggtet
ttggectggg
ctettttttg
cacaagtteg
ttectteatt
aaagatggac
gccaagacga
cagaaataca
attggtcagt
gacaatccet

ttcgtgegag

agggcgcaac

gccagtcttg
tcgaatcaga
acagcacttt
aaaacgtgga
ggaagaacaa
tgaatgcaag
aaggettett
tcaagtgcca
acgagtttgt
ttecacaagaa
gagaaaccat
acaattacaa
ggcaaggact
tggccaacet
gcactcaaca
aaattggtet
gaaaaagaga
gccatecttee
ttgaggattt
cagaattcaa
tgatggacga
agcatccgtt
tgatggagta
acctttccag
ccaaaggaat
atatcaagat
ataccttetg
accactctgt
cgecttteca
tttacccacg

aacctgagaa

catgtcgcca
tcagggcgag
gaacgggcag
tgatgcccat
cctcatctet
cgggaagaca
atactttctg
tgetttgeat
cgagttcact
ctggggecty
gtgtattgat
gtteccacaag
gagccegace
caagtgtgat
ttgtggeata
ggetegetge
cccatgetece
gcetecaggge
agaacctgaa
tatcttgeac
gaaaaccaat
tgatgttgag
tctgacgeac
cctcaacgga
agcgacgttt
agtctacagg
cgcggatttt
tgggacacct
ggactggtgg
cgggcaggat
gtggctggag

gaggctggge

tttcttegga
gctgttaacc
atgtatatcc
atcaacaagg
gaaaccaccg
gaaatatggt
gaaatgagtg
cagcegeeggy
gccaccttet
aacaaacaqgg
aaagttatag
gagagattca
ttetgtgaac
gcatgtggea
aaccagaage
ttaagagata
atcaaaaatg
atttectggyg
ctgaacaaag
aaaatgttgg
caattttteg
tgcacgatgg
atgttttgta
ggggacttaa
tatgctgetg
gacctgaagce
ggaatgtgca
gactacatcg
tecettegggg
gaggaggage
aaggaagcaa

gtgaggggag

ttggcttgte
cttactgtgce
agaaaaagcc
gaagagtcat
tggagctcta
tagagctgaa
acacaaagga
gtgccatcaa
tceccacagcec
gctaccagtyg
caaagtgcac
aaattgacat
actgtgggac
tgaatgtgca
taatggetga
ctgaacagat
aagcaaggcc
agteteegtt
aaagaccatc
ggaaaggaag
caataaaggc
tagagaagag
cattccagac
tgtaccacat
aaatcattet
tagataacat
aggagaacat
cceccagagat
ttetecttta
tettecacte
aggaccttet

acatccgeca

caactttgac
tgtgctegte
taccatgtac
gcagatcatt
ctcgetgget
acctcaaggc
catgaatgaa
gcaggcaaaq
cacattttgc
ccgacaatge
aggatcaget
gccacacaga
cetgetgtgg
tcatagatge
agegetggec
cttcagagaa
gccatgttta
ggatgagygty
tetgecagatt
ttttggcaag
cttaaagaaa
agttectttec
caaggaaaac
ccaaagctgce
tggtctgeag
cctgttagac
gttaggagat
cttgetgggt
tgaaatgctg
catccgecatg
ggtgaagctc

gcaccctttg

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680

1740

1800

1860

1920
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tttecgggaga tcaactggga ggaacttgaa cggaaggaga ttgacccacc gttccggecg 1980
aaagtgaaat caccatttga ctgcagcaat ttcgacaaag aattcttaaa cgagaagccce 2040
cggotgtcat ttgccqgacag agcactgatc aacagcatgg accagaatat gttcaggaac 2100
ttttectteca tgaacccegg gatggagegg ctgatatcct gaatcttgec cctecagaga 2160
caggaaagaa tttgccttcet ccctgggaac tggttcaaga gacactgett gggttecttt 2220
ttcaacttgg aaaaagaaag aaacactcaa caataaagac tgagacccgt tcgcccccat 2280
gtgactttat ctgtagcaga aaccaagtct acttcactaa tgacgatgcc gtgtgtcteg 2340
tcteoctgaca tgtctcacag acgctcctga agttaggtca ttactaacca tagttattta 2400
cttgaaagat gggtctccge acttggaaag gtttcaagac ttgatactge aataaattat 2460
ggctcttcac ctgggegeca actgetgatce aacgaaatge ttgttgaatce aggggcaaac 2520
ggagtacaga cgtctcaaga ctgaaacggc cccattgect ggtctagtag cggatctcac 2580
tcagccgecag acaagtaatc actaacccgt tttattctat cctatctgtg gatgtataaa 2640
tgctggggge cagccctgga taggttttta tgggaattct ttacaataaa catagettgt 2700
acttg 2705
<210> SEQ ID NO 2

<211> LENGTH: 706

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 2

Met Ser Pro Phe Leu Arg Ile Gly Leu Ser Asn Phe Asp Cys Gly Ser
1 5 10 15

Cys Gln Ser Cys Gln Gly Glu Ala Val Asn Pro Tyr Cys Ala Val Leu
20 25 30

Val Lys Glu Tyr Val Glu Ser Glu Asn Gly Gln Met Tyr Ile Gln Lys
35 40 45

Lys Pro Thr Met Tyr Pro Pro Trp Asp Ser Thr Phe Asp Ala His Ile
50 55 60

Asn Lys Gly Arg Val Met Gln Ile Ile Val Lys Gly Lys Asn Val Asp
65 70 75 80

Leu Ile Ser Glu Thr Thr Val Glu Leu Tyr Ser Leu Ala Glu Arg Cys
85 90 95

Arg Lys Asn Asn Gly Lys Thr Glu Ile Trp Leu Glu Leu Lys Pro Gln
100 105 110

Gly Arg Met Leu Met Asn Ala Arg Tyr Phe Leu Glu Met Ser Asp Thr
115 120 125

Lys Asp Met Asn Glu Phe Glu Thr Glu Gly Phe Phe Ala Leu His Gln
130 135 140

Arg Arg Gly Ala Ile Lys Gln Ala Lys Val His His Val Lys Cys His
145 150 155 160

Glu Phe Thr Ala Thr Phe Phe Pro Gln Pro Thr Phe Cys Ser Val Cys
165 170 175

His Glu Phe Val Trp Gly Leu Asn Lys Gln Gly Tyr Gln Cys Arg Gln
180 185 190

Cys Asn Ala Ala Ile His Lys Lys Cys Ile Asp Lys Val Ile Ala Lys
195 200 205

Cys Thr Gly Ser Ala Ile Asn Ser Arg Glu Thr Met Phe His Lys Glu
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210 215 220

Arg Phe Lys Ile Asp Met Pro His Arg Phe Lys Val Tyr Asn Tyr Lys
225 230 235 240

Ser Pro Thr Phe Cys Glu His Cys Gly Thr Leu Leu Trp Gly Leu Ala
245 250 255

Arg Gln Gly Leu Lys Cys Asp Ala Cys Gly Met Asn Val His His Arg
260 265 270

Cys Gln Thr Lys Val Ala Asn Leu Cys Gly Ile Asn Gln Lys Leu Met
275 280 285

Ala Glu Ala Leu Ala Met Ile Glu Ser Thr Gln Gln Ala Arg Cys Leu
290 295 300

Arg Asp Thr Glu Gln Ile Phe Arg Glu Gly Pro Val Glu Ile Gly Leu
305 310 315 320

Pro Cys Ser Ile Lys Asn Glu Ala Arg Pro Pro Cys Leu Pro Thr Pro
325 330 335

Gly Lys Arg Glu Pro Gln Gly Ile Ser Trp Glu Ser Pro Leu Asp Glu
340 345 350

Val Asp Lys Met Cys His Leu Pro Glu Pro Glu Leu Asn Lys Glu Arg
355 360 365

Pro Ser Leu Gln Ile Lys Leu Lys Ile Glu Asp Phe Ile Leu His Lys
370 375 380

Met Leu Gly Lys Gly Ser Phe Gly Lys Val Phe Leu Ala Glu Phe Lys
385 390 395 400

Lys Thr Asn Gln Phe Phe Ala Ile Lys Ala Leu Lys Lys Asp Val Val
405 410 415

Leu Met Asp Asp Asp Val Glu Cys Thr Met Val Glu Lys Arg Val Leu
420 425 430

Ser Leu Ala Trp Glu His Pro Phe Leu Thr His Met Phe Cys Thr Phe
435 440 445

Gln Thr Lys Glu Asn Leu Phe Phe Val Met Glu Tyr Leu Asn Gly Gly
450 455 460

Asp Leu Met Tyr His Ile Gln Ser Cys His Lys Phe Asp Leu Ser Arg
465 470 475 480

Ala Thr Phe Tyr Ala Ala Glu Ile Ile Leu Gly Leu Gln Phe Leu His
485 490 495

Ser Lys Gly Ile Val Tyr Arg Asp Leu Lys Leu Asp Asn Ile Leu Leu
500 505 510

Asp Lys Asp Gly His Ile Lys Ile Ala Asp Phe Gly Met Cys Lys Glu
515 520 525

Asn Met Leu Gly Asp Ala Lys Thr Asn Thr Phe Cys Gly Thr Prc Asp
530 535 540

Tyr Ile Ala Pro Glu Ile Leu Leu Gly Gln Lys Tyr Asn His Ser Val
545 550 555 560

Asp Trp Trp Ser Phe Gly Val Leu Leu Tyr Glu Met Leu Ile Gly Gln
565 570 575

Ser Pro Phe His Gly Gln Asp Glu Glu Glu Leu Phe His Ser Ile Arg
580 585 590

Met Asp Asn Pro Phe Tyr Pro Arg Trp Leu Glu Lys Glu Ala Lys Asp
595 600 605

Leu Leu Val Lys Leu Phe Val Arg Glu Pro Glu Lys Arg Leu Gly Val
610 615 620
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Arg Gly Asp Ile Arg Gln His Pro Leu Phe Arg Glu Ile Asn Trp Glu
625 630 635 640

Glu Leu Glu Arg Lys Glu Ile Asp Pro Pro Phe Arg Pro Lys Val Lys
645 650 655

Ser Pro Phe Asp Cys Ser Asn Phe Asp Lys Glu Phe Leu Asn Glu Lys
660 665 670

Pro Arg Leu Ser Phe Ala Asp Arg Ala Leu Ile Asn Ser Met Asp Gln
675 680 685

Asn Met Phe Arg Asn Phe Ser Phe Met Asn Pro Gly Met Glu Arg Leu
690 695 700

Ile Ser
705

<210> SEQ ID NO 3

<211> LENGTH: 2888

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 3

actagctgtce gctccacagg cgagcagggc aggcgtgcgg gcgggtgggt ggtggagget 60
gecgagggtge acggecggee ctgggeagge ggtagecatg gagetgtgge gecaatgceac 120
ccactggcte atccagtgcc gggtgctgecc gcccagccac cgcgtgacct gggatggggce 180
tcaggtgtgt gaactggece aggccctecyg ggatggtgte cttetgtgte agetgettaa 240
caacctgeta ccecatgeca tcaaccetgeg tgaggtcaac ctgegeccce agatgtecca 300
gtteectgtge cttaagaaca ttagaacctt cetgtecace tgetgtgaga agtteggect 360
caagceggage gagetetteg aageetttga cetettegat gtgcaggatt ttggcaaggt 420
catctacace ctgtetgete tgtcetggac ccecgatcgee cagaacaggg ggatcatgee 480
cttecccace gaggaggaga gtgtaggtga tgaagacate tacagtggee tgtccgacca 540
gatcgacgac acggtggagg aggatgagga cctgtatgac tgcgtggaga atgaggaggce 600
ggaaggcgac gagatctatg aggacctcat gcgetcggag cccgtgtcca tgeccgeccaa 660
gatgacagag tatgacaagc gctgctgetg cctgegggag atccagcaga cggaggagaa 720
gtacactgac acgctgggect ccatccagca gcatttettg aageccetge aacggttect 780
gaaacctcaa gacattgaga tcatctttat caacattgag gacctgettc gtgttcatac 840
tcacttceta aaggagatga aggaagccct gggcacccect ggegecagceca atctctacca 900
ggtcttcate aaatacaagg agaggttcct cgtctatgge cgectactgca geccaggtgga 960
gtcagccage aaacacctgg accgtgtgge cgcagcccgg gaggacgtgce agatgaaget 1020
ggaggaatgt tctcagagag ccaacaacgg gaggttcacc ctgcgggacce tgectgatggt 1080
gcctatgecag cgagttctca aatatcacct cettecteccag gagetggtga aacacacgeca 1140
ggaggcgatg gagaaggaga acctgcggct ggccctggat gccatgaggg acctggetca 1200
gtgcgtgaac gaggtcaagce gagacaacga gacactgcga cagatcacca atttccaget 1260
gtccattgag aacctggacce agtctetgge tcactatgge cggeccaaga tcgacgggga 1320
actcaagatc accteggtgg aacggegetce caagatggac aggtatgecct tcctgetega 1380
caaagctcta ctcatctgta agecgecagggg agactcctat gacctcaagg actttgtaaa 1440

cctgecacage ttccaggtte gggatgactce ttcaggagac cgagacaaca agaagtggag 1500
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ccacatgtte ctcctgatcqg aggaccaagq tgcccaggge tatgagetgt tcttcaagac 1560
aagagaattg aagaagaagt ggatggagca gtttgagatg gccatctcca acatctatcce 1620
ggagaatgcc accgccaacq ggcatgactt ccagatgtte tcetttgagg agaccacatce 1680
ctgcaaggcce tgtcagatge tgocttagagg taccttctat cagggectace getgecateg 1740
gtgccegggca tctgeacaca aggagtgtet ggggagggte cctecatgtg gecgacatgg 1800
gcaagatttc ccaggaacta tgaagaagga caaactacat cgcagggctc aggacaaaaa 1860
gaggaatgag ctgggtctge ccaagatgga ggtgtttcag gaatactacqg ggettecctece 1920
accccctgga gccattggac cctttcetacqg getcaaccet ggagacattg tggagetcac 1980
gaaggctgag gctgaacaga actggtggga gggcagaaat acatctacta atgaaattgg 2040
ctggtttcct tgtaacagqgg tgaagcccta tgtccatgge cctectecagg acctgtetgt 2100
tcatctctgg tacgcaggcc ccatggagcg ggcaggggca gagagcatcc tggccaaccg 2160
ctcggacggg actttettqgg tgeoggcagag ggtgaaggat gcagcagaat ttgccatcag 2220
cattaaatat aacgtcgagg tcaagcacat taaaatcatg acagcagaag gactgtaccg 2280
gatcacagag aaaaaggctt tccggggget tacggagetg gtggagtttt accagcagaa 2340
ctetetaaag gattgettea agtetetgga caccaccettg cagtteccet tcaaggagece 2400
tgaaaagaga accatcagca ggccagcagt gggaagcaca aagtattttg gcacagccaa 2460
agcocgetat gacttetgeg cecgagaceq atcagagetyg tegetcaagg agggtgacat 2520
catcaagate cttaacaaga agggacagca aggctggtgg cgaggggaga tctatggecyg 2580
ggttggetgyg ttecetgeca actacgtgga ggaagattat tetgaatact getgagecet 2640
ggtgeettgg cagagagacg agaaactcca ggctetgage cceggegtggg caggcagegyg 2700
agccagggge tgtgacaget cccggegggt ggagactttg ggatggactg gaggagegeca 2760
gegtecaget ggeggtgete cegggatgtg cectgacatg gttaatttat aacaccecga 2820
tttoctettg ggtecccctca agcagacggg getcaagggg gttacattta ataaaaggat 2880
gaagatgg 2888
<210> SEQ ID NO 4

<211> LENGTH: 845

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 4

Met Glu Leu Trp Arg Gln Cys Thr His Trp Leu Ile Gln Cys Arg Val
1 5 10 15

Leu Pro Pro Ser His Arg Val Thr Trp Asp Gly Ala Gln Val Cys Glu
20 25 30

Leu Ala Gln Ala Leu Arg Asp Gly Val Leu Leu Cys Gln Leu Leu Asn
Asn Leu Leu Pro His Ala Ile Asn Leu Arg Glu Val Asn Leu Arg Pro
50 55 60

Gln Met Ser Gln Phe Leu Cys Leu Lys Asn Ile Arg Thr Phe Leu Ser
65 70 75 80

Thr Cys Cys Glu Lys Phe Gly Leu Lys Arg Ser Glu Leu Phe Glu 2la
85 90 95

Phe Asp Leu Phe Asp Val Gln Asp Phe Gly Lys Val Ile Tyr Thr Leu
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100 105 110

Ser Ala Leu Ser Trp Thr Pro Ile Ala Gln Asn Arg Gly Ile Met Pro
115 120 125

Phe Pro Thr Glu Glu Glu Ser Val Gly Asp Glu Asp Ile Tyr Ser Gly
130 135 140

Leu Ser Asp Gln Ile Asp Asp Thr Val Glu Glu Asp Glu Asp Leu Tyr
145 150 155 160

Asp Cys Val Glu Asn Glu Glu Ala Glu Gly Asp Glu Ile Tyr Glu Asp
165 170 175

Leu Met Arg Ser Glu Pro Val Ser Met Pro Pro Lys Met Thr Glu Tyr
180 185 190

Asp Lys Arg Cys Cys Cys Leu Arg Glu Ile Gln Gln Thr Glu Glu Lys
195 200 205

Tyr Thr Asp Thr Leu Gly Ser Ile Gln Gln His Phe Leu Lys Pro Leu
210 215 220

Gln Arg Phe Leu Lys Pro Gln Asp Ile Glu Ile Ile Phe Ile Asn Ile
225 230 235 240

Glu Asp Leu Leu Arg Val His Thr His Phe Leu Lys Glu Met Lys Glu
245 250 255

Ala Leu Gly Thr Pro Gly Ala Ala Asn Leu Tyr Gln Val Phe Ile Lys
260 265 270

Tyr Lys Glu Arg Phe Leu Val Tyr Gly Arg Tyr Cys Ser Gln Val Glu
275 280 285

Ser Ala Ser Lys His Leu Asp Arg Val Ala Ala Ala Arg Glu Asp Val
290 295 300

Gln Met Lys Leu Glu Glu Cys Ser Gln Arg Ala Asn Asn Gly Arg Phe
305 310 315 320

Thr Leu Arg Asp Leu Leu Met Val Pro Met Gln Arg Val Leu Lys Tyr
325 330 335

His Leu Leu Leu Gln Glu Leu Val Lys His Thr Gln Glu Ala Met Glu
340 345 350

Lys Glu Asn Leu Arg Leu Ala Leu Asp Ala Met Arg Asp Leu Ala Gln
355 360 365

Cys Val Asn Glu Val Lys Arg Asp Asn Glu Thr Leu Arg Gln Ile Thr
370 375 380

Asn Phe Gln Leu Ser Ile Glu Asn Leu Asp Gln Ser Leu Ala His Tyr
385 390 395 400

Gly Arg Pro Lys Ile Asp Gly Glu Leu Lys Ile Thr Ser Val Glu Arg
405 410 415

Arg Ser Lys Met Asp Arg Tyr Ala Phe Leu Leu Asp Lys Ala Leu Leu
420 425 430

Ile Cys Lys Arg Arg Gly Asp Ser Tyr Asp Leu Lys Asp Phe Val Asn
435 440 445

Leu His Ser Phe Gln Val Arg Asp Asp Ser Ser Gly Asp Arg Asp Asn
450 455 460

Lys Lys Trp Ser His Met Phe Leu Leu Ile Glu Asp Gln Gly Ala Gln
465 470 475 480

Gly Tyr Glu Leu Phe Phe Lys Thr Arg Glu Leu Lys Lys Lys Trp Met
485 490 495

Glu Gln Phe Glu Met Ala Ile Ser Asn Ile Tyr Pro Glu Asn Ala Thr
500 505 510
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Ala Asn Gly His Asp Phe Gln Met Phe Ser Phe Glu Glu Thr Thr Ser
515 520 525

Cys Lys Ala Cys Gln Met Leu Leu Arg Gly Thr Phe Tyr Gln Gly Tyr
530 535 540

Arg Cys His Arg Cys Arg Ala Ser Ala His Lys Glu Cys Leu Gly Arg
545 550 555 560

Val Pro Pro Cys Gly Arg His Gly Gln Asp Phe Pro Gly Thr Met Lys
565 570 575

Lys Asp Lys Leu His Arg Arg Ala Gln Asp Lys Lys Arg Asn Glu Leu
580 585 590

Gly Leu Pro Lys Met Glu Val Phe Gln Glu Tyr Tyr Gly Leu Prc Pro
595 600 605

Pro Pro Gly Ala Ile Gly Pro Phe Leu Arg Leu Asn Pro Gly Asp Ile
610 615 620

Val Glu Leu Thr Lys Ala Glu Ala Glu Gln Asn Trp Trp Glu Gly Arg
625 630 635 640

Asn Thr Ser Thr Asn Glu Ile Gly Trp Phe Pro Cys Asn Arg Val Lys
645 650 655

Pro Tyr Val His Gly Pro Pro Gln Asp Leu Ser Val His Leu Trp Tyr
660 665 670

Ala Gly Pro Met Glu Arg Ala Gly Ala Glu Ser Ile Leu Ala Asn Arg
675 680 685

Ser Asp Gly Thr Phe Leu Val Arg Gln Arg Val Lys Asp Ala Ala Glu
690 695 700

Phe Ala Ile Ser Ile Lys Tyr Asn Val Glu Val Lys His Ile Lys Ile
705 710 715 720

Met Thr Ala Glu Gly Leu Tyr Arg Ile Thr Glu Lys Lys Ala Phe Arg
725 730 735

Gly Leu Thr Glu Leu Val Glu Phe Tyr Gln Gln Asn Ser Leu Lys Asp
740 745 750

Cys Phe Lys Ser Leu Asp Thr Thr Leu Gln Phe Pro Phe Lys Glu Pro
755 760 765

Glu Lys Arg Thr Ile Ser Arg Pro Ala Val Gly Ser Thr Lys Tyr Phe
770 775 780

Gly Thr Ala Lys Ala Arg Tyr Asp Phe Cys Ala Arg Asp Arg Ser Glu
785 790 795 800

Leu Ser Leu Lys Glu Gly Asp Ile Ile Lys Ile Leu Asn Lys Lys Gly
805 810 815

Gln Gln Gly Trp Trp Arg Gly Glu Ile Tyr Gly Arg Val Gly Trp Phe
820 825 830

Pro Ala Asn Tyr Val Glu Glu Asp Tyr Ser Glu Tyr Cys
835 840 845

<210> SEQ ID NO 5

<211> LENGTH: 4276

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 5

ccacgogtee googegeoge ccgeageccoe cteoeoggece tgeageccoct gggogggegg 60

cgecectegg aggacggetce cgggeccggg gggacggagg gectggtcege ctggaggaag 120
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ccggaggcct gcgtggagga ggcgccccge gcagctgget ggcggagcat gagcgcccca 180
gatcccaage actgcaagtc cagatgcaac gggagcctgg ctcaagggac gacaagatcc 240
agccggaaag tgtagaagtc acaccccaat ggcgggatag cagcccectgt gtgtgagcac 300
cccteccatge caggaggagg gccagagatg gatgactaca tggagacgct gaaggatgaa 360
gaggacgcct tgtgggagaa tgtggagtgt aaccggcaca tgctcagccg ctatatcaac 420
cctgccaage tcacgcccta cctgecgtcag tgtaaggtca ttgatgagca ggatgaagat 480
gaagtgctta atgcccctat gctgccatcc aagatcaacc gagcaggccg gctgttggac 540
attctacata ccaaggggca aaggggctat gtggtcttct tggagagcct agaattttat 600
tacccagaac tgtacaaact ggtgactggg aaagagccca ctcggagatt ctccaccatt 660
gtggtggagg aaggccacga gggcctcacg cacttcctga tgaacgaggt catcaagctg 720
cagcagcaga tgaaggccaa ggacctgcaa cgctgcgage tgctggccag gttgcggcag 780
ctggaggatg agaagaagca gatgacgctg acgcgcgtgg agctgctaac cttccaggag 840
cggtactaca agatgaagga agagcgggac agctacaatg acgagctggt caaggtgaag 900
gacgacaact acaacttage catgegetac gcacagetca gtgaggagaa gaacatggeg 960
gtcatgagga gccgagacct ccaactcgag atcgatcage taaagcaccqg gttgaataag 1020
atggaggagg aatgtaaget ggagagaaat cagtctetaa aactgaagaa tgacattgaa 1080
aatcggecca agaaggagca ggttetggaa ctggageggg agaatgaaat getgaagace 1140
aaaaaccagq agctgcagte catcatccag gecgggaage gcagectgcee agactcagac 1200
aaggccatce tggacatcett ggaacacgac cgcaaggagg ccctggagga caggcaggag 1260
ctggtcaaca ggatctacaa cctgecaggag gaggeccgee aggcagagga gctgcgagac 1320
aagtacctgq aggagaagga ggacctggag ctcaagtget cgaccctggg aaaggactgt 1380
gaaatgtaca agcaccgcat gaacacggte atgetgecage tggaggaggt ggagcgggag 1440
cgggaccagqg ccttecacte ccgagatgaa getcagacac agtactegea gtgettaate 1500
gaaaaggaca agtacaggaa gcagatccge gagetggagg agaagaacga cgagatgagg 1560
atcgagatgg tgcggcggga ggcctgcatce gtcaacctgg agagcaaget gecggcgecte 1620
tccaaggaca gcaacaacct ggaccagagt ctgcccagga acctgccagt aaccatcatce 1680
tetcaggact ttggggatge cageccccagg accaatggte aagaagetga cgattettece 1740
acctcggagg agtcacctga agacagcaag tacttcectge cctaccatce geccccagege 1800
aggatgaacc tgaagggcat ccagctgcag agagccaaat cccccatcag cctgaagcga 1860
acatcagatt ttcaagccaa ggggcacgag gaagaaggca cggacgccag ccctagetce 1920
tgcggatcte tgcccatcac ceactcette accaagatge agecccccceg gagccgeagce 1980
agcatcatgt caatcaccgc cgagcccccg ggaaacgact ccatcgtcag acgctacaag 2040
gaggacgcge cccatcgcag cacagtcgaa gaagacaatg acageggcgg gtttgacgec 2100
ttagatctgg atgatgacag tcacgaacgc tactcctteg gaccetccte catccactece 2160
tecctectect ceccaccaate cgagggectg gatgectacg acctggageca ggtcaaccte 2220
atgttcagga agttectectct ggaaagaccce ttccggectt cggtcaccte tgtggggeac 2280
gtgcggggee cagggeccte ggtgcagcac acgacgctga atggcgacag cctcacctec 2340

cagctcacce tgetgggggg caacgcgcga gggagettceg tgcacteggt caagectgge 2400
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tetetggecg agaaagcecgg cctccegtgag ggccaccage tgetgetget agaaggetge 2460
atccgaggeg agaggcagag tgtccegttg gacacatgca ccaaagagga agcccactgg 2520
accatccaga ggtgcagcgg ccccgtcacg ctgcactaca aggtcaacca cgaagggtac 2580
cggaagctgg tgaaggacat ggaggacggc ctgatcacat cgggggactce gttctacatce 2640
cggoctgaacce tgaacatctc cagccagetg gacgccoctgea ccatgtecct gaagtgtgac 2700
gatgttgtge acgtccgtga caccatgtac caggacagge acgagtgget gtgcgegegg 2760
gtcgacccett tcacagacca tgacctggat atgggcacca tacccageta cagccgagec 2820
cagcagctce tcctggtgaa actgcagcge ctgatgcacc gaggcagccg ggaggaggta 2880
gacggcaccc accacaccct gcgggcactc cggaacaccc tgcagccgga agaagcgctt 2940
tcaacaagcg acccccegggt cagccccegt ctctcgegag caagettcct ttttggecag 3000
ctcottcagt tcgtcagecag gtccgagaac aagtataage ggatgaacag caacgagegg 3060
gtcocgeatca tcetcggggag tccgetaggg agectggece ggtecteget ggacgecacce 3120
aagctcttga ctgagaagca ggaagagctg gaccctgaga gcgagctggg caagaacctc 3180
agccteatee cctacagect ggtacgegee ttetactgeg agegecgecq geccgtgete 3240
ttcacaccca ccgtgetgge caagacgctg gtgcagagge tgctcaactc gggaggtgece 3300
atggagttca ccatetgeaa gtcagatate gtcacaagag atgagttect cagaaggeag 3360
aagacggaga ccatcatcta ctecccgagag aagaacccca acgegttega atgecategee 3420
cetgecaaca ttgaagetgt ggecgecaaq aacaageact gectgetgga ggetgggate 3480
ggctgcacaa gagacttgat caagtccaac atctacceca tegtgetett cateegggtyg 3540
tgtgagaaga acatcaagag gttcagaaag ctgectgecece ggectgagac ggaggaggaqg 3600
ttectgegeg tgtgecgget gaaggagaag gagetggagg ccetgeegtg cetgtacgece 3660
acggtggaac ctgacatgtg gggcagegta gaggagetge teegegttgt caaggacaag 3720
atcggcgagg agcagcgcaa gaccatctgg gtggacgagg accagetgtg aggcgggege 3780
cetgggeaga gagactetgt ggegegggge atcctatgag geaggeacee tgggcagaga 3840
gatgcagtgg gtgcgggggg atcctgtgge ccacagaget gecccageag acgctecgece 3900
ccacceggtg atggagecee ggggggacag tegtgeetgg ggaggageag ggtacagece 3960
attcccccag ccetggetga cectggectag cagtttggee ctgetggect tagecagggag 4020
acaggggagc aaagaacgcc aagccggagg cccgaggcca gocggectet cgagagecag 4080
agcagcagtt gaatgtaatg ctggggacag gcatgctgcce gccagtaggg cggggacccg 4140
gacagccagg tgactaccag tcctggggac acactcacca taaacacatc cccaggcagg 4200
acagatcggg gaaggggtgt gtaccagget atgatttctce ttgcattaaa atgtattatt 4260
aaaaaaaaaa aaaaaa 4276
<210> SEQ ID NO 6

<211> LENGTH: 1147

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 6

Met Asp Asp Tyr Met Glu Thr Leu Lys Asp Glu Glu Asp Ala Leu Trp
1 5 10 15

Glu Asn Val Glu Cys Asn Arg His Met Leu Ser Arg Tyr Ile Asn Pro
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20 25 30

Ala Lys Leu Thr Pro Tyr Leu Arg Gln Cys Lys Val Ile Asp Glu Gln
35 40 45

Asp Glu Asp Glu Val Leu Asn Ala Pro Met Leu Pro Ser Lys Ile Asn
50 55 60

Arg Ala Gly Arg Leu Leu Asp Ile Leu His Thr Lys Gly Gln Arg Gly
65 70 75 80

Tyr Val Val Phe Leu Glu Ser Leu Glu Phe Tyr Tyr Pro Glu Leu Tyr
Lys Leu Val Thr Gly Lys Glu Pro Thr Arg Arg Phe Ser Thr Ile Val
100 105 110

Val Glu Glu Gly His Glu Gly Leu Thr His Phe Leu Met Asn Glu Val
115 120 125

Ile Lys Leu Gln Gln Gln Met Lys Ala Lys Asp Leu Gln Arg Cys Glu
130 135 140

Leu Leu Ala Arg Leu Arg Gln Leu Glu Asp Glu Lys Lys Gln Met Thr
145 150 155 160

Leu Thr Arg Val Glu Leu Leu Thr Phe Gln Glu Arg Tyr Tyr Lys Met
165 170 175

Lys Glu Glu Arg Asp Ser Tyr Asn Asp Glu Leu Val Lys Val Lys Asp
180 185 190

Asp Asn Tyr Asn Leu Ala Met Arg Tyr Ala Gln Leu Ser Glu Glu Lys
195 200 205

Asn Met Ala Val Met Arg Ser Arg Asp Leu Gln Leu Glu Ile Asp Gln
210 215 220

Leu Lys His Arg Leu Asn Lys Met Glu Glu Glu Cys Lys Leu Glu Arg
225 230 235 240

Asn Gln Ser Leu Lys Leu Lys Asn Asp Ile Glu Asn Arg Pro Lys Lys
245 250 255

Glu Gln Val Leu Glu Leu Glu Arg Glu Asn Glu Met Leu Lys Thr Lys
260 265 270

Asn Gln Glu Leu Gln Ser Ile Ile Gln Ala Gly Lys Arg Ser Leu Pro
275 280 285

Asp Ser Asp Lys Ala Ile Leu Asp Ile Leu Glu His Asp Arg Lys Glu
290 295 300

Ala Leu Glu Asp Arg Gln Glu Leu Val Asn Arg Ile Tyr Asn Leu Gln
305 310 315 320

Glu Glu Ala Arg Gln Ala Glu Glu Leu Arg Asp Lys Tyr Leu Glu Glu
325 330 335

Lys Glu Asp Leu Glu Leu Lys Cys Ser Thr Leu Gly Lys Asp Cys Glu
340 345 350

Met Tyr Lys His Arg Met Asn Thr Val Met Leu Gln Leu Glu Glu Val
355 360 365

Glu Arg Glu Arg Asp Gln Ala Phe His Ser Arg Asp Glu Ala Gln Thr
370 375 380

Gln Tyr Ser Gln Cys Leu Ile Glu Lys Asp Lys Tyr Arg Lys Gln Ile
385 390 395 400

Arg Glu Leu Glu Glu Lys Asn Asp Glu Met Arg Ile Glu Met Val Arg
405 410 415

Arg Glu Ala Cys Ile Val Asn Leu Glu Ser Lys Leu Arg Arg Leu Ser
420 425 430
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Lys Asp Ser Asn Asn Leu Asp Gln Ser Leu Pro Arg Asn Leu Pro Val
435 440 445

Thr Ile Ile Ser Gln Asp Phe Gly Asp Ala Ser Pro Arg Thr Asn Gly
450 455 460

Gln Glu Ala Asp Asp Ser Ser Thr Ser Glu Glu Ser Pro Glu Asp Ser
465 470 475 480

Lys Tyr Phe Leu Pro Tyr His Pro Pro Gln Arg Arg Met Asn Leu Lys
485 490 495

Gly Ile Gln Leu Gln Arg Ala Lys Ser Pro Ile Ser Leu Lys Arg Thr
500 505 510

Ser Asp Phe Gln Ala Lys Gly His Glu Glu Glu Gly Thr Asp Ala Ser
515 520 525

Pro Ser Ser Cys Gly Ser Leu Pro Ile Thr Asn Ser Phe Thr Lys Met
530 535 540

Gln Pro Pro Arg Ser Arg Ser Ser Ile Met Ser Ile Thr Ala Glu Pro
545 550 555 560

Pro Gly Asn Asp Ser Ile Val Arg Arg Tyr Lys Glu Asp Ala Pro His
565 570 575

Arg Ser Thr Val Glu Glu Asp Asn Asp Ser Gly Gly Phe Asp Ala Leu
580 585 590

Asp Leu Asp Asp Asp Ser His Glu Arg Tyr Ser Phe Gly Pro Ser Ser
595 600 605

Ile His Ser Ser Ser Ser Ser His Gln Ser Glu Gly Leu Asp Ala Tyr
610 615 620

Asp Leu Glu Gln Val Asn Leu Met Phe Arg Lys Phe Ser Leu Glu Arg
625 630 635 640

Pro Phe Arg Pro Ser Val Thr Ser Val Gly His Val Arg Gly Pro Gly
645 650 655

Pro Ser Val Gln His Thr Thr Leu Asn Gly Asp Ser Leu Thr Ser Gln
660 665 670

Leu Thr Leu Leu Gly Gly Asn Ala Arg Gly Ser Phe Val His Ser Val
675 680 685

Lys Pro Gly Ser Leu Ala Glu Lys Ala Gly Leu Arg Glu Gly His Gln
690 695 700

Leu Leu Leu Leu Glu Gly Cys Ile Arg Gly Glu Arg Gln Ser Val Pro
705 710 715 720

Leu Asp Thr Cys Thr Lys Glu Glu Ala His Trp Thr Ile Gln Arg Cys
725 730 735

Ser Gly Pro Val Thr Leu His Tyr Lys Val Asn His Glu Gly Tyr Arg
740 745 750

Lys Leu Val Lys Asp Met Glu Asp Gly Leu Ile Thr Ser Gly Asp Ser
755 760 765

Phe Tyr Ile Arg Leu Asn Leu Asn Ile Ser Ser Gln Leu Asp Ala Cys
770 775 780

Thr Met Ser Leu Lys Cys Asp Asp Val Val His Val Arg Asp Thr Met
785 790 795 800

Tyr Gln Asp Arg His Glu Trp Leu Cys Ala Arg Val Asp Pro Phe Thr
805 810 815

Asp His Asp Leu Asp Met Gly Thr Ile Pro Ser Tyr Ser Arg Ala Gln
820 825 830
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Gln Leu Leu Leu Val Lys Leu Gln Arg Leu Met His Arg Gly Ser Arg
835 840 845

Glu Glu Val Asp Gly Thr His His Thr Leu Arg Ala Leu Arg Asn Thr
850 855 860

Leu Gln Pro Glu Glu Ala Leu Ser Thr Ser Asp Pro Arg Val Ser Pro
865 870 875 880

Arg Leu Ser Arg Ala Ser Phe Leu Phe Gly Gln Leu Leu Gln Phe Val
885 890 895

Ser Arg Ser Glu Asn Lys Tyr Lys Arg Met Asn Ser Asn Glu Arg Val
900 905 910

Arg Ile Ile Ser Gly Ser Pro Leu Gly Ser Leu Ala Arg Ser Ser Leu
915 920 925

Asp Ala Thr Lys Leu Leu Thr Glu Lys Gln Glu Glu Leu Asp Pro Glu
930 935 940

Ser Glu Leu Gly Lys Asn Leu Ser Leu Ile Pro Tyr Ser Leu Val Arg
945 950 955 960

Ala Phe Tyr Cys Glu Arg Arg Arg Pro Val Leu Phe Thr Pro Thr Val
965 970 975

Leu Ala Lys Thr Leu Val Gln Arg Leu Leu Asn Ser Gly Gly Ala Met
980 985 990

Glu Phe Thr Ile Cys Lys Ser Asp Ile Val Thr Arg Asp Glu Phe Leu
995 1000 1005

Arg Arg Gln Lys Thr Glu Thr Ile Ile Tyr Ser Arg Glu Lys Asn Pro
1010 1015 1020

Asn Ala Phe Glu Cys Ile Ala Pro Ala Asn Ile Glu Ala Val Ala Ala
1025 1030 1035 1040

Lys Asn Lys His Cys Leu Leu Glu Ala Gly Ile Gly Cys Thr Arg Asp
1045 1050 1055

Leu Ile Lys Ser Asn Ile Tyr Pro Ile Val Leu Phe Ile Arg Val Cys
1060 1065 1070

Glu Lys Asn Ile Lys Arg Phe Arg Lys Leu Leu Pro Arg Pro Glu Thr
1075 1080 1085

Glu Glu Glu Phe Leu Arg Val Cys Arg Leu Lys Glu Lys Glu Leu Glu
1090 1095 1100

Ala Leu Pro Cys Leu Tyr Ala Thr Val Glu Pro Asp Met Trp Gly Ser
1105 1110 1115 1120

Val Glu Glu Leu Leu Arg Val Val Lys Asp Lys Ile Gly Glu Glu Gln
1125 1130 1135

Arg Lys Thr Ile Trp Val Asp Glu Asp Gln Leu
1140 1145

<210> SEQ ID NO 7

<211> LENGTH: 2809

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 7

tttttttttt tttttgettt ccegtttett aaacattgge gttcccaagt ttetecttgg 60
teccteoctgte atttttatct actctegtag cttcaaatac catctagttt atagtttatt 120

tagcatgttg tccaagccac cgtcttggge ccagggetet acctgtaget tttcatccac 180

acttctcagg ttgcttetta cacagcgcca tagtagttaa aatacggtct ggggatagtce 240
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gtctcttcat cagtctccce cgacgacctg cgcaggcgtg gcttgaggaa acgcccgcetg 300
tgggcggagce cacccgaaag gctccggtcg ggggcgggaa caggatcggce ccgcgggcetg 360
gcgtcgatag gctgeccgcag agacagggcg ggctctgeta agggacgcge ctcgeccgtgg 420
ggcggtgcct gecgectgage ctctacgaga gggaaggaac gctgectccga gctccgegtce 480
gcgtcgegta gattegegte gcegtcgacce tcagaggcgg ggccggaage gctacggttt 540
gacccccgag tccctectgtt ccecgaagggg cggecgtett tctcccgacce cgecteccgect 600
ccteotectte tteccecatta ccecggaggec gaagceccccca gccagggcegg ggcggcgcag 660
cccgagctce cggacccgga agaagcgcca tctcccgecct ccaccatgga gcccaccgca 720
ccgtccctca ccgaggagga cctcactgaa gtgaagaagg acgccttaga aaatttacgt 780
gtatacctgt gtgagaaaat catagctgag agacattttg atcatctacg tgcaaaaaaa 840
atactcagta gagaagacac tgaagaaatt tcttgtcgaa catcaagtag aaaaagggct 900
ggaaaattgt tagactactt acaggaaaac ccaaaaggtc tggacaccct tgttgaatct 960
attcggcgag aaaaaacaca gaacttcctg atacagaaga ttacagatga agtgctgaaa 1020
cttagaaata taaaactaga acatctgaaa ggactaaaat gtageagttg tgaacctttt 1080
ccagatggag ccacgaacaa cctctccaga tcaaattcag atgagagtaa tttctctgaa 1140
aaactgaggg catccactqgt catgtaccat ccagaaggag aatccageac gacgeccettt 1200
ttttetacta attettetet gaatttgect gttetagaag taggcagaac tgaaaatace 1260
atcttetett caactacact teccagacet ggggacccag gggetectee tttgecacca 1320
gatctacagt tagaagaaga aggaacttgt geaaacteta gtgagatgtt tettecctta 1380
agatcacgta ctgtttcacqg acaatgacac tttattgeet tttaattttt aatgatgaca 1440
aaaaatgttt taaagaatat gactttttat aaaatggetyg taatcatttg tttacatttg 1500
atgcatgtet tttaaaatqge aatgtaagea tactttgtaa ataggatttt tagaattaaa 1560
aaagcatact tctaggatag ctaactgtaa atcatgttga tcatgtactt tttagtaatt 1620
tettttttte ctttttaagg tetttcagta cttttttaaa tattttetat tttaagactg 1680
attttaatag ggaatatatc tctatttgag aatagaccet tactaggaag aacgtttttt 1740
cctocagtgea tttgtgetag aaattttcaa gagtctaata gtetttgeca gteattecage 1800
agcaaatttt cagcattaag ctgttcetgt tcagtaataa aaccggtecac tgatgggaaa 1860
actgccaata tagaaaaata aaaatctett tteccacteca ttgtegtata ggeatgtaaa 1920
cagcctettt ttgatactgg aggaacactt gatggagtgt gagccaccta agatcteggt 1980
ttgccaaaat tcatttctaa ttaaccttac taattatact actttgttag gattttcaca 2040
ttecttggett aatcattttc attcctaaag aaaaatatct tggecetaaac ctcagttatt 2100
acatgtaatt tgatgaggta ttttttcctt ttttettttt tttttttttg agacagtett 2160
gctetatege ccaggetgga gtgcagtgge gecattctagg ctcactgecaa cttetgecte 2220
ccatgcttac gtgatcctct cacctcagece tctcaagtaa tatagectgag actacaagtg 2280
tgtgccacca tgectcacta atttttgtat tatttttgta gagacggtgt tttgecatgt 2340
tggccagget ggtcttgaac tceotggactce aagcaaccta cccagegtgg cctcccaaag 2400
tgctgggatt acagacacga gccacctcac ctagecctgat gagattttta aaaaatattt 2460

toctotgtact tttcattete ttttaatgag gaccaatgta cagttgaaat aactggaaca 2520
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aattattttt ggtgtgtgtg acaattctgt ttttaatget atttgaacaa gtgggccatt 2580
agccagattt gtctttttqgt tgtaaaacaa aatttgacta attttacatg tttataaatc 2640
ttatgctete actgtttgtt tttatttaaa ttacaatttt atctgtttcc tgacattgte 2700
tcctatatat ttctattatt aattgcaaaa acatagaaat ggaaattttg ctatcaacaa 2760
taaaattttt ttaaagtaaa acaaaaaaaa aaaaaaaaaa aaaaaaaaa 2809
<210> SEQ ID NO 8

<211> LENGTH: 233

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 8

Met Glu Pro Thr Ala Pro Ser Leu Thr Glu Glu Asp Leu Thr Glu Val
1 5 10 15

Lys Lys Asp Ala Leu Glu Asn Leu Arg Val Tyr Leu Cys Glu Lys Ile
20 25 30

Ile Ala Glu Arg His Phe Asp His Leu Arg Ala Lys Lys Ile Leu Ser
35 40 45

Arg Glu Asp Thr Glu Glu Ile Ser Cys Arg Thr Ser Ser Arg Lys Arg
Ala Gly Lys Leu Leu Asp Tyr Leu Gln Glu Asn Pro Lys Gly Leu Asp
65 70 75 80

Thr Leu Val Glu Ser Ile Arg Arg Glu Lys Thr Gln Asn Phe Leu Ile
85 90 95

Gln Lys Ile Thr Asp Glu Val Leu Lys Leu Arg Asn Ile Lys Leu Glu
100 105 110

His Leu Lys Gly Leu Lys Cys Ser Ser Cys Glu Pro Phe Pro Asp Gly
115 120 125

Ala Thr Asn Asn Leu Ser Arg Ser Asn Ser Asp Glu Ser Asn Phe Ser
130 135 140

Glu Lys Leu Arg Ala Ser Thr Val Met Tyr His Pro Glu Gly Glu Ser
145 150 155 160

Ser Thr Thr Pro Phe Phe Ser Thr Asn Ser Ser Leu Asn Leu Pro Val
165 170 175

Leu Glu Val Gly Arg Thr Glu Asn Thr Ile Phe Ser Ser Thr Thr Leu
180 185 190

Pro Arg Pro Gly Asp Pro Gly Ala Pro Pro Leu Pro Pro Asp Leu Gln
195 200 205

Leu Glu Glu Glu Gly Thr Cys Ala Asn Ser Ser Glu Met Phe Leu Pro
210 215 220

Leu Arg Ser Arg Thr Val Ser Arg Gln
225 230

<210> SEQ ID NO 9

<211> LENGTH: 1550

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 9

tgoogecogte ceogocogeca gogocccage gaggaagcag cgogecagecoc goggeccage 60

gcacccgcag cagcgeccge agctcgteeg cgeccatgtte caggeggcecg agcgeccccca 120

ggagtgggce atggagggcc cccgcgacgg goctgaagaag gagcggctac tggacgaccg 180
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ccacgacagc ggcctggact ccatgaaaga cgaggagtac gagcagatgg tcaaggagct 240
gcaggagatc cgcctcgage cgcaggaggt gccgcgcgge tcggagccct ggaagcagca 300
gctcaccgag gacggggact cgttcctgeca cttggccatce atccatgaag aaaaggcact 360
gaccatggaa gtgatccgcc aggtgaaggg agacctggct ttcctcaact tccagaacaa 420
cctgcagcag actccactcc acttggctgt gatcaccaac cagccagaaa ttgctgaggce 480
acttctggga gctggctgtg atcctgaget ccgagacttt cgaggaaata cccccctaca 540
ccttgcctgt gagcagggct gcctggccag cgtgggagtce ctgactcagt cctgcaccac 600
cccgcaccte cactccatce tgaaggctac caactacaat ggccacacgt gtctacactt 660
agcctctate catggctacc tgggcatcgt ggagettttg gtgteccttgg gtgctgatgt 720
caatgctcag gagccctgta atggccggac tgcccttcac ctcgecagtgg acctgcaaaa 780
tcctgacctg gtgtcactcc tgttgaagtg tggggctgat gtcaacagag ttacctacca 840
gggctattct ccctaccage tcacctgggg ccgecccaage acccggatac agcagcaget 900
gggccagctg acactagaaa accttcagat gctgccagag agtgaggatg aggagagcta 960
tgacacagag tcagagttca cggagttcac agaggacgag ctgccctatg atgactgtgt 1020
gtttggagge cagegtetga cgttatgagt geaaagggge tgaaagaaca tggacttgta 1080
tatttgtaca aaaaaaaagt tttatttttc taaaaaaaga aaaaagaaga aaaaatttaa 1140
agggtgtact tatatccaca ctgeacactg cctageccaa aacgtettat tgtggtagga 1200
tecagecctea ttttgttget tttgtgaact ttttgtaggy gacgagaaag atcattgaaa 1260
ttetgagaaa acttetttta aacctcacet ttgtggggtt tttggagaag gttatcaaaa 1320
atttcatgga aggaccacat tttatattta ttgtgetteg agtgactgac cccagtggta 1380
tectgtgaca tgtaacagec aggagtgtta agegttcagt gatgtggggt gaaaagttac 1440
tacctgteaa ggtttgtgtt accctectgt aaatggtgta cataatgtat tgttggtaat 1500
tattttggta cttttatgat gtatatttat taaagagatt tttacaaatg 1550
<210> SEQ ID NO 10

<211> LENGTH: 317

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 10

Met Phe Gln Ala Ala Glu Arg Pro Gln Glu Trp Ala Met Glu Gly Pro
1 5 10 15

Arg Asp Gly Leu Lys Lys Glu Arg Leu Leu Asp Asp Arg His Asp Ser
20 25 30

Gly Leu Asp Ser Met Lys Asp Glu Glu Tyr Glu Gln Met Val Lys Glu
35 40 45

Leu Gln Glu Ile Arg Leu Glu Pro Gln Glu Val Pro Arg Gly Ser Glu
50 55 60

Pro Trp Lys Gln Gln Leu Thr Glu Asp Gly Asp Ser Phe Leu His Leu
65 70 75 80

Ala Ile Ile His Glu Glu Lys Ala Leu Thr Met Glu Val Ile Arg Gln
85 90 95

Val Lys Gly Asp Leu Ala Phe Leu Asn Phe Gln Asn Asn Leu Gln Gln
100 105 110
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Thr Pro Leu His Leu Ala Val Ile Thr Asn Gln Pro Glu Ile Ala Glu
115 120 125

Ala Leu Leu Gly Ala Gly Cys Asp Pro Glu Leu Arg Asp Phe Arg Gly
130 135 140

Asn Thr Pro Leu His Leu Ala Cys Glu Gln Gly Cys Leu Ala Ser Val
145 150 155 160

Gly Val Leu Thr Gln Ser Cys Thr Thr Pro His Leu His Ser Ile Leu
165 170 175

Lys Ala Thr Asn Tyr Asn Gly His Thr Cys Leu His Leu Ala Ser Ile
180 185 190

His Gly Tyr Leu Gly Ile Val Glu Leu Leu Val Ser Leu Gly Ala Asp
195 200 205

Val Asn Ala Gln Glu Pro Cys Asn Gly Arg Thr Ala Leu His Leu Ala
210 215 220

Val Asp Leu Gln Asn Pro Asp Leu Val Ser Leu Leu Leu Lys Cys Gly
225 230 235 240

Ala Asp Val Asn Arg Val Thr Tyr Gln Gly Tyr Ser Pro Tyr Gln Leu
245 250 255

Thr Trp Gly Arg Pro Ser Thr Arg Ile Gln Gln Gln Leu Gly Gln Leu
260 265 270

Thr Leu Glu Asn Leu Gln Met Leu Pro Glu Ser Glu Asp Glu Glu Ser
275 280 285

Tyr Asp Thr Glu Ser Glu Phe Thr Glu Phe Thr Glu Asp Glu Leu Pro
290 295 300

Tyr Asp Asp Cys Val Phe Gly Gly Gln Arg Leu Thr Leu
305 310 315

<210> SEQ ID NO 11

<211> LENGTH: 3625

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 11

ggccaccgga gcggeccgge gacgatcget gacageottce cctgecette cegteggteg 60
ggcogecage cgecgcagee ctoggectge acgoageocac cggecceget ceocggageca 120
agcgecgecg aggccgeage cgoccggeca gtaaggegge gocgecegeg goccaccegegg 180
gceetgecgt tccctecgee gegetgegece atggegegge getgactgge ctggceccgge 240
ccegeecgege tceegetege cccgaccege actegggece geccegggete cggectgecyg 300
ccgectette ctteteccage cggecaggece cgecgettag gagggagage ccacccgegce 360
caggaggccg aacgeggact cgccaccegg cttcagaatg gcagaagatg atccatattt 420
gggaaggcct gaacaaatgt ttcatttgga tccttetttg actcatacaa tatttaatcce 480
agaagtattt caaccacaga tggcactgcc aacagatgge ccataccttc aaatattaga 540
gcaacctaaa cagagaggat ttcgtttccg ttatgtatgt gaaggcccat cccatggtgg 600
actacctggt gecctectagtg aaaagaacaa gaagtcttac cctcaggtca aaatctgcaa 660
ctatgtggga ccagcaaagg ttattgttca gttggtcaca aatggaaaaa atatccacct 720
gcatgcccac agectggtgg gaaaacactg tgaggatggg atctgcactg taactgetgg 780
acccaaggac atggtggtcg gecttcgcaaa cctgggtata cttcatgtga caaagaaaaa 840

agtatttgaa acactggaag cacgaatgac agaggcgtgt ataaggggct ataatcctgg 900
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actcttggtg caccctgacc ttgcctattt gcaagcagaa ggtggagggg accggcaget 960
gggagatcgg gaaaaagagc taatccgcca agcagctctg cagcagacca aggagatgga 1020
cctocagegtg gtgeggetca tgtttacage ttttettecg gatagecactg gecagettcac 1080
aaggcgcctg gaacccgtgg tatcagacge catctatgac agtaaagcce ccaatgeatce 1140
caacttgaaa attgtaagaa tggacaggac agctggatgt gtgactggag gggaggaaat 1200
ttatcttett tgtgacaaag ttcagaaaga tgacatccag attcgatttt atgaagagga 1260
agaaaatggt ggagtctgqgg aaggatttgg agatttttce cccacagatg ttcatagaca 1320
atttgccatt gtcttcaaaa ctccaaagta taaagatatt aatattacaa aaccagecte 1380
tgtgtttgte cagcttecgga ggaaatctga cttggaaact agtgaaccaa aacctttect 1440
ctactatcct gaaatcaaag ataaagaaga agtgcagagg aaacgtcaga agctcatgec 1500
caatttttcg gatagtttcqg gcggtggtag tggtgccgga getggaggeg gaggecatgtt 1560
tggtagtgge ggtggaggag ggggcactgg aagtacaggt ccagggtata gcttcccaca 1620
ctatggattt cctacttatg gtgggattac tttccatcet ggaactacta aatctaatge 1680
tgggatgaag catggaacca tggacactga atctaaaaag gaccctgaag gttgtgacaa 1740
aagtgatgac aaaaacactqg taaacctett tgggaaagtt attgaaacca cagagcaaga 1800
tcaggagcce agcgaggcca ccgttgggaa tggtgaggtce actctaacgt atgcaacagg 1860
aacaaaagaa gagagtgetg gagttcagga taacctettt ctagagaagg ctatgeaget 1920
tgcaaagagg catgcecaatg ccettttega ctacgeggty acaggagacyg tgaagatget 1980
getggecegte cagegecate tcactgetgt geaggatgag aatggggaca gtgtettaca 2040
cttagcaate atccaccette attetcaact tgtgagggat ctactagaag tcacatetgg 2100
tttgatttet gatgacatta tcaacatgag aaatgatctg taccagacge ccttgeactt 2160
ggcagtgate actaageaqq aagatgtggt ggaggatttyg ctgagggety gggecgacet 2220
gagccttetg gaccgettqgg gtaactetgt tttgeaccta getgecaaag aaggacatga 2280
taaagttete agtatcttac tcaagcacaa aaaggcagca ctacttettg accaccccaa 2340
cggggacggt ctgaatgeca ttcatctage catgatgage aatageectge catgtttget 2400
gctgetggtg geegetgggg ctgacgtcaa tgetcaggag cagaagtccg ggecgcacage 2460
actgcacctg gctgtggage acgacaacat ctcattggea ggetgectge tcetggaggg 2520
tgatgcccat gtggacagta ctacctacga tggaaccaca ccectgeata tageagetgg 2580
gagagggtcc accaggctgg cagctcttet caaagrcagca ggagcagatc ccctggtgga 2640
gaactttgag cctctetatg acctggatga ctettgggaa aatgecaggag aggatgaagg 2700
agttgtgcet ggaaccacgce ctctagatat ggccaccage tggcaggtat ttgacatatt 2760
aaatgggaaa ccatatgagc cagagtttac atctgatgat ttactagcac aaggagacat 2820
gaaacagctg gctgaagatg tgaagctgca getgtataag ttactagaaa ttectgatce 2880
agacaaaaac tgggctactc tggcgcagaa attaggtctg gggatactta ataatgecett 2940
ccggetgagt cctgetcctt ccaaaacact tatggacaac tatgaggtct ctgggggtac 3000
agtcagagag ctggtggagg ccctgagaca aatgggctac accgaagcaa ttgaagtgat 3060
ccaggcagcec tccagcccag tgaagaccac ctctcaggee cactegetge ctetetegece 3120

tgcectecaca aggcagcaaa tagacgagct ccgagacagt gacagtgtet gcgacacggg 3180
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cgtggagaca tccttccegeca aactcagett taccgagtet ctgaccagtg gtgectcact 3240
gctaactctc aacaaaatqc cccatgatta tgggcaggaa ggacctctag aaggcaaaat 3300
ttagcctget gacaatttcc cacaccgtgt aaaccaaagce cctaaaattc cactgegttg 3360
tccacaagac agaagctgaa gtgcatccaa aggtgctcag agagccggcc cgcctgaatc 3420
attctcgatt taactcgaga ccttttcaac ttggetteet ttettggtte ataaatgaat 3480
tttagtttgg ttcacttaca gatagtatct agcaatcaca acactggctg agcggatgeca 3540
tectggggatg aggttgetta ctaagetttg ccagetgetg ctggatcaca getgetttet 3600
gttgtcattg ctgttgtcce tctge 3625
<210> SEQ ID NO 12

<211> LENGTH: 968

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 12

Met Ala Glu Asp Asp Pro Tyr Leu Gly Arg Pro Glu Gln Met Phe His
1 5 10 15

Leu Asp Pro Ser Leu Thr His Thr Ile Phe Asn Pro Glu Val Phe Gln
20 25 30

Pro Gln Met Ala Leu Pro Thr Asp Gly Pro Tyr Leu Gln Ile Leu Glu
35 40 45

Gln Pro Lys Gln Arg Gly Phe Arg Phe Arg Tyr Val Cys Glu Gly Pro
50 55 60

Ser His Gly Gly Leu Pro Gly Ala Ser Ser Glu Lys Asn Lys Lys Ser
65 70 75 80

Tyr Pro Gln Val Lys Ile Cys Asn Tyr Val Gly Pro Ala Lys Val Ile
85 90 95

Val Gln Leu Val Thr Asn Gly Lys Asn Ile His Leu His Ala His Ser
100 105 110

Leu Val Gly Lys His Cys Glu Asp Gly Ile Cys Thr Val Thr Ala Gly
115 120 125

Pro Lys Asp Met Val Val Gly Phe Ala Asn Leu Gly Ile Leu His Val
130 135 140

Thr Lys Lys Lys Val Phe Glu Thr Leu Glu Ala Arg Met Thr Glu Ala
145 150 155 160

Cys Ile Arg Gly Tyr Asn Pro Gly Leu Leu Val His Pro Asp Leu 2la
165 170 175

Tyr Leu Gln Ala Glu Gly Gly Gly Asp Arg Gln Leu Gly Asp Arg Glu
180 185 190

Lys Glu Leu Ile Arg Gln Ala Ala Leu Gln Gln Thr Lys Glu Met Asp
195 200 205

Leu Ser Val Val Arg Leu Met Phe Thr Ala Phe Leu Pro Asp Ser Thr
210 215 220

Gly Ser Phe Thr Arg Arg Leu Glu Pro Val Val Ser Asp Ala Ile Tyr
225 230 235 240

Asp Ser Lys Ala Pro Asn Ala Ser Asn Leu Lys Ile Val Arg Met Asp
245 250 255

Arg Thr Ala Gly Cys Val Thr Gly Gly Glu Glu Ile Tyr Leu Leu Cys
260 265 270
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Asp Lys Val Gln Lys Asp Asp Ile Gln Ile Arg Phe Tyr Glu Glu Glu
275 280 285

Glu Asn Gly Gly Val Trp Glu Gly Phe Gly Asp Phe Ser Pro Thr Asp
290 295 300

Val His Arg Gln Phe Ala Ile Val Phe Lys Thr Pro Lys Tyr Lys Asp
305 310 315 320

Ile Asn Ile Thr Lys Pro Ala Ser Val Phe Val Gln Leu Arg Arg Lys
325 330 335

Ser Asp Leu Glu Thr Ser Glu Pro Lys Pro Phe Leu Tyr Tyr Pro Glu
340 345 350

Ile Lys Asp Lys Glu Glu Val Gln Arg Lys Arg Gln Lys Leu Met Pro
355 360 365

Asn Phe Ser Asp Ser Phe Gly Gly Gly Ser Gly Ala Gly Ala Gly Gly
370 375 380

Gly Gly Met Phe Gly Ser Gly Gly Gly Gly Gly Gly Thr Gly Ser Thr
385 390 395 400

Gly Pro Gly Tyr Ser Phe Pro His Tyr Gly Phe Pro Thr Tyr Gly Gly
405 410 415

Ile Thr Phe His Pro Gly Thr Thr Lys Ser Asn Ala Gly Met Lys His
420 425 430

Gly Thr Met Asp Thr Glu Ser Lys Lys Asp Pro Glu Gly Cys Asp Lys
435 440 445

Ser Asp Asp Lys Asn Thr Val Asn Leu Phe Gly Lys Val Ile Glu Thr
450 455 460

Thr Glu Gln Asp Gln Glu Pro Ser Glu Ala Thr Val Gly Asn Gly Glu
465 470 475 480

Val Thr Leu Thr Tyr Ala Thr Gly Thr Lys Glu Glu Ser Ala Gly Val
485 490 495

Gln Asp Asn Leu Phe Leu Glu Lys Ala Met Gln Leu Ala Lys Arg His
500 505 510

Ala Asn Ala Leu Phe Asp Tyr Ala Val Thr Gly Asp Val Lys Met Leu
515 520 525

Leu Ala Val Gln Arg His Leu Thr Ala Val Gln Asp Glu Asn Gly Asp
530 535 540

Ser Val Leu His Leu Ala Ile Ile His Leu His Ser Gln Leu Val Arg
545 550 555 560

Asp Leu Leu Glu Val Thr Ser Gly Leu Ile Ser Asp Asp Ile Ile Asn
565 570 575

Met Arg Asn Asp Leu Tyr Gln Thr Pro Leu His Leu Ala Val Ile Thr
580 585 590

Lys Gln Glu Asp Val Val Glu Asp Leu Leu Arg Ala Gly Ala Asp Leu
595 600 605

Ser Leu Leu Asp Arg Leu Gly Asn Ser Val Leu His Leu Ala Ala Lys
610 615 620

Glu Gly His Asp Lys Val Leu Ser Ile Leu Leu Lys His Lys Lys Ala
625 630 635 640

Ala Leu Leu Leu Asp His Pro Asn Gly Asp Gly Leu Asn Ala Ile His
645 650 655

Leu Ala Met Met Ser Asn Ser Leu Pro Cys Leu Leu Leu Leu Val Ala
660 665 670

Ala Gly Ala Asp Val Asn Ala Gln Glu Gln Lys Ser Gly Arg Thr Ala
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675 680 685

Leu His Leu Ala Val Glu His Asp Asn Ile Ser Leu Ala Gly Cys Leu
690 695 700

Leu Leu Glu Gly Asp Ala His Val Asp Ser Thr Thr Tyr Asp Gly Thr
705 710 715 720

Thr Pro Leu His Ile Ala Ala Gly Arg Gly Ser Thr Arg Leu Ala Ala
725 730 735

Leu Leu Lys Ala Ala Gly Ala Asp Pro Leu Val Glu Asn Phe Glu Pro
740 745 750

Leu Tyr Asp Leu Asp Asp Ser Trp Glu Asn Ala Gly Glu Asp Glu Gly
755 760 765

Val Val Pro Gly Thr Thr Pro Leu Asp Met Ala Thr Ser Trp Gln Val
770 775 780

Phe Asp Ile Leu Asn Gly Lys Pro Tyr Glu Pro Glu Phe Thr Ser Asp
785 790 795 800

Asp Leu Leu Ala Gln Gly Asp Met Lys Gln Leu Ala Glu Asp Val Lys
805 810 815

Leu Gln Leu Tyr Lys Leu Leu Glu Ile Pro Asp Pro Asp Lys Asn Trp
820 825 830

Ala Thr Leu Ala Gln Lys Leu Gly Leu Gly Ile Leu Asn Asn Ala Fhe
835 840 845

Arg Leu Ser Pro Ala Pro Ser Lys Thr Leu Met Asp Asn Tyr Glu Val
850 855 860

Ser Gly Gly Thr Val Arg Glu Leu Val Glu Ala Leu Arg Gln Met Gly
865 870 875 880

Tyr Thr Glu Ala Ile Glu Val Ile Gln Ala Ala Ser Ser Pro Val Lys
885 890 895

Thr Thr Ser Gln Ala His Ser Leu Pro Leu Ser Pro Ala Ser Thr Arg
900 905 910

Gln Gln Ile Asp Glu Leu Arg Asp Ser Asp Ser Val Cys Asp Thr Gly
915 920 925

Val Glu Thr Ser Phe Arg Lys Leu Ser Phe Thr Glu Ser Leu Thr Ser
930 935 940

Gly Ala Ser Leu Leu Thr Leu Asn Lys Met Pro His Asp Tyr Gly Gln
945 950 955 960

Glu Gly Pro Leu Glu Gly Lys Ile
965

<210> SEQ ID NO 13

<211> LENGTH: 1891

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 13

ccgetteggg gaggaggacg ctgaggaggce gecgagccge gcagegetge gggggaggeg 60
ccecgegecga cgeggggecce atggeccagga ccaccagcca goctgtatgac gecgtgecca 120
tccagtccag cgtggtgtta tgttcctgee catccccate aatggtgagg acccagactg 180
agtccagcac gecccectgge attcetggtg gcagcaggeca gggeccccgcec atggacggca 240

ctgcagecga gecteggece ggegecgget ccectgeagea tgeccagect ccgecgecagce 300

ctcggaagaa gecggectgag gacttcaagt ttgggaaaat ccttggggaa ggetettttt 360
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ccacggttgt cctggctcga gaactggcaa cctccagaga atatgcgatt aaaattctgg 420
agaagcgaca tatcataaaa gagaacaagg tcccctatgt aaccagagag cgggatgtca 480
tgtcgegect ggatcaccce ttcectttgtta agectttactt cacatttcag gacgacgaga 540
agctgtattt cggccttagt tatgccaaaa atggagaact acttaaatat attcgcaaaa 600
tcggttcatt cgatgagacc tgtacccgat tttacacgge tgagatcgtg tctgctttag 660
agtacttgca cggcaagggc atcattcaca gggaccttaa accggaaaac attttgttaa 720
atgaagatat gcacatccag atcacagatt ttggaacagc aaaagtctta tccccagaga 780
gcaaacaagc cagggccaac tcattcgtgg gaacagcgca gtacgtttct ccagagctgce 840
tcacggagaa gtccgcctgt aagagttcag acctttggge tcttggatgc ataatatacc 900
agcttgtgge aggactccca ccattccgag ctggaaacga gtatcttata tttcagaaga 960
tcattaagtt ggaatatgac tttccagaaa aattcttccc taaggcaaga gacctegtgg 1020
agaaactttt ggttttagat gccacaaagc ggttaggctg tgaggaaatg gaaggatacg 1080
gacctcttaa agcacacccqg ttecttegagt ccgtcacgtg ggagaacctg caccagcaga 1140
cgcectecgaa getcaceget tacctgeeqq ctatgtegga agacgacgag gactgetatg 1200
gcaattatga caatctcctg agccagtttg getgecatgea ggtgtetteg tecctectect 1260
cacactecceet gteagectee gacacgggece tgecccagag gtcaggeage aacatagage 1320
agtacattca cgatetggac tegaacteet ttgaactgga cttacagttt tecgaagatg 1380
agaagaggtt gttgttggag aagcaggetg geggaaacce ttggeaccag tttgtagaaa 1440
ataatttaat actaaagatg ggcccagtgg ataageggaa gggtttattt geaagacgac 1500
gacagetgtt getcacagaa ggaccacatt tatattatgt ggatectgte aacaaagtte 1560
tgaaaggtga aattccttgg tcacaagaac ttcgaccaga ggccaagaat tttaaaactt 1620
tetttgteca cacgectaac aggacgtatt atctgatgga ccecageggg aacgcacaca 1680
agtggtgcag gaagatccag gaggtttgga ggcagcgata ccagageccac ccggacgcecqg 1740
ctgtgeagty acgtggectyg cggecggget geccotteget gecaggacac ctgecccage 1800
gcggettgge cgecatcegg gacgettcca gaccacctge cagccatcac aaggggaacg 1860
cagaggcgga aaccttgcag catttttatt t 1891
<210> SEQ ID NO 14

<211> LENGTH: 556

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 14

Met Ala Arg Thr Thr Ser Gln Leu Tyr Asp Ala Val Pro Ile Gln Ser
1 5 10 15

Ser Val Val Leu Cys Ser Cys Pro Ser Pro Ser Met Val Arg Thr Gln
20 25 30

Thr Glu Ser Ser Thr Pro Pro Gly Ile Pro Gly Gly Ser Arg Gln Gly
35 40 45

Pro Ala Met Asp Gly Thr Ala Ala Glu Pro Arg Pro Gly Ala Gly Ser
50 55 60

Leu Gln His Ala Gln Pro Pro Pro Gln Pro Arg Lys Lys Arg Pro Glu
65 70 75 80

Asp Phe Lys Phe Gly Lys Ile Leu Gly Glu Gly Ser Phe Ser Thr Val
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85 90 g5

Val Leu Ala Arg Glu Leu Ala Thr Ser Arg Glu Tyr Ala Ile Lys Ile
100 105 110

Leu Glu Lys Arg His Ile Ile Lys Glu Asn Lys Val Pro Tyr Val Thr
115 120 125

Arg Glu Arg Asp Val Met Ser Arg Leu Asp His Pro Phe Phe Val Lys
130 135 140

Leu Tyr Phe Thr Phe Gln Asp Asp Glu Lys Leu Tyr Phe Gly Leu Ser
145 150 155 160

Tyr Ala Lys Asn Gly Glu Leu Leu Lys Tyr Ile Arg Lys Ile Gly Ser
165 170 175

Phe Asp Glu Thr Cys Thr Arg Phe Tyr Thr Ala Glu Ile Val Ser Ala
180 185 190

Leu Glu Tyr Leu His Gly Lys Gly Ile Ile His Arg Asp Leu Lys Pro
195 200 205

Glu Asn Ile Leu Leu Asn Glu Asp Met His Ile Gln Ile Thr Asp Phe
210 215 220

Gly Thr Ala Lys Val Leu Ser Pro Glu Ser Lys Gln Ala Arg Ala Asn
225 230 235 240

Ser Phe Val Gly Thr Ala Gln Tyr Val Ser Pro Glu Leu Leu Thr Glu
245 250 255

Lys Ser Ala Cys Lys Ser Ser Asp Leu Trp Ala Leu Gly Cys Ile Ile
260 265 270

Tyr Gln Leu Val Ala Gly Leu Pro Pro Phe Arg Ala Gly Asn Glu Tyr
275 280 285

Leu Ile Phe Gln Lys Ile Ile Lys Leu Glu Tyr Asp Phe Pro Glu Lys
290 295 300

Phe Phe Pro Lys Ala Arg Asp Leu Val Glu Lys Leu Leu Val Leu Asp
305 310 315 320

Ala Thr Lys Arg Leu Gly Cys Glu Glu Met Glu Gly Tyr Gly Proc Leu
325 330 335

Lys Ala His Pro Phe Phe Glu Ser Val Thr Trp Glu Asn Leu His Gln
340 345 350

Gln Thr Pro Pro Lys Leu Thr Ala Tyr Leu Pro Ala Met Ser Glu Asp
355 360 365

Asp Glu Asp Cys Tyr Gly Asn Tyr Asp Asn Leu Leu Ser Gln Phe Gly
370 375 380

Cys Met Gln Val Ser Ser Ser Ser Ser Ser His Ser Leu Ser Ala Ser
385 390 395 400

Asp Thr Gly Leu Pro Gln Arg Ser Gly Ser Asn Ile Glu Gln Tyr Ile
405 410 415

His Asp Leu Asp Ser Asn Ser Phe Glu Leu Asp Leu Gln Phe Ser Glu
420 425 430

Asp Glu Lys Arg Leu Leu Leu Glu Lys Gln Ala Gly Gly Asn Proc Trp
435 440 445

His Gln Phe Val Glu Asn Asn Leu Ile Leu Lys Met Gly Pro Val Asp
450 455 160

Lys Arg Lys Gly Leu Phe Ala Arg Arg Arg Gln Leu Leu Leu Thr Glu
465 470 475 480

Gly Pro His Leu Tyr Tyr Val Asp Pro Val Asn Lys Val Leu Lys Gly
485 490 495



US 2004/0166099 Al

Aug. 26, 2004

-continued

Glu Ile Pro Trp Ser Gln Glu Leu Arg Pro Glu Ala Lys Asn Phe Lys

500 505

Thr Phe Phe Val His Thr Pro Asn Arg Thr Tyr Tyr Leu Met Asp Pro

515 520 525

Ser Gly Asn Ala His Lys Trp Cys Arg Lys Ile Gln Glu Val Trp Arg

530 535 540

Gln Arg Tyr Gln Ser His Pro Asp Ala Ala Val Gln
545 550 555

<210> SEQ ID NO 15

<211> LENGTH: 30

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATICN: Synthetic Peptide

<400> SEQUENCE: 15

Arg Gln Ile Lys Ile Trp Phe Gln Asn Arg Arg Met Lys Trp Lys Lys

1 5 10

Met Asp Gln Asn Met Phe Arg Asn Phe Ser Phe Asn Met Pro

20 25

15

1. A method for treating a condition in a subject in need
of such treatment, comprising administering an agent that
modulates the expression or activity of a protein kinase C
theta pathway component, wherein the effect of such treat-
ment is to modulate the balance of effector T cell function
relative to regulatory T cell function in the subject.

2. The method of claim 1, wherein the component is a
nucleic acid selected from the group consisting of SEQ ID
NOs: 1,3,5,7,9, and 11.

3. The method of claim 1, wherein the component is a
polypeptide selected from the group consisting of SEQ ID
NOs: 2, 4, 6, 8, 10, and 12.

4. The method of claim 1, wherein the agent is a protein,
peptide, small molecule or nucleic acid.

5. The method of any one of claim 1, 2, 3 or 4, wherein
the condition is a transplant, an allergic disorder, an autoim-
mune disorder, a viral infection, a microbial infection, a
parasitic infection or cancer.

6. A method for modulating the expression or activity of
a protein kinase C theta pathway component, comprising:

contacting a population of cells, the population of cells
comprising one or more of the following:

T cells;

naive T cells;

regulatory T cells;

effector T cells; or peripheral blood leukocytes,

with an agent that modulates the expression or activity
of a PKC theta pathway component, wherein the

effect of such contacting is to modulate the balance
of effector T cell function relative to regulatory T cell
function in the population of cells.

7. The method of claim 6, further comprising administer-
ing the population of cells that have been contacted with an
agent to a subject suffering from a condition, the effect of
which is treat the condition.

8. The method of claim 6, wherein the agent is protein,
peptide, small molecule or nucleic acid.

9. The method of any one of claim 6, 7 or 8, wherein the
condition is a transplant, an allergic disorder, an autoim-
mune disorder, a viral infection, a microbial infection, a
parasitic infection or cancer.

10. An assay for identifying agents modulating the
expression or activity of a protein kinase C theta pathway
component, comprising:

contacting an indicator composition comprising a protein
kinase C theta pathway component with a plurality of
test agents; and,

determining the ability of a test agent to modulate the
expression or activity of a protein kinase C theta
component, wherein the agent identified is able to
modulate the balance of effector T cell function relative
to regulatory T cell function.
11. The assay of claim 10, wherein the agent is a protein,
peptide, small molecule or nucleic acid.
12. The assay of claim 10, wherein the indicator compo-
sition is a cell expressing the PKC theta pathway compo-
nent.
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