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B7-H4 FUSION PROTEINS AND METHODS OF USE THEREOF
FIELD OF THE INVENTION

This invention relates to B7-H4 fusion proteins and methods for

modulating immune responses in a subject using B7-H4 fusion proteins.
CROSS-REFERENCE TO RELATED APPLICATIONS

This application claims priority to U.S. Provisonal Patent Application
No. 61/238,605 filed on August 31, 2009, U.S. Provisional Patent
Application No. 61/266,854, filed on December 4, 2009, U.S. Provisional
Patent Application No. 61/254,930 filed on October 26, 2009, U.S,
Provisional Patent Application No. 61/286,537 filed on December 15, 2009,
and U.S. Provisional Patent Application No. 61/378,361 filed August 30,
2010.

BACKGROUND OF THE INVENTION

An antigen specific T cell response is mediated by two signals: first,
engagement of the TCR with antigenic peptide presented in the context of MHC
(signal 1), and second, a second antigen-independent signal delivered by contact
between different receptor/ligand pairs (signal 2). This “second signal” is critical
in determining the type of T cell response (activation versus tolerance) as well as
the strength and duration of that response, and is regulated by both positive and
negative signals from costimulatory molecules, such as the B7 family of
proteins. The most extensively characterized T cell costimulatory pathway is B7-
CD28, in which B7-1 (CD80) and B7-2 (CD86) each can engage the stimulatory
CD28 receptor and the inhibitory CTLA-4 (CD152) receptor. In conjunction with
signaling through the T cell receptor, CD28 ligation increases antigen-specific
proliferation of T cells, enhances production of cytokines, stimulates
differentiation and effector function, and promotes survival of T cells (L.enshow,
et al., Annu. Rev. Immunol., 14:233-258 (1996); Chambers and Allison, Curr.
Opin. Immunol., 9:396-404 (1997); and Rathmell and Thompson, Armu. Rev.
Immunol., 17:781-828 (1999)). In contrast, signaling through CTLA-4 is thought
to deliver a negative signal that inhibits T cell proliferation, IL-2 production, and
cell cycle progression (Krummel and Allison, J. Exp. Med., 183:2533-2540
(1996); and Walunas, et al., J. Exp. Med., 183:2541-2550 (1996)). Other
members of the B7 family include B7-H1 {Dong, et al., Nature Med., 5:1365-
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1369 (1999); and Freeman, et al., J. Exp. Med., 192:1-9 (2000)), B7-DC (Tseng,
etal., J Exp. Med, 193:839-846 (2001); and Latchman, et al., Nature Immunol.,
2:261-268 (2001)), B7-H2 (Wang, et al., Blood, 96:2808-2813 (2000); Swallow, et
al., Immunity, 11:423-432 (1999); and Yoshinaga, et al., Nature, 402:827-832
(1999)), B7-H3 (Chapoval, et al., Nature Immunol., 2:269-274 (2001)) and B7-H4
(Choi, et al., J Immunol., 171:4650-4654 (2003); Sica, et al., Immunity, 18:849-
861 (2003); Prasad, et al., Immunity, 18:863-873 (2003); and Zang, et al., Proc.
Natl. Acad. Sci. US. 4., 100:10388-10392 (2003)). B7-HI and B7-DC are ligands
for PD-1, B7-H2 is a ligand for ICOS, and B7-H3 remains at this time an orphan
ligand (Dong, et al., Immunol. Res., 28:39-48 (2003)).

B7-H4 is member of the B7 family that is a negative regulator of T

- cell responses. Human and mouse B7-H4 share 87% amino acid identity,

suggesting an important evolutionarily conserved function. Human and
mouse B7-H4 mRNAs are expressed broadly in both lymphoid (spleen and
thymus) and nonlymphoid organs (including lung, liver, testis, ovary,
placenta, skeletal muscle, pancreas, and small intestine). Limited studies of
B7-H4 protein expression indicate that B7-1H4 is not expressed on freshly
isolated human T cells, B cells, DC, and monocytes, but it can be induced on
these cell types after in vifro stimulation. Immunohistochemical staining
shows that B7-H4 is highly expressed in breast, renal, lung and ovarian
tumors, and reverse transcriptase polymerase chain reaction (RT-PCR)
analyses indicate that mouse B7-H4 also is highly expressed in a number of
tumor cell lines, including prostate, lung, and colon carcinomas. B7-H4 is
highly expressed by tumor associated macrophages (TAMs) and is present in
tumor vasculature. Regulatory T cells (Tregs) induce upregulation of B7-H4
on TAMs via IL-6 and IL-10; this is thought to be one of the mechanisms by
which Tregs contribute to immune suppression. (Kryczek, J.1., J. Immunol.,
177(1):40-44 (2006)). B7-H4 expression has also been observed in tubule
epithelial cells of diseased kidneys (Chen, Y., Kidney Int., 70(12):2092-9
(2006) Epub 2006 Oct 18.). _

The receptor for B7-H4 has not been cloned. B7-H4 has been shown
not to bind to known CD28 family members such as CD28, CTLA-4, ICOS,
and PD-1 (Sica, et al., Immunity, 18:849-861 (2003)), and these are therefore
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not potential receptors for B7-H4. Functional studies using B7-H4
transfectants and B7-H4-Ig fusion proteins demonstrate that B7-H4 delivers
a signal that inhibits TCR-mediated CD4" and CD8" T cell proliferation,
cell-cycle progression and IL-2 production. B7-1 costimulation cannot
overcome B7-H4-Ig-induced inhibition. In agreement with the in vitro
activity, B7-H4 knock-out mice develop autoimmunity. The broad and
inducible expression of B7-H4, together with functional studies, sug'gests
that B7-H4 serves to downregulate immune responses in peripheral tissues.

More recent results demonstrate that B7-H4 also acts as a negative
regulator of neutrophil response. Neutrophils are a key component of the
innate immune system and are a first line of host defense against pathogens.
However, neutrophils can also contribute to chronic inflammation and
autoimmune disease. B7-H4 knockout mice display increased Thl responses
and are more resistant to infection by Listeria monocytogenes due to an
augmented immune response that is neutrophil dependent (Suh. W.K., et al.,
Mol Cell Biol., 26(17):6403-11 (2006) and Zhu, G., et al., Blood,
113(8):1759-67 (2009) Epub 2008 Dec 24.). Mice hydrodynamically
transfected with monomeric B7-H4 IgV domain or extracellular domain
(ECD) increased neutrophil response to lipopolysaccharide (LPS) and
Listeria infection, while dimeric B7-H4-Ig reduces proliferation of bone
marrow derived neutrophil precursors (Zhu, G., et al., Blood, 113(8):1759-67
(2009) Epub 2008 Dec 24).

Certain immune cells and immune cell signal transduction pathways
are promising targets for new agents for treating immune disorders. For
example Thl, Thl7, Th22, and regulatory T cells (Tregs) play important
roles in mediating autoimmunity and inflammation. Mounting evidence
from numerous studies shows the importance of these immune cells in
disorders such as rheumatoid arthritis, inflammatory bowel disease, multiple
sclerosis, psoriasié, lupus erythematosus and uveitis. Most existing therapies
target only one pathway at a time. Thus, there is a need for therapies that
target multiple cells and pathways involved in autoimmunity and
inflammation, such as Thl, Th17, Th22, Tregs, or other cells that secrete, or
cause other cells to secrete, inflammatory molecules such as cytokines,
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metalloproteases, chemokines and other molecules, including, but not limited
to, IL-1B, TNF-a, TGF-beta, IFN-y, IL-17, IL-6, 1L-23, IL-22, IL-21, IL-10
and MMPs.

Therefore it is an object of the invention to provide compositions and
methods for modulating Th1, Th17, Th22, or other cells that secrete, or cause
other cells to secrete, inflammatory molecules, including, but not limited to,
IL-1B, TNF-o, TGF-beta, IFN-y, IL-17, IL-6, IL-23, IL-22, IL-21, and
MMPs.

It is another object of the invention to pro{ride compositions and
methods for modulation of at least two immune pathways that result in the
secretion of one or more inflammatory molecules, including, but not limited
to, IL-1B, TNF-a, TGF-beta, IFN-y, IL-17, IL-6, IL-23, IL-22, IL-21, and
MMPs, preferably by Thl, Th17 or Th22 cells.

It is another object of the invention to provide compositions and
methods for modulation of the Treg cells and pathways, such as IL-10 and
TGF-beta secretion.

It is another object of the invention to provide compositions and
methods for modulating the proinflammatory activity of Thl, Th17 or Th22 T
cells while simultaneously increasing or promoting the activity of Tregs.

It is an object of the invention to provide compositions containing
B7-H4 polypeptides that function to decrease or inhibit antigen-specific
proliferation of T cells, decrease or inhibit production of pro-inflammatory
molecules by T cells, decrease or inhibit differentiation and effector function
of Th1, Th17 or Th22 cells, and decrease or inhibit survival of Thl, Th17 or
Th22 cells.

It is another object of the invention to provide compositions
containing B7-H4 polypeptides that function to increase or promote the
activity of Tregs, increase the production of inflammatory molecules such as
IL-10 from Tregs, increase the differentiation of naive T cells intoTregs,
increase the number of Tregs, or increase the survival of Tregs.

It is another object of the invention to provide compositions

containing B7-H4 polypeptides that function to inhibit or decrease the
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proinflammatory activity of Thi, Th17 or Th22 T cells while simultaneously
increasing or promoting the activity of Tregs.

It is another object of the invention to provide isolated nucleic acid
molecules encoding B7-H4 compositions.

It is another object of the invention to provide cells containing vectors
that express nucleic acid molecules encoding B7-H4 compositions.

It is still a further object of the invention fo provide methods for
decreasing or inhibiting pro-inflammatory T cell activation by contacting
them with B7-H4 compositions,

It is still a further object of the invention to provide methods for the
treatment of inflammatory and autoimmune diseases and disorders.

It is still a further object of the invention to provide methods for
administering B7-H4 compositions, nucleic acids encoding the same, or cells
transfected or transduced with nucleic acids encoding B7-H4 compositions to
a mamial in need thereof.

It is another object to provide compositions and methods for
increasing Treg biological activity.

It is yet another object to provide compositions and methods for
inhibiting or reducing eptitope spreading.

It is another object to provide compositions and methods for
inhibiting differentiation of naive T cells into Th1, Th17, Th22, or other cells
that secrete, or cause other cells {o secrete, pro-inflammatory molecules,
including, but not limited to, IL-1p, TNF-a, TGF-beta, IFN-y, IL-17, IL-6,
IL-23, IL-22, IL-21, and MMPs.

It is another object to provide compositions and methods for
ihhibiting the differentiation and maturation of immature antigen-presenting
cells. |

It is another object of the invention to monitor patients who would
benefit from treatment with the compositions and methods disclosed by
measuring the levels of biomarkers such as inflammatory chemokines,
cytokines or other molecules, or gene expression of biomarkers in the

patient.
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It is another object of the invention to identify patients who would
benefit from treatment with the compositions and methods disclosed by
measuring the levels of biomarkers such as inflammatory chemokines,
cytokines or other molecules in the patient.

It is another object of the invention to identify patients who would
benefit from treatment with the compositions and methods disclosed by
identifying patients with polymorphisms in genes encoding biomarkers such
as inflammatory chemokines, cytokines or other molecules.

It is another object of the invention to provide combination therapies
for treating patients with inflammatory and autoimmune diseases and
disorders.

It is another object of the invention to provide compositions for
treating patients who do not respond to TNF blockers.

It is another object of the invention to provide compositions for
treating chronic and persistent inflammation.

SUMMARY OF THE INVENTION

Fusion proteins containing B7-H4 polypeptides are disclosed. B7-H4
fusion polypeptides have a first fusion partner comprising all or a part of a
B7-H4 protein fused to a second polypeptide directly or indirectly viaa
linker peptide sequence that is fused to the second polypeptide. The B7-H4
polypeptide may be of any species of origin. In preferred embodiments, the
B7-H4 polypeptide is of murine, non-human primate or human origin. In
one embodiment the B7-H4 fusion protein inhibits the inflammatory activity
of Thl, Th17, Th22, or other cells that secrete, or cause other cells to secrete,
inflammatory molecules, including, but not limited to, IL-1B, TNF-a, TGF-
beta, IFN-y, IL-17, IL-6, I1.-23, 11.-22, IL.-21, and MMPs. The B7-H4 fusion

protein can also increase the suppressive capacity of Tregs by increasing the

-production of molecules such as the cytokine IL-10.

The B7-H4 fusion proteins can include full-length B7-H4
polypeptides, or a fragment thereof. In one embodiment, the B7-H4
polypeptide is a soluble fragment of full-length B7-H4. Fragments include
those that retain the ability to bind to their natural receptors and incorporate
some, or all, of the extracellular domain of the B7-H4 polypeptide, and lack

6
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some or all of the intracellular and/or transmembrane domains. In one
embodiment, B7-H4 polypeptide fragments include the entire extracellular
domain of the B7-H4 polypeptide. In other embodiments, the soluble
fragments of B7-H4 polypeptides include fragments of the extracellular
5  domain that retain B7-H4 biological activity. B7-H4 polypeptide

extracellular domains can include 1, 2, 3, 4, 5 or more contiguous amino
acids from the transmembrane domain, and/or 1, 2, 3, 4, 5 or more
contiguous amino acids from the signal sequence. Alternatively, the
extracellular domain can have 1, 2, 3, 4, 5, or more contiguous amino acids

10 removed from the C-terminus, N-terminus, or both. Variants of B7-H4
polypeptides and fragments thereof may also be used.

In one embodiment, the B7-H4 polypeptide may be fused to one or
more domains of an Ig heavy chain constant region, preferably having an
amino acid sequence corresponding to the hinge, Cy42 and Cy3 regions of a

15 human immunoglobulin Cy1 chain or to the hinge, Cu2 and Cy3 regions of a
murine immunoglobulin Cy2a chain.

The fusion proteins can be dimerized or multimerized to form
homodimers, heterodimers, homomultimers or heteromultimers.
Dimerization/multimerization partners can be arranged either in parallel or

20  antiparallel orientations.

Isolated nucleic acids molecules encoding the fusion proteins, vectors
and host cells incorporating the nucleic acids, and pharmaceutical and
immunogenic compositions containing the fusion proteins are also provided.
Immunogenic compositions contain antigens, a source of fusion protein and,

25  optionally, adjuvant,

Methods for using the fusion proteins to decrease or inhibit pro-
inflammatoryT cell activation are disclosed. Therapeutic uses for the
disclosed compositions include the treatment or alleviation of one or more

- symptoms of inflammatory and autoimmune diseases and disorders. The
30  B7-H4 fusion proteins are useful for treating inflammation by any or all of
the following: inhibiting or reducing differentiation of Thl, Th17, Th22,
and/or other cells that secrete, or cause other cells to secrete, inflammatory
molecules; inhibiting or reducing activity of Th1, Th17, Th22, and/or other
7
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cells that secrete, or cause other cells to secrete, inflammatory molecules;
inhibiting or reducing the Thl and/or Th17 pathways; inhibiting or reducing
inflammatory molecule production and/or secretion by Th1, Th17, Th22,
and/or other cells that secrete, or cause other cells to secrete, inflammatory
molecules; inhibiting or reducing proliferation of Thl, Th17, Th22, and/or
other cells that secrete, or cause other cells to secrete, inflammatory
molecules; interacting with Tregs; enhancing Treg activity; enhancing IL-10
secretion by Tregs; increasing the number of Tregs; increasing the
suppressive capacity of Tregs; or combinations thereof.

In one embodiment, B7-H4 polypeptides or fusion proteins enhance
the suppressive activity of Tregs on the immune system. Tregs can suppress
differentiation, proliferation, activity, and/or cytokine production and/or
secretion by Th1, Th17, Th22, and/or other cells that secrete, or cause other
cells to secrete, inflammatory molecules. In a preferred embodiment the B7-
H4 polypeptides or fusion proteins enhance the suppressive activity of Tregs
on naive T cells to inhibit or reduce naive T cells from differentiating into
Thl, Th17 or Th22 cells and thereby reduce the number of Thl or Thl7,
Th22, and/or other cells that secrete, or cause other cells to secrete,
inflammatory molecules, including, but not limited to, IL-18, TNF-a, TGF-
beta, IFN-y, IL-17, IL-6, IL-23, IL-22, IL.-21, and MMPs in a subject.

One embodiment provides a method to inhibit or reduce epitope
spreading in a subject by administering to the subject an effective amount of
B7-H4 polypeptide or fusion proteins thereof. A preferred embodiment
provides a method of administering an effective amount of B7-H4
polypeptide or fusion protein thereof to inhibit or reduce epitope spreading in
patients with Multiple Sclerosis (MS) of systemic lupus erythematosus
(SLE).

B7-H4 polypeptides, fragments or fusions thereof can be
administered in combination with one or more additional therapeutic agents,
including, but not limited to, antibodies against other lymphocyte surface
markers (e.g., CD40, alpha-4 integrin) or against cytokines, other fusion
proteins, e.g., CTLA4-Ig (Orencia®, belatacept), TNFR-Ig (Enbrel®), TNF-
a blockers such as Remicade, Cimzia and Humira, CD73-Ig,

8
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cyclophosphamide (CTX) (i.e. Endoxan®, Cytoxan®, Neosar®, Procytox®,
Revimmune™), methotrexate (MTX) (i.e. Rheumatrex®, Trexall®),
belimumab (i.e. Benlysta®), Tysabri or other immunosuppressive drugs,
anti-proliferatives, cyfotoxic agents, or other compounds that may assist in
immunosuppression.

In one embodiment, the additional therapeutic agent targets a
different pathway involved in immune activation. In a preferred enibodiment,
the additional therapeutic agent is a CTLA-4 fusion protein, such as CTLA-4
Ig (abatacept). In a preferred embodiment, the additional therapeutic agent is
a CTLAA4-Ig fusion protein known as belatacept that contains two amino acid
substuitutions (L.104E and A29Y) that markedly increase its avidity to CD86
in vivo,

In another embodiment, the second therapeutic agent is
cyclophosphamide (CTX). In a preferred embodiment, B7-H4-Ig and CTX
are coadministered in an effective amount to treat a chronic autoimmune
disease or disorder such as Systemic lupus erythematosus (SLE).

In another embodiment, the second therapeutic agent increases the
amount of adenosine in the serum. In a preferred embodiment, the second
therapeutic is CD73-Ig, recombinant CD73, or another agent (e.g. a cytokine
or monoclonal antibody or small molecule) that increases the expression of
CD73. In another embodiment the second therapeutic agent is Interferon-
beta.

In another embodiment, the second therapeutic is Tysabri or another
therapeutic for MS. In a preferred embodiment, B7-H4-Ig is cycled with
Tysabri or used during a drug holiday in order to allow less frequent dosing
with the second therapeutic and reduce the risk of side effects such as PML
and to prevent resistance to the second therapeutic,

In another embodiment, the second therapeutic agent is a small
molecule that inhibits or reduces differentiation, proliferation, activity,
and/or cytokine production and/or secretion by Thl, Th17, Th22, and/or
other cells that secrete, or cause other cells to secrete, inflammatory
molecules. In another embodiment, the second therapeutic agent is a small
molecule that interacts with Tregs, enhances Treg activity, promotes or

9
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enhances IL-10 secretion by Tregs, increases the number of Tregs, increases
the suppressive capacity of Tregs, or combinations thereof. In one
embodiment, the small molecule is retinoic acid or a derivative thereof.

In another embodiment, the B7-H4 polypeptides, fusion proteins, or
fragments thereof can be used to treat patients who do not respond to TNF
blockers.

BRIEF DESCRIPTION OF THE DRAWINGS

Figures 1A and 1B are diagrams illustrating modes of action for
inhibiting inflammation using B7-H4-Ig. In Figure 1A, B7-H4-Ig targets T
cells. In Figure 1B, B7-H4-Ig blocks maturation of dendritic cells (DC).

Figure 2 is a diagram illustrating arthritis induction and treatment for
the collagen induced arthritis (CIA) prophylactic model.

Figure 3 is a line graph of arthritis scores versus post collagen I (CII}
challenge in mice treated with B7-H4-Ig (filled circles) and mice treated with
vehicle (open circles) in the pi‘ophylactic model.

Figure 4 is a diagram illustrating arthritis induction and treatment for
the CIA therapeutic model.

Figure 5 is a line graph of arthritis scores versus post CII challenge in
mice treated with B7-H4-Ig (filled circles) and mice treated with vehicle
(open circles) in the therapeutic model.

Figure 6 is a diagram illustrating representative disease induction and
dosing regimen for the therapeutic CIA model.

Figure 7 is a line graph showing the Arthritis Score in female mice
(AA#79) as a function of time post CII immunization (days). Vehicle,
murine IgG, murine B7-H4-1g, Synagis®, B7-H4-Ig, and RPA110010
treatments are shown. -

Figure 8 is a line graph showing the Arthritis Score in male mice
(AA#80) as a function of time post CII immunization (days). Vehicle,
murine IgG, murine B7-H4-Ig, Synagis®, B7-H4-Ig, and RPA110010
treatments are shown.

Figure 9 is a chart showing thelﬁrst half of a complete data set
following quantitative immunoassay multi-analyte profiling of serum
samples from mice treated with B7-H4-1Ig, or Synagis® to identify

10
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biomarkers that could be used to monitor disease progression and response to
B7-H4-Ig treatment.

Figure 10 is a chart showing the second half of a complete data set
following quantitative immunoassay multi-analyte profiling analysis of
serum samples from mice treated with B7-H4-Ig, or Synagis® to identify
biomarkers that could be used to monitor disease progression and response to
B7-H4-Ig treatment.

Figure 11 is a chart showing the quantitative immunoassay multi-
analyte profiling Data Analysis Summary for the complete data set of
Figures 7 and 8. Analytes are shaded if there is a difference (p less than
0.05) between Synagis® and B7-H4-Ig treated groups at Day 27, Day 34,
Day 41, or overall. Analytes are also shaded if the correlation coefficient
between the analyte and the clinical score is less than 0.3.

Figure 12 is a line graph showing serum levels of C-Reactive Protein
(CRP) (ug/ml) versus clinical score. ‘

Figure 13 is a plot showing the serum levels of Endothelin 1 (ET-1)
(pg/ml) in mice treated with B7-H4-Ig (-m-) or Synagis® (-e-) at day 27, day
34, and day 41 post CII immunization.

Figure 14 is a line graph showing serum levels of IL-6 (pg/ml) versus
clinical score.

Figure 15 is a plot showing the serum levels of Monocyte
Chemotactic Protein-1 (MPC-1) (pg/ml) in mice treated with B7-H4-1g (-m-)
or Synagis® (-e-} at day 27, day 34, and day 41 post CIl immunization.

Figure 16 is a line graph showing serum levels of Monocyte
Chemotactic Protein-3 (MPC-3) (pg/ml) versus clinical score.

Figure 17 is a plot showing the serum levels of Monocyte
Chemotactic Protein-3 (MPC-3) (pg/ml) in mice treated with B7-H4-Ig (-w-)
or Synagis® (-e-) at day 27, day 34, and day 41 post CII immunization.

Figure 18 is a plot showing the serum levels of phage Inflammatory
Protein-2 (MIP-2) (pg/ml) in mice treated with B7-H4-Ig (-m-) or Synagis®
(--) at day 27, day 34, and day 41 post CII immunization.

Figures 20A, 20B, and 20C are bar graphs showing plasma

proinflammatory cytokine and chemokine levels of mice treated with B7-H4-
11
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Ig (solid bar) or vehicle control (open bar) for the indicated proinflammatory
cytokine/chemokine. TNFa (Figure 6a), IL-6 (Figure 6b), and MCP-1
(Figure 6¢)

Figure 21 is a bar graph of mouse T cell proliferation (°H] thymidine
incorporation) of naive T cells cultured under CD4" Thi promoting
conditions with control IgG (open bars) or B7-H4-Ig (closed bars) bound to
the culture plate, or in solution, and activated with either anti-CD3/CD28
bound to beads or with antigen presenting cells pulsed with ovalbumin
peptide.

Figure 22 is a bar graph of IFN-y (ng/ml) produced by mouse naive
CD4" T cells cultured under Thi promoting conditions with control IgG
{open bars) or B7-H4-Ig (closed bars) bound to the culture plate, or in
solution, and activated with either anti-CD3/CD28 bound to beads or with
antigen presenting cells pulsed with ovalbumin peptide.

Figure 23 is a bar graph mouse T cell proliferation (PH] thymidine
incorporation) of naive CD4" T cells cultured under Th17 promoting
conditions with control IgG (open bars) or B7-H4-Ig (closed bars) bound to
the culture plate, or in solution, and activated with either anti-CD3/CD28
bound to beads or with antigen presenting cells pulsed with ovalbumin
peptide. |

Figure 24 is a bar graph of 1117 (ng/ml) produced by mouse naive T
cells cultured under Th17 promoting conditions with control IgG (open bars)
or B7-H4-Ig (closed bars) bound to the culture plate, or in solution, and
acfivated with either anti-CD3/CD28 bound to beads or with antigen
presenting cells pulsed with ovalbumin peptide.

Figure 25 is a bar graph of TNF-a (ng/ml) produced by mouse naive
T cells cultured under Th17 promoting conditions with control IgG (open
bars) or B7-H4-Ig (closed bars) bound to the culture plate or in solution, and
activated with either anti-CD3/CD28 bound to beads or with antigen
presenting cells pulsed with ovalbumin peptide.

Figure 26 is a bar graph of mouse T cell proliferation (I°H] thymidine
incorporation) of naive CD4" T cells cultured under Th2 promoting
conditions with control IgG (open bars) or B7-H4-1Ig (closed bars) bound to

12
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the culture plate, or in solution, and activated with either anti-CD3/CD28
bound to beads or with antigen presenting cells pulsed with ovalbumin
peptide.
Figure 27 is a line graph showing INF-y (ng/ml) produced by mouse
5  naive T cells cultured under Thl promoting conditions and stimulated with
ovalbumin peptide, as a function of concentration (ug/ml) of control IgG (-o-
) or B7-H4-Ig Lot #22 (~e-) or B7-H4-1g Lot #23 (- A-).
Figure 28 is a line graph showing IL-17 (ng/ml) produced by mouse
naive T cells cultured under Th17 promoting conditions and stimulated with
10 ovalbumin peptide, as a function of concentration (ug/ml) of control IgG (-o-
) or B7-H4-Ig Lot #22 (-e-) or B7-H4-Ig Lot #23 (- A-).
Figure 29 is a line graph of mouse T cell proliferation (I°H]
thymidine incorporation) of naive CD4" T cells cultured under Th1 (-e-) or
Th17 (- A-) promoting conditions, stimulated with anti-CD3/CD28 bound to
15  beads, and treated with increasing concentrations of human B7-H4-Ig
(ng/ml) added directly to the culture (solution).
Figure 30 is a line graph of IFN~y (ng/ml) produced by mouse naive
CD4" T cells cultured under Th1 (-»-) or Th17 (- A-) promoting conditions,
stimulated with anti-CD3/CD28 bound to beads, and treated with increasing
20  concentrations of human B7-H4-Ig (ug/ml) added directly to the culture
(solution).
Figure 31 is a line graph of IL.17 {ng/ml} produced by mouse naive
CD4" T cells cultured under Thi (-e-) or Th17 (- A-) promoting conditions,
stimulated with anti-CD3/CD28 bound to beads, and treated with increasing
25  concentrations of human B7-H4-Ig (ug/ml) added directly to the culture {
splution).
Figures 32A and 32B are line graphs of IFN-y (ng/ml) in (A) and IL-
10 (ng/ml) in (B) produced by CD4"CD62" naive mouse T cells in the
presence or absence of CD25" T cells cultured under Th1 promoting
30 conditions, stimulated with antigen presenting cells pulsed with ovalbumin
peptide, and treated with different concentrations (ug/ml) of control IgG or
B7-H4-Ig. T cells containing CD25" T cells treated with control IgG are

shown as (®) or B7-H4-Ig are shown as (A). T cells with CD25" T cells
13 '
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depeleted and treated with IgG are shown as (0) or B7-H4-Ig are shown as
(D).

Figures 33A and 33B are a line graphs of IL-17A (ng/ml) in (A) and
IL-10 (ng/ml) in (B) produced by CD4"CD62" naive mouse T cells in the
presence or absence of CD25" T cells cultured under Th17 promoting
conditions, stimulated with antigen presenting cells pulsed with ovalbumin
peptide, and treated with different concentrations (pg/ml) of control IgG or
B7-H4-Ig. T cells containing CD25" T cells treated with control IgG are
shown as (e) or B7-H4-Ig are shown as (A). T cells with CD25" T cells
depeleted and treated with IgG are shown as (©) or B7-H4-Ig are shown as
(D).

Figure 34 is a flow chart illustrating the nTreg suppression assay.

Figure 35 is a line graph of T cell proliferation ([°H] thymidine
incorporation) for naive CD4"/GFP" responder T cells and CD4*/GFP* nTreg
cells at ratios of 1:0, 1:0.12, 1:0.25, 1:0.5, 1:1 and 1:2, plus irradiated non
purified splenocytes as antigen presenting cells (APC), anti-CD3 antibody,
and varying amounts of murine B7-h4-Ig (0 (-e-), 1 (-m-), 5 (- & -) ,or 10
(-¥-) pg/mL)).

Figure 36 is a schematic illustration of experimental autoimmune
encephalomyelitis (EAE) induction and treatment regimen in an in vive study
utilizing an auto-immune R-EAE murine model for Multiple Sclerosis (MS).

Figure 37 is a line graph of mean clinical score versus days post
disease induction in EAE induced SJL mice at treatment day = 0 with 60 pg
(3mg/kg) control IgG (©); or 60 pg (3mg/kg) B7-H4-Ig (e).

Figure 38 is a line graph of mean clinical score versus days post
disease induction in EAE induced SJL mice at treatment day = 21 with 60 pg
(3mg/kg) control IgG (0); or 60 ng 3mg/kg) B7-H4-Ig (o).

Figure 39 is a bar graph of Delayed-Type Hypersensitivity (DTH)
Responses at day 55 as measured by Mean Ear Swelling (x10™ inches) in
EAE mice treated with control IgG or murine B7-H4-Ig at day 0 or day 21,
following ear challenge with PLPj39.151 or PLP173.191 on day 50. Open
rectangle is control IgGG administered at t=0, solid rectangle is B7-H4-Ig

administered at t=0, right hatched rectangle is Control IgG at t=21, and left
14 '
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hatched rectangle is B7-H4-Ig administered at t=21. *DTH response
significantly less than Control IgG injected mice, p less than 0.01.

Figure 40 is a bar graph of T cell proliferation (ACPU (counts per

minute)) of T cells isolated from lymph nodes of EAE mice treated with B7-
5  H4-Ig and Control IgG at day 0 or day 21, following treatment with with

PLPi3o.151, the disease inducing dominant epitope, and PLP;7.101, the spread
epitope-specific peptide, in vitro. Open rectangle is control IgG administered
at t=0, solid rectangle is B7-H4-Ig administered at t=0, right hatched
rectangle is Control IgG at t=21, and left hatched rectangle is B7-H4-Ig

10 administered at t=21. *[°H]-thymidine incorporation significantly less than
Control IgG injected mice, p less than 0.01.

Figure 41 is a bar graph of IFN-y (pg/ml) produced by T cells isolated
from lymph nodes of EAE mice treated with B7-H4-Ig and Control IgG at
day 0 or day 21, following treatment with with PLP130.151, the disease

15  inducing dominant epitope, and PLP;7s.191, the spread epitope-specific
peptide, in vitro. Open rectangle is control IgG administered at =0, solid
rectangle is B7-H4-Ig administered at t=0, right hatched rectangle is Control
IgG at t=21, and left hatched rectangle is B7-H4-Ig administered at t=21.
*IFN-y production significantly less than Control IgG injected mice, p less

20 than 0.01.

Figure 42 is a bar graph of A Mean Ear Swelling (x10™ inches) minus
OVA response in EAE mice treated with 5 injections of 60pg B7-H4-Ig,
300ug B7-H4-Ig, or Control IgG between day 0 and day 10 post disease
induction, following ear challenge with PLP;39.151 or OV A3z3.330 peptide

25  (negative control) on day 10. . *DTH response significantly less than Control
IgG injected mice.

Figure 43 is a line graph of proliferation (ACPU (counts per minute))
of T cells isolated from lymph nodes of EAE mice described in Figure 42,
reactivated in vitro in the presence of anti-CD3 (0.1-10 pg/mL), PLP130.151

30 (1-20 pg/mL), or OV Aj3z3.330 (1-20 pg/ml).

Figure 44 is a schematic illustration of experimental autoimmune
encephalomyelitis (EAE) induction and treatment regimen in an in vivo study
utilizing an auto-immune R-EAE murine model for Multiple Sclerosis (MS).

I5
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Figures 45A, 45B, and 45C are bar graphs showing the total
lymphocyte cell number (x10%) in the spleen (A), draining lymph nodes (B),
and CNS isolated on day 50 from SJL mice immunized with 50 pg of PLP
peptide emulsified in CFA. Mice were treated with Control 1gG or B7-H4-Ig

5  during remission: 60 or 300 ug per dose, 3 doses/wk, for 2 weeks (6 doses).

Figure 46A, 468, and 46C are bar graphs showing T cell subset
number (x10°) isolated from the spleen (A), draining lymph node (B), or
CNS as described in Figure 45, which were CD4" (T cells), CD4+/FoxP3+
(Treg), and CD4+/CD44+ (effector/memory T cells). The data is presented

10 as the mean number of cells for each phenotype from individual mouse.

Figure 47 is a bar graph showing the percentage of Treg in CD4+ T
cells from Figure 46, for Control IgG, 60, or 300 pg B7-H4-Ig treatments.

Figure 48A and 48B are bar graphs showing the proliferation (CPU
(counts per minute)) of total splenocytes (A) and lymph node cells (B)

15  isolated on day 35 from SJL mice immunized with 50 ug of PLP peptide
emulsified in CFA, and activated in vitro in the presence of anti-CD73
(lug/ml), PLPj30.151 or PLPy75.301 (20 ug/mL). Mice were treated with
Control IgG or B7-H4-Ig during remission: 60 or 300 pg per dose, 3
doses/wk, for 2 weeks (6 doses).

20 Figure 49 is a line graph showing the mean clinical score of SIL mice
over the 50 day time course (days) following disease induction. Mice were
treated with 60ug B7-H4-Ig (-e-), 3001g B7-H4-Ig (- A -}, or Control IgG (-
A-) three time a week beginning on day 23 post disease induction.

Figure 50 is a schematic illustration of experimental autoimmune

25  encephalomyelitis (EAE) induction and treatment regimen of human B7-H4-
Ig in an in vivo study utilizing an auto-immune R-EAE murine model for
Multiple Sclerosis (MS).

Figures 51A and 51B are line graphs showing the mean clinical score
(A) and long term relapse rate (B) of SJL. mice over the 55 day time course

30  (days) following disease induction. Mice were treated with 100pg human
B7-H4-Ig (5mg/kg), 500ug human B7-H4-Ig (25mg/ke), or 100pug Control
IgG, Synagis®, (Smg/kg) three times a week for 4 weeks beginning on day
23 post disease induction.

16
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Figure 52 is a line graph of % CTLA4KD/NOD mice with diabetes
versus weeks post treatment with B7-H4-Ig 3 times per week for 4 weeks (15
mg/kg, per i.p. injection). Mice were two weeks old.

Figure 53 is a line graph of % CTLAKD/BDC; s/NOD mice with
diabetes versus weeks post treatment with B7-H4-1g 3 times per week for 4
weeks (15 mg/kg, per i.p. injection). Mice were eleven weeks old.

Figure 54 is a bar graph of percent proliferation in Treg cells from
control mice and mice treated with different doses of B7-H4-Ig. Treg cells
were titrated into a 5 day enteroantigen specific CD4+CD25- proliferation
assay. Each column represents mean cpm values of four replicate cultures
expressed in percent of cultures not exposed to Treg and bars represent SD.
Each group of three columns in the graph from left to right represents Tregs
from mice treated with a control, B7-H4-Ig (60 pg) or B7-H4-Ig (300 pg).

Figure 55 is a bar graph of proliferation (cpm) in CD4+CD25- cells
recovered from control mice or mice treated with B7-H4-Ig and exposed to
enteroantigen pulsed splenocyte APC for 5 days. Each column represents
mean cpm values of four replicates cultures and bars represent SD. Each
group of three columns in the graph from left to right represents Tregs from
mice treated with a control, B7-H4-Ig (60 ug) or B7-H4-Ig (300 ng).

Figure 56 is a bar graph showing the amount of IL-17A (ng/mi)
secreted by Balb/C mouse naive T cells activated by anti-CD3/CD28 in the
presence of Th17 differentiation cocktail and either murine B7-H4-1g,
murine isotype IgGG2a control, or retinoic acid (RA) added to the culture at
day 9, day 1, or day 2 of the four day culture.

Figure 57 is a bar graph showing the fold up- or down-regulation of
mRNAs in mouse naive T cells activated by anti-CD3/CD28 and murine B7-
H4-Ig versus murine isotype control. Al cells were cultured in the presence
of Th17 differentiation cocktail. Expression of mRNAs involved in Th17
cells, Tregs, autoimmune disorders, and/or inflammation was tested by
quantitative RT-PCR.

Figure 58 is a bar graph showing the fold up- or down-regulation of
mRNASs in human T cells activated by anti-CD3/CD28 and human B7-H4-Ig
(1 ng/mL) with a Q or an L at position 46 of the fusion protein, or a

17
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humanized monoclonal IgG antibody directed against an epitope in the A
antigenic site of the F protein of the Respiratory Syncytial Virus (Synagis),
as an isotype control. All cells were cultured in the presence of Th17
differentiation cocktail. Expression of mRNAs involved in Th17 cells,

5  Tregs, autoimmune disorders, and/or inflammation was tested by quantitative
RT-PCR.

Figure 59 is a bar graph of IL-17A (ng/ml) concentrations produced
by TH17 cells treated with indicated concentrations of murine B7-H4-Ig,
murine IgG control, or retinoic acid.

10 Figure 60 is a line graph of IL-17A (ng/ml) versus protein
concentration (ug/ml) showing activity of B7-H4-IgQ (w), B7-H4-IgL (A)
versus Synagis (#) (an irrelevant humaﬁ IgG; antibody) on mouse Th17 cells.

Figure 61 a line graph of IL-17A (ng/ml) versus protein concentration
{1g/ml) showing activity of murine B7-H4-Ig (lots 22 (w) and 23 (A)) versus

15 mouse IgG (#) and retinoic acid controls (X)on Th17 cells.

Figure 62 is a schematic illustration of a treatment schedule for an in
vivo study utilizing an MRL/lpr lupus mouse model.

Figure 63 is a bar graph showing anti-ds DNA auto antibodies (units)
detected in plasma collected from MRL/Ipr mice pre-treatment (4 week) and

20 periodically up to 21 weeks of age in control, B7-H4-Ig and
cyclophosphamide (CTX) combination treatment, B7-H4-Ig only treatment,
and CTX only treatment groups. For each treatment group, bars from left to
right show anti-ds DNA auto antibodies at 4, 7, 8, 9, 10, 11, 15, 19, and 21
weeks. |

25 Figure 64 is a bar graph showing the protein index (units) in control,
B7-H4-Ig and cyclophosphamide (CTX) combination treatment, B7-H4-Ig
only treatment, and CTX only treatment groups at 21 weeks.

DETAILED DESCRIPTION OF THE INVENTION
L Definitions

30 As used herein the term “isolated” refers to a compound of interest
(e.g., either a polynucleotide or a polypeptide) that is in an environment
different from that in which the compound naturally occurs e.g. separated
from its natural milieu such as by concentrating a peptide to a concentration

18
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at which it is not found in nature. “Isolated” includes compounds that are
within samples that are substantially enriched for the compound of interest
and/or in which the compound of interest is partially or substantially
purified.

An “immune cell” refers to any cell from the hemopoietic origin
including but not limited to T cells, B cells, monocytes, dendritic cells, and
macrophages.

As used herein, the term “polypeptide” refers to a chain of amino
acids of any length, regardless of modification (e.g., phosphorylation or
glycosylation).

As used herein, a “costimulatory polypeptide” or “costimulatory
molecule” is a polypeptide that, upon interaction with a cell-surface molecule
on T cells, modulates T cell responses.

As used herein, a “costimulatory signaling” is the signaling activity
resulting from the interaction between costimulatory polypeptides on antigen
presenting cells and their receptors on T cells during antigen-specific T cell
responses. Antigen-specific T cell response mediated by two signals: 1)
engagement of the T cell Receptor (TCR) with antigenic peptide presented in
the context of MHC (signal 1), and 2) a second antigen-independent signal
delivered by contact between different costimulatory receptor/ligand pairs
(signal 2). This “second signal” is critical in determining the type of T cell
response (activation vs inhibition) as well as the strength and duration of that
response, and is regulated by both positive and negative signals from
costimulatory molecules, such as the B7 family of proteins.

As used herein, the term “B7 polypeptide” means a member of the B7
family of proteins that costimulate T cells including, but not limited to B7-1,
B7-2, B7-DC, B7-HS, B7-H1, B7-H2, B7-H3, B7-H4 and biologically active
fragments and/or variants thereof. Representative biologically active
fragments include the extracellular domain or fragments of the extracellular
domain that costimulate T cells.

As used herein “soluble B7-H4” or “sH4” refers to fragments of B7-
H4 that may be shed, secreted or otherwise extracted from cells that express
B7-H4. Soluble fragments of B7-H4 include some or all of the extracellular

19
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domain of the B7-H4 polypeptide, and lack some or all of the intracellular
and/or transmembrane domains. In one embodiment, soluble B7-H4
polypeptide fragments include the entire extracellular domain of the B7-H4
polypeptide. In other embodiments, the soluble fragments of B7-H4

5  polypeptides include fragments of the extracellular domain. Extracellular
domains of B7-H4 polypeptides can be readily determined by those of skill
in the art using standard methodologies such as hydropathy plotting.

As used herein, “inflammatory molecules” refers to molecules that
results inflammatory responses including, but not limited to, cytokines and

10  metalloproteases such as including, but not limited to, IL-1p, TNF-a, TGF-
beta, IFN-y, IL.-17, IL-6, I1L-23, 1L-22, IL-21, and MMPs.

As used herein, a “vector” is a replicon, such as a plasmid, phage, or
cosmid, into which another DNA segment may be inserted so as to bring
about the replication of the inserted segment. The vectors described herein

15  can be expression vectors.

As used herein, an “expression vector” is a vector that includes one or
more expression control sequences

As used herein, an “expression control sequence” is a DNA sequence
that controls and regulates the transcription and/or translation of another

20  DNA sequence.

"Operably linked" refers to an arrangement of elements wherein the
components so described are configured so as to perform their usual or
intended function. Thus, two different polypeptides operably linked together
retain their respective biological functions while physically linked together.

25 As used herein, “valency” refers to the number of binding sites
available per molecule.

As used herein, a “variant” polypeptide contains at least one amino
acid sequence alteration as compared to the amino acid sequence of the
corresponding wild-type polypeptide.

30 As used herein, “conservative” amino acid substitutions are
substitutions wherein the substituted amino acid has similar structural or

chemical properties.
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As used herein, the term “host cell” refers to prokaryotic and
eukaryotic cells into which a recombinant vector can be introduced.

As used herein, “transformed” and “transfected” encompass the
introduction of a nucleic acid (e.g. a vector) into a cell by a number of
techniques known in the art.

As used herein, the phrase that a molecule “specifically binds” or
“displays specific binding” to a target refers to a binding reaction which is
determinative of the presence of the molecule in the presence of a
heterogeneous population of other biologics. Under designated
immunoassay conditions, a specified molecule binds preferentially to a
particular target and does not bind in a significant amount to other biologics
present in the sample. Specific binding of an antibody to a target under such
conditions requires the antibody be selected for its specificity to the target.
A variety of immunoassay formats may be used to select antibodies
specifically immunoreactive with a particular protein. For example, solid-
phase ELISA immunoassays are roufinely used to select monoclonal
antibodies specifically immunoreactive with a protein. See, e.g., Harlow and
Lane (1988) Antibodies, A Laboratory Manual, Cold Spring Harbor
Publications, New York, for a description of immunoassay formats and
conditions that can be used to determine specific immunoreactivity.

As used herein, the terms “immunologic”, “immunological” or
“immune” respohse is the development of a beneficial humoral (antibody
mediated) and/or a cellular {mediated by antigen-specific T cells or their
secretion products) response directed against a peptide in a recipient patient.
Such a response can be an active response induced by administration of
immunogen or a passive response induced by administration of antibody or
primed T-cells. A cellular immune response is elicited by the presentation of
polypeptide epitopes in association with Class I or Class II MHC molecules
to activate antigen-specific CD4" T helper cells and/or CD8" cytotoxic T
cells. The response may also involve activation of monocytes, macrophages,
NK cells, basophils, dendritic cells, astrocytes, microglia cells, eosinophils,
activation or recruitment of neutrophils or other components of innate
immunity. The presence of a cell-mediated immunological response can be
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determined by proliferation assays (CD4" T cells) or CTL (cytotoxic T
lymphocyte) assays. The relative contributions of humoral and cellular
responses to the protective or therapeutic effect of an immunogen can be
distinguished by separately isolating antibodies and T-cells from an

5  immunized syngeneic animal and measuring protective or therapeutic effect
in a second subject.

An “immunogenic agent” or “immunogen” is capable of inducing an
immunological response against itself on administration to a mammal,
optionally in conjunction with an adjuvant.

10 The terms “individual”, “host”, “subject”, and “patient” are used
interchangeably herein, and refer to a mammal, including, but not limited to,
humans, rodents, such as mice and rats, and other laboratory animals.
1L Fusion proteins

B7-H4 fusion polypeptides have a first fusion partner comprising all

15 orapart of a B7-H4 protein fused to a second polypeptide directly or via a
linker peptide sequence that is fused to the second polypeptide. The fusion
proteins optionally contain a domain that functions to dimerize or
multimerize two or more fusion proteins. The peptide/polypeptide linker
domain can either be a separate domain, or alternatively can be contained

20  within one of the other domains (B7-H4 polypeptide or second polypeptide)
of the fusion protein. Similarly, the domain that functions to dimerize or
multimerize the fusion proteins can either be a separate domain, or
alternatively can be contained within one of the other domains (B7-H4
polypeptide, second polypeptide or peptide/polypeptide linker domain) of the

25  fusion protein. In one embodiment, the dimerization/multimerization
domain and the peptide/polypeptide linker domain are the same.

Fusion proteins disclosed herein are of formula I:

N-R;-Ry-R3-C
30 ‘
wherein “N” represents the N-terminus of the fusion protein, “C” represents
the C-terminus of the fusion protein. In the preferred embodiment, “R,” is a
B7-H4 polypeptide, “Ry” is an optional peptide/polypeptide linker domain,
22



WO 2011/026122

10

15

20

25

30

35

PCT/US2010/047366

and “R3” is a second polypeptide. Alternatively, Rz may be a B7-H4

polypeptide and R; may be a second polypeptide.

Dimerization or multimerization can occur between or among two or

more fusion proteins through dimerization or multimerization domains.

Alternatively, dimerization or multimerization of fusion proteins can occur

by chemical crosslinking. The dimers or multimers that are formed can be

homodimeric/homomultimeric or heterodimeric/heteromultimeric.

B7-H4 polypeptides

A.

In a preferred embodiment the B7- H4 polypeptide is from a

mammalian species. In the most preferred embodiment, the B7- H4

polypeptide is of murine, non-human primate (Pan troglodytes, Macaca

mulatta or Macaca fascicularis), or human origin. Useful murine B7-H4

polypeptides have at least about 80, 85, 90, 95 or 100% sequence identity to
the B7-H4 polypeptide encoded by the nucleic acid having GenBank

Accession Number NM_178594 or AY280973. Useful murine B7-H4

polypeptides have at least about 80, 85, 90, 95 or 100% sequence identity to

the B7-H4 polypeptide according to GenBank Accession Number
AAH32925.1 or NP_848709.2. Useful human B7-H4 polypeptides have at
least about 80, 85, 90, 95 or 100% sequence identity to the B7-H4

polypeptide encoded by the nucleic acid having GenBank Accession Number
AK026071. Useful human B7-H4 polypeptides have at least about 80, 85,

90, 95 or 100% sequence identity to the B7-H4 polypeptide according to

GenBank Accession Number NP_078902.2 or BAB15349.1.
~ Murine B7-H4 polypeptides can be encoded by a nucleotide sequence
having at least 80%, 85%, 90%, 95%, 99%, or 100% sequence identity to: |

atggctteoet
ggggceatcy
agcttcacct
gacatcaaac
cacgagttca
acagcagtgt
cagetcacygy
geaaaccttg
gecagtteayg
tgggeatcte
ttgaactctyg

tggggcagat
cactcatcat
cagetggaaa
tcaacggeat
aagaaggcaa
ttgetgatca
atgctggeac
agtataagac
agagtttacg
aagtcgacca

agaatgtgac

catcttttgyg
tggetttgge
cattggagag
cgtcatccag
agacgacctc
ggtggtagtt
ctacacatgt
cggagecttc
ctgcgagget
aggagaccaat
catgaaggtc

agtattatta
atticaggca
gacgggaceo
tggctgaaaq
tcacagcagce
ggcaatgett
tacatccgea
agtatgccag
ccteggtagt
ttetcagaag
gtatctgtge

23

acatcatcat
agcacttcat
tgagetgeac
aaggcatcaa
atgagatgtt
cecetgagact
ccteaaaagy
agataaatgt
gofalololalol-Tolole!
tcteccaacac

tctacaatgt

catectgget
cacggtcacg
ttttgaacct
aggtttggtce
cagaggocge
gaaaaacgtg
caaagggaat
ggactataat
cacagtggec
cagetttgag

cacaatcaac

60
120
180
240
300
360
420
480
540
600
560
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aacacatact cctgtatgat tgaaaacgac attgecaaag ccaccgggga catcaaagtg

acagattcag aggtcaaaag gegaagtcag ctgeagttge tgaactctgyg gecttcoceyg

tgtgtttttt cttetgectt tgtggetgge tgggeactece tatcohctote ctgttgecty

atgcetaagat ga

(SEQ ID NO:1).

720
780
840
852

Murine B7-H4 polypeptides can have at least 80%, 85%, 90%, 95%,

99%, or 100% sequence identity to:

MASLGQIIFW SIINITIILA
DIKLNGIVIQ WLKEGIKGLV
OLTDAGTYTC YTRSSKGKGN
WASQVLQGAN FSEVSNTSFE
TDSEVERRSQ LOLILNSGPSP

(SEQ ID NO:2),

MEWSWVELFF LSVITGVHSG
IQWLKEGIKG LVHEFKEGKD
TCYIRSSKGK GNANLEYKTG
ANFSEVSNTS FELNSENVTM
SOLQLLNSGP SPCVSSSAFV
(SEQ ID NO:3),
GFGISGKEFI TVITFTSAGN
DDLSQQHEMF RGRTAVFADQ
GAFSMPEINV DYNASSESLR
MKVVSVLYNV TINNTYSCMI
VAGWALLSLS CCLMLR

(SEQ ID NO:4),

MASLGQIIFW SIINIIIILA
DIKLNGIVIQ WLKEGIKGLV
QLTDAGTYTC YIRTSKGKGN
WASQVDQGAN FSEVSNTSFE
TDSEVKRRSQ LOLLNSGPSP

(SEQ ID NO:5),

MEWSWVFLFF LEVITGVHSG
IOWLREGIRKG LVHEFRKEGKD
TCYIRTSKGK GNANLEYKTG
ANFSEVSNTS FELNSENVIM
SQLOLILNSGE SPCVFSSAFV
(SEQ ID NO:6), or

GFGISGKHFI TVTTETSAGN
DDLSQOHEMEF RGRTAVEADQ
GAFSMPEINV DYNASSESLR
MEVVSVLYNV TINNTYSCMI
YAGWALLSLS CCLMLR

(SEQ ID NO:7)

GAIALIIGEG
HEFKEGKDDL
ANLEYKTGAF
LNSENVTMKV
CVSSSAFVAG

FGISGKHFIT
DLSQOHEMFR
AFSMPEINVD
KVVSVLYNVT
AGWALLSLSC

IGEDGTLSCT
VVVGNASLRL
CEAPRUWFPQP
ENDIAKATGD

GAIALIIGEFG
HEFKEGKDDL
ANLEYKTGAF
LNSENVTMEV
CVFSSAFVAG

FGISGRHEIT
DLSQOHEMEFR
AFSMPEINVD
KVVSVLYNVT
AGWALLSLSC

IGEDGTLSCT
VVVGNASLRL
CEAPRWFPQP
ENDIAKATGD

ISGKHFITVT
SQDHEMFRGR
SMPEINVDYN
VSVLYNVTIN
WALLSL3CCI:

VTTFTSAGNT
GRTAVFADQV
YNASSESLRC
INNTYSCMIE
CLMLR ‘

FEPDIKLNGT
ENVQLTDAGT
TVAWASQOVDO
IKVTDSEVEKR

ISGRHFITVT
SQUHEMFRGR
SMPEINVDYN
VSVLYNVTIN
WALLSLSCCIL

VITETSAGNT
GRTAVFADQV
YNASSESLRC
INNTYSCMIE
CLMLR

FEPDIKLNGI
KNVQLTDAGT
TVARASQVDQ
IKVTDSEVKR

24

TETSAGNIGE
TAVEADQVVY
ASSESLRCEA
NTYSCMIEND
MLR

GEDGTLSCTFE
VVGENASLRLK
EAPRWEPQPT
NDIAKATGDL

VIQWLKEGIK
YTCYIRSSKG
GANFSEVENT
RSQLOLLNSG

TETSAGNIGE
TAVFADQVVV
ASSESLRCEA
NTYSCHMIEND
MLR

GEDGTLSCTE
VVGNASTRLK
EAPRWFPQPT
HNDIARATGDI

VIOQWLRKEGIR
YTCYIRTSKG
GANFSEVSNT
RSQLOLLNSG

DGTLSCTFEP
GNASLRLENY
PRWFPQPTVA
IAKATGDIKV

EPDIKLNGIV
NVQLTDAGTY
VARASQVDQG
KVTDSEVERR

GINEEFEEGK
RGNANLEYRT
SFELNSENVY
PSPCVESSAK

RGTLSCTERR
GNASTRLEKNV
PRWEFPQPTVA
TARATGDIRV

EPRIRLNGIV
RVQLTDAGTY
VAWASQVDQG
KVIDSEVERR

GLVHEFKEGK
KGNANLEYKT
SFELNSENVT
PSPCVFSSAF

&0
120
180
240
283

60
120
180
240
275

60
120
iso
240
256

60
120
i80
240
283

60
120¢
180
2490
275

60
120
180
240
256
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Human B7-H4 polypeptides can be encoded by a nucleotide sequence
having at least 80%, 85%, 90%, 95%, 99%, or 100% sequence identity to:

atggcttecce
ggagcaattg
actgtogect
gacatcaaac
catgagttca
acagcagtyt
caactcacay
gctaaccttg
gecagetcag
tgggcatcoe
ctgaactctg
aacacatact
acagaategg
tgtgtctctt

ctaaaataa

tggggcagat
cactcatcat
cagctgggaa
tttcotgatat
aagaaggeaa
ttgcotgatea
atgectyggeac
agtataaaac
agaccttgeg
aagttgacca
agaatgtgac
cetgtatgat
agatcaaaag
ctttectttge

(SEQ ID NO:8).
Human B7-H4 polypeptides can have at least 80%, 85%, 90%, 95%,
99%, or 100% sequence identity to:

MASLGQILFW SIISIXIILA GAIALIIGFG ISGRHSITVT
DIKLSDIVIQ WLKEGVLGLV HEFKEGKDEL SEQDEMFRGR

QLTDAGTYKC
WASQVDOGAN
TESETKRRSH

YIITSKGKGH
FSEVENTSFE
LOLLNSKASL

(SEQ ID NO:9),

MEWSWVELEE
IQWLKEGVLG

LSVTTGVHSG
LVBEFKEGKD

RKCYTITSKGK GNANLEYETG

ANFSEVSNTS FELNSENVTM

SHLOLLNSKA SLCVSSFFAI

(SEQ ID NO:10),

GFGISGRHESI
DELSEQDEMF
GAFSMPEVNV
MEVVBVLYNV
ISWALLPLSP

TVTTVASAGN
RGRTAVEADQ
DYRASSETLR
TINNTYSCMI
YELMLEK

(SEQ ID NO:11),

cctettetgy
tggctttggt
cattggggag
cgtgatacaa
agatgagety
agtgatagtt
ctacaaatgt
tggagectic
gtgtgagget
gggagccaac
catgaaggtt
tgaaaatgac
geggagtcac
catcagctygyg

ANLEYKTGAF
LNSENVIMRV
CVSSEFFAISH

FGIZGRESIT
ELSEQDEMFER
AFSMPEVNVD
KVVSVLYNVT
SWALLPLSPY

IGEDGILSCT
VIVGNASLRL
CEAPRWEPQP
ENDIAKATGD

agcataatta
atttcaggga
gatggaatce
tggctgaagg
teggageagg
ggcaatgcet
tatatcatca
agcatgcegg
cccegatggt
ttcteggaag
gtgtctgtge
attgecaaag
ctacagectgc

gcacttctge

SMPEVNVDYN
VSVLYNVTIN
ALLPLSPYLM

VTTVASAGNT

GRTAVFADQV
YNASSETLRC
INNTYSCMIE
LMLK

FEPDIKILSDI
ENVQLTDAGT
TYVHASQVDQ
IKVTIESEIXR

25

gcatcatcat
gacactccat
tgagetgcac
aaggtgtttt
atgaaatgtt
ctittgogget
cttetaaagg
aagtgaatgt
tcooocagec
tctecaatac
tctacaatgt
caacagggga
taaactcaaa

ctctecageece

TVASAGNIGE
TAVFADOVIV
ASSETLRCEA
NTYSCMIEND
LK

GEDGILECTF
IVGNASLRLK
EAPRWFPOPT
NDIAKATGDI

VIQWLKEGVL
YECYIITSKG
GANFSEVSNT
RSHLOLILNEK

tattctgget
cacagtcact
ttttgaacct
aggettgote
cagaggcogyg
gaaaaacgtg
caaggggaat
ggactataat
cacagtggtc
cagctttgag
tacgatcaac
tatcaaagty
ggcttetetg
ttacctgatyg

DGILSCTFEP
GNASLRLENV
PRWEPGPTVV
IAKATGDIKY

EPDIKLSDIV
NVQLTDAGTY
VVWASQVDOG
KVTESEIKRR

GLVHEFREGK
KENANLEYKT
SFELNSENVT
ASLCVSSFFA

60
120
18G
240
300
360
420
480
540
600
660
720
780G
840
849

80
120
186G
240
282

60
120
180
240
274

&0
12¢
180
240
255
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MASLGQILFW SIISIIIILA
DIKLSDIVIQ WLKEGVLGLV
QLTDAGTYKC YIITSKGKGN
WASQVDOGAN FSEVSNTSFE
TESEIKRRSH LOLLNSKASL

(SEQ ID NO:12),

 MEWSWVFLFF LSVITGVHSG

IQWLKEGVLG LVHEFKEGKD
KCYLITSKGK GNANLEYKTG
ANFSEVSNTS FELNSENVTM
SELQLLNSKA SLCVSSFFAI

(SEQ ID NO:13), or

GFGISGRESI TVITVASAGN
DELSEQDEMF RGRTAVFADQ
GREFSMPEVNV DYNASSETLR
MEVVSVLYNV TINNTYSCMI
ISWALLPLSP YLMLK

(SEQ ID NO:14).

GAIALIIGEG
HEFKEGKDEL
ANLEYKTGAF
LNSENVTMEV
CVSSFFAISH

PGISGRHSIT
ELSEQDEMFR
AFSMPEVNVD
KVVSVLYNVT
SWALLPLSPY

IGEDGIQSCT
VIVGHNASLRL
CEAPRWFPQP
ENDIAKATGD

ISGRHSITVT
SEQDEMFRGR
SMPEVNVDYN
VSVLYNVTIN
ALLPLSPYLM

VITVASAGNI
GRTAVFADQV
YNASSETLRC
INNTYSCMIE
LMLK

FEPDIKLSDI
KNVQLTDAGT
TVVWASQVDD
IKVTESEIKR

TVASAGNIGE
TAVFADQVIV
ASSETLRCEA
NTYSCMIEND
LK

GEDGIQSCTF
IVGNASLRLK
EAPRWFPQPT
NDIAKATGDI

VIQWLKEGVL
YKCYIITSKG
GANFSEVSNT
RSHLOLLNSK

PCT/US2010/047366
DGIQSCTFER 60
GNASLRLENV 120
PRWEPQPTVV 180
IRKATGDIKY 240

282
EPDIKLSDIV 60
RBVQLTDAGTY 120
VVAASQVDQG 180
KVTESEIKRR 240

274
GLVHEFKEGK 60
KGNANLEYKT 120
SFELNSENVT 180
ASLCVSSFFA 240

255

Non-human primate B7-H4 polypeptides can have at least 80%, 85%,
90%, 95%, 99%, or 100% sequence identity to:

MKPLTSRIIS IIIILAGAIA
SDIVIQWLKE GVLGLVHEFE
AGTYKCYIIT SKGKGNANLE
IDQGANFSEV SNTSFELNSE
IKRRSELQLL NSKASLCVSS

(SEQ ID NO:15), or

GFPGISGRHST TVIETVASAGN
DELSEQDEMF RGRTAVFADQ
GAFSMPEVNV DYNASSETLR
MEVVSVLYNA TINNTYSCMI
ISWALLPLSP YLMLK

(SEQ ID NO:16), or

MASLGQILFW SIISIIFILA
DIKLSDIVIQ WLKEGVIGLV
QLTDAGTYKC YIITSKGKGN
WASQVDOGAN FSEVSNTSFE
TESEIKRRSH LOLLNSKASL

(SEQ ID NO:17), or

LIIGFGISGR
EGKDELSEQD
YKTGAFSMPE
NVTMRVVSVL
FFAISWALLP

IGEDGILSCYT
VIVGNASLRL
CEAPRWFPQP
ENDIAKATGD

GAIALIIGFG
HEFKEGKDEL
ANLEYKTGAF
LNSENVTMEKV
CVS3FLAISW

HSITVTTVAS
EMFRGRTAVF
VHVDYNASSE
YNATINNTYS
LSPYLMLEK

FEPDIKLSDI
ENVOQLTDAGT
TVVWASQIDO
IKVTESEIKR

ISGRESITVT
SEQDEMFRGR
SMPEVNVDYN
VEVLYNVTIN
ALLFPLAPYIM

26

RGNIGEDGTIL
ADQVIVGNAS
TLRCEAPRWE
CMIENDIAKA

VIQWLKEGVL
YKCYIITSKG
GRNFSEVSNT
RSHLQLLNSK

TVASAGNIGE
TAVFADOVIV
ASSETLRCEA
NTYSCMIEND
LK

SCTFERPDIKL
LRLENVQLID
POPTVVRASQ
TGDIRVTESE

GLVBEFKEGK
KGNANLEYRT
SFELNSENVT
ASLCVISFEFA

DGILSCTFER

GNASLRLRNV
FPRAFPQPTVV
IAKATGDIKV

&0
120
18G
240
278

60
120
180
240
255

80
120
180
240
282
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GFGISGRHESI TVTTVASAGN IGEDGILSCT FEPDIKLSDI VIQWLEKEGVI GLVHEFKEGK &0
DELSEQDEME RGRTAVFADQ VIVGNASLRL KNVQLTDAGT YKCYIITSKG KGNANLEYKT 126
GAFSMPEVNV DYNASSETLR CEAPRWFPQP TVVWASQVD(Q GANFSEVSNT SFELNSENVT 180
MEVVSVLYNV TINNTYSCMI ENDIAKATGD IKVTESEIKR RSELQLLNSK ASLCVSSFLA 240

ISWALLFLAR YLMLEK 255
(SEQ ID NO:18), or
MASLGQILFW SIISIIFILA GAIALIIGFG ISGRHSITVI TVASAGNIGE DGILSCTFEP 60

DIKLSDIVIQ WLKEGVIGLV HEFKEGKDEL SEQDEMFRGR TAVFADQVIV GNASLRLKNV 12¢
QLTDAGTYKC YIITSKGKGN ANLEYKTGAF SMPEVNVDYN ASSETLRCEA PRWEPQPTVV 180
WASQVDQGAN FSEVSNTSFE LNSENVIMKEV VSVLYNVTIN NTYSCMIEND IAKATGDIKY 240

TESETKRRSH LOLLNSKAST, CVSSFLAISW ALPPLAPYLM LXK 282
(SEQ ID NO:19), or
GFGISGRHST TVTTVASAGN IGEDGILSCT FEPDIKLSDI VIQWLKEGVI GLVHEFKEGK 60

DELSEQDEMF RGRTAVFADQ VIVGNASLRL KNVQLTDRAGT YKCYIITSKG KONANLEYKT 12¢
GAFSMPEVNV DYNASSETLR CEAPRWFPQP TVVWASQVDQ GANFSEVSNT SFELNSENVT 18G
MEVVSVLYNV TINNTYSCMI ENDIAKATGD IKVTESEIKR RSHLOLLNSK ASLCVSSFLA 240
ISWALFPLAP YLMLK 255

(SEQ ID NO:20),

where SEQ ID NOs:15 and 16 are chimapanzee (Pan froglodytes)
polypeptide sequences, SEQ ID NOs:17 and 18 are rhesus monkey (Macaca
mulatta) poiypeptide sequences, and SEQ ID-NOs:19 and 20 are cynomolgus
monkey (Macaca fascicularis) polypeptide sequences.

Nucleic acids encoding B7-H4 polypeptides may be optimized for
expression in the expression host of choice. Codons may be substituted with
alternative codons encoding the same amino acid to account for differences
in codon usage between the mammal from which the B7-H4 nucleic acid
sequence is derived and the expression host. In this manner, the nucleic
acids may be synthesized using expression host-preferred codons.

1. Fragments of B7-H4 polypeptides

The B7-H4 proteins contain two immunoglobulin domains within the
extracellular, the IgV domain (or V domain) and the IgC domain (or C
domain), which are related to the variable and constant domains of
antibodies. The domains can be identified by anyone skilled in the art by
searching against family and domain databases. The IgV domain is believed
to be responsible for receptor binding, based on functional data from the
isolated IgV domain as well as by analogy to the other B7 family members.

Each Ig domain of extracellular domain includes one disulfide bond formed

27
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between intradomain cystein residues, as is typical for this fold and may be
important for structure-function. In SEQ ID NOS: 2, 5, 9 and 12 these
cysteines are located at residues 56 and 130 for the IgV domain, and 168 and
225 for the IgC domain. In addition, there is one predicted N-linked
glycosylation site in the IgV domain and six glycosylation sites in the IgC
domain, which are conserved between mouse and human B7-H4 sequences.

In one embodiment, the first fusion partner is a fragment of B7-H4.
As used herein, a fragment of B7-H4 refers to any subset of the polypeptide
that is at least one amino acid shorter than full length protein. Useful
fragments are those that retain the ability to bind to their natural receptor or
receptors. A B7-H4 polypeptide that is a fragment of full-length B7-H4
typically has at least 20 percent, 30 percent, 40 percent, 50 percent, 60
percent, 70 percent, 80 percent, 90 percent, 95 percent, 98 percent, 99
percent, 100 percent, or even more than 100 percent of the ability to bind its
natural receptor(s) as compared to full-length B7-H4.

Fragments of B7-H4 polypeptides include soluble fragments.
Soluble B7-H4 polypeptide fragments are fragments of B7-H4 polypeptides
that may be shed, secreted or otherwise extracted from the producing cells.
Soluble fragments of B7-H4 polypeptides include some or all of the
extracellular domain of the receptor polypeptide, and lack some or all of the
intracellular and/or transmembrane domains. In one embodiment, B7-H4
polypeptide fragments include the entire extracellular domain of the B7-H4
polypeptide. In other embodiments, the soluble fragments of B7-H4
polypeptides include fragments of the extracellular domain that retain B7-H4
biological activity. The extracellular domain can include 1, 2,3, 4, 0r 5
contiguous amino acids from the transmembrane domain, and/or 1, 2, 3, 4, or
5 contiguous amino acids from the signal sequence. Alternatively, the
extracellular domain can have 1, 2, 3, 4, 5 or more amino acids removed
from the C-terminus, N-terminus, or both. In some embodiments the
extracellular domain is only the IgV domain , or the region between the
conserved cysteines of the IgV domain located at residues 56 and 130 of the
full-length protein.

28
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Generally, the B7-H4 polypeptides or fragments thereof are
expressed from nucleic acids that include sequences that encode a signal
sequence. The signal sequence is generally cleaved from the immature
polypeptide to produce the mature polypeptide lacking the signal sequence.

5 SEQIDNOs:4,7,11, 14, 16, 18 and 20 each lack a signal peptide. The
signal sequence of B7-H4 can be replaced by the signal sequence of another
polypeptide using standard molecule biology techniques to affect the
expression levels, secretion, solubility, or other property of the polypeptide.

The signal sequence that is used to replace the B7-H4 signal sequence can be

10 any known in the art. SEQID NOs:2,3,5,6,9, 10,12, 13, 15,17 and 19
each contain a signal peptide.

In a preferred embodiment, the fusion protein includes the
extracellular domain of B7-H4, or a fragment thereof fused to an Ig Fc
region. Recombinant B7-H4-Ig fusion proteins can be prepared by fusing

15 the coding region of the extracellular domain of B7-H4 or a fragment thereof
to the Fc region of human IgG1 or mouse IgG2a, as described previously
(Chapoval, et al., Methods Mol. Med., 45:247-255 (2000)).

a. Murine B7-DC extracellular domain
fusion partners

20 In one embodiment, the first fusion partner of the fusion protein
includes the extracellular domain of murine B7-H4 or a fragment thereof.
The first fusion partner can be encoded by a nucleotide sequence having at
least 80%, 85%, 90%, 95%, 99%, or 100% sequence identity to:
atggecttceet tggggcagat catcttttgg agtattatta acatcatcat catcctgget &0

25 ggggccatog cactcatcat tggetttgge atttcaggea agcacttcat cacggtcoacg 120
accttcaccet cagetggaaa cattggagag gacgggacce tgagetgcac ttttgaacet 180
gacatcaaac tcaacggealt cgtcatcecag tggetgaaag aaggcatcaa aggttiggtce 240
cacgagttea aagaaggeaa agacgaccte tcacagcage atgagatgtt cagaggocoge 300
acageagtgt ttgetgatca ggtggtagtt ggcaatgctt ccoctgagact gaaaaacgtg 360

30 cageteacyyg atgetggeac ctacacatgt tacatccgea cctcaaaagg caaagygaat 420
gcaaaccttyg agtataagac cggagcectic agtatgecag agataaatgt ggactataat 480
gceagttcag agagtitacy ctgcgagget cctoggtggt toccccagee cacagtggec 540
tgggcatctc aagtcgacca aggagocaat ttotcagaag tctocaacac cagetttgag 600
ttgaactctg agaatgtgac catgaaggtce gtatctghtge tcetacaatgt cacaatcaac 660

35 aacacatact cctgtatgat tgaaasacgac attgcocaaag ccaccgggga catcaaagtg 720
acagattcag aggtcaaaag gogaagtcag ctgcagiige tgaactcotgg g 771
(SEQ ID NO:21),
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atggagtggt
tteggeataa
ggggaagatyg
attcagtgge
gatctgtete
gtggtaggea
acatgctata
gectittcta
gaggcgecaa
gccaactttt
aaggtagtca
aatgatatay

agtcaactgc

catgggtttt
goggcaagea
gaacattgto
ttaaggaggg
agcagcacga
acgcecagttt
tooeggtocte
tgecagagat
ggtggttcee
ctgaggttte
gegttctgta
ccaaggctac

aactctigaa

(SEQ ID NO:22) or

atggagtggt
ttcggcataa
ggggaagatg
attcagtggce
gatctgtecte
gtggtaggea
acatgctata
gecottttcecta
gaggegecaa
geccaactttt
aaggtagtca
aatgatatag

agtcaactge

catgggtttt
gcggeaagea
gaacattgtc
ttaaggaggyg
agcagcacga
acgccagttt
teccggaccto
tgccagagat
ggtggtteocee
ctgaggtttc
gegttetgta
ccaaggctac

aactcttgaa

(SEQ ID NO:23).

In another embodiment, the first fusion partner can have at least 80%,

tctgttettt
cttcatcaca
atgtacattt
catcaagggce
gatgttcagg
goegyctgaaa
taagggcaag
caacgtggac
tecageocace
taacaccage
taacgtgacc
aggagatatt
tagcgge

tetgttettt
ctteatcaca
atgtacattt
catcaaggge
gatgttcagg
goeggetgaaa
taagggeaag
caacgtggac
tcageccace
taacaccage
taacgtgace
aggagatatt
tagegge

ctiagegtga
gttacaacgt
gagccagata
ctggtccacy
ggcagaaccg
aacgtgcage
gggaacgcta
tataacgcaa
gtegegtggg
ttogaactga
atcaacaata

aaagtgacygqg

cttagegtga
gttacaacgt
gagecagata
ctggtcecacy
ggoagaaccq
aacgtgeage
gggaacgceta
tataacgcaa
gtegegtggg
ttcgaactga
atcaacaata

zaagtgacgyg

ctacaggegt
ttacaagtge
tcaaactcaa
aatttaagga
ccgtettege
tgactgacge
atctcgagta
gctctgaaag
cttcooccaggt
acagcgaaaa
cttactecty
attcagaagt

ctacaggcegt
ttacaagtgc
tcaaactcaa
aatttaagga
cogtoettoge
tgactgacge
atctogagta
gotetgaaag
ctteocagyt
acagcgaaaa
cttactecty
attcagaagt

PCT/US2010/047366
ccattcagga 60
ggggaacatt 120
tggaatagta 180
ggggaaagac 240
agaccaggtt 300
cggeacctac 360
caaaacaggc 420
tctgagatge 480
ggatcaaggce 540
tgtgacaatg 600
tatgatagaa 660
gaaaaggagyg 720

747
ccattcagga 60
ggggaacatt 120
tggaatagta 18C
ggggaaagac 240
agaccaggtt 300
cggcacctac 360
caaaacaggce 420
toctgagatge 480
ggatcaaggce 540
tgtgacaatyg 600
tatgatagaa 660
gaaaaggagy 720

747

85%, 90%, 95%, 99%, or 100% sequence identity to the murine amino acid

sequence:

MEWSWVFLEF
IQWLEEGIKG
TCYIRSSKGK
ANFSEVSNTS
SQLOLLNSG

LSVITGVHSG
LVHEFKEGKD
GNANLEYKTG
FELNSENVTM

(SEQ ID NO:24),

MEWSWVELEF
IQWLREGIKG
TCYIRTSEGK
ANFSEVSNTS
SQLOLILNSG

LSVTTGVHSG
LVHEFKEGKD
GNARLEYKTG
FELNSENVTM

(SEQ 1D NO:25),

FGISGKHFIT
DLSQOHEMIR
AFSMPEINVD
KVVSVLYNVT

FGISGRHFIT
DLSQOHEMEFR
AFSMPEINVD
KVVSVLYNVT

VITFTSAGNTL
GRTAVFADOQV
YNASSESTRC
INNTYSCMIE

VITFTSAGNT
GRTAVEFADQV
YNASSESLRC
INNTYSCMIE

30

GEDGTLSCTF
VVGNASLRLK
RAPRWERQPET
NDIAKATGDI

GEDGTLSCTF
VVGNASLRLE
EAPRWEFPOPT
NDIAKATGDI

EPDIKLNGIV
NVQLTDAGTY
VAWASQVDQG
KVTDSEVERR

EPDIKLNGIV
NVQLTDAGTY
VAWASQVDQG
KVIDSEVERR

60
120
180
240
24%

60
120
180
240
249
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MASLGQITFW SIINIIIILA GAIALIIGFG ISGKHFITVT TFTSAGNIGE DGTLSCTFEP 60
DIKLNGIVIQ WLKEGIKGLV HEFKEGKDDL SQQOHEMFRGR TAVFADQVVV GNASLRLENV 120
QLTDAGTYTC YIRSSKGKGN ANLEYKTGAF SMPEiNVDYN ASSESLRCEA PRWFPQPTVA 180
WASQVDQOGAN FSEVSNTSFE LNSENVIMKV VSVLYNVTIN NTYSCMIEND IAKATGDIKV 240

5  TDSEVKRRSQ LOLLNSG 257
(SEQ ID NO:26), or
MASLGOIIFW SIINIIIILA GAIALIIGFG ISGKHFITVT TFTSAGNIGE DGTLSCTFEP 60
DIRKLNGIVIQ WLKEGIKGLV HEFKEGKDDL SQQHEMFRGR TAVFADQVVYY GNASLRLENV 120
QLTDAGTYTC YIRTSKGKGN ANLEYKTGAF SMPEINVDYN ASSESLRCEA PRWFPQPTVA 180

10 WASQVDQGAN FSEVSNTSFE LNSENVIMKV VSVLYNVTIN NTYSCMIEND IAKATGDIKV 240
TDSEVKRRSQ LQLLNSG 257
(SEQ ID NO:27).

The signal sequence is removed in the mature protein. Additionally,
signal peptides from other polypeptides or organisms can be used to enhance

15 the secretion of the fusion protein from a host during manufacture, SEQ ID
NO:28 provides the murine amino acid sequence of SEQ ID NO:24 and SEQ
1D NO:26 without the signal sequence:

GFGISGKHFI TVTTEFTSAGN IGEDGTLSCT FEPDIKLNGI VIQWLKEGIK GLVHEFKEGK 80
DOLSQOEEME RGRTAVFADQ VVVGNASLRL KNVQLTDAGT YTCYIRSSKG KGNANLEYKT 120

20 GAFSMPEINV DYNASSESLR CEAPRWFPQP TVAWASQVDQ GANFSEVSNT SFELNSENVT 180
MEVVSVIL.YNV TTINNTYSCMI ENDIAKATGD IKVTDSEVKR RSQLOLLNSG 230
(SEQ ID NO:28).

SEQ ID NO:29 provides the murine amino acid sequence of SEQ ID
NO:25 and SEQ ID NO:27 without the signal sequence:

25 GFGISGKHET TVITFTSAGN IGEDGTLSCT FEPDIKLNGI VIQWLEEGIK GLVHEFKEGK 60
DDLSQOHEME RGRTAVFADQ VVVGNASLRL KNVQLTDAGT YTCYIRTSKG KGNANLEYKT 120
GAFSMPEINV DYNASSESLR CEAPRWFPQP TVAWASQVDQ GANFSEVSNT SFELNSENVT 180
MEVVSVLYNY TINNTYSCMI ENDIAKATGD IKVTDSEVER RSQLOLLNSG 2390
(SEQ ID NO:29)

30 In another embodiment, the first fusion partner of the fusion protein
includes the IgV domain of murine B7-H4. In one embodiment, the IgV
domain includes at least from the cysteine at position 56 of SEQ ID NO:2 or
SEQ ID NO:5 to the cysteine at position 130 of SEQ ID NO:2 or SEQ ID
NO:5. In another embodiment, the IgV domain contains a fragment of at

35  least 25 or 50 amino acids of the polypeptide defined by this amino acid

range.
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The first fusion partner can be encoded by a nucleotide sequence
having at least 80%, 85%, 90%, 95%, 99%, or 100% sequence identity to the

following nucleotide sequence encoding an exemplary IgV domain:

ggattcggea taagcggceaa geacttcate acagttacaa cgtitacaayg tgoggggaac 60
5 attggggaag atggaacatt gtcatgtaca tttgagecayg atatcaaact caatggaata 120
gtaattcagt ggcottaagga gggeatcaag ggectggtec acgaatttaa ggaggggaaa 180
gacgatctgt ctcagcagca cgagatgtic aggggeagaa ccgeeghbett cgeagaceagy 24G
gtitgtggtag gcaacgecag tttgcggetg azaaacgtge agetgactga cgecggeace 300
tacacatget atatceggtc ctctaaggee zaggggaacyg ctaatcetcga gtacaaaaca 360
10 ggcgectttt ctatgcoccaga gatcaac 387
(SEQ ID NO:30) or
ggattcggca taageggcaa geacttcatce acagttacaa cgtttacaayg tgeggggaac &0
attggggaag atggaacatt gtcatgtaca tttgagccag atatcaaact caatggaata 120
gtaattcagt ggcttaagga gggcatcaag ggoctggtceo acgaatttaa ggaggggaaa 186
15 gacgatctgt ctcagcagceca cgagatgttc aggggcagaa ccgeoghott cgeagaccag 240
grtgtggtag gcaacgecay tttgcggctg aaaaacgtge agetgactga cgecggeace 300
tacacatget atatccggac ctctaaggge aaggggaacy ctaatctega gtacaaaaca 360
ggcgccfttt ctatgceccaga gatcaac 387
(SEQ ID NO:31).
20 The first fusion partner can have at least 80%, 85%, 90%, 95%, 99%,
or 100% sequence identity to the murine amino acid sequence:
GFPGISGRHFL TVITFTSAGN IGEDGTLSCT FEPDIRLNGT VIQWLKEGIK GLVHEFKEGK 60
DDLSQOHEMF RGRTAVFADD VVVGNASLRL KNVQLTDAGYT YTCYIRSSKG EGNANLEYRT 120
GAFSMPEIN 129
25  (SEQIDNO:32), or
GEGISGRHFT TVITEFTSAGN IGEDGTLSCT FEPDIKLNGI VIQWLKEGIK GLVHEFKEGK €0
DDLSQOHEMF RGRTAVEADQ VVVGNASLRL KNVQLTDAGT YTCYIRTSKG KGNANLEYKT 120
GAFSMPEIN 128
(SEQ ID NO:33).
30 b. Human extracellular domain fusion
partners
In another embodiment, the first fusion partner of the fusion protein
includes the extracellular domain of human B7-H4 or a fragment thereof.
The first fusion partner can be encoded by a nucleotide sequence having at
35  least 80%, 85%, 90%, 95%, 99%, or 100% sequence identity to:
atggctteoee tggggeagat cctettctgy ageataatta geatcatcat tattotgget 60
ggagecaattg cactecatcat tggetttggt atttcaggga gacactecat cacagtcact 120
actgtcgoect cagetgggaa cattggggag gatggaatcee tgagetgeac ttttgaacct 180
gacatcaaac titctgatat cgtgatacaa tggetgaagyg aaggtgtttt aggettggte 240
40 catgagttca aagaaggcaa agatgagetyg teggagcagg atgaaatgtt cagaggecgg 300
acagcagtgt ttgctgatca agtgatagit ggeaatgect ctttgogget gaaaaacgtg 360
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caactcacag
gctaaccttyg
gecagetcay
tgggcatcee
ctgaactetg
aacacatact

acagaategy

atgctggeac
agtataaaac
agaccttgeyg
aagttgacca
agaatgtgac
cetgtatgat

agatcaaaag

(SEQ ID NO:34),

atggettece
ggagcaatty
actgtogect
gacatcaaac
catgagttca
acagceagtgt
caactcacayg
gctaaccttyg
geecageteag
tgggcatcee
ctgaactctg
aacacatact

acagaatcgy

tggggcagat
cactcatcat
cagctgggaa
tttctgatat
aagaaggcaa
ttgctgatca
atgctggeac
agtataaaac
agaccttgceg
aagttgacca
agaatgtgac
cctgtatgat
agatc

(SEQ ID NO:35),

atggettece
ggagcaattyg
actgtegect
gacatcaaac
catgagttca
acagcagtgt
caactcacag
gctaacctty
gccagcetcag
tgggeateee
ctgaactctyg
aacacatact

acagaatcygy

tggggcagat
cactcatcat
cagcotgggaa
tttctgatat
aagaaggcaa
ttgetgatca
atgetggeac
agtataaaac
agaccttgeg
aagttgacca
agaatgtgac
cetgtatgat

agatcaaaag

(SEQ ID NO:36),

atggaatgga
tteggeatcea
ggtgaggatyg
atacaatgge
gaactgtccg
atcgteoggaa
aaatgctaca
gcattctcaa
gaageteece

gctaactitt

getgggtatt
gtggacggea
gcatcecagtc
tgaaggaggyg
agcaggatga
atgcaagtoet
ttatcacaag
tgoccgaggt
goctggttece
cegagytygay

ctacaaatgt
tggagectte
gtgtgagget
gggagccaac
catgaaggtt
tgaaaatgac

goggagt

cctecttetgg
tggettiggt
cattggggag
cgtgatacaa
agatgagcetg
agtgatagtt
ctacaaatgt
tggageottco
gtgtgagget
gggagccaac
catgaaggtt

tgaaaatgac

cctettetgy
tggetttggr
cattggggag
cgtgatacaa
agatgagetyg
agtgatagit
ctacaaatgt
tggagectte
gtgtgagget
gggagecaac
catgaaggtt
tgaaaatgac

geggagteac

tetgttttte
cagtatcaca
ctgtaccttt
ggtgcteggt
gatgttccgg
cagattgaaa
taagggcaaa
caatgtcgac
ccagecaace

caacaccagc

tatatcatca
ageatgcegy
cecegatggt
ttcteggaag
gtgtctgtge

attgccaaag

agcataatta
atttcaggga
gatggaatcc
tggetgaagy
tcggageagy
ggcaatgect
tatatcatca
agcatgecegyg
cceegatggt
tteteggaag
gtgtcotgtge

attgccaaag

agcataatta
atttcagggsa
gatggaatce
tggctgaagg
tcggageagg
ggcaatgect
tatatcatca
agcatgocygg
ccccgatgot
ttcteggaag
gtgtctgtge
attgccaaag

ctacagetge

ctgtcagtaa
gtgaccacey
gagecggaca
ctggtacaty
gggaggaccqg
aatgtgcaac
ggaaatgcta
tataatgeca
gtggtctygg
ttecgaactca

33

cttetaaagy
aagtgaatgt
tcececcagee
tctecaatac

totacaatgt
caacagggga

gcatcatcat
gacactceat
tgagctgeac
aaggtgtttt
atgaaatgtit
ctttgcgget
ctictaaagg
aagtgaatgt
tececcageco
tctccaatac
tctacaatgt

caacagggga

gcatcatecat
gacactccat
tgagctgcac
aaggtgittt
atgaaatgtt
ctitgegget
cttcetaaagg
aagtgaatgt
tcecceccagec
tcteocaatac
tctacaatgt
caacagggga

taaactcaaa

cgactggegt
tecgectoage
tcaaactgte
agtttaagga
ctgtgitcge
tgactgatge
accttgagta
gcagtgaaac
cctetcaggt

actctgagaa

PCT/US2010/047366
caaggggaat 420
ggactataat 480
cacagtggte 54G
cagcetttgag 600
tacgatcaac 660
tatcaaagtg 720

747
tattctgget 60
cacagtcact 120
ttttgaacct 180
aggettggte 240
cagaggcegy 300
gaaaaacgty 360
caaggggaat 420
ggactataat 480
cacagtggte 540
cagctttgag 600
tacgatcaac 660
tatcaaagtg 720

735
tattotgget 60
cacagtcact 120
ttttgaacct 180
aggcttggte 240
cagagyccyyg 300
gaaaaacgtyg 360
caaggggaat 420
ggactataat 480
cacagtggtc 540
cagcttigayg 600
tacgatcaac 660
tatcaaagtg 720
ggetict 777
ccattcagge 60
tggcaatata 120
tgacatagtyg 180
agggaaggat 240
cgatcaggta 300
tggeacgtat 360
taaaacagge 420
attgegetgt 480
tgatcagggy 540
tgtgaccatyg 600
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aaagttgtgt
aacgacatcg

tet

ctgtcctgta

ccaaggoaac

(SEQ ID NO:37),

atggaatgga
ttecggeatcea
ggtgaggaty
étacaatggc
gaactgtceg
atcgtcggaa
aaatgctaca
gcattctcasa
gaagectocoec
gectaactttt
aaagttgtgt

aacgacatoy

getgggtatt
gtggacggea
gecatecagtce
tgaaggaggg
agcaggatga
atgcaagtct
ttatcacaag
tgecegaggt
gctggttece
cogaggtgag
ctgteoctgta

ceaagygeaac

(SEQ ID NO:38),

atggaatgga
tteggeatca
ggtgaggatyg
atacaatggce
gaactgtocg
atcgtcoggaa
aaatgetaca
geattetcaa
gaagctocce
gotaactttt
aaagttgtgt
aacgacatcg

tetecacctac

gctgggtatt
gtggacggca
geatceagte
tyaaggaggyg
agcaggatga
atgcaagtct
ttatcacaag
tgcecgaggt
gctggttece
cegaggtgag
ctgtcctgta
ccaaggcaac

agctgcotaaa

(SEQ ID NG:39),

atggaatgga
tteggcatca
ggtgaggatg
atacaabtgge
gaactgteeg
atcgtoggaa
aaatgctaca
gcattctcaa
gaagctcece
gctaactttt
aaagttgtgt
aacgacatcy
tet

getgggtatt
gtggacggea
gcatcetgte

tgaaggaggg.

agcaggatga
atgcaagtet
ttatcacaag
tgecegaggt
getggtteae
ccgaggtgayg
ctgtecctgta

CCaaggoaac

(SEQ ID NO:40),

taatgtaaca
aggtgatatt

tebgttttte
cagtatcaca
ctgtaccttt
ggtgeteggt
gatgtteoegyg
cagattgaaa
taagggcaaa
caatgtcgac
CCagecaace
caacaccage
taatgtaaca

aggtgatatt

totgttttte
cagtatcaca
ctgtaccttt
ggtgcteggt
gatgttcogg
cagattgaaa
taagggcaaa
caatgtcgac
ccagecaace
caacaccagce
taatgtaaca
aggtgatatt

ctcaaaggct

tctgttitte
cagtatcaca
ctgtaccttt
ggtgetoggt
gatgttecyg
cagattgaaa
taagggcaaa
caatgtegac
coagocaace
caacaccago
taatgtaaca
aggtgatatt

atcaacaaca

aaggtaactyg

ctgtcagtaa
gtgaccaccyg
gagccggaca
ctggtacatg
gggaggaccy
aatgtgeaac
ggaaatgcta
tataatgeca
gtggtctggyg
ttcgaactca
atcaacaaca

aaggtaactg

ctgteagtaa
gtgaccaccyg
gageeggaca
ctggtacaty
gggaggaccyg
aatgtgcaac
ggaaatgcta
tataatgcca
gtggtetggy
ttcgaactca
atcaacaaca
aaggtaactg
tct

ctgtcagtaa
gtgaccaccyg
gagooggaca
ctggtacatg
gggaggaccy
aatgtgcaac
ggaaatgceta
tataatgcea
gtggtctggy
ttcocgaactca
atcaacaaca

aaggtaacty

34

cttattcatg

aatccgagat

cgactggegt
tegecteoege
tcaaactgtc
agtttaagga
ctgtgttege
tgactgatygce
accttgagta
geagtgaaac
cetctoaggt
actotgagaa
cttattcaty
aatcogagat

cgactggegt
togectocge
tcaaactgte
agtttaagga
ctgtgttege
tgactgatge
accttgagta
geagtgaaac
cetetoaggt
actetgagaa
cttattecaty
aatcogagat

cgactggegt
tegeetooge
tcaaactgte
agtttaagga
ctgtgttoege
tgactgatge
acctigagta
gcagtgaaac
cctetcaggt
actctgagaa
cttattcaty

aatcogagat

PCT/US2010/047366
catgattgaa 660
caaacggcegyg 720

723
ccatteagge 60
tggcaatata 120
tgacatagtg 180
agggaaggat 240
cgatcaggta 300
tggcacgtat 360
taaaacagge 42¢
attgcgetgt 480
tgatcagggy 540
tgtgaccaty 600
catgattgaa 660
e 711
ccattcaggce 60
tggcaatata 120
tgacatagtyg 180
agggaaggat 240
cgatcaggta 300
tggcacgtat 360
taaaacagygce 420
attgcgctgt 480
tgatcagggy 540
tgtgaccatg 600
catgattgaa 660
Caaacgygegy 720

753
ceattcagge 60
tggcaatata 120
tgacatagtg 180
agggaaggat 240
cgatcaggta 300
tggeacgtat 360
taaaacaggc 420
attgcgetgt 480
tgatcagggg 540
tgtgaccatg 600
catgattgaa 660
caaacggegy 720

723
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atggaatgga
tteggeatca
ggtgaggatg
atacaatgge
gaactgtceyg
atcgtcggaa
aaatgctaca
gcattctcaa
gaagcteeee
gctqactttt
aaagttgtgt

aacgacatcg

getgggtatt
gtggacggcea
gcatecctgtce
tgaaggaggyg
agcaggatga
atgcaagtct
ttatcacaag
tgoccgaggt
getggttece
ccgaggtgag
ctgtcectgta

ccaaggeaac

(SEQ ID NO:41), or

atggaatgga
ttcggecatca
ggtgaggatg
atacaatggc
gaactgtccg
atcgteggaa
aaatgctaca
gecattctcaa
gaagctecee
gctaactttt
aaagttgtgt
aacgacatcey

tctecacctac

getgggtatt
gtggacggca
geatootygte
tgaaggagygg
agcaggatga
atgcaagtcet
ttatcacaag
tgcecgagygt
gotggtteoe
ccgaggtgag
ctgteoctgta
ccaaggeaac

agcetgctaaa

(SEQ ID NO:42).

In another embodiment, the first fusion partner can have at least 80%,

tctgttttec
cagtatcaca
ctgtaccttt
ggtgctoggt
gatgtteccgyg
cagattgaaa
taagggcaaa
caatgtcgac
ccageccaace
caacaccage
taatgtaaca

aggtgatatt

totgttttte
cagtatcaca
ctgtaceitt
ggtgctegygt
gatgttcogy
cagattgaaa
taagggcaaa
caatgtogac
ccagocaace
caacaccage
taatgtaaca
aggtgatatt
cteaaaggct

ctgtcagtaa
gtgaccaccy
gagceggaca
ctggtacaty
gggaggaccey
aatgtgeaac
ggaaatgcta
tataatgcca
gtggtctggyg
ttegaactea
atcaacaaca
aaggtaactyg

ctgtcagtaa
gtgaccaccy
gagcoggaca
ctggtacatyg
gggaggacey
aatgtgcaac
ggaaatgceta
tataatgcca
gtggtctggg
ttcgaactcea
atcaacaaca
aaggtaactg
tct

cgactggegt
tcgecteoge
tcaaactgte
agtttaagga
ctgtgttoge
tgactgatge
accttgagta
gecagtgaaac
ceteteaggt
actetgagaa
cttattcatyg

aatcogagat

cgactggegt
taogoctocge
tcaaactgte
agtttaagga
ctgtgttege
tgactgatge
acctitgagta
geagtgaaac
cotcteaggt
actctgagaa
cttattcatg

aatoogagat

PCT/US2010/047366
ccattcagge 60
tggcaatata 120
tgacatagty 180
agggaaggat 240
cgatcaggta 300
tggeacgtat 360
tazaacaggc 420
attgcgetgt 480
tgatcagggg 540G
tgtgaccatg 600
catgattgaa 660
c 71t
ccatteagge &0
tyggcaatata 120
tgacatagtg 180
agggaaggat 240
cgatcaggta 300
tggcacgtat 360
taaaacaggce 420
attgcgetgt 480
tgatcagggg 540
tgtgaccatg 800
catgattgaa 660
caaacguogy 720

753

85%, 90%, 95%, 99%, or 100% sequence identity to the human amino acid

sequence:

MEWSWVELEF
IQWLKEGVLG
KCYIITSKGK
ANFSEVSNTS
S

LEVTTGVHSG
LVHEFKEGKD
GNANLEYKTG
FELNSENVTM

(SEQ ID NO:43)

MEWSWVELFY
TQWLKEGVLG
KCYIIT3KGK
BNFSEVSNTS

LESVTTGVHSG
LVHEFKEGKD
GNANLEYKTG
FELNSENVTM

(SEQ ID NO:44),

FGISGRHESIT
ELSEQDEMFR
AFSMPEVNVD
EVVSVLYNVT

FGISGRHSIT
ELSEQDEMFR
AFSMPEVNVD
RVVSVYLYNVT

VITVASAGNI
GRTAVFADQV
YNASSETLRC
TNNTYSCMIE

VITVASAGNT
GRTAVEADQV
YNASSETLRC
INNTYSCMIE

35

GEDGIQSCTE
IVGHNASLRLE
EAPRWEPQPT
NDIAKATGDI

GEDGIQSCTF
IVGNASLRLEK
EAPRWFPQFT
NDIAKATGDI

EPDIKLSDIV
NVQLTDAGTY
VVWASQVDOG
KVTESEIKRR

EPDIKLSDIV
NVQLTDAGTY
VVHWASQVDQG
KVTESEL

60
120
180
240
241

&0
120
180
237
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MEWSWVFLFF LSVITGVHSG
IQWLKEGVLG LVHEFKEGKD
KCYIITSKGK GNANLEYKTG
ANFSEVSNTS FELNSENVTM
SHLOLLNSKA S

(SEQ ID NO:45),

MEWSWVFLFF LSVITGVHSG
TIQWLKEGVLG LVHEFKEGKD
KCYTITSKGK GNANLEYKTG
ANFSEVSNTS FELNSENVTM
3

(SEQ ID NO:46),
MEWSWVFLFEF LSVTTGVHSG
IOWLKEGVLG LVHEFKEGKD

KCYIITSKGK GNANLEYKTG
ANFSEVSNTS FELNSENVTM

(SEQ ID NO:47),

MEWSWVFLEF LEVITGVHSG
IQWLKEGVLG LVHEFKEGED
KCYIITSKGK GNANLEYKTG
BANFSEVSNTS FELNSENVTM
SHLQLLNSKA S

(SEQ ID NO:48),

MASLGQILFW SIISITIILA
DIXLSDIVIQ WLKEGVLGLV
QLTDAGTYKC YITTSKGRGN
WASQVDQGAN FSEVSNTSFE
TESEIKRRS

(SEQ ID NO:49),

MASLGQILFW SIISITIILA
DIKLSDIVIQ WLKEGVLGLV
QLTDAGTYKC YIITSKGRGN
WASQVDQGAN FSEVSNISFE
TESEIL

(SEQ ID NO:50),

MASLGQILFW SIISIIIILA
DIKLSDIVIQ WLKEGVLGLV
QLTDAGTYKC YITITSKGEGN
WASQVDQGAN FSEVSNTSFE
TESEIKRRSH LOQLLNSKAS

(SEQ ID NO:51),

FGISGRHSIY
ELSEQDEMFR
AFSMPEVNVD
KVVSVLYNVT

FELSGRHSIY
ELSEQDEMFR
AFSMPEVNVD
KVVSVLYNVT

FGLSGRHSIT
ELSEQDEMIR
AFSMPEVNVD
KVVSVLYNVT

PGISGRHSIT
ELSEQDEMEFR
AFSMPEVNVD
RVVSVLYNVT

GAIALIIGFG
HEFREGKDET
ANLEYKTGAF
LNSENVTIMEV

GAIALIIGFG
HEFKEGKDEL
ANLEYKTGAF
LNSENVIMEY

GATALIIGFG
HEFREGKDEL
ANLEYKTGAF
LNSENVIMEV

VITVASAGNE
GRTAVFADQV
YNASSETLRC
INNTYSCMIE

VITVASRGNT
GRTAVEADQV
YNASSETLRC
INNTYSCMIE

VTTVASAGNI
GRTAVFADRGV
YNASSETLRC
INNTYSCMIE

VTTVASAGNI
GRTAVFADQV
YNASSETLRC
INNTYSCMIE

ISGRASITVT
SEQDEMFRGR
SMPEVNVDYN
VSVEYNVTIN

ISGRHSITVT
SEQDEMFRGR
SMPEVNVDYN
VSVLYNVTIN

ISGRHASITVT
SEQDEMFRGR
SMPEVNVDYN
VSVLYNVTIN

36

GEDGIOSCTFE
IVGNASLRLK
EAPRWFPQPT
NDTAKATGDI

GEDGILSCTF
IVGHASLRLK
EAPRWEPQPT
NDIARKATGDI

GEDGILSCTE
IVGNASLRLK
EAPRWFPQPT
NDTAKATGDL

GEDGILSCTF
IVGNASLRLK
EAPRWEPQPT
NDIARKATGDI

TVASAGNIGE
TAVFADQVIV
ASSETLRCEA
NTYSCMIEND

TVASAGNIGE
TAVEADQVIV
ASSETLRCEAR
NTYSCMIEND

TVASAGNIGE
TAVFADQVIV
ASSETLRCEA
NTYSCMIEND
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EPDIKLSDIV 60
NVQLTDAGTY 120
VVWASQVDOG 180
KVTESEIKRR 240

251
EPDIKLSDIV 60
NVQLTDAGTY 120
VVWASQVDQG 180
KVTESEIKRR 240

241
EPDIKLSDIV 50
NVQLTDAGTY 120
VVWASQVDOG 180
KVTESEI 237
EPDIKLSDIV 60
NVOLTDAGTY 120
VVWASQVDOG 180
KVTESEIKRR 240

251
DGIQSCTFEP 60
GNASLRLKNV 120
PRUWFPQPTVV 180
IAKATGDIKV 240

249
DGIQSCTFER 60
GNASLRLKNV 120
PRWFEQPTVV 180
IAKATGDIKV 240

245
DGIQSCTFEP 60
GNASLRLKNV 120
PRAFPQPTVV 180
IAKATGDIKV 240

258
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MASLGQILFW SIISIITILA GAIALIIGFG ISGRHESITVT TVASAGNIGE DGILSCTFEP 60
DIKLSDIVIQ WLKEGVLGLY HEFKEGKDEL SEQDEMFRGR TAVFADQVIV GNASLRLENV 120
QLTDAGTYKC YIITSKGKRGN ANLEYKTGAF SMPEVNVDYN ASSETLRCEA PRWFPQPTVV 180
WASQVDOGAN FSEVSNTSEE LNSENVIMRV VSVLYNVTIN NTYSCMIEND IAKATGDIKV 240

5  TESEIKRRS 249
(SEQ ID NO:52),
MASLGQILFW SIISIIIILA GAIALIIGFG ISGRHSITVT TVASAGNIGE DGILSCTFEP 60

DIKLSDIVIQ WLKEGVLGLV HEFKEGKDEL SEQDEMFRGR TAVFADQVIV GNASLRLKNV . 120
QLTDAGTYRC YIITSKGKGN ANLEYRTGAF SMPEVNVDYN ASSETLRCEA PRWFPQPTVV i8¢
10 WASQVDOGAN FSEVSNTSFE LNSENVIMKY VSVLYNVTIN NTYSCMIEND IAKATGDIKY 240

TESEI 245
(SEQ ID NO:53), or
MASLGQILFW SIISIITILA GATIALIIGFG ISGRHSITVT TVASAGNIGE DGILSCTFEP 60

DIRLSDIVIQ WLREGVLGLV HEFKEGKDEL SEQDEMFRGR TAVFADQVIV GNASLRLENV 120
15 QLTDAGTYRC YIITSKGKGN ANLEYRTGAF SMPEVNVDYN ASSETLRCEA PRWFPQPTVV 180
WASQVDQGAN FSEVSNTSFE LNSENVIMKY VSVLYNVTIN NTYSCMIEND IAKATGDIKV 240
TESEIKRRSE LQLLNSKAS 259

(SEQ ID NO:54).
The signal sequence will be removed in the mature protein.
20 Additionally, signal peptides from other polypeptides or organisms can be
used to enhance the secretion of the fusion protein from a host during
manufacture. SEQ ID NO:55 provides the human amino acid sequence of

SEQ ID NO:43 and SEQ ID NO:49 without the signal sequence:

GFGISGRHSI TVITVASAGN IGEDGIQSCT FEPDIKLSDI VIQWLKEGVL GLVHEFKEGK 60
25 DELSEQDEMF RGRTAVFADQ VIVGNASLRL KNVQLTDAGYT YKCYIITSKG KGNANLEYRT 120
GAFSMPEVNV DYNASSETLR CEAPRWFPQP TVVWASQVDQ GANFSEVSNT SFELNSENVT 180
MEVVSVLYNV TINNTYSCMI ENDIAKATGD IKVIESEIRR RS 222

(SEQ ID NO:55).
SEQ ID NO:56 provides the human amino acid sequence of SEQ ID
30 NO:46 and SEQ ID NO:52 without the signal sequence:

GFGISGRHSI TVITVASAGN IGEDGILSCT FEPDIKLSDI VIQWLKEGVL GLVHEFXKEGK 60
DELSEQDEMF RGRTAVFADQ VIVGNASLRL KNVQLTDAGT YKCYIITSKG KGNANLEYKT 120
GAFSMPEVNV DYNASSETLR CEAPRWEPQP TVVWASQVDQ GANFSEVSNT SFELNSENVT 180
MEVVSVLYNV TINNTYSCMI ENDIAKATGD IKVIESEIKR RS 222

35 (SEQ ID NO:56).
SEQ ID NO:57 provides the human amino acid sequence of SEQ ID
NO:44 and SEQ ID NO:50 without the signal sequence:
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GFGISGRHESI TVTTVASAGN IGEDGIQSCT FEPDIKLSDI VIQWLKEGVL GLVHEEFKEGK 66
DELSEQDEMF RGRTAVFADQ VIVGNASLRL KNVQLTDAGT YRCYIITSKG KGNANLEYKT 12G
GAFSMPEVNV DYNASSETLR CEAPRWFPQP TVVWASQVDQ GANFSEVSNT SFELNSENVT 180
MKVVSVLYNV TINNTYSCMI ENDIAKATGD IKVTESEI 218

5 (SEQID NO:57).
SEQ ID NO:58 provides the human amino acid sequence of SEQ ID
NO:47 and SEQ ID NO:53 without the signal sequence:

GFGISGRHSI TVTITVASAGN IGEDGILSCT FEPDIRLSDI VIQWLKEGVI GLVHEFKEGK 60
DELSEQDEME RGRTAVFADQ VIVGNASLRL KNVQLTDAGT YRKCYIITSKG KGNANLEYKT 120
10 GAFSMPEVNV DYNASSETLR CEAPRWFPQP TVVWASQVDQ GANFSEVSNT SFELNSENVT 180
MEVVSVLYNV TINNTYSCMI ENDIAKATGD IRKVITESEL 218

(SEQ ID NO:58).
SEQ ID NO:59 provides the human amino acid sequence of SEQ ID
NO:45 and SEQ ID NO:51 without the signal sequence:

15 GEFGISGRHSI TVITVASAGN IGEDGIQSCT FEPDIKLSDI VIQWLKEGVL GLVHEFKEGK 60
DELSEQDEMF RGRTAVFADD VIVGNASLRL KNVQLTDAGT YKCYIITSKG KGNANLEYKT 120
GAFSMPEVNV DYNASSETLR CEAPRWFPQP TVVWASQVDQ GANFSEVSNT SFELNSENVT 180

MEVVSVLYNYV TINNTYSCMI ENDIAKATGD IRVTESEIKR REHLOLLNSK AS 232
(SEQ ID NO:59).

20 .SEQ ID NO:60 provides the human amino acid sequence of SEQ ID
NO:48 and SEQ ID NO:54 without the signal sequence:
GFGISGRHESI TVITVASAGN IGEDGILSCT FEPDIKLSDI VIQWLKEGVI. GLVHEFREGK &0

DELSEQDEMF RGRTAVFADQ VIVGNASLRL KNVQLTDAGT YHCYIITSKG KGNANLEYRT 120
GAFSMPEVNV DYNASSETLR CEAPRWFPQP TVVRASQGVDO GANFSEVSNT SFELNSENVT 180
25 MKVVSVLYNV TINNTYSCMI ENDIAKATGD IKVTESEIKR RSHLQLLNSK AS 232

(SEQ ID NO:60).
In other embodiments the final alanine and serine residues are
removed from SEQ ID NOS: 45, 48, 51, 54, 59, and 60.
In another embodiment, the first fusion partner of the fusion protein
30  includes the IgV domain of human B7-H4. In one embodiment, the IgV
domain includes at least from the cysteine at position 56 of SEQ ID NO:9 or
SEQ ID NO:12 to the cysteine at position 130 of SEQ ID NO:9 or SEQ 1D
NO:12. In another embodiment, the IgV domain contains a fragment of at
least 25 or 50 amino acids of the polypeptide defined by this amino acid
35 range.
The first fusion partner can be encoded by a nucleotide sequence
having at least 80%, 85%, 90%, 95%, 99%, or 100% sequence identity to the

following nucleotide sequence encoding an exemplary IgV domain:
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ggctteggea
ataggtgagg
gtgatacaat
gatgaactgt
gtaatcgteg
tataaatget
ggegeattcet

tcagtggacg
atggcatcca
ggctgaagga
ccgageagga
gaaatgcaag
acattatcac

caatgccega

(SEQ ID NO:61) or

ggcttoggea
ataggtgagyg
gtgatacaat
gatgaactgt
gtaatcgtog
tataaatgcet
ggogeattet

tcagtyggacyg
atggcatect
ggctygaagga
ccgagcagga
gaaatgcaag
acattatcac

caatgocoga

(SEQ ID NO:62).
The first fusion partner can have at least 80%, 85%, 90%, 95%, 99%,

gcacagtatc
gtectgtace
gggggtgete
tgagatgtic
tctcagattyg
aagtaagggc
ggtcaat

gcacagtatc
gtcctgtace
gggggtgcte
tgagatgttc
tctecagattyg
aagtaagggce
ggtcaat

acagtgacca
tttgagocygy
ggtctggtac
cgggggagga
aaaaatgtgce

aaaggaaatg

acagtgacca
tttgageegyg
ggtctggtac
cgggggagga
aaaaatgtge

aaaggaaatg

coegtogecte
acatcaaact
atgagtttaa
cegetgtgtt
aactgactga

ctaaccttga

cegtogecte
acatcaaact
atgagtttaa
cogetgtgtt
aactgactga

ctaaccttga

PCT/US2010/047366
cgetggeaat 60
gtctgacata 120
ggaagggaag 180
cgeegatcag 240
tgctggcacy 300
gtataaaaca 360

387
cgctggeaat 60
gtotgacata 120
ggaagggaaqyg 180
cgecgateag 240
tgctggeacy 300
gtatazaaca 360

387

or 100% sequence identity to the human amino acid sequence:

GFGISGRHSI TVTTVASAGN IGEDGIQSCT FEPDIKLSDI VIQWLRKEGVIL GLVHEFREGK

DELSEQDEMF RGRTAVFADQ VIVGNASLRL KNVQLTDAGT YKCYTITSKG KGNANLEYKT

GAFSMPEVN

(SEQ ID NO:63), or

GFGISGRHESI TVTTVASAGN IGEDGILSCT FEPDIKLSDI VIQWLKEGVI GLVHEFKEGK

DELSEQDEMF RGRTAVFADQ VIVGNASLRIL EKRVQLTDAGT YRCYIITSKG KGNANLEYKT

GAFSMPEVN

(SEQ ID NO:64).

<.

fusion partners

60
120
12%

60
120
129

Non-human primate extracellular domain

In another embodiment, the first fusion partner of the fusion protein

includes the extracellular domain of non-human primate B7-H4 or a

fragment thereof. Exemplary non-human primates include, but are not

limited to, chimapanzee (Pan troglodytes), rhesus monkey (Macaca mulatta)

and cynomolgus monkey (Macaca fascicularis).

The first fusion partner can have at least 80%, 85%, 90%, 95%, 99%,

or 100% sequence identity to the chimapanzee (Pan froglodytes) amino acid

sequence:
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MEPLTSRIIS IIIILAGAIA
SDIVIQWLKE GVLGLVHEFK
AGTYKCYIIT SKGKGNANLE
IDQGANFSEV SHNTSFELNSE
IKRRS

(SEQ ID NO:65),

MEPLTSRIIS TILILAGAIA
SDIVIQWLKE GVLGLVHEFK
AGTYKCYIIT SKGKGNANLE
IDQGANFSEV SNTSFELNSE
I

(SEQ ID NO:66), or

MEPLTSRIIS IIIILAGAIR
SDIVIQWLKE GVLGLVHEFK
AGTYKCYIIT SKGKGNANLE
IDQGANFESEV SNTSFELNSE
IKRRSELQLI NSKAS

(SEQ ID NO:67).

LIIGFGISGR
EGKDELSEQD
YKIGAFSMPE
NVIMKVVEVL

LITGFGISGR
EGKDELSEQD
YKTGAFSMPE
NVIMKVVEVL

LIIGFGISGR
EGKDELSEQD
YKTGAFSMPE
NVIMKVVSVL

HSITVITVAS
EMFRGRTAVE
VNVDYNASSE
YNATINNTYS

HSITVITVAS
EMFRGRTAVE
VNVDYNASSE
YNATINNTYS

HSITVITTVAS
EMFRGRTAVE
VNVDYNASSE
YNATINNTYS

AGNIGEDGIL
ADQVIVGNAS
TLRCEAPRWEF
CMIENDIAKA

AGNIGEDGIL
ADQVIVGNAS
TLRCEAPRWE
CMIENDIAKA

AGNIGERGTIL
ADQVIVGNAS
TLRCEAPRWE
CMIENDIAKA

PCT/US2010/047366
SCTFEPDIKL 60
LRLKNVQLTD 120
POQEPTVVWASQ 180
TGDIKVTESE 240

245

SCTFEPDIKL &0
LRLKNVQLTD 120
PQPTVVWASQ 180
TGDIKVIESE 240
241

SCTFEPDIKL 0
LRLKNVOLTE 120
PQPTVVRASQ 180
TGDIKVIESE 240
' 255

The signal sequence will be removed in the mature protein.

Additionally, signal peptides from other polypeptides or organisms can be

used to enhance the secretion of the fusion protein from a host during

manufacture.,

SEQ ID NO:68 provides the chimapanzee amino acid sequence of
SEQ ID NO:65 without the signal sequence:

GFGISGRHSI TVTTVASAGN IGEDGILSCT FEPRIRLSDRI VIQWLEEGVL GLVHEFKEGK
DELSEQDEME RGRTAVFADQ VIVGNASLRL KNVOLTDAGT YRCYTITSKG KGNANLEYKT
GAFSMPEVNV DYNASSETLR CEAPRWFPQP TVVWASQIDO GANFSEVSNT SFELNSENVT
MKVVSVLYNA TINNTYSCMI ENDIAKATGD IKVIESEIKR RS

(SEQ ID NO:68).

60
120
180
222

SEQ ID NO:69 provides the chimapanzee amino acid sequence of
SEQ ID NO:66 without the signal sequence:

GFGISGRHSI TVITVASAGN IGEDGILSCT FEPDIKLSDI VIQWLKEGVL GLVHEFKEGK
DELSEQDEMF RGRTAVFADQ VIVGNASLRL KNVQLTDAGT YKCYIITSKG KGNANLEYKT
GAFSMPEVNY DYNASSETLR CEAPRWFPQP TVVWASQIDQ GANFSEVSNT SFELNSENVT
MEVVSVLYNA TINNTYSCMI ENDIAKATGD TRVIESEL .

(SEQ ID NO:69).

Y
120
180
218

SEQ ID NO:70 provides the chimapanzee amino acid sequence of
SEQ ID NO:67 without the signal sequence:
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GFGISGRHSI TVITVASAGN IGEDGILSCT FEPDIKLSDI VIQWLKEGVL GLVHEFKEGK
DELSEQDEMF RGRTAVFADD VIVGNASLRL EKNVQLTDAGT YKCYIITSKG KGNANLEYKT
GAFSMPEVNV DYNASSETLR CEAPRWFPQP TVVWASQIDQ GANFSEVSNT SFELNSENVT
MEVVSVLYNA TINNTYSCMI ENDIAKATGD IKVTESEIKR RSHLQLINSK AS

(SEQ ID NO:70).

60
120
18¢C
232

The first fusion partner can have at least 80%, 85%, 90%, 95%, 99%,

or 100% sequence identity to the thesus monkey (Macaca mulatia) amino

acid sequence:

MASLGQILFW SIISIIFILA
DIKLSDIVIQ WLKEGVIGLV
QLTDAGTYRC YTITSKGKGN
WASQVDQGAN FSEVSNTSFE
TESETKRRS

(SEQ ID NO:71),

MASLGQILFW SIISIIFILA
DIKLSDIVIQ WLKEGVIGLV
QLTDAGTYRC YIITSKGEGN
WASQVDOGAN FSEVSNTIIFE
TESETI

(SEQ ID NO:72), or

MASLGQILFW SIISIIFILA
DIKLSDIVIQ WLKEGVIGLV
QLTDAGTYKC YIITSKGKEGN
WASQVDQGAN FSEVSNTSFE
TESEIKRRSH LOLLNSKAS

(SEQ ID NO:73).

GAIALIIGFG
HEFREGKDEL
ANLEYRTGAF
LNSENVTMKV

GAIALIIGFG
HEFKEGKDEL
ANLEYKTGAF
LNSENVIMKY

GAIALIIGFG
HEFKEGKDEL
ANLEYKTGAF
LNSENVTMKV

ISGRHSITVT
SEQDEMFRGR
SMPEVNVDYN
VSVLYNVTIN

ISGRHSITVT
SEQDEMFRGR
SMPEVNVDYN
VSVLYNVTIN

ISGRHSITVT
SEQDEMFRGR
SMPEVNVDYN
VSVLYNVTIN

TVASAGNIGE
TAVFADOVIV
ASSETLRCEA
NTYSCMIEND

TVASAGNIGE
TAVFADQVIV
ASSETLRCEA
NTYSCMIEND

TVASAGNIGE
TAVFADQVIV
ASSETLRCEA
NTYSCMIEND

DGILSCTFER
GNASLRLENY
PRUFPQPIVV
TARATGDIRY

DGILSCTRFER
GNAST.RLENV
FRWEPQRTVV
TARKATGDIRV

DGILSCTFER
GNASLRLENV
FRWFPQPTVV
IAKATGDIKV

The signal sequence will be removed in the mature protein.

80
120
180
240
249

60
120
180
240
245

60
120G
180
240
259

Additionally, signal peptides from other polypeptides or organisms can be

used to enhance the secretion of the fusion protein from a host during

manufacture.

SEQ ID NO:74 provides the rhesus monkey amino acid sequence of
SEQ ID NO:71 without the signal sequence:

GFGISGRHST TYITVASAGN IGEDGILSCT FEPDIKLSDI VIQWLKEGVI GLVHEFKEGK
DELSEQDEMF RGRTAVFADD VIVGNASLRL KNVOQLTDAGT YKCYILITSKG KGNANLEYKT
GAFSMPEVNV DYNASSETLR CEAPRWEFPQP TVVHASQVDQ GANFSEVSNT SFELNSENVT
MKVVSVLYNV TINNTYSCMI ENDIAKATGD IKVTESEIKR RS

(SEQ ID NO:74).

60
129
180
222

SEQ ID NO:75 provides the rhesus monkey amino acid sequence of
SEQ ID NO:72 without the signal sequence:
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GFGISGREST TVTTVASAGN IGEDGILSCT FEPDIKLSDI VIQWLRKEGVI GLVHEFKEGK 60
DELSEQDEMF RGRTAVFADQ VIVGNASLRIL KNVQLTDAGT YRCYIITSKG KGNANLEYKT 120
GAFSMPEVNV DYNASSETLR CEAPRWFPQP TVVWASQVDQ GANFSEVSNT SERLNSENVT 180
MEVVSYLYNV TINNTYSCMI ENDIAKATGD IKVTESEIL 218

5 (SEQID NO:75).
SEQ ID NO:76 provides the rhesus monkey amino acid sequence of
SEQ 1D NO:73 without the signal sequence:

GFGISGRHSI TVITVASAGN IGEDGILSCT FEPDIKLSDI VIQWLKEGVI GLVHEFKEGK &0
DELSEQDEMF RGRTAVFADQ VIVGNASLRL KNVQLTDAGT YKCYIITSKG KGNANLEYKT 120
i0 GAFSMPEVNV DYNASSETLR CEAPRWEPQP TVVWASQVDD GANFSEVSNT SFELNSENVT 180G
MRKVVSVLYNV TINNTYSCMI ENDIAKATGD IKVTESEIKR RSHLQLLNSK AS 232

(SEQ ID NO:76).
The first fusion partner can have at least 80%, 85%, 90%, 95%, 99%,
or 100% sequence identity to the cynomolgus monkey (Macaca fascicularis)

15~ amino acid sequence:

MASLGQILFW SIISIIFILA GATALIIGFG ISGRHSITVT TVASAGNIGE DGILSCTFEP 60
DIKLSDIVIQ WLKEGVIGLV HEFKEGKDEL SEQDEMFRGR TAVFADQVIV GNASLRLKNV 120
QLTDAGTYRC YIITSKGKGN ANLEYKTGAF SMPEVNVDYN ASSETLRCEA PRWFPQPTVV 180
WASQVDQGAN FSEVSHNTSFE LNSENVIMEV VSVLYNVTIN NTYSCMIEND IAKATGDIRV 240

20 TESEIERRS 249
(SEQ ID NO:77),
MASLGQILFW SIISITFILA CATALITGFG ISGRHSITVT TVASAGNIGE DGILSCTFEP 60

DIKLSDIVIQ WLKEGVIGLV HEFKEGKDEL SEQDEMFRGR TAVFADQVIV GNASLRLKNV 120
QLTDAGTYKC YIITSKGKGN ANLEYKTGAF SMPEVNVDYN ASSETLRCEA PRWEPQPTIVV 180
25 WASQVDQGAN FSEVSHNTSFE LNSENVIMKV VSVLYNVTIN NTYSCMIEND TAKATGDIKV 240

TESEL 245
(SEQ ID NO:78), or
MASLGQILFW SIISTIFILA GAIALIIGFG ISGRHSITVT TVASAGNIGE DGILSCTFEP &0
DIKLSDIVIQ WLKEGVIGLV HEFKEGKDEL SEQDEMFRGR TAVFADQVIV GNASLRLENY 120
30 QLTDAGTYKC YIITSKGKGR ANLEYRTGAF SMPEVNVDYN ASSETLRCEA PRWFPQPTVV 180
WASQVDQGAN FSEVSNTSFE LNSENVTMEV VSVLYNVTIN NTYSCMIEND IAKATGDIKV 240
TESETKRRSH LOLLISKAS 259
(SEQ ID NO:79).
The signal sequence will be removed in the mature protein.
35  Additionally, signal peptides from other polypeptides or organisms can be

used to enhance the secretion of the fusion protein from a host during
manufacture.

SEQ ID NO:80 provides the cynomolgus monkey amino acid
sequence of SEQ ID NO:77 without the signal sequence:
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GFGISGRHSI TVITVASAGN IGEDGILSCT FEPDIKLSDI VIQWLKEGVI GLVEEFKEGK 60
DELSEQDEME RGRTAVFAD(Q VIVGNASLRL KNVQLTDAGT YKCYIITSKG KGNANLEYKT 120
GAFSMPEVNV DYNASSETLR CEAPRWEFPQP TVVWASQVD( GANFSEVSHT SFELNSENVT 180
MEVVSVLYNV TINNTYSCMI ENDIAKATGD IKVTESEIKR RS 222

5 (SEQID NO:R0).
SEQ ID NO:81 provides the cynomolgus monkey amino acid
sequence of SEQ ID NO:78 without the signal sequence:

GFGISGRHSI TVITVASAGN IGEDGILSCT FEPDIKLSDI VIQWLKEGVI GLVHEFKEGK Sy
DELSEQDEMF RGRTAVFADQ VIVGNASLRL KNVQLTDAGT YKCYIITSKG KGNANLEYKT 120
10 GAFSMPEVNV DYNASSETLR CEAPRWFEQP TVVWASQVD(Q GANFSEVSNT SFELNSENVT 180
MEVVSVLYNV TINNTYSCMI ENDIAKRTGD IKVTIESEIX 218

(SEQ ID NO:81).
SEQ ID NO:82 provides the cynomolgus monkey amino acid
sequence of SEQ ID NO:79 without the signal sequence:

15 GFGISGRHST TVITVASAGN IGEDGILSCT FEPDIRLSDI VIQWLKEGVI GLVHEFKEGK 60
DELSEQDEME RGRTAVFADQ VIVGNASTRIL KNVQLTDAGT YRCYIITSKG KGNANLEYKT 120
GAFSMPEVNY DYNASSETLR CEAPRWFPQP TVVWASQVDO GANFSEVSNT SFELNSENVT 18¢C
MEVVSVLYNV TINNTYSCMI ENDIAKATGD IRKVIESEIKR RSHLQLLNSK AS 232

(SEQ ID NO:82).
20 In other embodiments the final alanine and serine residues are
removed from SEQ ID NOS:67, 70, 73, 76, 79, and 82.
In another embodiment, the first fusion partner of the fusion protein
includes the IgV domain of chimpanzee B7-H4. In another embodiment, the
IgV domain includes at least from the cysteine at position 52 of SEQ ID
25  NO:15 to the cysteine at position 126 of SEQ ID NO:15. In another
embodiment, the IgV domain contains a fragment of at least 25 or 50 amino
acids of the polypeptide defined by this amino acid range.
The first fusion partner can have at least 80%, 85%, 90%, 95%, 99%,
or 100% sequence identity to the following chimapnzee amino acid sequence

30 of the following exemplary IgV domain:

GFGISGRHSI TVITVASAGN IGEDGILSCT FEPDRIKLSDI VIQWIKEGVL GLVHEFKEGK 60
DELSEQDEMF RGRTAVFADQ VIVGNASLRI KNVQLTDAGT YRCYILITSKG KGNANLEYKT 120
GAFSMPEVN 129
(SEQ ID NO:83).

35 In another embodiment, the first fusion partner of the fusion protein

includes the IgV domain of rhesus monkey B7-H4. In one embodiment, the
IgV domain includes at least from the cysteine at position 56 of SEQ ID
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NO:17 to the cysteine at position 130 of SEQ ID NO:17. In another
embodiment, the IgV domain contains a fragment of at least 25 or 50 amino
acids of the polypeptide defined by this amino acid range.
The first fusion protein can have at least 80%, 85%, 90%, 95%, 99%,
5 or 100% sequence identity to the rhesus monkey amino acid sequence of the

following exemplary IgV domain:

GFSISGRHSI TVITVASAGN IGEDGILSCT FEPDIKLSDI VIQWLKEGVI GLVHEFKEGK 60
DELSEQDEMF RGRTAVFADQ VIVGNASLRL EKNVQLTDAGT YKCYIITSKG KGNANLEYKT 120
GAFSMPEVN 129

10 (SEQIDNO:84).

In another embodiment, the first fusion partner of the fusion protein
includes the IgV domain of cynomolgus monkey B7-H4. In one
embodiment, the IgV domain includes at least from the cysteine at position
56 of SEQ ID NO:19 10 the cysteine at position 130 of SEQ ID NO:19. In

15  another embodiment, the IgV domain contains a fragment of at least 25 or 50
amino acids of the polypeptide defined by this amino acid range.

The first fusion protein can have at least 80%, 85%, 90%, 95%, 99%,
or 100% sequence identity to the cynomolgus monkey amino acid sequence

of the following exemplary IgV domain:

20 GFGISGRHSI TVTTVASAGN IGEDGILSCT FEPDIKLSDI VIQWLKEGVI GLVHEFKEGK 40
DELSEQDEMF RGRTAVFADQ VIVGNASLRL KNVQLTDAGT YKCYIITSKG KGNANLEYKT 120
GAFSMPEVH 128
(SEQ ID NO:85).

d. B7-H4 extracellular domain fragments
25 The B7-H4 extracellular domain can contain one or more amino acids

from the signal peptide or the putative transmembrane domain of B7-H4.
During secretion, the number of amino acids of the signal peptide that are
cleaved can vary depending on the expression system and the host.
Additionally, fragments of B7-H4 extracellular domain missing one or more
30  amino acids from the C-terminus or the N-terminus that retain the ability to
bind to the B7-H4 receptor can be used as a fusion partner for the disclosed
fusion proteins.
For example, suitable fragments of murine B7-H4 that can be used as
a first fusion partner include, but are not limited to, the following:

35 32257, 32-256, 32-255, 32-254, 32-253, 32-252, 32-251, 32-250, 32-249,
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31-257,31-256, 31-255, 31-254, 31-253, 31-252, 31-251, 31-250, 31-249,
30-257, 30-256, 30-255, 30-254, 30-253, 30-252, 30-251, 30-250, 30-249,
29-257, 29-256, 29-255, 29-254, 29-253, 29-252, 29-251, 29-250, 29-249,
28-257, 28-256, 28-255, 28-254, 28-253, 28-252, 28-251, 28-250, 28-249,
5 27-257,27-256,27-255, 27-254, 27-253, 27-252, 27-251, 27-250, 27-249,
26-257, 26-256, 26-255, 26-254, 26-253, 26-252, 26-251, 26-250, 26-249,
25-257, 25-256, 25-255, 25-254, 25-253, 25-252, 25-251, 25-250, 25-249,
24-257, 24-256, 24-255, 24-254, 24-253, 24-252, 24-251, 24-250, 24-249,
of SEQ ID NO:26 or SEQ ID NO:27, or
10 24-249, 24-248, 24-247, 24-246, 24-245, 24-244, 24-243, 24-242, 24-241,
23-249, 23-248, 23-247, 23-246, 23-245, 23-244, 23-243, 23-242, 23-241,
22-249, 22-248, 22-247, 22-246, 22-245, 22-244, 22-243, 22-242, 22-241,‘
21-249, 21-248, 21-247, 21-246, 21-245, 21-244, 21-243, 21-242, 21.241,
20-249, 20-248, 20-247, 20-246, 20-245, 20-244, 20-243, 20-242, 20-241,
15 19-249, 19-248, 19-247, 19-246, 19-245, 19-244, 19-243, 19-242, 19-241,
18-249, 18-248, 18-247, 18-246, 18-245, 18-244, 18-243, 18-242, 18-241,
17-249, 17-248, 17-247, 17-246, 17-245, 17-244, 17-243, 17-242, 17-241,
16-249, 16-248, 16-247, 16-246, 16-245, 16-244, 16-243, 16-242, 16-241,
of SEQ ID NO:24 or SEQ ID NO:25.
20 Additional suitable fragments of murine B7-H4 include, but are not
limited to, the following:
28-257, 28-258, 28-259, 28-260, 28-261, 28-262, 28-263,
29257, 29-258, 29-259, 29-260, 29-261, 29-262, 29-263,
30-257, 30-258, 30-259, 30-260, 30-261, 30-262, 30-263,
25 31-257,31-258, 31-259, 31-260, 31-261, 31-262, 31-263,
32-257, 32-258, 32-259, 32-260, 32-261, 32-262, 32-263,
of SEQ ID NO:2 or SEQ ID NO:5, optionally with one to five amino
acids of a signal peptide attached to the N-terminal end. The signal peptide
may be any disclosed herein, including those contained within SEQ ID
30 NOs:2,3,5,6,9,10,12, 13, 15, 17 and 19, or may be any signal peptide
known in the art.
Additional suitable fragments of murine B7-H4 include, but are not
limited to, fragments containing at least 25, 20, 75, 100 or 125 amino acids
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of the IgV domain as set forth in SEQ ID NO:32 or SEQ ID NO:33.
Exemplary fragments include, but are not limited to:
16-144, 16-145, 16-146, 16-147, 16-148, 16-149, 16-150, 16-151, 16-152,
17-144, 17-145, 17-146, 17-147, 17-148, 17-149, 17-150, 17-151, 17-152,
5 18-144, 18-145, 18-146, 18-147, 18-148, 18-149, 18-150, 18-151, 18-152,
19-144, 19-145, 19-146, 19-147, 19-148, 19-149, 19-150, 19-151, 19-152,
20-144, 20-145, 20-146, 20-147, 20-148, 20-149, 20-150, 20-151, 20-152,
21-144, 21-145, 21-146, 21-147, 21-148, 21-149, 21-150, 21-151, 21-152,
22-144, 22-145, 22-146, 22-147, 22-148, 22-149, 22-150, 22-151, 22-152,
10 23-144, 23-145, 23-146, 23-147, 23-148, 23-149, 23-150, 23-151, 23-152,
24-144, 24-145, 24-146, 24-147, 24-148, 24-149, 24-150, 24-151, 24-152,
of SEQ ID NO:24 or SEQ ID NO:25, or
24-152, 24-153, 24-154, 24-155, 24-156, 24-157, 24-158, 24-159, 24-160,
25-152, 25-153, 25-154, 25-155, 25-156, 25-157, 25-158, 25-159, 25-160,
15 26-152,26-153, 26-154, 26-155, 26-156, 26-157, 26-158, 26-159, 26-160,
27-152,27-153, 27-154, 27-155, 27-156, 27-157, 27-158, 27-159, 27-160,
28-152, 28-153, 28-154, 28-155, 28-156, 28-157, 28-158, 28-159, 28-160,
29-152, 29-153, 29-154, 29-155, 29-156, 29-157, 29-158, 29-159, 29-160,
30-152, 30-153, 30-154, 30-155, 30-156, 30-157, 30-158, 30-159, 30-160,
20 31-152,31-153,31-154, 31-155, 31-156, 31-157, 31-158, 31-159, 31-160,
32-152, 32-153, 32-154, 32-155, 32-156, 32-157, 32-158, 32-159, 32-160,
of SEQ ID NO:26 or SEQ ID NO:27, optionally with one to five
amino acids of a signal peptide attached to the N-terminal end. The signal
peptide may be any disclosed herein, including those contained within SEQ
25 IDNOs:2,3,5,6,9,10, 12, 13, 15, 17 and 19, or may be any signal peptide
known in the art.
Exemplary suitable fragments of human B7-H4 that can be used as a
first fusion partner include, but are not limited to, the following:
32-249, 32-248, 32-247, 32-246, 32-245, 32-244, 32-243, 32-242, 32-241,
30 31-249, 31-248, 31-247, 31-246, 31-245, 31-244, 31-243, 31-242, 31-241,
30-249, 30-248, 30-247, 30-246, 30-245, 30-244, 30-243, 30-242, 30-241,
29-249, 29-248, 29-247, 29-246, 29-245, 29-244, 29-243, 29-242, 29-241,
28-249, 28-248, 28-247, 28-246, 28-245, 28-244, 28-243, 28-242, 28-241,
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27-249,27-248, 27-247, 27-246, 27-245, 27-244, 27-243, 27-242, 27-241,
26-249, 26-248, 26-247, 26-246, 26-245, 26-244, 26-243, 26-242, 26-241,
25-249, 25-248, 25-247, 25-246, 25-245, 25-244, 25-243, 25-242, 25-241,
24-249, 24-248, 24-247, 24-246, 24-245, 24-244, 24-243, 24-242, 24-241,

5  of SEQ ID NO:49, or SEQ ID NO:52, or
32-245, 32-244, 32-243, 32-242, 32-241, 32-240, 32-239, 32-238, 32-237,
31-245, 31-244, 31-243, 31-242, 31-241, 31-240, 31-239, 31-238, 31-237,
30-245, 30-244, 30-243, 30-242, 30-241, 30-240, 30-239, 30-238, 30-237,
29-245, 29-244, 29-243, 29-242, 29-241, 29-240, 29-239, 29-238, 29-237,
10 28-245,28-244, 28-243, 28-242, 28-241, 28-240, 28-239, 28-238, 28-237,
27-245, 27-244, 27-243, 27-242, 27-241, 27-240, 27-239, 27-238, 27-237,
26-245, 26-244, 26-243, 26-242, 26-241, 26-240, 26-239, 26-238, 26-237,
25-245, 25-244, 25-243, 25-242, 25-241, 25-240, 25-239, 25-238, 25-237,
24-245, 24-244, 24-243, 24-242, 24-241, 24-240, 24-239, 24-238, 24-237,

15  of SEQ ID NO:50 or SEQ ID NO:53, or
32-259, 32-258, 32-257, 32-256, 32-255, 32-254, 32-253, 32-252, 32-251,
31-259,31-258, 31-257, 31-256, 31-255, 31-254, 31-253, 31-252, 31-2531,
30-259, 30-258, 30-257, 30-256, 30-255, 30-254, 30-253, 30-252, 30-251,
29-259, 29-258, 29-257, 29-256, 29-255, 29-254, 29-253, 29-252, 29-251,
20 28-259,28-258, 28-257, 28-256, 28-255, 28-254, 28-253, 28-252, 28-251,
27-259, 27-258, 27-257, 27-256, 27-255, 27-254, 27-253, 27-252, 27-251,
26-259, 26-258, 26-257, 26-256, 26-255, 26-254, 26-253, 26-252, 26-251,
25-259, 25-258, 25-257, 25-256, 25-255, 25-254, 25-253, 25-252, 25-251,
24-259, 24-258, 24-257, 24-256, 24-255, 24-254, 24-233, 24-252, 24-251,

25  of SEQID NO:51 or SEQ ID NO:34, or
24-241, 24-240, 24-239, 24-238, 24-237, 24-236, 24-235, 24-234, 24-233,
23-241, 23-240, 23-239, 23-238, 23-237, 23-236, 23-235, 23-234, 23-233,
22-241,22-240, 22-239, 22-238, 22-237, 22-236, 22-235, 22-234, 22-233,
21-241, 21-246, 21-239, 21-238, 21-237, 21-236, 21-235, 21-234, 21-233,
30 20-241, 20-240, 20-239, 20-238, 20-237, 20-236, 20-235, 20-234, 20-233,
19-241, 19-240, 19-239, 19-238, 19-237, 19-236, 19-235, 19-234, 19-233,
18-241, 18-240, 18-239, 18-238, 18-237, 18-236, 18-235, 18-234, 18-233,
17-241,17-240, 17-239, 17-238, 17-237, 17-236, 17-235, 17-234, 17-233,
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16-241, 16-240, 16-239, 16-238, 16-237, 16-236, 16-235, 16-234, 16-233,
of SEQ ID NO:43 or SEQ ID NO:46, or

24-237, 24-236, 24-235, 24-234, 24-233, 24-232, 24-231, 24-230, 24-229,
23-237, 23-236, 23-235, 23-234, 23-233, 23-232, 23-231, 23-230, 23-229,

5 22-237,22-236,22-235,22-234, 22-233, 22-232, 22-231, 22-230, 22-229,
21-237, 21-236, 21-235, 21-234, 21-233, 21-232, 21-231, 21-230, 21-229,
20-237, 20-236, 20-235, 20-234, 20-233, 20-232, 20-231, 20-230, 20-229,
19-237, 19-236, 19-235, 19-234, 19-233, 19-232, 19-231, 19-230, 19-229,
18-237, 18-236, 18-235, 18-234, 18-233, 18-232, 18-231, 18-230, 18-229,

10 17-237,17-236, 17-235, 17-234, 17-233, 17-232, 17-231, 17-230, 17-229,
16-237, 16-236, 16-235, 16-234, 16-233, 16-232, 16-231, 16-230, 16-229,
of SEQ ID NO:44 or SEQ ID NO:47, or
24-251, 24-250, 24-249, 24-248, 24-247, 24-246, 24-245, 24-244, 24-243,
23.251, 23-250, 23-249, 23-248, 23-247, 23-246, 23-245, 23-244, 23-243,

15 22-251,22-250, 22-249, 22-248, 22-247, 22-246, 22-245, 22-244, 22-243,
21-251,21-250, 21-249, 21-248, 21-247, 21-246, 21-245, 21-244, 21243,
20-251, 20-250, 20-249, 20-248, 20-247, 20-246, 20-245, 20-244, 20-243,
19-251, 19-250, 19-249, 19-248, 19-247, 19-246, 19-245, 19-244, 19-243,
18-251, 18-250, 18-249, 18-248, 18-247, 18-246, 18-245, 18-244, 18-243,

20 17-251, 17-250, 17-249, 17-248, 17-247, 17-246, 17-245, 17-244, 17-243,
16-251, 16-250, 16-249, 16-248, 16-247, 16-246, 16-245, 16-244, 16-243,
of SEQ ID NO:45 or SEQ ID NO:48.

Additional suitable fragments of human B7-H4 include, but are not
limited to, the following:

25 27-249, 27-250, 27-251, 27-252, 27-253, 27-254, 27-255, 27-256, 27-
257, 27-259, 27-260,

28-249, 28-250, 28-251, 28-252, 28-253, 28-254, 28-255, 28-256, 28-
257, 28-259, 28-260, '
29-249, 29-250, 29-251, 29-252, 29-253, 29-254, 29-255, 29-256, 29-

30 257, 29-259, 29-260,

30-249, 30-250, 30-251, 30-252, 30-253, 30-254, 30-255, 30-256, 30-
257, 30-259, 30-260,
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31-249, 31-250, 31-251, 31-252, 31-253, 31-254, 31-255, 31-256, 31-
257, 31-259, 31-260,

32-249, 32-250, 32-251, 32-252, 32-253, 32-254, 32-255, 32-256, 32-
257, 32-259, 32-260

5 of SEQ ID NO:9 or SEQ ID NO:12, optionally with one to five

amino acids of a signal peptide attached to the N-terminal end. The signal
peptide may be any disclosed herein, including those contained within SEQ
IDNOs:2,3,5,6,9, 10, 12,13, 15, 17 and 19, or may be any signal peptide
known in the art. _

10 Additional suitable fragments of human B7-H4 include, but are not
limited to, fragments containing at least 25, 20, 75, 100 or 125 amino acids
of the IgV domain as set forth in SEQ ID NO:63 or SEQ ID NO:64.
Exemplary fragments include, but are not limited to:

16-144, 16-145, 16-146, 16-147, 16-148, 16-149, 16-150, 16-151, 16-152,

15 17-144, 17-145, 17-146, 17-147, 17-148, 17-149, 17-150, 17-151, 17-152,
18-144, 18-145, 18-146, 18-147, 18-148, 18-149, 18-150, 18-151, 18-152,
19-144, 19-145, 19-146, 19-147, 19-148, 19-149, 19-150, 19-151, 19-152,
20-144, 20-145, 20-146, 20-147, 20-148, 20-149, 20-150, 20-151, 20-152,
21-144, 21-145, 21-146, 21-147, 21-148, 21-149, 21-150, 21-151, 21-152,

20 22-144,22-145, 22-146, 22-147, 22-148, 22-149, 22-150, 22-151, 22-152,
23-144, 23-145, 23-146, 23-147, 23-148, 23-149, 23-150, 23-151, 23-152,
24-144, 24-145, 24-146, 24-147, 24-148, 24-149, 24-150, 24-151, 24-152,
of any of SEQ ID NO:43, SEQ ID NO:44, SEQ ID NO:45, SEQ ID NG:46,
SEQ ID NO:47, or SEQ ID NO:48, or

25 24-152,24-153,24-154, 24-155, 24-156, 24-157, 24-158, 24-159, 24-160,
25-152,25-153, 25-154, 25-155, 25-156, 25-157, 25-158, 25-159, 25-160,
26-152, 26-153, 26-154, 26-155, 26-156, 26-157, 26-158, 26-159, 26-160,
27-152,27-153, 27-154, 27-155, 27-156, 27-157, 27-158, 27-159, 27-160,
28-152, 28-153, 28-154, 28-155, 28-156, 28-157, 28-158, 28-159, 28-160,

30 29-152,29-153,29-154, 29-155, 29-156, 26-157, 29-158, 29-159, 29-160,
30-152, 30-153, 30-154, 30-155, 30-156, 30-157, 30-158, 30-159, 30-160,
31-152, 31-153, 31-154, 31-155, 31-156, 31-157, 31-158, 31-159, 31-160,
32-152,32-153, 32-154, 32-155, 32-156, 32-157, 32-158, 32-159, 32-160,
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of any of SEQ ID NO:49, SEQ ID NO:50, SEQ ID NO:51, SEQ ID
NO:52, SEQ ID NO:53, or SEQ ID NO:54, optionally with one to five
amino acids of a signal peptide attached to the N-terminal end. The signal
peptide may be any disclosed herein, including those contained within SEQ

5 IDNOs:2,3,5,6,9,10, 12, 13, 15, 17 and 19, or may be any signal peptide
known in the art.

Exemplary suitable fragments of non-human primate B7-H4 that can
be used as a first fusion partner include, but are not limited to, the following:
32-249, 32-248, 32-247, 32-246, 32-245, 32-244, 32-243, 32-242, 32-;241,

10 31-249, 31-248, 31-247, 31-246, 31-245, 31-244, 31-243, 31-242, 31-241,
30-249, 30-248, 30-247, 30-246, 30-245, 30-244, 30-243, 30-242, 30-241,
29-249, 29-248, 29-247, 29-246, 29-245, 29-244, 29-243, 29-242, 29-241,
28-249, 28-248, 28-247, 28-246, 28-245, 28-244, 28-243, 28-242, 28-241,
27-249, 27-248, 27-247, 27-246, 27-245, 27-244, 27-243, 27-242, 27-241,

15 26-249, 26-248, 26-247, 26-246, 26-245, 26-244, 26-243, 26-242, 26-241,
25-249, 25-248, 25-247, 25-246, 25-245, 25-244, 25-243, 25-242, 25-241,
24-249, 24-248, 24-247, 24-246, 24-245, 24-244, 24-243, 24-242, 24241,
of SEQ ID NO:71, or SEQ ID NO:77, or
32-245, 32-244, 32-243, 32-242, 32-241, 32-240, 32-239, 32-238, 32-237,

20 31-245,31-244, 31-243, 31-242, 31-241, 31-240, 31-239, 31-238, 31-237,
30-245, 30-244, 30-243, 30-242, 30-241, 30-240, 30-239, 30-238, 30-237,
29-245,29-244, 29-243, 29-242, 29-241, 29-240, 29-239, 29-238, 29-237,
28-245,28-244, 28-243, 28-242, 28-241, 28-240, 28-239, 28-238, 28-237,
27-245,27-244, 27-243, 27-242, 27-241, 27-240, 27-239, 27-238, 27-237,

25 26-245, 26-244, 26-243, 26-242, 26-241, 26-240, 26-239, 26-238, 26-237,
25-245,25-244, 25-243, 25-242, 25-241, 25-240, 25-239, 25-238, 25-237,
24-245, 24-244, 24-243, 24-242, 24-241, 24-240, 24-239, 24-238, 24-237,
of SEQ ID NO:72 or SEQ ID NO:78, or
32-259,32-258, 32-257, 32-256, 32-255, 32-254, 32-253, 32-252, 32-251,

30 31-259,31-258,31-257, 31-256, 31-255, 31-254, 31-253, 31-252, 31-251,
30-259, 30-258, 30-257, 30-256, 30-255, 30-254, 30-253, 30-252, 30-251,
29-259, 29-258, 29-257, 29-256, 29-255, 29-254, 29-253, 29-252, 29-251,
28-259, 28-258, 28-257, 28-256, 28-255, 28-254, 28-253, 28-252, 28-251,
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27-259, 27-258, 27-257, 27-256, 27-255, 27-254, 27-253, 27-252, 27-251,
26-259, 26-258, 26-257, 26-256, 26-255, 26-254, 26-253, 26-252, 26-251,
25-259, 25-258, 25-257, 25-256, 25-255, 25-254, 25-253, 25-252, 25-251,
24-259, 24-258, 24-257, 24-256, 24-255, 24-254, 24-253, 24-252, 24-251,
5 of SEQID NO:73 or SEQ ID NO:79, or
28-245, 28-244, 28-243, 28-242, 28-241, 28-240, 28-239, 28-238, 28-237,
27-245, 27-244, 27-243, 27-242, 27-241, 27-240, 27-239, 27-238, 27-237,
26-245, 26-244, 26-243, 26-242, 26-241, 26-240, 26-239, 26-238, 26-237,
25-245, 25-244, 25-243, 25-242, 25-241, 25-240, 25-239, 25-238, 25-237,
10 24-245,24-244, 24-243, 24-242, 24-241, 24-240, 24-239, 24-238, 24-237,
23-245, 23244, 23-243, 23-242, 23-»241, 23-240, 23-239, 23-238, 23-237,
22-245, 22-244, 22-243, 22-242, 22-241, 22-240, 22-239, 22-238, 22-237,
21-245,21-244, 21-243, 21-242, 21-241, 21-240, 21-239, 21-238, 21-237,
20-245, 20-244, 20-243, 20-242, 20-241, 20-240, 20-239, 20-238, 20-237,
15 of SEQ ID NO:635, or
28-241, 28-240, 28-239, 28-238, 28-237, 28-236, 28-235, 28-234, 28-233,
27-241, 27-240, 27-239, 27-238, 27-237, 27-236, 27-235, 27-234, 27-233,
26-241, 26-240, 26-239, 26-238, 26-237, 26-236, 26-235, 26-234, 26-233,
25-241, 25-240, 25-239, 25-238, 25-237, 25-236, 25-235, 25-234, 25-233,
20 24-241, 24-240, 24-239, 24-238, 24-237, 24-236, 24-235, 24-234, 24-233,
23-241, 23-240, 23-239, 23-238, 23-237, 23-236, 23-235, 23-234, 23-233,
22-241, 22-240, 22-239, 22-238, 22-237, 22-236, 22-235, 22-234, 22-233,
21-241, 21-240, 21-239, 21-238; 21-237,21-236, 21-235, 21-234, 21-233,
20-241, 20-240, 20-239, 20-238, 20-237, 20-236, 20-235, 20-234, 20-233,
25  of SEQID NO:66, or
28-255, 28-254, 28-253, 28-252, 28-251, 28-250, 28-249, 28-248, 28-247,
27-255, 27-254,27-253, 27-252, 27-251, 27-250, 27-249, 27-248, 27-247,
26-255, 26-254, 26-253, 26-252, 26-251, 26-250, 26-249, 26-248, 26-247,
25-255, 25-254, 25-253, 25-252, 25-251, 25-250, 25-249, 25-248, 25-247,
30 24-255,24-254, 24-253, 24-252, 24-251, 24-250, 24-249, 24-248, 24-247,
23-255, 23-254, 23-253, 23-252, 23-251, 23-250, 23-249, 23-248, 23-247,
22-255,22-254, 22-253, 22-252, 22-251, 22-250, 22-249, 22-248, 22-247,
21-255,21-254, 21-253, 21-252, 21-251, 21-250, 21-249, 21-248, 21-247,
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20-255, 20-254, 20-253, 20-252, 20-251, 20-250, 20-249, 20-248, 20-247,
of SEQ ID NO:67.
- Additional suitable fragments of non-human primate B7-H4 include,
but are not limited to, the following:
S 27-249, 27-250, 27-251, 27-252, 27-253, 27-254, 27-255, 27-256, 27-
257, 27-259, 27-260,
28-249, 28-250, 28-251, 28-252, 28-253, 28-254, 28-255, 28-256, 28-
257, 28-259, 28-260,
29-249, 29-250, 29-251, 29-252, 29-253, 29-254, 29-255, 29-256, 29-
10 257, 29-259, 29-260,
30-249, 30-250, 30-251, 30-252, 30-253, 30-254, 30-255, 30-256, 30-
257, 30-259, 30-260,
31-249, 31-250, 31-251, 31-252, 31-253, 31-254, 31-255, 31-256, 31-
257, 31-259, 31-260,
15 32-249, 32-250, 32-251, 32-252, 32-253, 32-254, 32-255, 32-256, 32-
257, 32-259, 32-260
of SEQ ID NO:17 or SEQ ID NO:19, optionally with one to five
amino acids of a signal peptide attached to the N-terminal end. The signal
peptide may be any disclosed herein, including those contained within SEQ
20 IDNOs:2,3,5,6,9,10, 12,13, 15, 17 and 19, or may be any signal peptide
known in the art.
Additional suitable fragments of non-human primate B7-H4 include,
but are not limited to, the following:
23-245, 23-246, 23-247, 23-248, 23-249, 23-250, 23-251, 23-252, 23~
25 253,23-254,23-255,
24-245, 24-246, 24-247, 24-248, 24-249, 24-250, 24-251, 24-252, 24-
253, 24-254, 24-255,
25-245, 25-246, 25-247, 25-248, 25-249, 25-250, 25-251, 25-252, 25-
253, 25-254, 25-255,
30 26-245, 26-246, 26-247, 26-248, 26-249, 26-250, 26-251, 26-252, 26-
253,26-254, 26-255,
27-245, 27-246, 27-247, 27-248, 27-249, 27-250, 27-251, 27-252, 27-
253, 27-254, 27-255,
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28-245, 28-246, 28-247, 28-248, 28-249, 28-250, 28-251, 28-252, 28-
253, 28-254, 28-255
of SEQ ID NO:15, optionally with one to five amino acids of a signal
peptide attached to the N-terminal end. The signal peptide may be any
5  disclosed herein, including those contained within SEQ ID NOs:2,3,5,6,9,
10, 12, 13, 15, 17 and 19, or may be any signal peptide known in the art.
Additional suitable fragments of non-human primate B7-H4 include,
but are not limited to, fragments containing at least 25, 20, 75, 100 or 125
amino acids of the IgV domain as set forth in SEQ ID NO:83, SEQ ID
10 NO:84 or SEQ ID NO:85.  Exemplary fragments include, but are not limited
fo:
20-148, 20-149, 20-150, 20-151, 20-152, 20-153, 20-154, 20-155, 20-156,
21-148, 21-149, 21-150, 21-151, 21-152, 21-153, 21-154, 21»155, 21-156,
22-148, 22-149, 22-150, 22-151, 22-152, 22-153, 22-154, 22-155, 22-136,
15 23-148,23-149, 23-150, 23-151, 23-152, 23-153, 23-154, 23-155, 23-156,
24-148, 24-149, 24-150, 24-151, 24-152, 24-153, 24-154, 24-155, 20-156,
25-148, 25-149, 25-150, 25-151, 25-152, 25-153, 25-154, 25-155, 25-156,
26-148, 26-149, 26-150, 26-151, 26-152, 26-153, 26-154, 26-153, 26-136,
27-148, 27-149, 27-150, 27-151, 27-152, 27-153, 27-154, 27-155, 27-156,
20  28-148,28-149, 28-150, 28-151, 28-152, 28-153, 28-154, 28-155, 28-156,
of any of SEQ ID NO:65, SEQ ID NO:66, or SEQ ID NO:67, or
24-152, 24-153, 24-154, 24-155, 24-156, 24-157, 24-158, 24-159, 24-160,
25-152, 25-153, 25-154, 25-1535, 25-156, 25-157, 25-158, 25-159, 25-160,
26-152, 26-153, 26-154, 26-155, 26-156, 26-157, 26-158, 26-159, 26-160,
25 27-152,27-153, 27-154, 27-155, 27-156, 27-157, 27-158, 27-159, 27-160,
28-152, 28-153, 28-154, 28-155, 28-156, 28-157, 28-158, 28-159, 28-160,
29-152, 29-153, 29-154, 29-155, 29-156, 29-157, 29-158, 29-159, 29-160,
30-152, 30-153, 30-154, 30-155, 30-156, 30-157, 30-158, 30-159, 30-160,
31-152, 31-153, 31-154, 31-155, 31-156, 31-157, 31-158, 31-159, 31-160,
30 32-152, 32-153, 32-154, 32-155, 32-156, 32-157, 32-158, 32-159, 32-160,
of any of SEQ ID NO:71, SEQ ID NO:72, SEQ ID NO:73, SEQ ID
NO:77, SEQ ID NO:78, or SEQ ID NO:79, optionally with one to five
amino acids of a Signal peptide attached to the N-terminal end. The signal
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peptide may be any disclosed herein, including those contained within SEQ
ID NOs:2,3,5,6,9, 10,12, 13, 15, 17 and 19, or may be any signal peptide
known in the art.
2. Variants of B7-H4 polypeptides
5 Useful variants include those that increase biological activity, as
indicated by any of the assays described herein, or that increase half life or
stability of the protein. The B7-H4 polypeptides and B7-H4 fragments, or
fusions thereof having B7-H4 activity, can be engineered to increase
biological activity. In a preferred embodiment, the B7-H4 polypeptide or
10 fusion protein has been modified with at least one amino acid substitution,
deletion, or insertion that increases the binding of the molecule to an immune
cell, for example a T cell, and transmits an inhibitory signal into the T cell.
Other preferred variants are those B7-H4 polypetpides that are
engineered to selectively bind to one type of T cell versus other immune
15  cells. For example, the B7-H4 polypeptide can be engineered to bind
preferentially to Tregs, ThO, Thi, Th17, or Th22 cells. Preferential binding
refers to binding that is at least 10%, 20%, 30%, 40%, 50%, 60%, 70%, 80%,
90%, 95%, or greater for one type of cell over another type of cell.
Still other variants of B7-H4 can be engineered to have reduced
20 binding to immune cells relative to wildtype B7-H4. These variants can be
used in combination with variants having stronger binding properties to
modulate the immune response with a moderate impact.
Finally, variant B7-H4 polypeptides can be engineered to have an
increased half-life relative to wildtype. These variants typically are modified
25  to resist enzymatic degradation. Exemplary modifications include modified
amino acid residues and modified peptide bonds that resist enzymatic
degradation. Various modifications to achieve this are known in the art. For
example, the juxtamembrane region of B7-H4 includes a dibasic motif,
KRRS, which could potentially be recognized and cleaved, for example by a
30  member of the proprotein convertase family of proteases.This motif (KRRS)
can be removed to increase half life. The variants can be modified to adjust
for effects of affinity for the receptor on the half life of B7-H4 polypeptides,
fragments, or fusions thereof at serum and endosomal pH.
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B. Second polypeptide

The B7-H4 polypeptide may be fused to a second polypeptide. The
presence of the second polypeptide can alter the solubility, stability, affinity
and/or valency of the B7-H4 fusion polypeptide. As used herein, “valency”
refers to the number of binding sites available per molecule. In one
embodiment the second polypeptide is a polypeptide from a different source
or different protein.

In one embodiment, the second polypeptide contains one or more
domains of an immunoglobulin heavy chain constant region, preferably
having an amino acid sequence corresponding to the hinge, Cy2 and Cy3
regions of a human immunoglobulin Cy1 chain or to the hinge, Cy2 and Cy3
regions of a murine immunoglobulin Cy2a chain. SEQ ID NOS: 88 and 89
provide exemplary sequences for the hinge, C42 and Cy3 regions of a human
immunoglobulin Cy1.

In a preferred dimeric fusion protein, the dimer results from the
covalent bonding of Cys residue in the hinge region of two of the Ig heavy
chains that are the same Cys residues that are disulfide linked in dimerized
normal Ig heavy chains. Such proteins are referred to as B7-H4-Ig.

In one embodiment, the immunoglobulin constant domain may
contain one or more amino acid insertions, deletions or substitutions that
enhance binding to specific cell types, increase the bioavailablity, or increase
the stability of the B7-H4 polypeptides, fusion proteins, or fragments thereof.
Suitable arino acid substitutions include conservative and non-conservative |
substitutions, as described above.

In another embodiment the second polypeptide may have a
conjugation domain through which additional molecules can be bound to the
B7-H4 fusion proteins. In one such embodiment, the conjugated molecule is
capable of targeting the fusion protein to a particular organ or tissue. In |
another such embodiment the conjugated molecule is another
immunomodulatory agent that can enhance or augment the effects of the B7-
H4 fusion protein. In another embodiment the conjugated molecule is

Polyethylene Glycol (PEG).
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The Fc portion of the fusion protein may be varied by isotype or
subclass, may be a chimeric or hybrid, and/or may be modified, for example
to improve effector functions, control of half-life, tissue accessibility,
augment biophysical characteristics such as stability, and improve efficiency
of production (and less costly). Many modifications useful in construction of
disclosed fusion proteins and methods for making them are known in the art,
see for example Mueller, et al., Mol. Immun., 34(6):441-452 (1997), Swann,
et al., Cur. Opin. Immun., 20:493-499 (2008), and Presta, Cur. Opin. Immun.
20:460-470 (2008). In some embodiments the Fc region is the native IgG1,
IgG2, or IgG4 Fe region. In some embodiments the Fc region is a hybrid, for
example a chimeric consisting of .IgG2/IgG4 Fe constant regions.
Modications to the Fc region include, but are not limited to, IgG4 modified
to prevent binding to Fc gamma receptors and complement, IgG1 modified
to improve binding to one or more Fc gamma receptors, IgG1 modified to
minimize effector function (amino acid changes), IgG1 with altered/no
glycan (typically by changing expression host), and IgG1 with altered pH-
dependent binding to FcRn. The Fe region may include the entire hinge
region, or less than the entire hinge region.

The therapeutic outcome in patients treated with rituximab (a
chimeric mouse/human IgG1 monoclonal antibody against CD20) for non-
Hodgkin’s lymphoma or Waldenstrom’s macroglobulinemia correlated with
the individual’s expression of allelic variants of Fey receptors with distinct
intrinsic affinities for the Fc domain of human IgG1. In particular, patients
with high affinity alleles of the low affinity activating Fc receptor CD16A
(FeyRIIIA) showed higher response rates and, in the cases of non-Hodgkin’s
lymphoma, improved progression-free survival. In another embodiment, the
Fc domain may contain one or more amino acid insertions, deletions or
substitutions that reduce binding to the low affinity inhibitory Fc receptor
CD32B (FcyRIIB) and retain wild-type levels of binding to or enhance
binding to the low affinity activatihg Fe receptor CD16A (FeyRIIIA).

Another embodiment includes IgG2-4 hybrids and IgG4 mutants that
have reduce binding to FcR which increase their half life. Representative

1G2-4 hybrids and IgG4 mutants are described in Angal, S. et al., Molecular
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Immunology, 30(1):105-108 (1993); Mueller, J. et al., Molecular
Immonology, 34(6): 441-452 (1997); and U.S. Patent No. 6,982,323 to Wang
et al. In some embodiments the IgG1 and/or IgG2 domain is deleted for
example, Angal et al. describe IgG1 and IgG2 having serine 241 replaced
with a proline.

In a preferred embodiment, the Fc domain contains amino acid
insertions, deletions or substitutions that enhance binding to CD16A. A
large number of substitutions in the Fc domain of human IgG1 that increase
binding to CD16A and reduce binding to CD32B are known in the art and
are described in Stavenhagen, et al., Cancer Res., 57(18):8882-90 (2007).
Exemplary variants of human IgG1 Fc domains with reduced binding to
CD32B and/or increased binding to CD16A contain F243L, R929P, Y300L,
V3051 or P296L substitutions. These amino acid substitutions may be
present in a human IgG1 Fe domain in any combination. In one
embodiment, the human IgG1 Fc domain variant contafns a F243L, R929P
and Y300L substitution. In another embodiment, the human IgG1 Fe
domain variant contains a F243L, R929P, Y3001, V3051 and P296L
substitution. In another embodiment, the human IgG1 Fc domain variant
contains an N297Q substitution, as this mutation abolishes FcR binding.

C. Peptide or polypeptide linker domain

The disclosed B7-H4 fusion proteins optionally contain a peptide or
polypeptide linker domain that separates the B7-14 polypeptide from the
second polypeptide.

1. Hinge region of antibodies

In one embodiment, the linker domain contains the hinge region of an
immunoglobulin. In a preferred embodiment, the hinge region is derived
from a human immunoglobulin. Suitable human immunoglobulins that the
hinge can be derived from include IgG, IgD and IgA. In a preferred
embodiment, the hinge region is derived from human IgG. Amino acid
sequences of immunoglobulin hinge regions and other domains are well
known in the art.

In one embodiment, B7-H4 fusion polypeptides contain the hinge,
Cy2 and Cy3 regions of a human immunoglobulin Cyl chain encoded by a
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nucleic acid having at least 80%, 85%, 90%, 35%, 99% or 100% sequence

identity to:
gagcctaagt
gggggaccta
actcccogaag
aattggtacyg
tataacagta
ggtaaggagt
atcagcaagyg
gacgagctga
gacatcgceag
ccagtgetty
cgetggeage

tatactcaga

catgtgacaa
gogtittctt
taacatgegt
tggacggagt
cetacegogt
ataaatgcaa
coaagggaca
ccaagaacca
tggagtggga
atagcgatqgg
agggaaacgt

aaagectgag

(SEQ ID NO:86), or

gacaagacce
ttetigttee
tgegtagtag
ggagtcgagg
cgegtggtat
tgcaaggtca
ggacaaccec
aaccaggtgt
tgggagtcaa
gatgggagct
aacgtttict
ctgagtetga

atacgtgcece
CoCCaaagee
tcgacgtgag
tgeataatge
cegtoetigac
gcaacaaago
gcgagoocea
ctctgacttg
acgggcagee
ttttectota
cttgtagegt

gtcceggeaa

(SEQ ID NO:87).

The hinge, Cy2 and Cy3 regions of a human immunoglobulin Cy1

gacccatacy
gtteoceecea
agtagtecgac
cgaggtgceat
ggratcecgte
ggtcagcaac
acccegogay
ggtgtectoty
gtcaaacggy
gagettttte
titctettgt
tctgagtece

accectgtecc
caaggacace
ceacgaggat
caaaactaaa
agtgctccac
tetteeegec
ggtttacacc
tectggtoaaa
tgagaataac
cagtaagcerg
catgcatgag

a

tgoccacect
aageccaagy
gtgageccacy
aatgccaaaa
ttgacagtgc
aaagctette
ccccaggtit
acttgtctygy
cagcctygaga
ctctacagta
agogtcatge

ggcaaa

gctecagaac
ctecatgatct
cctgaagtga
cctogggagy
caggactgge
ccaattgaaa
cttecacctt
ggtttctatc
tacaagacca
actgtggaca

geectacaca

gtoocgotee
acacccteat
aggatcctga
ctaaaccteg
tecaccagyga
cogecccaat
acaccctteo
tcaaaggttt
ataactacaa
agctgactgt
atgaggeect

tgetgggggy
cacggacihce

agtttaattyg
agcagtataa
tgaatggtaa
agactatcag
cacgagacga
cttcecgacat
cacccecagt
aatcccegetg

accattatac

agaactgctyg
gatctcacgg
agtgaagttt
ggaggageay
ctggctgaat
tgaaaagact
accticacga
ctatccttoe
gaccacacce
ggacaaatcce

ccacaaccat

acctagegtt
cdaagtaaca
gtacgtggac
cagtacctac
ggagtataaa
caaggccaag
gctgaccaag
cgecagtggag
gcttgatage
gcagcaggga
tcagaaaage

60
120
180
240
300
360
420
480
540
600
660
696

60
120
80
240
300
360
420
480
540
600
660
681

chain encoded by SEQ ID NO:86 has the following amino acid sequence:

EPKSCDKTHT CPPCPAPELL GGPSVELFPP KPKDTLMISR TPEVICVVVD VSHEDPEVKF
NWYVDGVEVE NAKTKPREEQ YNSTYRVVSV LTVLHQDWLN GKEYKCKV3N KALPAPIEKT
ISKAKGQPRE PQVYTLPPSR DELTKNQVSL TCLVKGFYPS DIAVEWESNG QPENNYKITP
PVLDSDGSFF LYSKLTVDKS RWQQGNVESC SVMHEALHNWH YTOKSLSLSP GK

(SEQ ID NO:88).
The hinge, CH2 and CH3 regions of a human immunoglobulin Cyl

&0
120
180
232

chain encoded by SEQ ID NO:87 has the following amino acid sequence:

DKTHTCPPCP APELLGGPSV FLFPPKPRDT LMISRTPEVT CVVVDVSHED PEVEFNWYVD

GVEVHNAKTK PREEQYNSTY RVVSVLTVLH QDWLNGKEYK CKVSNKALPA PIEKTISKAK
GQPREPQVYT LPPSRDELTK NQVSLTCLVK GFYPSDIAVE WESNGQPENN YRTTPPVLDS
DGSFFLYSKL TVDKSRWQQG NVFSCSVMHE ALHNHYTCOKS LSLSPGK

(SEQ ID NO:89).
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The hinge can be further shortened to remove amino acids 1, 2, 3, 4,

3, or combinations thereof of SEQ ID NO:89. In one embodiment, amino
acids 1 and 2 of SEQ ID NO:89 are deleted.

In another embodiment, the B7-H4 fusion polypeptides contain the

hinge, Cy2 and Cy3 regions of a murine immunoglobulin Cy2a chain

encoded by a nucleic acid having at least 80%, 85%, 90%, 95%, 99% or

100% sequence identity to:

gagcocaagag gtectacgat caagccctge ccgectigta aatgcccage tccaaatityg 60
ctgagtggas cgtecagteott tatcttoccg ccaaagataa aggacgteott gatgatiagt 120
ctgageecca tegtgacaty cghbtgtgety gatgtttcag aggatgaccc cgacgigeaa 180
atcagttggt tcgttaacaa cgtggagglty cataccgctce aaacccagac ccacagagag 240
gattataaca geaccctgeg ggtagtgteco geectgecga tccagcatca ggattggatg 300
agegggaaag agttcaagtg taaggtaaac aacaaagatc tgccagegcece gattgaacga 360
accattagea agcocgaaagg gagegtgoge geaccteagyg tttacgtoct toctcecacca 420
gaagaggaga tgacgaaaaa gcaggtgacc ctgacatgea tggtaactga ctitatgeca 480
gaagatattt acgtggaatg gactaataac ggaaagacag agctcaatta caagasacact 540
gagcoctgttc tggattctga tggeagetac tttatgtact ccasattgag ggtcgagaag &G0
aagaattggg tcgagagaaa cagttatagt tgetcagtygg tgcatgaggg cctccataat 660
catcacacga caaagtoctt cagcecgaacg cccgggaaa 699
(SEQ ID NO:90)

The hinge, Cy2 and Cy3 regions of a murine immunoglobulin Cy2a

chain encoded by SEQ ID NO:90 has the following amino acid sequence:

EPRGPTIKPC PPCKCPAPNL LGGPSVFIFP PKIKDVIMIS LSPIVTCVVV DVSEDDPDVQ 60
ISWFVNNVEYV HTAQTQTHRE DYNSTLRVVS ALPIQHQDWM SGKEFKCKVN NKDLPAFPIER 120
TISKPKGSVR AFPQVYVLPPP EEEMTKEQVT LTCMVTDEMP BEDIYVEWINN GRTELNYENT 180
EPVLDSDGSY FMYSKLRVEK KNWVERNSYS CSVVHEGLHN HHTTKSFSRT PGK 233

(SEQ ID NO:91)

In another embodiment, the linker domain contains a hinge region of

an immunoglobulin as described above, and further includes one or more

additional immunoglobulin domains.

2.

Other peptide/polypeptide linker domains

Other suitable peptide/polypeptide linker domains include naturally

occurring or non-naturally occurring peptides or polypeptides. Peptide linker
sequences are at least 2 amino acids in length. Preferably the peptide or
polypeptide domains are flexible peptides or polypeptides. A “flexible
linker” herein refers to a peptide or polypeptide containing two or more
amino acid residues joined by peptide bond(s) that provides increased

rotational freedom for two polypeptides linked thereby than the two linked
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polypeptides would have in the absence of the flexible linker. Such
rotational freedom allows two or more antigen binding sites joined by the
flexible linker to each access target antigen(s) more efficiently. Exemplary
flexible peptides/polypeptides include, but are not limited to, the amino acid
sequences Gly-Ser, Gly-Ser-Gly-Ser (SEQ ID N0O:92), Ala-Ser, Gly-Gly-
Gly-Ser (SEQ ID NO:93), (Glys-Ser); (SEQ ID NO:94) and (Glys-Ser)s
(SEQ ID NO:95). Additional flexible peptide/polypeptide sequences are
well known in the art.

D. Dimerization, multimerization and targeting domains

The fusion proteins disclosed herein optionally contain a dimerization
or multimerization domain that functions to dimerize or multimerize two or
more fusion proteins. The domain that functions to dimerize or multimerize
the fusion proteins can either be a separate domain, or alternatively can be
contained within one of the other domains (B7-H4 polypeptide, second
polypeptide, or peptide/polypeptide linker domain) of the fusion protein.

1. Dimerization domains

A “dimerization domain” is formed by the association of at least two
amino acid residues or of at least two peptides or polypeptides (which may
have the same, or different, amino acid sequences). The peptides or
polypeptides may interact with each other through covalent and/or non-
covalent association(s). Preferred dimerization domains contain at least one
cysteine that is capable of forming an intermolecular disulfide bond with a
cysteine on the partner fusion protein. The dimerization domain can contain
one or more cysteine residues such that disulfide bond(s}) can form between
the partner fusion proteins. In one embodiment, dimerization domains
contain one, two or three to about ten cysteine residues. In a preferred
embodiment, the dimerization domain is the hinge region of an
immunoglobulin.

- Additional exemplary dimerization domain can be any known in the
art and include, but not limited to, coiled coils, acid patches, zinc fingers,
calcium hands, a Cy1-Cy, pair, an “interface” with an engineered “knob”
and/or “protruberance” as described in U.S. Patent No. 5,821,333, leucine
zippers (e.g., from jun and/or fos) (U.S. Patent No. 5,932,448), SH2 (src
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homology 2), SH3 (src Homology 3) (Vidal, et al., Biochemistry, 43, 7336-
44 ((2004)), phosphotyrosine binding (PTB) (Zhou, et al., Nature, 378:584-
592 (1995)), WW (Sudol, Prog. Biochys. Mol. Bio., 65:113-132 (1996)),
PDZ (Kim, et al., Nature, 378: 85-88 (1995); Komau, et al., Science, ‘
269:1737-1740 (1995)) 14-3-3, WD40 (Hu, et al., J Biol Chem., 273, 33489-
33494 (1998)) EH, Lim, an isoleucine zipper, a receptor dimer pair (e.g.,
interleukin-8 receptor (IL-8R); and integrin heterodimers such as LFA-1 and
GPIIb/11Ia), or the dimerization region(s) thereof, dimeric ligand
polypeptides (e.g. nerve growth factor (NGF), neurotrophin-3 (NT-3),
interleukin-8 (IL-8), vascular endothelial growth factor (VEGF), VEGF-C,
VEGF-D, PDGF members, and brain-derived neurotrophic factor (BDNF)
(Arakawa, et al., J. Biol. Chem., 269(45): 27833-27839 (1994) and
Radziejewski, et al., Biochem., 32(48): 1350 (1993)) and can also be variants
of these domains in which the affinity is altered. The polypeptide pairs can
be identified by methods known in the art, including yeast two hybrid
screens. Yeast two hybrid screens are described in U.S. Pat. Nos. 5,283,173
and 6,562,576, Affinities between a pair of interacting domains can be
determined using methods known in the art, including as described in
Katahira, et al., J. Biol. Chem., 277, 9242-9246 (2002)). Alternatively, a
library of peptide sequences can be screened for heterodimerization, for
example, using the methods described in WO 01/00814. Useful methods for
protein-protein interactions are also described in U.S. Patent No. 6,790,624.
2. Multimerization domains
A “multimerization domain” is a domain that causes three or more
peptides or polypeptides to interact with each other through covalent and/or
non-covalent association(s). Suitable multimerization domains include, but
are not limited to, coiled-coil domains. A coiled-coil is a peptide sequence
with a contiguous pattern of mainly hydrophobic residues spaced 3 and 4
residues apart, usually in a sequence of seven amino acids (heptad repeat) or
eleven amino acids (undecad repeat), which assembles (folds) to form a
multimeric bundle of helices. Coiled-coils with sequences including some
irregular distribution of the 3 and 4 residues spacing are also contemplated.
Hydrophobic residues are in particular the hydrophobic amino acids Val, Ile,
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Leu, Met, Tyr, Phe and Trp. “Mainly hydrophobic” means that at least 50%
of the residues must be selected from the mentioned hydrophobic amino
acids.

The coiled coil domain may be derived from laminin. In the
extracellular space, the heterotrimeric coiled coil protein laminin plays an
important role in the formation of basement membranes. Apparently, the
multifunctional oligomeric structure is required for laminin function. Coiled
coil domains may also be derived from the thrombospondins in which three
(TSP-1 and TSP-2) or five (TSP-3, TSP-4 and TSP-5) chains are connected,
or from COMP (COMPcc) (Guo, et at., EMBO J., 1998, 17: 5265-5272)
which folds into a parallel five-stranded coiled coil (Malashkevich, et al.,
Science, 274: 761-765 (1996)).

Additional coiled-coil domains derived from other proteins, and other

" domains that mediate polypeptide multimerization are known in the art and

are suitable for use in the disclosed fusion proteins.

In another embodiment, B7-H4 polypeptides, fusion proteins, or
fragments thereof can be induced to form multimers by binding to a second
multivalent polypeptide, such as an antibody. Antibodies suitable for use to
multimerize B7-H4 polypeptides, fusion proteins, or fragments thereof
include, but are not limited to, IgM antibodies and cross-linked, multivalent
IgG, IgA, IgD, or IgE complexes.

3. Targeting Domains

The B7-H4 polypeptides and fusion proteins can contain a targeting

- domain to target the molecule to specific sites in the body. Preferred

targeting domains target the molecule to areas of inflammation. Exemplary
targeting domains are antibodies, or antigen binding fragments thereof that
are specific for inflamed tissue or to a proinflammatory cytokine including
but not limited to IL17, I1-4, IL-6, IL-12, IL-21, IL-22, and IL-23. In the
case of neurological disorders such as Multiple Sclerosis, the targeting
domain may target the molecule to the CNS or may bind to VCAM-1 on the
vascular epithelium. Additional targeting domains can be peptide aptamers
specific for a proinflammatory molecule. In other embodiments, the B7-H4
fusion protein can include a binding partner specific for a polypeptide
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displayed on the surface of an immune cell, for example a T cell. In still
other embodiments, the targeting domain specifically targets activated
immune cells. Preferred immune cells that are targeted include Th0, Thi,

Th17 and Th22 T cells, other cells that secrete, or cause other cells to secrete

5 inflammatory molecules including, but not limited to, IL-18, TNF-a, TGF-
beta, IFN-y, [L-17, IL-6, 11.-23, 1L-22, IL-21, and MMPs, and Tregs. For

example, a targeting domain for Tregs may bind specifically to CD25.

E.

A representative murine B7-H4 fusion protein is encoded by a

Exemplary fusion proteins

10 nucleic acid having at least 80%, 85%, 90%, 95%, 99% or 100% sequence
identity to:
atggotteet tggggecagat catcttttgg agtattatta acatcatcat catcctgget 60
ggggcecateyg cactecatcat tggettigge atttcaggea ageactteat cacggtcacg 120
accttcacct cagetggaaa cattggagag gacgggaccec tgagetgeac tttitgaacct 180
15 gacatcaaac tcaacggeat cgtcatccag tggctgaaag aaggcatcaa aggtitggto 240
cacgagttca aagaaggcaa agacgaccte tcacagcage atgagatgtt cagaggecgo 300
acagcagtgt ttgctgatca ggtggtagtt ggcaatgott ccoctgagact gaaaaacgtg 360
cagetcacgg atgctggeoac ctacacatgt tacatcegea cotcaaaagg caaagggaat 420
gcaaaccttyg agtataagac cggagecttc agtatgocayg agataaatgt ggactataat 480
20 gocagttcag agagittacg ctgegagget cctegghrggt toccccagece cacagtggeo 540
tgggeatctc aagtegacca aggagccaat ttcteagaag tctccaacac cagotttgay 600
ttgaactctg agaatgtgac catgaaggtce gtatctgtge tetacaatght cacaatcaac 660
aacacatact cctgtatgat tgaaaacgac attgocaaag ccaccgggga catcaaagtg 720
acagattcag aggtcaaaag gcegaagitcag ctgeagttge tgaactctgg ggagecaaga 780
25 ggtcctacga tcaagecotg cocgectigt aaatgeccag ctecaaattt gotgggtgga 840
cocgtecagtet ttatcttoce gecaaagata aaggacgtct tgatgatiag totgagecce 900
atcgtgacat gogttgtggt ggatgtitca gaggatgace ccgacgtgea aatcagttgg 960
ttcogttaaca acgtggaggt geataccget caaacccéga ceccacagaga ggattataac 1020
agcaccctge gggtagtgtoe cgeectgoeeg atcecageate aggattggat gagegggaaa 1080
30 gagttcaagt gtaaggtaaa caacaaagat ctgccagege cgattgaacyg aaccattage 1140
aagccgaaag ggagcegtgceg cgeacctcag gtttacgtee ttectecacce agaagaggag 1200
atgacgaaaa ageaggtgac cctgacatge atggtaactg actitatygcce agaagatatt 1280
tacgtggaat ggactaataa cggaaagaca gagctcaatt acaagaacac tgagootgtt 1320
ctggattctyg atggcagceta cttiatgtac tccaaatiga gggtcgagaa gaagaattgy 1380
35 gtcgagagaa acagttatag ttgetcagtg gtgeatgagg goectocataa featcacace 1440
acaaagtect tcagcecgaac goccgggaaa 1470
(SEQ ID NO:96),

63
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atggagtggt
tteggeataa
ggggaagaty
attcagtggc
gatctgtete
gtggtaggea
acatgctata
gecttticta
gaggegecaa
gceaacttit
aaggtagtca
aatgatatag
agtcaactge
cettgtaaat
aagataaagy
gtttcagagg
accgotcaaa
ctgccgatoc
aaagatcitge
ceteaggttt
acatgecatyg
aagacagagc
atgtacteca
tcagtggtge
gggaaa

catgggtett
geggcaagea
gaacattgte
ttaaggagygg
agcagcacga
acgoeaghtt
tcoggtecte
tgecagagat
ggtggttece
ctgaggtttc
gegttctgta
ccaaggctac
aactcttgaa
geocagetee
acgtcttgat
atgaccccga
cccagaceca
agcatcagga
cagcegocgat
acgtecttce
taactgactt
tcaattacaa
aattgagggt
atgagggect

(SEQ ID NO:97) or

atggagtggt
ttcggeataa
ggggaagatg
attcagtgge
gatctgtote
gtggtaggca
acatgctata
gocttticta
gaggogecaa
gccaactitt
aaggtagtca
aatgatatag
agtcaactgc
cettgtaaat
aagataaagqg
gtttcagagy
accgctcaaa
ctgoegateo
aaagatctge
ceteaggttt
acatgceatgg

catgggtttt
goggcaagea
gaacattgtce
ttaaggaggy
agcagcacga
acgccagttt
tcooggaccte
tgoecagagat
ggtggtthc
ctgaggttte
geghtetgta
ceaaggetac
aactcttgaa
gceccagetce
acgtcttgat
atgacccega
cccagacceca
agcatcagga
cagcgeegat
acgtecttee

taactgactt

tcetgttettt
ctteatcaca
atgtacattt
catcaaggge
gatgttcagy
goggetgaaa
taagggcaag
caacgtggac
tecageececace
taacaccage
taacgtgace
aggagatatt
tagcggegag
aaatttgctg
gattagtctg
cgtgeaaatc
cagagagygat
ttggatgage
tgaacgaacc
tecaccagaa
tatgceagaa
gaacactgag
cgagaagaag
ccataatcat

tctgttettt
cttcatcaca
atgtacattt
catcaagggc
gatgttcagg
geggctgaaa
taagggcaag
caacgtggac
tcagcccace
taacaccagc
taacgtgacc
aggagatatt
tageggegag
aaattigetyg
gattagtctg
cgtgcaaatc
cagagaggat
ttggatgage
tgaacgaacc
tccaccagaa

tatgccagaa

cttagegtga
gttacaacgt
gagccagata
ctggtcecacy
ggcagaaccy
aacgtgecage
gggaacgcta
tataacgcaa
gtegegtggyg
ttcgaactga
atcaacaata
aaagtgacgy
ccaagagygtc
ggtggaccgt
ageccecateyg
agttggttey
tataacagea
gggaaagagt
attagcaagc
gaggagatga
gatatttacy
cctgttetgg
aattgggtcy

cacaccacaa

cttagegtga
gttacaacgt
gagccagata
ctggtecacy
ggcagaaccyg
aacgtgcagce
gggaacgcta
tataacgcaa
gtegegtggg
ttcgaactga
atcaacaata
aaagtgacyyg
ccaagaggto
ggtggaccgt
agececateg
agttggttcg
tataacagea
gggaaagagt
attagcaagc
gaggagatga
gatatttacyg

64

ctacaggegt
ttacaagtge
tcaaactcaa
aatttaagga
cegtettege
tgactgacge
atctcgagta
gctctgaaag
cticeccaggt
acagcgaaaa
cttactcctg
attcagaagt
ctacgatcaa
cagtctttat
tgacatgegt
ttaacaacgt
cectgeggat
tcaagtgtaa
cgaaagggag
cgaaaaagea
tggaatggac
attctgatgg
agagaaacaqg

agtccticag

ctacaggegt
ttacaagtge
tcaaactcaa
aatttaagga
cegtettoge
tgactgacga
atctegagta
gctetgaaag
ctteccaggt
acagcgaaaa
cttactecty
attcagaagt
ctacgatcaa
cagtctttat
tgacatgegt
ttaacaacgt
ccetgoegeat
tcaagtgtaa
cgaaagggag
cgazaaagca

tggaatggac

PCT/US2010/047366
ceattcagga 60
ggggaacatt 120
tggaatagta 180
ggggaaagac 240
agaccaggtt 300
cgggacctac 360
caaaacaggc 420
tctgagatge 4380
ggatcaagge 540
tgtgacaatg 600
tatgatagaa 660
gaaaaggagyg 720
gcceigeecyg 780
cttceocgeca 840
tgtggtggat 900
ggaggtgcat 960
agtgtccogec 1020
ggtaaacaac 1080
cgtgegegea 1140
ggtgaccctyg 1200
taataacgga 1260
cagcetactte 1320
ttatagttge 1380
cegaacgooe 1440

14486
ceattcagga 60
gygggaacatt 120
tggaatagta 180
ggggaaagac 240
agaccaggtt 300
cggeacctac 360
caaaacaggc 420
tctgagatge 4890
ggatcaagge 540
tgtgacaatg 600
tatgatagaa €60
gaaaaggagg 720
gooctgeocy 780G
ctitccogeca 840
tgtggtggat 900
ggaggtgcat 960
agtgteegee 1020
ggtaaacaac 1080
cgtgogegea 1140
ggtgaccctyg 1200
taataacgga 1260
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aagacagagc tcaattacaa gaacactgag cctgttctgg attctgatgg cagctacttt

atgtactcca aattgagggt cgagaagaag aattgggteg agagaaacag ttatagttge

tcagtggtge atgagggect ccataatcat cacaccacaa agtccttcag ccgaacgceee

gaggaaa

(SEQ ID NO:98)
In another embodiment, a representative murine B7-H4 fusion protein
has at least 80%, 85%, 90%, 95%,

MASLGQIIFW
DIRLNGIVIQ
QLTDAGTYTC
WASQVDQGAN
TDSEVKRRSQ
IVICVVVDVS
EFKCKVNNKD
YVEWTNNGKT
TKSFSRTPGK

STINIIIILA
WLEEGIKGLV
YIRSSKGKGN
FSEVSNTSFE
LOLLNSGEPR
EDDPDVQISW
LPAPIERTIS
ELNYKNTEPV

(SEQ ID NO:99),

MASLGQIIFW
DIKLNGIVIQ
QLTRAGTYTC
WASQVDQGAN
TDSEVKRRSQ
IVICVVVDVS
EFKCKVNNKD
YVEWTNNGKT
THSFSRTPGK

STINIIITLA
WLKEGIKGLV
YIRTSKGKGN
FSEVSNTSFE
LOLLNSGEPR
EDDPDVQISW
LPAPIERTIS
ELNYENTEPY

(SEQ ID NO:100),

MEWSWVFLEF
ICWLKEGIKG
TCYIRSSKGK
ANFSEVSNTS
SQLOLLNSGE
VSEDDPDVQI
KDLPAPIERT
KTELNYENTE
GK

LEVTTGVHSG
LVHEFKEGKD
GNANLEYKTG
FELNSENVTM
PRGPTIKPCP
SWEVNNVEVH
ISKPKGSVRA
PVLDSDGSYF

(SEQ ID NO:101) or

GAIALIIGFG
HEFKEGKDDL
BNLEYKTGAF
LNSENVTMKV
GPTIKPCPEC
FVNNVEVHTA
KPKGSVRAPQ
LDSDGSYFMY

GAIALIIGFG
HEFKEGKDDL
ANLEYKTGAF
LNSENVTMKV
GPTIKPCPPC
FVNNVEVHTA
KPKGSVRAPQ
LDSDGSYFMY

FGISGKHFIT
DLSQOHEMER
AFSMPEINVD
KVVSVLYNVT
PCKCPAPNLL
TAQTQTHRED
POVYVLPPPE
MYSKLRVEKK

99% or 100% sequence identity to:

ISGKHFITVT
SQOHEMFRGR
SMPEINVDYN
VSVLYNVTIN
KCPAPRLLGG
QTQTHREDYN
VYVLPPPEEE
SKLRVEKKNW

ISGKHFITVT
SQOHEMFRGR
SMPEINVDYN
VSVLYNVTIN
KCPAPNLLGG
QTQTHREDYN
VYVLPPPEEE
SKLRVEKKNW

VITFTSAGNT
GRTAVFADQV
YNASSESLRC
INNTYSCMIE
GGPSVFIFPP
YNSTLRVVSA
BEEMTERQVTL
NWVERNSYSC

65

TFTSAGNIGE
TAVFADQVVV
ASSESLRCEA
NTYSCMIEND
PSVFIFPPKI
STLRVVSALP
MTKKQVTLTC
VERNSYSCSV

TETSAGNIGE
TAVFADQVVY
ASSESLRCEA
NTYSCMIEND
PSVFIFPPKI
STLRVVSALP
MTKEQVTLTC
VERNSY3CSV

GEDGTLECTE
VVGNASLRLK
EAPRWEPQPT
NDIAKATGDI
KIKDVLMISL
LPIQHODWMS
TCMVTDEMPE
SVVHEGLHNH

DGTLSCTIFEP
GNASLRLENV
PRWFPQPTVA
IARATGDIKV
KDVLMISLSP
IQHOQDWMSGEK
MVTDFMPEDT
VHEGLHNHET

DGTLSCTFEP
GNASLRLENV
PRWFPQPTVA
IAKATGDIKV
KDVILMISLSP
TQHQDWMSGEK
MVTDFMPEDI
VHEGLHNHHT

EPDIKLNGIV
NVQLTDAGTY
VAWASQVDQG
KVTDSEVERR
SPIVTCVVVD
GEEFKCEVNN
DIYVEWTNNG
HITKSEFSRTP

1320
1380
1440
l44e

&0
120
180
240
300
360
420
480
43C

60
120
180
240
300
360
420
480
43¢

60
120
180
240
300
360
420
480
482
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MEWSWVFLET
TOWLEEGIKG
TCYIRTSKGK
ANFSEVSNTS
SQLOLLNSGE
VSEDDPDVQIL
KOLPAPIERT
KITELNYRNTE
GK

LSVTTGVHSG
LVHEFKEGKD
GNANLEYETG
FELNSENVTM
PRGPTIKPCP
SWEVNNVEVH
ISKPRGSVRA
PVLDSDGSYF

(SEQ ID NO:102).
The amino acid sequence of the murine B7-H4 fusion protein of SEQ
ID NO:99 and SEQ ID NO:101 without the signal sequence is:

GFGISGKHFL
DDLSQQHEMF
GAFSMPEINV
MEVVSVLYNY
PPCKCPAPNL
HTAQTQTHRE
APQVYVLPPP
FMYSKLRVEK

TVITFTSAGN
RGRTAVFADQ
DYNASSESLR
TINNTYSCMI
LGGPSVFIFP
DYNSTLRVVS
EBEMTKEQVT
KNWVERNSYS

(SEQ ID NO:103).
The amino acid sequence of the murine B7-H4 fusion protein of SEQ
ID NO:100 and SEQ ID NO:102 without the signal sequence is:

GPGISGKHEZ
DDLSQQHEME
GAFSMPEINV
MRVVSVLYNV
PPCRCPAFNL
HTAQTOTHRE
APQVYVLFFP
FMYSKLRVEK

FGISGKHFIT
DLSQQHEMER
AFSMPEINVD
KVVSVLYNVT
PCKCPAPNLL
TAQTQTHRED
POVYVLPEPPE
MYSKLRVEKK

IGEDGTLSCT
VVVGNASLRL
CEAPRWFPQP
ENDIAKATGD
PKIKDVIMIS
ALPIQHQDWM
LTCMVTDFMP
CSVVHEGLHN

VITFTSAGNI
GRTAVFADQV
YNASSESLRC
INNTYSCMIE
GGPSVFIFPP
YNSTLRVVSA
EEMTKKQVTL
NWVERNSYSC

FEPDIKLNGI
KNVQLTDAGT
TYANASQVDO
IKVTDSEVER
LSPIVICVVYV
SGKEFKCKVN
EDIYVEWTNN
HATTKSFSRT

TVITFTSAGN IGEDGTLSCT FEPDIKLNGI

RGRTAVFADQ
DYNASSESLR
TINNTYSCMI
LGGPSVFIFP
DYRSTLRVVS
EEEMTREGVT
KNWVERNSYS

(SEQ ID NO:104).
A representative human B7-H4 fusion protein is encoded by a nucleic

acid having at least 80%, 85%, 90%, 95%, 99% or 100% sequence identity

to:

atggctteoce
ggagcaattyg
actgtogect
gacatcaazac
catgagttca
acagcagtgt
caactcacag

gctaacottg

tggggcagat
cactcatcat
cagctgggaa
tttotgatat
aagaaggcaa
ttgctgatca
atgetggeac
agtataaaac

VVVGNASLRI:
CEAPRWFPQP
ENDIAKATGD
PRKIKDVLMIS
ALPTOHQDWM
LTCMVTDFMP
CSVVHEGLEN

cctettetgy
tggcetttggt
cattggggag
cgtgatacaa
agatgagctyg
agtgatagtt
ctacaaatgt
tggageettc

KNVQLTDAGT
TVAWASQVDQ
IXVTDSEVKR
LSPIVTCVVV
SGKEFKCKVE
EDIYVEWTNN
HHATTESFSRT

agcataatta
atttcaggga
gatggaatecc
tggctgaagy
tecggagcagy
ggctaatgoect
tatatcatca

agcatgeocgy

66

GEDGTLSCTF
VVGRASLRLK
EAPRWEPQPT
NDIAKATGDI
KIKDVLMISL
LPIQHQDWMS
TCMVTDFMPE
SVVHEGLHNH

VIQWLKEGIK
YTCYIRSSKG
GANFSEVSNT
RSQLOLENSG
DVSEDDPDVQ
NKDLPAPIER
GKTELNYKNT
PGK.-

VIQWLKEGIK
YTCYIRTSKG
GANFSEVINT
RSQLOLEINSG
DVSEDDPDVQ
NKDLPAPIER
GKTELNYKNT
PGK

geatcatcat
gacactccat
tgagectgcac
aaggtgtttt
atgaaatgtt
ctrtgegget
ctictaaagg
aagtgaatgt

PCT/US2010/047366
EPDIKLNGIV 60
NVQLTDAGTY 120
VAWASQVDQG 180
KVTDSEVKRR 240
SPIVICVVVD 300
GKEFKCKVNN 360
DIYVEWTHNG 420
HITKSFSRTP 480

1482

GLVHEFrKEGKE
KGRANLEYRT
SFELNSENVT
EPRGPTIKPC
ISWEVNNVEV
TISKPRGSVR
EPVLDSDGSY

GLVEEFKEGK
KGNANLEYKT
SFELNSENVT
EPRGPTIKPC
ISWEVNNVEV
TISKPKGSVR
EPVLDSDGSY

tattectgget
cacagtcact
ttttgaacct
aggcttggte
cagaggccgy
gaaaaacgtyg
caaggggaat
ggactataat

60
120
180
240
3GC
360
420
463

60
120
180
240
300
360
420
463

60
120
180
240
300
3860
420
480
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gecagetcag
tgagcatcce
ctgaactety
aacacatact
acagaatcgg
ccaccctgte
cccaaggaca
agccacgagyg
gccaaaacta
acagtgcice
getattecey
caggtttaca
tgtotggtea
cetgagaata
tacagtaage
gtcatgeatyg

aaa

agaccttgeg
aagttgacca
agaatgtgac
cctgtatgat
agatcaaaag
cegetecaga
ccereatgat
atoctgaagt
aécctcggga
accaggactyg
ceccaattga
coccttecace
aaggtttcta
actacaagac
tgactgtgga

aggcccteoca

(SEQ ID NO:105),

atggaatgga
ttoggeatca
ggtgaggatyg
atacaatgge
gaactgtcoeg
atocgtoggaa
aaatgctaca
geattotcaa
gaagctoeeac
getaactttt
aaagttgtgt
aacgacatcyg
tctgagoecta
ctggggggac
cggacteceoy
tttaattggt
cagtataaca
aatggtaagy
actatcageca
cgagacgage
teccgacatceyg
cecccagtyge
tecegetgge
cattatactc

getgggtatt
gtggacggca
gcatccagtc
tgaaggaggy
agcaggatga
atgcaagtet
ttatcacaag
tgccegaggt
getggttece
cogaggtyay
ctgtectgta
ceaaggraac
agtcatgtyga
ctagegtttt
aagtaacatg
acgtggacgg
gtacctaccg
agtataaatg
aggccaaggyg
tgaccaagaa
cagtggagtyg
ttgatagcga
agcagggaaa

agaaaagect

(SEQ ID NO:106),

gtgtgaggcet
gggagceaac
catgaaggtt
tgaaaatgac
geggagtgay
actgctgggg
ctcacggact
gaagtttaat
ggagcagtat
gotgaatggt
aaagactatc
ttcadgagac
toottocgac
cacaccceca
caaatccogce

caaccattat

toctgtttttc
cagtatcaca
ctgtaccttt
ggtgeteggt
gatgttcegg
cagattgaaa
taagggcaaa
caatgtoegac
ccagecaace
Caacaccage
taatgtaaca
aggtgatatt
caagaccecat
cttgttecoe
cgtagtagte
agtcgaggtyg
cgtggtatce
caaggtcage
acaaccccge
ccaggtgtct
ggagtcaaac
tgggagettt
cgttttetet
gagtctgagt

coeoegatggt
ttoteggaag
gtgtctgtge
attgccraaag
cctaagteat
ggacctageyg
ccogaagtaa
tggtacgtgg
aacagtacct
aaggagtata
agcaaggeca
gagctgacca
atcgcagtgyg
gtgcttgata
tggcagcagyg
actcagaaaa

ctgtcagtaa
gtgaccaccy
gagccggaca
ctggtacatg
gggaggaccyg
aatgtgcaac
ggaaatgeta
tataatgcea
gtggtotyggy
ttcgaactca
atcaacaaca
aaggtaacty
acgtgoccac
coaaagooca
gacgtgagee
cataatgoeea
gtettgacag
aacaaagetc
gagoccecagyg
ctgacttgtc
gggcagecotyg
ttectcectaca
tgtagegtea

cecggcaaa

67

tecececagec
tetecaatac
tctacaatgt
caacagggya
gtgacaagac
ttttettgtt
catgcgtagt
acggagtcga
accgcgtggt
aatgcaaggt
agggacaace
agaaccaggt
agtgggagtc
gcgatgggaqg
gaaacgtttt
goctgagtet

cgactggogt
tegecteege
tcaaactgtce
agtttaagga
ctgtgttege
tgactgatge
accttgagta
gcagtgaaac
cctoteaggt
actctgagaa
cttattcatg
aatccgagat
cctgteccge
aggacaccet
acgaggatce
aaactaaacc
tgetecacca
ttcoeogeoce
tttacaccct
tggtcaaagy
agaataacta
gtaagctgac
tgecatgagge

PCT/US2010/047366
cacagtggte 540
cagettigag 600
tacgatcaac 660
tatcaaagtg 720
ceatacgtgo 780
ceooccaaagy 840
agtcgacgtyg 900
ggtgcataat 960
atcecgtettg 1020
cagcaacaasa 10806
cegogagece 1140
gtctectgact 1200
aaacgggeag 1260
ctttttecte 1320
ctettgtage 1380
gagtcécggc 1440

1443
ccattcaggce 60
tggcaatata 120
tgacatagtg 180
agggaaggat 240
cgatcaggta 300
tggcacgtat 360
taaaacaggc 420
attgcogetgt 480
tgatcaggyg 540
tgtgaccaty 600
catgattgaa 660
caaacggeyyg 720
tocagaactg 780
catgatctca 840
tgaagtgaag 200
tecgggaggay 960
ggactggetyg 1020
aattgaaaag 1080
tocacctica 1140
tttctatect 1200
caagaccaca 1260
tgtggacaaa 1320
ccteccacaac 1380

1419
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atggaatgga
tteggeatca
ggtgaggatyg
atacaatggce
gaactgteoy
atcgtcoggaa
aaatgctaca
gcattctecaa
gaagetcece
gotaactttt
aaagttgtgt
aacgacatcg

totgacaaga

gttttettgt
acatgoegtag
gacggagtey
taccgoegtag
aaatgeaagg
aagggacaac
aagaaccagyg
gagtgggagt
agcgatggyga
ggaaacgttt
agcctgagtce

gctgggtatt
grggacggcea
gecatccagte
tgaaggaggy
agcaggatga
atgcaagteot
ttatcacaag
tgccegaggt
getggttece
cogaggtyag
ctgtcctgta
ccaaggoaac
ceecatacgtg
tceceecaaa
tagtcgacgt
aggtgcataa
tatccgtett
tcagcaacas
ccegegagec
tgtctotgac
caaacgggca
getttttect
tctettgtag
tgagtcecgg

(SEQ ID NO:107),

atggaatygga
tteggeatea
ggtgaggaty
atacaatgge
gaactgtceg
atcgtocggaa
azatgctaca
gcattctcaa
gaagcteccce
gctaactttt
aaagttgtgt
aacgacatcg
catacgtgec
cecccaaage
gtcgacgtga
gtgcataatyg
tcegtettga
agcaacaaag
cgcgagocece
tctctgactt
aacgggcage
tttttectet

gétgggtatt
gtggacggea
gcatccaglc
tgaaggaggy
agcaggatga
atgcaagtct
ttatcacaag
tgececgaggt
gectggttece
ccgaggtgag
ctgtectgta
ccaaggcaac
caccctgtce
coaaggacac
geeacgagga
ccaaaactaa
cagtgctcea
ctectteocege
aggtttacac
gtctggtcaa
ctgagaataa

acagtaagcet

tetgttttte
cagtatcaca
ctgtaccttt
ggtgetcgot
gatgtteegy
cagattgaaa
taagggcaaa
caatgtogac
CCagrcaace
caacaccage
taatgtaaca
aggtgatatt
cecacectgt
geccaaggac
gagccacgag
tgccaaaact
gacagtgdtc
agctettece
ccaggtttac
ttgtetggte
gectgagaat
ctacagtaag
cgtecatgeat

caaa

totgtttttc
cagtatcaca
ctgtaccttt
ggtgcteggt
gatgttcecgy
cagattgaaa
taagggcaaa
caatgtcgac
ccagocaace
caacaccagc
taatgtaaca
aggtgatatt
cgetecagaa
coteatgate
tecetgaagtg
acctcgggay
ccaggactgy
cccaattgaa
cecttecaccet
aggtttctat
ctacaagacc

gactgtggac

ctytcagtaa
gtgaccaccy
gagooggaca
ctggtacaty
gggaggaccy
aatgtgcaac
ggaaatgcta
tataatgcca
gtggtctggg
ttcgaactca
atcaacaaca
aaggtaactg
cececgetecag
acccteatga
gatcectgaag
aaacctegygy
caccaggact
geccccaattyg
acccttecac
aaaggtttot
aactacaaga
ctgactgtgy

gaggcactoo

ctgtcagtaa
gtgaccaccy
gagecggaca
ctggtacatg
dggaggaccy
aatgtgcaac
ggaaatgcta
tataatgcca
gtggtctggg
ttcgaactca
atcaacaaca
aaggtaactg
ctgetggggy
teacggactc
aagtttaatt
gagcagtata
ctgaatggta
aagactatca
tcacgagacy
ccttocgaca
acacccccay

aaatcceget

68

cgactggegt
regoctecge
tcaaactgte
agtttaagga
ctgtgttege
tgactgatge
accttgagta
gcagtgaaac
cctetocaggt
actctgagaa
cttattcatg
aatccgagat
aactgetggg
tetecacggac
tgaagtttaa
aggagcagta
ggctgaatgg
aaaagactat
cttcacgaga
atccttecga
ccacacccce
acaaatccoy

acaaccatta

cgactggegt
tcgectocge
tcaaactgtc
agtttaagga
ctgtgttoge
tgactgatgce
accttgagta
gcagtgaaac
cctoteaggt
actetgagaa
cttattceatg
aatcegagat
gacctagegt
ccgaagtaac
ggtacgtgga
acagtaccta
aggagtataa
gcaaggcceaa
agctgaccaa
tcgeagtgga
tgettgatag
ggcagoaggy

PCT/US2010/047366
ceatteagge 60
tggcaatata 120
tgacatagtg 180
agggaaggat 240
cgatcaggta 300
tggcacgtat 360
taaaacaggc 420
attgegetgt 48G
tgatcagggy 540
tgtgaccaty 600
catgattgaa 660
caaacggcgyg 720
gggacctage 780
tccocgaagta 840
ttggtacgtyg S00
taacagtace 960
taaggagtat 1020
cagcaaggcee 1080
cgagetgace 1140
catcgeagtg 1200
agtgettgat 1260
ctggeageag 1320
tactcagaaa 1380

1404
ccattcagge &0
tggcaatata 120
tgacatagtyg 180
agggaaggat 240
cgatcaggta 360
tggcacgtat 360
taaaacaggce 420
attgegetagt 480
tgatcagggg 540
tgtgaccatg 600
catgattgaa 660
cgacaagacc 720
tttcttgtte 780
atgcgtagta 840
cggagtcgag 900
ccgegtggta 980
atgcaaggte 1020
gggacaacce 1080
gaaccaggty 1140
gtgggagtea 1200
cgatgggage 1260
asacgtttte 1320
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tcttgtageg

agtcccggea

tcatgcatga

=13

(SEQ ID NO:108),

atggaatgga

tteggeatcea,

ggtgaggatyg
atacaatgge
gaactgteccog
atcgtcggaa
aaatgctaca
gcattctcaa
gaagctecce
gctaactttt
aaagttgtgt
aacgacatcg
tetcacctge
ccagaactge
atgatctcac
gaagtgaagt
cgggaggage
gactggctga
attgaaaaga
ccaccttcac
ttctatoctt
aagaccacac
gtggacaaat

ctocacaace

getgggtatt
gtggacggea
geatceagte
tgaaggaggyg
agcaggatga
atgcaagtct
ttatcacaag
tgcccgaggt
gctggttecce
cocgaggtgag
ctgtectgta
ccaaggcaac
agctgctgaa
tggggggace
ggactcooga
ttaattggta
agtataacag
atggtaagga
ctatcagcaa
gagacgaget
cogacatcge
ccccagﬁgct
cocgetggea

attatactca

(SEQ ID NO:109),

atggaatgga
tteggeatca
ggtgaggatyg
atacaatggc
gaactgteocg
atcgtcggaa
aaatgctaca
geattcteaa
gaageicees
gectaactttt
aaagttgtgt
aacgacatcg
tctgagecta
ctggggggac
cggactceeg
tttaattggt
cagtataaca

aatggtaagyg

gotgggtatt
gtggacggca
gcatcetgte
tgaaggaggy
agcaggatga
atgcaagtcet
ttatcacaag
tgocegaggt
getggttoee
cecgaggtgag
ctgtectgta
ccaaggeoaac
agtcatgtga
ctagegtttt
aagtaacaty
acgtggacgg
gtacctaccy

agtataaaty

ggeoectceac

totgttttte
cagtatcaca
ctgtaccetet
ggtgcteggt
gatgttecgy
cagatigaaa
taaggygcaaa
caatgtcgac
ccagocaace
caacaccage
taatgtaaca
aggtgatatt
ctccaaggac
tagegittte
agtaacatgce
cgtggacgga
tacctaccge
gtataaatgc
ggccaaggga
gaccaagaac
agtggagtgg
tgatagcgat
gcagggaaac

gazaagecty

tetgttttte
cagtatcaca
ctgtacctit
ggtgeteggt
gatgttcegy
cagattgaaa
taagggcaaa
caatgtogac
ceagecaace
caacaccage
taatgtaaca
aggtgatatt
caagaccceat
cttgttcecee
cgtagtagte
agtcgaggty
cgtggtatec

caaggtcage

aaccattata

ctgtcagtaa
gtgaccacoyg
gageeggaca
ctggtacaty
gggaggaccy
aatgtgcaac
ggaaatgcta
tataatgceca
gtggtetggg
ttcgaactca
atcaacaaca
aaggtaactyg
aagacccata

ttgtteccee

‘gtagtagtcyg

gtcgaggtgc
gtggtatccg
aaggtcagca
caacccogog
caggtgtcte
gagtcaaacy
gggagetttt
gttttctett
agtetgagto

ctgtcagtaa
gtgaccaccg
gagcocoggaca
ctggtacatg
gggaggaccg
aatgtgcaac
ggaaatgcta
tataatgecea
gtggtetggy
ttcgaactca
atcaacaaca
aaggtaactg
acgtgcceac
ccaaagcceca
gacgtgagec
cataatgeca
gtcttgacag

aacaaagctce

69

ctcagaaaag

cgactggegt
togectecge
teaaactgto
agtttaagga
ctgtgttoge
tgactgatge
accttgagta
gcagtgaaac
cctetecaggt
actcetgagaa
cttattcatg
aatccgagat
cgtgeecace
caaagcocaa
acgtgagcca
ataatgccaa
tcttgacagt
acaaagctct
agecceaggt
tgacttgtcet
ggcagectga
tcetetacag
gtagcegtcat

ceggcaaa

cgactggegt
tcgectecge
tcaaactgte
agtttaagga
ctgtgttoge
tgactgatge
accttgagta
geagtgaaac
cctecteaggt
actctgagaa
cttattcatg
aatcegagat
cctgteecge
aggacaccct
acgaggatce
aaactaaacc
tgctcocacca

ttcoegeece

PCT/US2010/047366

cctgagtctg 1380

1392
ceattcagyge 60
tggeaatata 120
tgacatagty 180
agggaaggat 240
cgatcaggta 300
tggcacgtat 360
taaaacagge 420
attgegetgt 480
tgatcagggyg 540
tgtgaccatg 800
catgattgaa 660
caaacggcygy 720
ctgtcoceget 780
ggacacccte 840
cgaggatect S00
aactaaacct 960
gotccaccag 1020
tcecogeocca 108G
ttacaccctt 1140
ggtcaaaggt 1200
gaataactac 1260
taagcetgact 1320
gcatgaggaoc 1380

1428
ccattcagge 60
tggcaatata 120
tgacatagtyg 180
agggaagygat 2490
cgatcaggta 300
tggcacgtat 360
taaaacagge 420
attgoegetgt 480
tgatcagouy 540
tgtgaccatyg 600
catgatigaa 660
caaacggcyyg 720
tccagaacty 780
catgatctca 840
tgaagtgaag 900
tcgggaggag 960
ggactggeiyg 1020
aattgaaaag 1080
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actatcagea
cgagacgage
toegacateg
coceccagtyge
teecgetgge

cattatactc

aggeeaagqy
tgaccaagaa
cagtggagty
ttgatagega
agcagggaaa

agaaaagect

(SEQ ID NO:110),

atggaatgga
tteggeatea
ggtgaggatg
atacaatgge
gaactgtocg
atcgteggaa
aaatgctaca
gcattctcaa
gaagctcecce
getaactttt
aaagttgtgt
aacgacatcg
tctgacaaga
gttttetigt
acatgcegtag
gacggagtcg
taccgegtgy
aaatgcaagg
aagggacaac
aagaaccagy
gagtgggagt
agcgatggga
ggaaacgttt
agectgagte

gotgggtatt
gtggacggca
geatccetgte
tgaaggaggy
agecaggatga
atgeaagtet
ttatcacaag
tgcocogaggt
gctggttcoe
ccgaggtgag
ctgicctgta
ccaaggoaac
cccatacgtyg
tceceeccaaa
tagtcgacgt
aggtgcataa
tatccgtett
tcagcaacaa
ccocgegagec
tgtctctgac
caaacgggca
getttttect
tctectigtag
tgagtccegy

(SEQ ID NO:111),

atggaatgga
ttcggcatcea
ggtgaggaty
atacaatgge
gaactygteeg
atcgteggaa
azatgctaca
geattcteaa
gaagctecee
gctaactttt
aaagttgtgt
aacgacatcyg
catacgtgcece

ccoccaaage

getgggtatt
gtggacggca
gcatcoctgte
tgaaggaggy
agcaggatga
atgoaagtct
ttatcacaag
tgcccgaggt
getggttece
ccgaggtgag
ctgtcoctgta
ccaaggcaac
caccetgtec

ccaaggacac

acaaccccgc
ceaggtgtet
ggagtcaaac
tgggagettt
egtttteteot
gagtcotgagt

tetgrttttte
cagtatcaca
ctgtaccttt
ggtgctoggt
gatgttecgg
cagattgaaa
taaggycaaa
caatgtogac
CCageeaace
caacaccage
taatgtaaca
aggtgatatt
cecaccetgt
goocaaggac
gagccacgag
tgccaaaact
gacagtgctc
agctcttcee
ccaggtttac
ttgtetggte
geetgagaat
ctacagtaag
cgtcatgeat

caaa

tctgtittic
cagtatcaca
ctgtaccttt
ggtgcteggt
gatgttcegy
cagattgaaa
taagggcaaa
caatgteogac
ceagecaace
caacaceage
taatgtaaca
aggtgatatt
cgctcocagaa

cctecatgate

gagccocagy
ctgacttgte
gggcageotyg
ttectectaca
tgtagegtca

CoCggcaaa

ctgtcagtaa
gtgaccaccqg
gagccggaca
ctggtacatyg
gggaggaccy
aatgtgcaac
ggaaatgcta
tataatgecca
gtgygtctggg
ttegaactca
atcaacaaca
aaggtaactg
ceogetecayg
acgotcatga
gatcctgaag
aaacctcggg
caccaggact
gecccaattg
acccttecag
aaaggttict
aactacaaga
ctgactgtygg

gaggecctae

ctgteagtaa
gtgaccaceg
gagccggaca
ctggtacatg
gggaggaccy
aatgtgcaac
ggaaatgcta
tataatgeca
gtggtctggy
ttogaactea
atcaacaaca
aaggtaacty

ctgetggygy
tcacggactc

70

tttacaccet
tggtcaaagg
agaataacta
gtaagctgac
tgcatgagge

cgactggegt
tegectocge
tcaaactgte
agtttaagga
ctgtgttege
tgactgatge
accttgagta
gcagtgaaac
cetctecaggt
actctgagaa
cttattcatyg
aatccgagat
aactgotggy
tcoteacggac
tgaagtttaa
aggagoeagta
gygctgaatygy
aaaagactat
cttcacgaga
atccttceega
ccacacooee
acaaatoocy

acaaccatta

cgactggegt
tegeeteege
tcaaactgte
agtttaagga
ctgtgttcge
tgactgatge
accttgagta
gcagtgaaac
cetetoaggt
actctgagaa
cttattcaty
aatccgagat
gacctagegt

cegaagtaac

PCT/US2010/047366
tccaccttca 1140
tttctatect 1260
caagaccacsa 1260
tgtggacaaa 1320
cctocacaac 1380

1419
ccattcagge &0
tggcaatata 120
tgacatagty 180
agggaaggat 240
cgatcaggta 300
tggcacgtat 360
taaaacaggc 420
attgcgetgt 480
tgatcagggg 540
tgtgaccatyg 600
catgattgaa 660
caaacggegg 720
gggacctage 780
tcccgaagta 840
ttggtacgtg 900
taacagtace 960
taaggagtat 1026
cagcaaggec 1080
cgagetgaca 1140
catcgeagty 1200
agtgettgat 1260
ctggcageag 1320
tactcagaaa 1380

1404
ccattcagge &0
tggeaatata 120
tygacatagtyg 180
agggaaggat 240
cgatcaggta 300
tggcacgtat 360
taaaacaggc 420
attgegetgt 480
tgatcaggygg 540
tgtgaccaty 600
catgattgaa 660
cgacaagace 720
tttecttgtte 780
atgcgtagia 240
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gtcgacgtga gecacgagga tectgaagty aagtttaatt ggtacgtgga cggagtcgag aGo
gtgcataatg ccaaaactaa acctcgggag gagcagtata acagtaccta ccgogtggta 260
tecgtettga cagtgceteca ccaggactgyg ctgaatggta aggagtataa atgcaaggic 102G
agcaacaaayg ctcttoooge cccaattgaa aagactatca goaaggocaa gggacaacce 1680

5 cgegagecoee aggtttacac ccottccacct tcacgagacg agelgaccaa gaaccagotg 1140
tctetgactt gtetggteaa aggtttcotat cottccgaca tcgeagtygga gtgggagtca 1200
aacgggcage ctgagaataa ctacaagacce acacccocay tgcttgatag cgatgggage 1260
tttttoctet acagtaaget gactgtggac aaatcceget ggcageagygg aaacgttite 1320
tettgtageg teatgeatga ggeoctecac aaccattata ctecagaaaag ccetgagtctg 1380

10 agtcecggea aa 1392
(SEQ ID NO:112), or
atggaatgga getgggtatt tetgttitttce ctgtcagtaa cgactggegt ccattcoagge 60
ttoggeatca gtggacggea cagtatcaca gtgaccaccg togeotceoge tggcaatata 120
ggtgaggaty geatectgio ctgtaccttt gageeggaca tcaaactgtce tgacatagtg i80
15 atacaatgge tgaaggaggg ggtgcteggt ctggtacatyg agtttaagga agggaaggat 240
gaactgtcoceg agcaggatga gatgtitcegyg gggaggaceg ctgtgttcge cgatcaggta 300
atcgteggaa atgeaagtet cagattgaaa aatgigeaac tgactgatge tggeacgtat 360
aaatgctaca ttatcacaag taagggcaaa ggaaatgeta accttgagta taaaacagge 420G
geatitctcaa tgccegagght caatgtegac tataatgeca geagtgaaac attgegetgt 480
20 gaagetcoocee gotggttece ceagecaace gtggtetggg coteteaggt tgatcaggay 540
getaactttt cogaggtgag caacaccage ttegaactez actetgagaa tgtgaccatg 600
asagttgtgt ctgtcctgta taatgtaaca atcaacaaca cttaticatg catgattgaa 660
aacgacateg ccaaggcaac aggtgatatt aaggtaactg aatccgagat caaacggegg 720
tctcacctge agetgcetgaa cteocaaggac aagacccata cgtgeccace ctghecceget 780
25 ccagaactgc tggggggacc tagegitttc ttgttccccocce caaageccaa ggacaccctco 840
atgatctcac ggactcccga agtaacatge gtagtagtceg acgtgagcca cgaggatcect 200
gaagtgaagt ttaattggta cgtggacgga gtcegaggtgce ataatgccaa sactaaacct 960
cgggaggage agtataacag tacctaccge gtggtatceg tettgacagt gctcecaccag 1020
gactggctga atggtaagga gtataaatge aaggtcagea acaaagetcet tcecgececa 1680
30 attgaaaaga ctatcagcas ggccaaggga céaccccgcg agececagygt ttacacectt 11490
ccaccttcac gagacgaget gaccaagaac caggtgtete tgacttgtet ggtcaaag@t 1200
ttetatectt cegacatege agtggagigy gagtcaaacyg ggcagcectga gaataactac 1260
aagaccacac ccccagtget tgatagegat gggagetttt tcctcotacag taagctgact 1320
gtggacaaat cccgetggea geagggaasac gttttetctt gtagegtcat geatgaggeco 1380
35 ctccacaacc attatactca gaaaagcctg agtctgagtc ccggcoaaa 1428

(SEQ ID NO:113).

In another embodiment, a representative human B7-H4 fﬁsion protein
has at least 80%, 85%, 90%, 95%, 99% or 100% sequence identity to:

71



WO 2011/026122

10

15

20

25

30

335

40

45

MASLGQILEW
DIKLSDIVIQ
QLTDAGTYKC

WASQVDQGAN

THSEIKRRSE
SHEDPEVEEN
ALPAPIERTI
PENNYKTITPP
K

SIISIIIILA
WLREGVLGLY
YTITSKGKGH
FSEVSNTSFE
PKSCDETHTC
WYVDGVEVHN
SKAKGQPRER
VLDSDGSFEL

(SEQ ID NO:114).
In another embodiment, a representative human B7-H4 fusion protein
has at least 80%, 85%, 90%, 95%,

MASLGOQILFW
DIKLSDIVIQ
QLTDAGTYKC
WASQVDOGAN
TESEIKRRSD
BVEFNWYVDG
IEKTISKARG
KTTPPVLDED

SIISIIIILA
WLEKEGVLGLV
YIITSKGKGN
FSEVSNTSFE
KTHTCPPCEA
VEVHNAKTKP
QFPREPOVYTL
GSFFLYSKLT

(SEQ ID NO:115),

MASLGQILEFW
DIKLSDIVIQ
QLTDAGTYKC
WASQVDQGAN
TESETDKTHT
NWYVDGVEVH
ISKAKGQPRE
PVLDIDGSFF

SIISIIIILA

WLEEGVLGLY
YIITSKGKGN
FSEVSNTSFE
CPPCPAPELL
NAKTKPREEQ
POVYTLPPSR
LYSKLTVDKS

(SEQ ID NO:116),

MASLGQILFW
DIKLSDIVIQ
QLTDAGTYKC
WASQVDOGAN
TESEIKRRSH
VDVSHEDPEV
SNKALPAPIE
NGQPENNYRT
SPGK

SIISIITILA
WLKEGVLGLV
YIITSKGKGN
FSEVSNTSFE
LOLLNSKDKT
KFNWYVDGVE
KTISKAKGQF
TPRPVLDSDGS

(SEQ ID NO:117),

MASLGQILFW
DIKLSDIVIQ
QLTDAGTYKC
WASQVDQGAN
TESEIKRRSE

STISIIIILA
WLEEGVLGLV
YTITSKGKGN
FOREVSNTSFE
PRSCDRTHTC

GAIALIIGEFG
HEFKEGKDEL
ANLEYKTGAF
LNSENVTMKV
PPCPAPELLG
AXTKPREEQY
QVYTLPPSRD
YSKLTVDESR

GAIALIIGFG
HEFRKEGRDEL
ANLEYRTGAY
LNSENVTMEY
PELLGGPSVE
REEQYNSTYR
PPSRDELTKN
VDESRWQOGN

GAIALIIGFG
HEFKEGKDEL
ANLEYKTGAF
LNSENVTMEV
GGPSVFLFPP
YNSTYRVVSY
DELTRENQVSL
RWQQGNVEFSC

GAIALIIGEFG
HEFRKEGKDEL
ANLEYKTGAF
LESENVTMEV
BTCPPCPAPE
VHNAKTKPRE
REPQVYTLEP
FFLYSKLTVﬁ

GAIALIIGFG
HEFKEGKDEL
ANLEYKTGAF
LNSENVTIMEV
PPCPAPELLG

ISGRHSITVT
SEQDEMFRGR
SMPEVNVDYN
VSVLYNVITIN
GPSVFLFPPK
NSTYRVVEVL
ELTKNQVSLT
WOOGNVESCS

99% or 100% sequence identity to:

ISGRHSITVT
SEQDEMFRGR
SMPEVRVIYN
VSVLYNVTIN
LFPPRPKDTL
VVSVLTVLHQ
QVSLTCLVRG
VEFSCSVMHEA

ISGRESITVT
SEQDEMFRGR
SMPEVNVIDYN
VSVLYNVTIN
KPKDTLMISR
LTVIHQDWIN
TCLVKGEYFS
SVMHEALHNH

ISGRHSITVT
SEQDEMFRGR
SMPEVNVIDYN
VSVLYNVTIN
LLGGPSVFLE
BEQYNSTYRVV
SRDELTENQV
KSRWQQGHRVE

ISGRHSITVT
SEQDEMFRGR
SMPEVNVDYN
VSVLYNVTIN
GPSVFLFPPK

72

TYASAGNIGE
TAVFADQVIV
ASSETLRCEA
NTYSCMIEND
PKDTLMISRT
TVLHODWLNG
CLVKGFYPSD
VMHEALHENHY

TVASAGNIGE
TAVFRADOVIV
ASSETLRCEA
NTYSCMIEND
MISRTPEVIC
DWLNGKEYEKC
FYPSDIAVEW
LENBEYTQKSL

TVASAGNIGE
TAVFADQVIV
ASSETLRCEA
NTYSCMIEND
TPEVICVVVD
GKEYRCKVSN
DIAVEWESNG
YTQRSLELSP

TVASAGNIGE
TAVFADQVIV
ASSETLRCEA
NTYSCMIEND
PPRKPEDTILMI
SVLIVLHQDW
SLTCLVEGEY
SCSVMHEALN

TVASAGNIGE
TAVFADQVIV
ASSETLRCEA
NTYSCMIEND
PKDTLMISRT

PCT/US2010/047366
DGIQSCTFEP 60
GNASLRLENV 120
PRWFPQPEVV 180
TRRATGDIKV 240
PEVTCVVVDV 300
KEYKCKVSNK 360
IAVEWESNGQ 420
TOKSLSLSPG 480

481

DGIQSCTFEP
GNASLRLKNV
PRWEPQPTVV
IAKATGDIKV
VVVDVSHEDP
KVSNEALPAP
ESNGOPENNY
SLSPGK

DGIQSCTFEP
GNASLRLENV
PRAWFPQPTVV
IAKATGDIKV
VSHEDPEVKF
KALPAPIEKT
QPENNYKTTP
GK

DGIQSCTFEP
GNASLRLEKNV
PRUFPQPTVV
IAKATGDIRV
SRTPEVTCVV
LNGEEYKCEV
PESDIAVEWES

NHYTQKSLSL

DGILSCTEER
GNASLRLENV
PRWFPOPTVV
IAKATGDIRKV
PEVTCVVVDV

60
120
180
240
300
360
420
476

&0
120
i8¢
240
300
360
420
472

60
120
180
240
300
360
420
480
484

&0
120
186G
2490
300
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SHEDPEVKFN
ALPAPIEKTI
PENNYKTTPP
K

WYVDGVEVEN
SKAKGQPREP
VLDSDGSFFL

(SEQ ID NO:118),

MASLGQILFW
DIKLSDIVIQ
QLTDAGTYKC
WASQVDOQGAN
TESEIKRRED
EVEFNWYVDG
IEKTISKAKG
KTTPPVLDSD

SIISILITILA
WLKEGVLGLV
YIITSKGKGN
FSEVSNTSFE
KTHTCPPCPA
VEVHNAKTKP
QPREPOVYTL
GSFFLYSKLT

(SEQ ID NO:119),

MASLGQILFW
DIKLSDIVIQ
QLTDAGTYKC
WASQVDQGAN
TESEIDKTHT
NWYVDGVEVH
ISKAKGQPRE
PVLDSDGSFF

SIISIIIILA
WLKEGVLGLY
YITTSKGKGN
FSEVSNTSFE
CPPCPAPELL
NAKTKPREEQ
PQVYTLPPSR
LYSKLTVDKS

(SEQ ID NO:120),

MASLGQILFW
DIKLSDIVIQ
QLTDAGTYKC
WASQVDQGAN
TESEIKRRSH
VDVSHEDPEV
SNKALPAPIE
NGQPENNYKT
SPGK

SIISIIIILA
WLEBGVLGLV
YIITSKGKGN
FSEVSNTSFE
LOLLNSKDKT
KFNWYVDGVE
KTISKBRGGP
TPPVLD3DGS

(SEQ ID NO:121),

MEWSWVELEFF
IOWLEEGVLG
KCYIITSKGK
ANFSEVSNTS
SEPKSCDRTH
FNWYVDGVEY
TISKAKGOPR
PPVLDSDGSF

LEVITGVHSG
LVHEFKEGKD
GNANLEYKTG
FELNSENVTM
TCPPCPRPEL
HNARTKFPREE
EPQVYTLPPS
FLYSKLTVDK

(SEQ ID NO:122),

MEWSWVELEF
IQWLKEGVLG
KCYITTSKGK

LESVTTGVHSG
LVHEFKEGKD
GNANLEYRTG

AKTKPREEQY
QVYTLPPSRD
YSKLTVDKSR

GAIALIIGFG
HEFKEGEDEL
ANLEYKTGAF
LNSENVTMEV
PELLGGPSVE
REEQYNSTYR
PPSRDELTKN
VDKSRWOOGHN

GAIALIIGFG
HEFKEGKDEL
ANLEYKTGAF
LNSENVTMEV
GGPSVFLFPP
YNSTYRVVSV
DELTENQVSL
RWQOGNVESC

GAIALIIGEG
HEFKEGKDEL
ANLEYKTGAF
LNSENVTMEY
HTCFPCPAPE
VHNAKTKPRE
REPQVYTLPP
FELYSKLTVD

FGISGRESIT
ELSEQDEMFR
AFSMPEVNVD
KVVSVILYNVT
LGGPSVELFP
QYNSTYRVVS
RDELTKNQVS
SRWQOGNVES

FGISGRHSTIT
ELSEQDEMER
AFSMPEVNYD

NSTYRVVSVL
ELTKNQVSLT
WOOGNVESCS

ISGRHSITVY
SEQDEMFRGR
SMPEVNVDYN
V3VLYNVTIN
LFPPKPKDTL
VVSVLTVLHQ
QVSLTCLVKG
VFSCSVMHEA

ISGRHSITVT
SEQDEMFRGR
SMPEVRVDYN
VSVLYNVTIN
KPKDTLMISR
LTVLEQDWLN
TCLVEGFYPS
SVMHEALHNH

ISGRHSITVT
SEQDEMFRGR
SMPEVNVDYN
VSVLYNVTIN
LLGGPSVFLF
EQYNSTYRVV
SRDELTENQV
KSRWQQGNVE

VTTVASARGNI
GRTAVFADQV
YNASSETLRC
INNTYSCMIE
PERPRDTLMIS
VILIVLHEQDWL
LTCLVKGFYP
CSVMHEALHN

VITVASAGNT
GRTAVFADQV
YNASSETLRC

73

TVLHQDWLNG
CLVEGFYPSD
VMHEALHNHY

TVASAGNIGE
TAVFADQVIV
ASSETLRCEA
NTYSCMIEND
MISRTPEVTC
DWLNGKEYKC
FYPSDIAVEW
LANHYTQKSL

TVASAGNIGE
TAVFADQVIV
ASSETLRCEA
NTYSCMIEND
TPEVICVVVD
GKEYRCKVSN
DIAVEWESNG
YTQKSLSLSP

TVASAGNIGE
TAVFADQVIV
ASSETLRCEA
NTYSCMIEND
PPKPKDTLMI
SVLTVLHQDYW
SLTCLVEGFY
SCSVMHEALH

GEDGIQSCTF
IVGNASLRLK
EAPRWFEQPT
NRIAKATGDT
RTPEVTCVVV
NGKEYRCEVS
SDIAVEWESN
HYTQKSLSLS

GEDGIQSCTE
IVGNASLRLK
EAPRWFEQPT

PCT/US2010/047366
KEYKCKVSNK 360
IAVEWESNGQ 420
TOKSLSLSPG 480

481
DGILSCTFEP 60
GNASLRLENV 120
PRWFPQPTVV 180
IAKATGDIKV 240
VVVDVSHEDE 300
KVSNKARLPAP 360
ESNGQPENNY 420
SLSPGK 476
DGILSCTFEP 60
GNASLRLKNV 120
PRWFPQPTVV 180
IAKATGDIKV 240
VSHEDPEVKF 300
KALPRPIEKT 360
QPENNYKTTP 420
GK 472
DGILSCTFEP 60
GNASLRLKNV 120
PRWFPQPTVV 180
IAKATGDIKYV 240
SRTPEVICVY 300
LNGKEYKCKV 360
PSDIAVEWES 420
NHYTQKSLSL 480

484
EPDIKLSDIV 60
NVOLTDAGTY 120
VVWASQVDOG 180
KVTESEIKRR 240
DVSHEDPEVK 300
NKALPAPIEE 360
GOPENNYKTT 420
PGK 473
EPDIKLSDIV 50
NVOLTDAGTY 120
VVWASQVDQG 180
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435

ANFSEVSNTS
SDKTHICPPC
DGVEVHNART
KGOQPREPOVY
SDGSFFLYSK

FELNSENVTM
PAPELLGGPS
KFREEQYNST
TLPPSRDELT
LTVDKSRWQQ

(SEQ ID NO:123),

MEWSWVELFF
IQWLREGVLG
KCYIITSKGK
ANFSEVSNTS
HTCPPCPAPE
VHNAKTKPRE
REPQVYTLPP
FFLYSKLTVD

LEVTTGVHSG
LVHEFKEGKD
GNANLEYRTG
FELNSENVTM
LLGGPSVELE
EQYNSTYRVV
SROELTENQV
KSRWOQOGNVE

(SEQ ID NO:124),

MEWSWVFLFF
IQWLKEGVLG
RCYIITSKGK
ANFSEVSNTS
SHLOLLNSED
EVRFRWYVDG
IERKTISKAKG
KTTPPVLDSD

LSVETGVHSG
LVHEFKEGKD
GNANLEYKTG
FELNSENVITM
KTHTCRPPCPA
VEVHNAKTRP
QPREPQVYTL
GSFPLYSKLT

(SEQ ID NO:125),

MEWSWVELFF
IOWLKEGVLG
KCYIITSKGK
ANFSEVSNTS
SEPKSCDKETH
FNWYVDGVEV
TISKAKGQPR
PEVLDSDGSF

LSVTTGVHSG
LVHEFKEGKD
GNANLEYKTG
FELNSENVTM
TCPPCRAFEL
HNARTKPRER
EPQVYTLPPS
FLYSKELTVDK

(SEQ ID NO:126),

MEWSWVFLEF
IQWLKEGVLG
KCYIITSKGK
RNFSEVSNTS
SDKTETCPPC
DGVEVHNAKT
KGQPREPQVY
SDGSFFLYSK

LSVTTGVHSG
LVHEFKEGKD
GNANLEYKTG
FELNSENVTM
PAPELLGGES
KPREEQYNST
TLPPSRDELT
LTVDKSRWQQ

(SEQ ID NO:127),

MEWSWVFLFF
IQWLKEGVLG
KCYIITSKGK

LSVTTGVHSG
LVHEFKEGKD
GNANLEYKTG

KVVSVLYNVT
VFLFPPKFPKD
YRVVEVLTVL
ENQVSLTCLV
GNVFSCSVMHE

FGISGRHSIT
ELSEQDEMER
AFSMPEVNVD
KVVSVLYNVT
PPRPRDTIMI
SVLIVLEQDW
SLTCLVREGEY
SCSVMHEALH

FGISGRHSIT
ELSEQDEMER
AFSMPEVRVD
RVVSVLYNVT
PELLGGESVE
REEQYNSTYR
PPSRDELTEN
VDRSRWQQGN

FGISGRHSIT
ELSEQDEMER
AFSMPEVNVD
KVV3VLYNVT
LGGPSVFLEP
QYNSTYRVVS
RDELTENQVS
SRWOQGNVES

FGISGRESIT
ELSEQDEMFR
AFSMPEVNVD
KVVSVLYNVT
VELEPPRPKD
YRVVEVLIVL
KNQVSLTCLV
GNVFSCSVMHE

FGISGRHSIT
ELSEQDEMFR
AFSMPEVNVD

INRTYSCMIE
TLMISRTPEV
HODWLNGKEY
KGFYPSDIAV
EALHNHYTQK

VITVASAGNI
GRTAVFADQV
YNASSETLRC
INNTYSCMIE
SRIFPEVTCVV
LNGKEYKCKV
PSDIAVEWES
NHYTQERSLST,

VITVASAGNT
GRTAVFADQV
YNASSETLRC
INNTYSCMIE
LEFPPEPRDTL
VVSVLIVLEQ
QVSLICLVEG
VFSCSVMHEA

VITVASAGNI
GRTAVFADQV
YNASSETLRC
INNTYSCMIE
PEPKDTLMIS
VLITVLHQDWL
LICLVRGEFYP
CSVMHEALHN

VTTVASAGNI
GRTAVEADOV
YNASSETLRC
INNTYSCMIE
TLMISRTPEV
HODWLNGKEY
KGFYPSDIAV
EALHNHYTQK

VITVASAGNI
GRTAVFADQV
YNASSETLRC

74

NDIAKATGDI
TCVVVDVSHE
KCKVSNEALP
EWESNGQPEN
SLSLSPGK

GEDGIQSCTF
IVGNASLRLK
EAPRWFPQPT
NDIAKATGDI
VDVSHEDPEV
SWEALPAPLE
NGQPENNYKT
SPGK

GEDGIQSCTFE
IVGNASLRLK
EAPRWFPQOPT
NDIAKATGDIL
MISRTPEVTC
DWLNGKEYKC
FYPSDIAVEW
LENHYTQRSL

GEDGILSCTF
IVGNASLRLK
EAPRWFPQPT
NDIAKATGDI
RTPEVTCVVV
NGKEYKCEKVS
SDIAVEWESN
HYTQKSLSLS

GEDGILSCTF
IVGNASLRLK
EAPRWERPQPT
NDIAKATGDI
TCVVVDVSHE
KCRVSNKALP
EWESNGQOPEN
SLSLBPGK

GEDGILSCTF
IVGNASLRLE
EAPRWFPQPT

PCT/US2010/047366
KVTESEIKRR 240
DPEVEFNWYV 300
APIEKTISKA 360
NYKTTPPVLD 420

468
EPDIKLSDIV 60
NVQLTDAGTY 120
VVWASQVDQG 180
KVTESEIDKT 240
KENWYVDGVE 300
KTISKAKGQP 360
TPPVLDSDGS 420

464
EPDIKLSDIV 60
NVQLTDAGTY 120
VVWASQVDQG 180
KVTESEIKRR 2490
VYVDVSHEDP 300
KVSNEALPAP 360
ESNGQRPENNY 420
SLEPGK 476
EPDIKL3DIV 60
NVOLTDAGTY 120
VVWASQVDQG 180
KVTESETKRR 240
DVSHEDPEVK 300
NKALPAPIEK 360
GOPENNYKTT 420
PGK 473
EPDIKLSDIV 60
NVQLTDAGTY 120
VVHASOVDOG 180
KVTESEIKRR 240
DPEVEFNWYV 300
APIERTISKA 360
NYKTTPPVLD 420

463
EPDIKLSDIV 60
NVQLTDAGTY 120
VVWASQVDQG 180
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ANFSEVSNTS
HTCPPCPAPE
VHANRKTKFRE
REPQVYTLEP
FFLYSKLIVD

FELNSENVTM
LLGGPSVFLE
EQYNSTYRVV
SRDELTENQV
KSRWQOGRVE

(SEQ ID NO:128), or

MEWSWVFLFF
ICWLKEGVLG
KCYIITSKGK
ANFSEVSNTS
SHLOLLNSKD
BVEFNWYVDG
IBRTISKAKG
KTTPPVLDSD

LSVETGVHSG
LVHEFKEGKD
GNANLEYKTG
FELNSENVTM
KTHTCPPCPA
VEVHNAKTKP
QFREPQVYTL
GEFFLYSKLY

(SEQ ID NO:129).
The amino acid sequence of the human B7-H4 fusion protein of SEQ
ID NO:114 and SEQ ID NO:122 without the signal sequence is:

GFGISGRHAST
DELSEQDEME
GAFSMPEVHV
MEVVEVLYNV
LLGGPSVFLF
EQYNSTYRVV
SRDELTENQV
KSRWQOQGNVE

TVITVASAGH
RGRTAVFADQ
DYNASSETLR
TINNTYSCMI
PPKPKDTLMI
SVLTVLHQDW
SLTCLVKGFY
SCSVMHEALE

(SEQ ID NO:130).
The amino acid sequence of the human B7-H4 fusion protein of SEQ
ID NO:115 and SEQ ID NO:123 without the signal sequence is:

GFGISGRHESI
DELSEQDEMF
GAFSMPEVNV
MEVVSVLYNV
SVFLFPPKPK
TYRVVSVLTV
TENQVSLTCL
QGNVESCEVM

KVVEVLYNVT
PPEPRDTLMI
SVLITVIHQDW
SLTCLVEKGFY
SCSVMHERLH

FGISGRHSIT
ELSEQDEMER
AFSMPEVNVD
KVVSVLYNVT
PELLGGRSVE
REEQYNSTYR
PPSRDELTKN
VDESRWOQGN

IGEDGIQSCY
VIVGNASLRL
CEAPRWEFPOP
ENDIAKATGD
SRTPEVTCVV
LNGKEYKCKV
PSDIAVEWES
NEYTQKSLEL

INNTYSCMIE
SRTPEVICVV
LNGEKEYKCKV
PSDIAVEWES
NHYTQKSLSL

VITVASAGNI
GRTAVERDQV
YNASSETLRC
INNTYSCMIE

"LFPPKPKDTL

VVSVLTVLHQ
QVSLTCLVKG
VESCSVMHEA

FEPDIKLSDI
KNVQLTDAGT
TVVWRASQVDO
IKVTESEIKR
VDVSHEEDPEV
SNKALPAPIE
NGOQPENNYKT
5PGK

TVITVASAGN IGEDGIQSCT FEPDIKLSDI

RGRTAVFADQ
DYNASSETLR
TINNTYSCMI
DTLMISRTPE
LHEQDWLNGKE
VEGFYPSDIA
HEALHNHY®Q

(SEQ ID NO:131).
The amino acid sequence of the human B7-H4 fusion protein of SEQ
ID NO:116 and SEQ ID NO:124 without the signal sequence is:

GFGISGRHSI TVTTVASAGN ICGEDGIQSCT FEPDIKLSDI VIQWLKEGVL GLVEEFKEGK
DELSEQDEME RGRTAVFADQ VIVGNASLRL KNVQLTDAGT YKCYIITSKG KGNANLEYKT
GAFSMPEVNV DYNASSETLR CEAPRWFPQP TVVWASQVDQ GANFSEVSNT SFELNSENVT
MEVVSVLYNV TINNTYSCMI ENDIAKATGD IKVTESEIDK THTCPPCPAP ELLGGRSVFEL

VIVGNASLRIL
CEAPRWFPQP
ENDIAKATGED
VICVVVDVSH
YRECKVSNKAL
VEWESNGQFE
KSLSLSPGK

KNVQLTDAGT
TVVWASOVDQ
IXKVIESEIKR
EDPEVKFNWY
PAPIEKTISK
NNYRETTPPVL

75

NDIRKATGDEI
VDVSHEDPEV
SNKALPAPTE
NGOPERNYKY
SPGK

GEDGILSCTF
IVGNASLRLK
EAPRWFPQPT
NDIAKATGDT
MISRTPEVTC
DWLNGREYKC
FYPSDIAVEW
LHNHYTQKSL

VIQWLKEGVL
YRCYIITSKG
GANFSEVSNT
RSEPKSCDKT
KENWYVDGVE
KTISKAKGQP
TPPVLDSDGS

VIQWLKEGVL
YKCYIITSKG
GRNFSEVSNT
REDKTHTCPP
VDGVEVHNAK
ARGQPREPQOV
DSDGSEFFLYS

PCT/US2010/047366
KVTESEIDRT 240
KFNWYVDGVE 300
KTTSKARGQP 360
TPEVLDSDGS 420

464
EPDIKLSDIV &G
NVOLTDAGTY 120
VVRASQVDQG 180
KVTESETKRR 240
VVVDVSHEDP 300
KVSHNKALPAP 360
ESHNGQPENNY 420
SLSPGK 476

GLVHEFKEGK
KGNANLEYKT
SFELNSENVT
HTCPPCPAPE
VHNAKTKPRE
REPQVYTLPP
FFLYSKLTVD

GLVHEFKREGK
KGNANLEYRT
SFELNSENVT
CPAPELLGGP
TKPREEQYNS
YTLPPSRDEL
RKLTVDKSRKQ

60
120
1890
240
300
360
420
454

60
120
i890
2490
300
360
420
449

2y
120
180
2490
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FPPKPKDTLM ISRTPEVICV VVDVSHEDPE VEFNWYVDGV EVHNAKTKPR EEQYNSTYRV 300
VSVLTVLHOD WLNGKEYKCK VSNKALPAPI EKTISKAKGQ PREPQVYTLP PSRDELTENQ 360
VSLTCLVEGF YPSDIAVEWE SNGQPENNYK TTPPVLDSDG SFFLYSKLTV DESRWQOGNV 420
FSCSVMEEAL HNEYTQKSLS LSPGK 445

(SEQ ID NO:132).
The amino acid sequence of the human B7-H4 fusion protein of SEQ
ID NO:117 and SEQ ID NO:125 without the signal sequence is:

GFGISGRHSI
DELSEQDEMF
GAFSMPEVNY
MEVVSVLYNV
APELLGGRSV
PREEBQYNSTY
LPPSRDELTK
TVDESRWQOG

TVITVASAGHN
RGRTAVEADQ
DYNASSETLR
TINNTYSCMI
FLEFPPKPEDT
RVVSVLTVLH
NQVSLTCLVE
NVFSCSVMHAE

(SEQ ID NO:133).
The amino acid sequence of the human B7-H4 fusion protein of SEQ
ID NO:118 and SEQ ID NO:126 without the signal sequence is:

GFGISGRAST
DELSEQDEME
GAFSMPEVNV
MEVVSVLYNV
LLGGPSVFLF
BQYNSTYRVV
SRDELTENOV
KSRAWQQGNVE

TVITVASAGN
RGRTAVFADQ
DYNASSETLR
TINNETYSCMI
PPKPKDTLMI
SVLTVLHODW
SLTCLVKGEY
SCSVMHEALH

(SEQ ID NO:134).

IGEDGIQSCT
VIVGRASLRL
CEAPRWFPQP
ENDIAKATGD
LMISRTPEVT
ODWLNGKEYK
GFYPSDIAVE
ALHNHYTOKS

IGEDGILSCT
VIVGNASLRL
CEAPRWFEQP'
ENDIAKATGD
SRTPEVICVY
LEGKEYKCKY
PSDIAVEWES
NHYTQKSLSL

FEPDIKLSDI
KNVOLTDAGT
TYVWASQVDQ
IKVTESEIKR
CVVVDVSEED
CKVSNKBLPA
WESNGQPENN
LSLSPGK

FEPDIKLSDI
KNVQLTDAGT
TYVHASQVDD
IKVTESEIKR
VDVSHEDPEV
SNKALPAPIE
NGOPENNYRT
SPGK

VIQWLKEGVL
YKCYIITSKG
GANFSEVENT
RSELOLLNSK
PEVKFNWYVD
PIEKTISKAK
YRTTPPVLDS

VIQWLKEGVL
YKCYLITSKG
GANFSEVSNT
RSEPKSCDRT
KFNWYVDGVE
KTISKAKGQP
TPPVLDSDGS

GLVHEFKEGK
KGNANLEYKT
SFELNSENVT
DRTHTCPPCF
GVEVHNAKTE
GQPREPOVYT
DGSFFLYSKL

GLVHEFREGK
KONANLEYKT
SFELNSENVT
HTCPPCPAPE
VHNAKTKPRE
REPQVYTLEP
FFLYSKLTVD

60
12¢
180
240
300
360
420
457

60
120
180
240
300
360
420
454

The amino acid sequence of the human B7-H4 fusion protein of SEQ
ID NO:119 and SEQ ID NO:127 without the signal sequence is:

GFGISGRHSI
DELSEQDEMF
GAFSMPEVNV
MEVVEVLYNV
SVELEFRPPEPK
TYRVVSVLTV
TRNQVSLTCL,
QGNVESCSVM

TVTEVASAGN
RGRIAVFADQ
DYNASSETLR
TINNTYSCMI
DTLMISRTPE
LHQODWLNGKE
VRGFYPSDIA
HEALHANHYTQ

(SEQ ID NO:135).
The amino acid sequence of the human B7-H4 fusion protein of SEQ
ID NO:120 and SEQ ID NO:128 without the signal sequence is:

GFGISGRHSI TVTTVASAGN IGEDGILSCT FEPDIKLSDI VIQWLKEGVL GLVEEFKEGK
DELSEQDEMF RGRTAVFADQ VIVGNASLRL KNVQLTDAGT YKCYIITSKG KGNANLEYKT

IGEDGILSCT
VIVGRASLRL
CEAPRWEPQP
ENDIAKATGD
VTCVVVDVSH
YRCEVSNKAL
VEWESNGQPE
KSLSLSPGK

FEPDIKLSDI
KNVQLTDAGT
TVVWRASQVDQ
IKVIESEIKR
EDPEVEFNWY
PAPTERTISK
NNYRTTPPVL

76

VIQWLKEGVL
YRCYIITSKG
GANFSEVSNT
RSDETHTCPR
VDGVEVHNAK
AKGOPREPQV
DSDGSFFLYS

GLVHEFKEGK
KGNANLEYKT
SFELNSENVT
CPAPELLGGP
TKPRERQYNS
YTLPPSRDEL
KLTVDKSRKQ

60
120
180
240
300
360
420
449

60
120
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GAFSMPEVNV DYNASSETLR CEAPRWEPQP TVVWASQVDQ GANFSEVSNT SFELNSENVT 180
MEVVSVLYNV TINNTYSCMI ENDIAKATGD IKVTESEIDK THTICPPCPAP ELLGGPSVFL 240
FPPKPRDTIM ISRTPEVICV VVDVSEEDPE VEFNWYVDGY EVENAKTKPR EEQYNSTYRV 300
VSVLTVLHQD WLNGKEYKCK VSNKALPAPI ERTISKAKGQ PREPQVYTLP PSRDELTENQ 360
VSLTCLVEGE YPSDIAVEWE SNGQPENNYXK TTPPVLDSDG SFFLYSKLTV DESRWQQGNV 420
FSCSVMHEAL HNHYTQKSLS LSPGK 445

(SEQ ID NO:136).
The amino acid sequence of the human B7-H4 fusion protein of SEQ
ID NO:121 and SEQ ID NO:129 without the signal sequence is:

GFGISGRHSI TVITVASAGN IGEDGILSCT FEPDIKLSDI VIQWLKEGVL GLVHEFKEGK 60
DELSEQDEMF RGRTAVFADQ VIVGNASLRL KNVQLTDAGT YRCYIITSKG KGNANLEYKT 120
GAFSMPEVNV DYNASSETLR CERPRWFPQP TVVWASQOVDQ GANFSEVSNT SFELNSENVT 180
MKVVSVLYNV TINNTYSCMI ENDIAKATGD IKVTESEIKR RSHLQLLNSK DKTHTCPPCP 240
APELLGGPSV FLFPPKPKDT IMISRTPEVT CVVVDVSHED PEVKFNWYVD GVEVHNAKTK 300
PREEQYNSTY RVVSVLTVLE QDWLNGKEYK CKVSNKALPA PIEKTISKAK GQPREPQVYT 360
LPPSRDELTK NQVSLTCLVK GFYPSDIAVE WESNGQPENN YKTTPPVLDS DGSFFLYSKL 420
TVDKSRWQOG NVFSCSVMHE ALHNHYTQKS LSLSPGK 457

(SEQ ID NO:137).

The aforementioned exemplary fusion proteins can incorporate any

combination of the variants described herein. In another embodiment the

terminal lysine of the aforementioned exemplary fusion proteins is deleted.

The disclosed fusion proteins can be isolated using standard

molecular biology techniques. For example, an expression vector containing
a DNA sequence encoding a B7-H4-Ig fusion protein is transfected into 293
cells by calcium phosphate precipitation and cultured in serum-free DMEM.
The supernatant is collected at 72 h and the fusion protein is purified by
Protein G, or preferably Protein A SEPHAROSE® columns (Pharmacia,
Uppsala, Sweden).

F. Fusion protein dimers and multimers

B7-H4 fusion polypeptides can be dimerized or multimerized.
Dimerization or multimerization can occur between or among two or more
fusion proteins through dimerization or multimerization domains, including
those described above. Alternatively, dimerization or multimerization of
fusion proteins can occur by chemical crosslinking. Fusion protein dimers
can be homodimers or heterodimers. Fusion protein multimers can be

homomultimers or heteromultimers.
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Fusion protein dimers as disclosed herein are of formula II:

N-R;-Rz-R3-C
N-R4-Rs-Rg-C
5
or, alternatively, are of formula III:
N-R;-Rp-R3-C
C-R4-Rs-Rg-N
10

wherein the fusion proteins of the dimer provided by formula II are
defined as being in a parallel orientation and the fusion proteins of the dimer
provided by fonnula IIT are defined as being in an antiparalle! orientation.
Parallel and antiparallel dimers are also referred to as cis and trans dimers,

15  respectively. “N” and “C” represent the N- and C-termini of the fusion
protein, respectively. The fusion protein constituents “R;”, “R,” and “Rj”
are as defined above with respect to formula I. With respect to both formula
IT and formula III, “R4” is a B7-H4 polypeptide or a second polypeptide,
“Rs” is an optional peptide/polypeptide linker domain, and “R¢” is a B7-H4

20 polypeptide or a second polypeptide, wherein “R¢” is a B7-H4 polypeptide
when “R4” is a second polypeptide, and “R¢™is a second polypeptide when
“R4” is a B7-H4 polypeptide. In one embodiment, “R,” is a B7-H4
polypeptide, “R4” is also a B7-H4 polypeptide, and “R3” and “Rg” are both
second polypeptides.

25 Fusion protein dimers of formula II are defined as homodimers when
“Ri” =Ry, “Ry” = “Rs” and “Ry” = “R¢”. Similarly, fusion protein dimers
of formula III are defined as homodimers when “R;” - “Rg”, “Ra” = “Rs”
and “R3” = “R4”. Fusion protein dimers are defined as heterodimers when
these conditions are not met for any reason. For example, heterodimers may

30 contain domain orientations that meet these conditions (i.e., for a dimer
according to formula II, “R;” and “R4” are both B7-H4 polypeptides, “R,”
and “Rs” are both peptide/polypeptide liker domains and “R;” and “Rg” are
both second polypeptides), however the species of one or more of these
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domains is not identical. For example, although “R3” and “Rg™ may both be
B7-H4 polypeptides, one polypeptide may contain a wild-type B7-H4 amino
acid sequence while the other polypeptide may be a variant B7-H4
polypeptide. An exemplary variant B7-H4 polypeptide is B7-H4 polypeptide
5  that has been modified to have increased or decreased binding to a target
cell, increased activity on immune cells, increased or decreased half life or
stability. Dimers of fusion proteins that contain either a Cyl or Cy, region of
an immunoglobulin as part of the polypeptide linker domain preferably form
heterodimers wherein one fusion protein of the dimer contains a Cyl region

10 and the other fusion protein of the dimer contains a Cy region.

Fusion proteins can also be used to form multimers. As with dimers,
multimers may be parallel multimers, in which all fusion proteins of the
multimer are aligned in the same orientation with respect to their N- and C-
termini. Multimers may be antiparallel multimers, in which the fusion

15  proteins of the multimer are alternatively aligned in opposite orientations
with respect to their N- and C-termini. Multimers (parallel or antiparallel)
can be either homomultimers or heteromultimers.

G. Peptide and polypeptide modifications _

The fusion proteins may be modified by chemical moieties that may

20 be present in polypeptides in a normal cellular environment, for example,
phosphorylation, methylation, amidation, sulfation, acylation, glycosylation,
sumoylation and ubiquitylation. Fusion proteins may also be modified with
a label capable of providing a detectable signal, either directly or indirectly,
including, but not limited to, radioisotopes and fluorescent compounds.

25 The fusion proteins may also be modified by chemical moieties that
are not normally added fo polypeptides in a cellular environment. For
example, the disclosed fusion proteins may also be modified by covalent
attachment of polymer chains, including, but not limited to, polyethylene
glycol polymer (PEG) chains (i.e. pegylation). Conjugation of

30  macromolecules to PEG has emerged recently as an effective strategy to alter
the pharmacokinetic (PK) profiles of a variety of drugs, and thereby to
improve their therapeutic potential. PEG conjugation increases retention of
drugs in the circulation by protecting against enzymatic digestion, slowing
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filtration by the kidneys and reducing the generation of neutralizing
antibodies. In addition, PEG conjugates can be used to allow multimerization
of the fusion proteins.

Modifications may be introduced into the molecule by reacting
targeted amino acid residues of the polypeptide with an organic derivatizing
agent that is capable of reacting with selected side chains or terminal
residues. Another modification is cyclization of the protein.

Examples of chemical derivatives of the polypeptides include lysinyl
and amino terminal residues derivatized with succinic or other carboxylic
acid anhydrides. Derivatization with a ¢yclic carboxylic anhydride has the
effect of reversing the charge of the lysinyl residues. Other suitable reagents
for derivatizing amino-containing residues include imidoesters such as
methyl picolinimidate; pyridoxal phosphate; pyridoxal; chloroborohydride;
trinitrobenzenesulfonic acid; O-methylisourea; 2,4 pentanedione; and
transaminase-catalyzed reaction with glyoxylate. Carboxyl side groups,
aspartyl or glutamyl, may be selectively modified by reaction with
carbodiimides (R—N=C=N--R") such as 1-cyclohexyl-3-(2-morpholinyl-(4~
ethyl)carbodiimide or 1-ethyl-3-(4-azonia-4,4-dimethylpentyl) carbodiimide.
Furthermore, aspartyl and glutamyl residues can be converted to asparaginyl
and glutaminyl residues by reaction with ammonia. Fusion proteins may
also include one or more D-amino acids that are substituted for one or more
L-amino acids.

H. Modified Binding Properties

Binding properties of the B7-H4 polypeptides, fragments and fusions
thereof (collectively referred to as B7-H4 polypeptides) are relevant to the
dose and dose regimen to be administered. In one embodiment the disclosed
B7-H4 polypeptides have binding properties to at least one receptorona T
cell that demonstrate a higher term, or higher percentage, of occupancy of
receptor molecules on immune cells relative to other ligands of the receptor
molecules. In other embodiments, the disclosed B7-H4 polypeptides have
reduced binding affinity to a receptor on T cells relative to wildtype B7-14,

allowing the protein to dissociate in a period of less than three months, two
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months, one month, three weeks, two weeks, one week, or a few days after
administration.

In some embodiments the B7-H4 polypeptides, or fragments, or
fusions thereof have a relatively high affinity for its receptor, and may
therefore have a relatively slow off rate. In other embodiments, the B7-H4
pelypeptides are administered intermittently over a period of days, weeks or
months to dampen immune responses which are allowed to recover prior to
the next administration, which may serve to reduce the immune response
without completely turning the immune response off and may avoid long
term side effects.

III.  Isolated nucleic acid molecules

Isolated nucleic acid sequences encoding B7-H4 polypeptides,
fragments and fusions thereof are disclosed herein. Useful murine B7-H4
nucleic acids have at least about 80, 85, 90, 95 or 100% sequence identity to
the B7-H4 nucleic acid having GenBank Accession Number NM 178594 or
AY280973. Useful human B7-H4 nucleic acids have at least about 80, 85,
90, 95 or 100% sequence identity to the B7-H4 nucleic acid having GenBank
Accession Number AK026071. As used herein, “isolated nucleic acid”
refers to a nucleic acid that is separated from other nucleic acid molecules
that are present in a mammalian genome, including nucleic acids that
normally flank one or both sides of the nucleic acid in 2 mammalian genome
(e.g., nucleic acids that encode non-B7-H4 proteins). The term “isolated” as
used herein with respect to nucleic acids also includes the combination with
any non-naturally-occurring nucleic acid sequence, since such non-naturally-
occurring sequences are not found in nature and do not have immediately
contiguous sequences in a naturally-occurring genome.

An isolated nucleic acid can be, for example, a DNA molecule,
provided one of the nucleic acid sequences normally found immediately
flanking that DNA molecule in a naturally-occurring genome is removed or
absent. Thus, an isolated nucieic acid includes, without limitation, a DNA
molecule that exists as a separate molecule independent of other sequences
(e.g., a chemically synthesized nucleic acid, or a cDNA or genomic DNA
fragment produced by PCR or restriction endonuclease treatment), as well as
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recombinant DNA that is incorporated into a vector, an autonomously
replicating plasmid, a virus (e.g., a retrovirus, lentivirus, adenovirus, or
herpes virus), or into the genomic DNA of a prokaryote or eukaryote. In
addition, an isolated nucleic acid can include an engineered nucleic acid such
as a recombinant DNA molecule that is part of a hybrid or fusion nucleic
acid. A nucleic acid existing among hundreds to millions of other nucleic
acids within, for examplé, a ¢cDNA library or a genomic library, or a gel slice
containing a genomic DNA restriction digest, is not to be considered an
isolated nucleic acid.

Nucleic acids encoding B7-H4 fusion polypeptides may be optimized
for expression in the expression host of choice. Codons may be substituted
with alternative codons encoding the same amino acid to account for
differences in codon usage between the mammal from which the B7-H4
nucleic acid sequence is derived and the expression host. In this manner, the
nucleic acids may be synthesized using expression host~preferred codons.

Nucleic acids can be in sense or antisense orientation, or can be
complementary to a reference sequence encoding a B7-H4 polypeptide.
Nucleic acids can be DNA, RNA, or nucleic acid analogs. Nucleic acid
analogs can be modified at the base moiety, sugar moiety, or phosphate
backbone. Such modification can improve, for example, stability,
hybridization, or solubility of the nucleic acid. Modifications at the base
moiety can include deoxyuﬁdiﬁe for deoxythymidine, and 5-methyl-2’-
deoxycytidine or 5-bromo-2’-deoxycytidine for deoxycytidine.
Modifications of the sugar moiety can include modification of the 2
hydroxyl of the ribose sugar to form 2’-O-methyl or 2’-O-allyl sugars. The
deoxyribose phosphate backbone can be modified to produce morpholino
nucleic acids, in which each base moiety is linked fo a six membered,
morpholino ring, or peptide nucleic acids, in which the deoxyphosphate
backbone is replaced by a pseudopeptide backbone and the four bases are
retained. See, for example, Summerton and Weller (1997) Antisense Nucleic
Acid Drug Dev. 7:187-195; and Hyrup et al. (1996) Bioorgan. Med. Chem.
4:5-23, In addition, the deoxyphosphate backbone can be replaced with, for
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example, a phosphorothioate or phosphorodithioate backbone, a
phosphoroamidite, or an alkyl phosphotriester backbone.

Nucleic acids encoding polypeptides can be administered to subjects
in need thereof. Nucleic delivery involves introduction of “foreign” nucleic
acids into a cell and ultimately, into a live animal. Compositions arid
methods for delivering nucleic acids to a subject are known in the art (see
Understanding Gene Therapy, Lemoine, N.R., ed., BIOS Scientific
Publishers, Oxford, 2008).

IV.  Vectors and host cells

Vectors encoding B7-H4 polypeptides, fragments and fusions thereof
are also provided. Nucleic acids, such as those described above, can be
inserted into vectors for expression in cells. As used herein, a “vector” is a
replicon, such as a plasmid, phage, virus or cosmid, into which another DNA
segment may be inserted so as to bring about the replication of the inserted
segment. Vectors can be expression vectors. An “expression vector” is a
vector that includes one or more expression control sequences, and an
“expression control sequence” is a DNA sequence that controls and regulates
the transcription and/or translation of another DNA sequence.

Nucleic acids in vectors can be operably linked to one or more
expression control sequences. As used herein, “operably linked” means
incorporated into a genetic construct so that expression control sequences
effectively control expression of a coding sequence of interest. Examples of
expression control sequences include promoters, enhancers, and transcription
terminating regions. A promoter is an expression control sequence
composed of a region of a DNA molecule, typically within 100 nucleotides
upstream of the point at which transcription starts (generally near the
initiation site for RNA polymerase IT). To bring a coding sequence under the
control of a promoter, it is necessary to position the translation initiation site
of the translational reading frame of the polypeptide between one and about
fifty nucleotides downstream of the promoter. Enhancers provide expression
specificity in terms of time, location, and level. Unlike promoters, enhancers
can function when located at various distances from the transcription site.

33
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An enhancer also can be located downstream from the transcription initiation

site. A coding sequence is “operably linked” and “under the control” of

expression control sequences in a cell when RNA polymerase is able to

transcribe the coding sequence into mRNA, which then can be translated into
>  the protein encoded by the coding sequence.

Suitable expression vectors include, without limitation, plasmids and
viral vectors derived from, for example, bacteriophage, baculoviruses,
tobacco mosaic virus, herpes viruses, cytomegalo virus, retroviruses,
vaccinia viruses, adenoviruses, and adeno-associated viruses. Numerous

10 vectors and expression systems are commercially available from such
corporations as Novagen (Madison, WI), Clontech (Palo Alto, CA),
Stratagene (La Jolla, CA), and Invitrogen Life Technologies (Carlsbad, CA).

An expression vector can include a tag sequence. Tag sequences, are
typically expressed as a fusion with the encoded polypeptide. Such tags can

15 be inserted anywhere within the polypeptide including at either the carboxyl
or amino terminus. Examples of useful tags include, but are not limited to,
green fluorescent protein (GFP), glutathione S-transferase (GST),
polyhistidine, c-myc, hemagglutinin, Flag™ tag (Kodak, New Haven, CT),
maltose E binding protein and protein A. In one embodiment, a nucleic acid

20 molecule encoding a B7-H4 fusion polypeptide is present in a vector
conlaining nucleic acids that encode one or more domains of an Ig heavy
chain constant region, preferably having an amino acid sequence
corresponding to the hinge, Cy2 and Cy3 regions of a human
immunoglobulin Cy1 chain.

25 Vectors containing nucleic acids to be expressed can be transferred
into host cells. The term “host cell” is intended to include prokaryotic and
eukaryotic cells into which a recombinant expression vector can be
introduced. As used herein, “transformed” and “transfected” encompass the
introduction of a nucleic acid molecule (e.g., a vector) into a cell by one of a

30 number of techniques. Although not limited to a particular technique, a
number of these techniques are well established within the art. Prokaryotic
cells can be transformed with nucleic acids by, for example, electroporation
or calcium chloride mediated transformation. Nucleic acids can be
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transfected into mammalian cells by techniques including, for example,
calcium phosphate co-precipitation, DEAE-dextran-mediated transfection,
lipofection, electroporation, or microinjection. Host cells (e.g., a prokaryotic
cell or a eukaryotic cell such as a CHO cell) can be used to, for example,
produce the B7-H4 fusion polypeptides described herein.

The vectors described can be used to express B7-H4 in cells, for
example, cells for transplantation such as islet cells. An exemplary vector
includes, but is not limited to, an adenoviral vector. One approach includes
nucleic acid transfer into primary cells in culture foliowed by autologous
transplantation of the ex vivo transformed cells into the host, either
systemically or into a particular organ or tissue. Ex vivo methods can
include, for example, the steps of harvesting cells from a subject, culturing
the cells, transducing them with an expression vector, and maintaining the
cells under conditions suitable for expression of the encoded polypeptides.
These methods are known in the art of molecular biology. The transduction
step can be accomplished by any standard means used for ex vivo gene
therapy, including, for example, calcium phosphate, lipofection,
electroporation, viral infection, and biolistic gene transfer. Alternatively,
liposomes or polymeric microparticles can be used. Cells that have been
successfully transduced then can be selected, for example, for expression of
the coding sequence or of a drug resistance gene. The cells then can be
lethally irradiated (if desired) and injected or implanted into the subject. In
one embodiment, expression vectors containing nucleic acids encoding
fusion proteins are transfected into cells that are administered to a subject in
need thereof.

In vivo nucleic acid therapy can be accomplished by direct transfer of
a functionally active DNA into mammalian somatic tissue or organ in vivo,
For example, nucleic acids encoding polypeptides disclosed herein can be
administered directly to lymphoid tissues or tumors. Alternatively, lymphoid
tissue specific targeting can be achieved using lymphoid tissue-specific
transcriptional regulatory elements (TREs) such as a B lymphocyte-, T
lymphocyte-, or dendritic cell-specific TRE. Lymphoid tissue specific TREs
are known in the art.
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Nucleic acids may also be administered in vivo by viral means.
Nucleic acid molecules encoding fusion proteins may be packaged into
retrovirus vectors using packaging cell lines that produce replication-
defective retroviruses, as is well-known in the art. Other virus vectors may
also be used, including recombinant adenoviruses and vaccinia virus, which
can be rendered non-replicating. In addition to naked DNA or RNA, or viral
vectors, engineered bacteria may be used as vectors,

Nucleic acids may also be delivered by other carriers, including liposomes,
polymeric micro- and nanoparticles and polycations such as
asialoglycoprotein/polylysine.

In addition to virus- and carrier-mediated gene transfer in vivo,
physical means well-known in the art can be used for direct transfer of DNA,
including administration of plasmid DNA and particle-bombardment
mediated gene transfer.

V. Pharmaceutical compositions

Pharmaceutical compositions including B7-H4 polypeptides,
fragments, fusion polypeptides, nucleic acids, and vectors disclosed herein
are provided. Pharmaceutical compositions containing peptides or
polypeptides may be for administration by parenteral (intramuscuiar,
intraperitoneal, intravenous (IV) or subcutaneous injection), transdermal
(either passively or using iontophoresis or electroporation), or transmucosal
(nasal, vaginal, rectal, or sublingual) routes of administration or using
bioerodible inserts and can be formulated in dosage forms appropriate for
each route of administration.

In some in vivo approaches, the compositions disclosed herein are
administered to a subject in a therapeutically effective amount. As used
herein the term “effective amount” or “therapeutically effective amount”
means a dosage sufficient to treat, inhibit, or alleviate one or more symptoms
of the disorder being treated or to otherwise provide a desired pharmacologic
and/or physiologic effect. The precise dosage will vary according to a
variety of factors such as subject-dependent variables (e.g., age, immune

system health, etc.), the disease, and the treatment being effected.
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For the polypeptide compositions disclosed herein and nucleic acids
encoding the same, as further studies are conducted, information will emerge
regarding appropriate dosage levels for treatment of various conditions in
various patients, and the ordinary skilled worker, considering the therapeutic

5  context, age, and general health of the recipient, will be able to ascertain
proper dosing. The selected dosage depends upon the desired therapeutic
effect, on the route of administration, and on the duration of the treatment
desired. For polypeptide compositions, generally dosage levels of 0.001 to
20 mg/kg of body weight daily are administered to mammals. Generally, for

10 intravenous injection or infusion, dosage may be lower.

In certain embodiments, the polypeptide compositions are
administered locally, for example by injection directly into a site to be
treated. Typcially, the injection causes an increased localized concentration
of the polypeptide compositions which is greater than that which can be

15  achieved by systemic administration. For example, in the case of a
neurological disorder like Multiple Sclerosis, the protein may be
administered locally to a site near the CNS. The polypeptide compositions
can be combined with a matrix as described above to assist in creating a
increased localized concentration of the polypeptide compositions by

20  reducing the passive diffusion of the polypeptides out of the site to be
treated.

A. Formulations for parenteral administration

In a preferred embodiment, compositions disclosed herein, including
those containing peptides and polypeptides, are administered in an aqueous

25  solution, by parenteral injection. The formulation may also be in the form of
a suspension or emulsion. In general, pharmaceutical compositions are
provided including effective amounts of a peptide or polypeptide, and
optionally include pharmaceutically acceptable diluents, preservatives,
solubilizers, emulsifiers, adjuvants and/or carriers. Such compositions

30 optionally include one or more for the following: diluents, sterile water,
buffered saline of various buffer content (e.g., Tris-HCI, acetate, phosphate),
pH and ionic strength; and additives such as detergents and solubilizing
agents (e.g., TWEEN 20 (polysorbate-20), TWEEN 80 (polysorbate-80)),
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anti-oxidants (e.g., ascorbic acid, sodium métabisulﬁte), and preservatives
(e.g., Thimersol, benzy! alcohol) and bulking substances (e.g., lactose,
mannitol). Examples of non-aqueous solvents or vehicles are propylene
glycol, polyethylene glycol, vegetable oils, such as olive oil and comn oil,

5  gelatin, and injectable organic esters such as ethyl oleate. The formulations
may be lyophilized and redissolved/resuspended immediately before use.
The formulation may be sterilized by, for example, filtration through a
bacteria retaining filter, by incorporating sterilizing agents into the
compositions, by irradiating the compositions, or by heating the

10 compositions.

B. Formulations for topical administration

Fusion proteins disclosed herein can be applied topically. Topical
administration does not work well for most peptide formulations, although it
can be effective especially if applied to the lungs, nasal, oral (sublingual,

15  buccal), vaginal, or rectal mucosa.

Compositions can be delivered to the lungs while inhaling and
traverse across the lung epithelial lining to the blood stream when delivered
either as an aerosol or spray dried particles having an acrodynamic diameter
of less than about 5 microns.

20 A wide range of mechanical devices designed for pulmonary delivery
of therapeutic products can be used, including but not limited to nebulizers,
metered dose inhalers, and powder inhalers, all of which are familiar to those
skilled in the art. Some specific examples of commercially available devices
are the Ultravent nebulizer (Mallinckrodt Inc., St. Louis, Mo.); the Acorn II

25  nebulizer (Marquest Medical Products, Englewood, Colo.); the Ventolin
metered dose inhaler (Glaxo Inc., Research Triangle Park, N.C.); and the
Spinhaler powder inhaler (Fisons Corp., Bedford, Mass.). Nektar, Alkermes
and Mannkind all have inhalable insulin powder preparations approved or in
clinical trials where the technology could be applied to the formulations

30  described herein.

Formulations for administration to the mucosa will typically be spray
dried drug particles, which may be incorporated into a tablet, gel, capsule,
suspension or emulsion. Standard pharmaceutical excipients are available
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from any formulator. Oral formulations may be in the form of chewing gum,
gel strips, tablets or lozenges.

Transdermal formulations may also be prepared. These will typically
be ointments, lotions, sprays, or patches, all of which can be prepared using

5  standard technology. Transdermal formulations will require the inclusion of
penetration enhancers.
C. Controlled delivery polymeric matrices

Fusion proteins disclosed herein may also be administered in

controlled release formulations. Controlled release polymeric devices can be

10  made for long term release systemically following implantation of a
polymeric device (rod, cylinder, film, disk) or injection (microparticles).
The matrix can be in the form of microparticles such as microspheres, where
peptides are dispersed within a solid polymeric matrix or microcapsules,
where the core is of a different material than the polymeric shell, and the

15  peptide is dispersed or suspended in the core, which may be liquid or solid in
nature. Unless specifically defined herein, microparticieé, microspheres, and
microcapsules are used interchangeably. Alternatively, the polymer may be
cast as a thin slab or film, ranging from nanometers to four centimeters, a
powder produced by grinding or other standard techniques, or even a gel

20 such as a hydrogel.

Either non-biodegradable or biodegradable matrices can be used for -
delivery of fusion polypeptides or nucleic acids encoding the fusion
polypeptides, although biodegradable matrices are preferred. These may be
natural or synthetic polymers, although synthetic polymers are preférred due

25 to the better characterization of degradation and release profiles. The
polymer is selected based on the period over which release is desired. In
some cases linear release may be most useful, although in others a pulse
release or “bulk release” may provide more effective results. The polymer
may be in the form of a hydrogel (typically in absorbing up to about 90% by

30  weight of water), and can optionally be crosslinked with multivalent ions or
polymers.

The matrices can be formed by solvent evaporation, spray drying,
solvent extraction and other methods known to those skilled in the art.
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Bioerodible microspheres can be prepared using any of the methods
developed for making microspheres for drug delivery, for example, as
described by Mathiowitz and Langer, J. Controlled Release, 5:13-22 (1987),
Mathiowitz, et al., Reactive Polymers, 6:275-283 (1987); and Mathiowitz, et
al., J. Appl. Polymer Sci., 35:755-774 (1988).

The devices can be formulated for local release to treat the area of
implantation or injection — which will typically deliver a dosage that is much
less than the dosage for treatment of an entire body — or systemic delivery.
These can be implanted or injected subcutaneously, into the muscle, fat, or
swallowed.

VI. Methods of manufacture

A. Methods for producing fusion proteins

The disclosed fusion proteins can be manufactured using
conventional techniques that are known in the art. Isolated fusion proteins
can be obtained by, for example, chemical synthesis or by recombinant
production in a host cell. To recombinantly produce a fusion protein, a
nucleic acid containing a nucleotide sequence encoding the fusion protein
can be used to transform, transduce, or transfect a bacterial or eukaryotic
host cell (e.g., an insect, yeast, or mammalian cell). In general, nucleic acid
constructs include a regulatory sequence operably linked to a nucleotide
sequence encoding the fusion protein. Regulatory sequences (also referred to
herein as expression control sequences) typically do not encode a gene
product, but instead affect the expression of the nucleic acid sequences to
which they are operably linked.

Useful prokaryotic and eukaryotic systems for expressing and
producing polypeptides are well known in the art include, for example,
Escherichia coli strains such as BL-21, and cultured mammalian cells such
as CHO cells.

In eukaryotic host cells, a number of viral-based expression systems
can be utilized to express fusion proteins. Viral based expression systems
are well known in the art and include, but are not limited to, baculoviral,

SV40, retroviral, or vaccinia based viral vectors.
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Mammalian cell lines that stably express variant fusion proteins can
be produced using expression vectors with appropriate control elements and
a selectable marker. For example, the eukaryotic expression vectors pCR3.1
(Invitrogen Life Technologies) and p91023(B) (see Wong ef al. (1985)
Science 228:810-815) are suitable for expression of variant polypeptides in,
for example, Chinese hamster ovary (CHO) cells, COS-1 cells, human
embryonic kidney 293 cells, NIH3T3 cells, BHK21 cells, MDCK cells, and
human vascular endothelial cells (HUVEC). Additional suitable expression
systems include the GS Gene Expression System™ available through Lonza
Group Ltd.

Following introduction of an expression vector by electroporation,
lipofection, calcium phosphate, or calcium chloride co-precipitation, DEAE
dextran, or other suitable transfection method, stable cell lines can be
selected (e.g., by metabolic selection, or antibiotic resistance to G418,
kanamycin, or hygromycin). The transfected cells can be cultured such that
the polypeptide of interest is expressed, and the polypeptide can be recovered
from, for example, the cell culture supernatant or from lysed cells.
Alternatively, a fusion protein can be produced by (a) ligating amplified
sequences into a mammalian expression vector such as pcDNA3 (Invitrogen
Life Technologies), and (b) transcribing and translating in vifro using wheat
germ extract or rabbit reticulocyte lysate.

Fusion proteins can be isolated using, for example, chromatographic
methods such as affinity chromatography, ion exhange chromatography,
hydrophobic interaction chromatography, DEAE ion exchange, gel filtration,
and hydroxylapatite chromatography. In some embodiments, fusion proteins
can be engineered to contain an additional domain containing amino acid
sequence that allows the polypeptides to be captured onto an affinity matrix.
For example, an Fe-fusion polypeptide in a cell culture supernatant or a
cytoplasmic extract can be isolated using a protein A column. In addition, a
tag such as c-myc, hemagglutinin, polyhistidine, or Flag™ (Kodak) can be
used to aid polypeptide purification. Such tags can be inserted anywhere
within the polypeptide, including at either the carboxyl or amino terminus.
Other fusions that can be useful include enzymes that aid in the detection of

e
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the polypeptide, such as alkaline phosphatase. Immunoaffinity
chromatography also can be used to purify polypeptides. Fusion proteins can
additionally be engineered to contain a secretory signal (if there isnot a
secretory signal already present) that causes the fusion protein to be secreted
by the cells in which it is produced. The secreted fusion proteins can then
conveniently be isolated from the cell media.

B. Methods for producing isolated nucleic acid molecules

Isolated nucleic acid molecules can be produced by standard
techniques, including, without limitation, common molecular cloning and
chemical nucleic acid synthesis techniques. For example, polymerase chain
reaction (PCR) techniques can be used to obtain an isolated nucleic acid
encoding a variant polypeptide. PCR is a technique in which target nucleic
acids are enzymatically amplified. Typically, sequence information from the
ends of the region of interest or beyond can be employed to design
oligonucleotide primers that are identical in sequence to opposite strands of
the template to be amplified. PCR can be used to amplify specific sequences
from DNA as well as RNA, including sequences from total genomic DNA or
total cellular RNA. Primers typically are 14 to 40 nucleotides in length, but
can range from 10 nucleotides to hundreds of nucleotides in length. General
PCR techniques are described, for example in PCR Primer: A Laboratory
Manual, ed. by Dieffenbach and Dveksler, Cold Spring Harbor Laboratory
Press, 1995. When using RNA as a source of template, reverse transcriptase
can be used to synthesize a complementary DNA (cDNA) strand. Ligase
chain reaction, strand displacement amplification, self-sustained sequence
replication or nucleic acid sequence-based amplification also can be used to
obtain isolated nucleic acids. See, for example, Lewis (1992) Generic
Engineering News 12:1; Guatelli et al. (1990) Proc. Natl. Acad. Sci. USA
87:1874-1878; and Weiss (1991) Science 254:1292-1293.

Isolated nucleic acids can be chemically synthesized, either as a
single nucleic acid molecule or as a series of oligonucleotides (e.g., using
phosphoramidite technology for automated DNA synthesis in the 3" to 5’
direction). For example, one or more pairs of long oligonucleotides (e.g.,
>100 nucleotides) can be synthesized that contain the desired sequence, with
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each pair containing a short segment of complementarity (e.g., about 15
nucleotides) such that a duplex is formed when the oligonucleotide pair is
annealed. DNA polymerase can be used to extend the oligonucleotides,
resulting in a single, double-stranded nucleic acid molecule per

5  oligonucleotide pair, which then can be ligated into a vector. Isolated
nucleic acids can also obtained by mutagenesis. Fusion protein-encoding
nucleic acids can be mutated using standard techniques, including
oligonucleotide-directed mutagenesis and/or site-directed mutagenesis
through PCR. See, Short Protocols in Molecular Biology. Chapter 8, Green

10 Publishing Associates and John Wiley & Sons, edited by Ausubel ef al,

1992. Examples of amino acid positions that can be modified include those
described herein.
VII. Methods of Therapeutic Use
The B7-H4 polypeptides, or fragments, or fusions thereof disclosed
15  herein are useful as therapeutic agents. Immune cells, preferably T cells, can
be contacted in vivo or ex vive with B7-H4 fusion polypeptides to decrease or
inhibit immune responses including, but not limited to inflammation. The T
cells contacted with B7-H4 fusion polypeptides can be any cell which
express the T cell receptor, including o/f and 1/8 T cell receptors. T-cells
20  include all cells which express CD3, including T-cell subsets which also
express CD4 and CD8. T-cells include both naive and memory cells and
effector cells such as CTL. T-cells also include regulatory cells such as Thl,
Tel, Th2, Tc2, Th3, Th17, Th22, Treg, and Trl cells. T-cells also include
NKT-cells and similar unique classes of the T-cell lineage. For example the
25  compositions can be used to modulate Thl, Th17, Th22, or other cells that
secrete, or cause other cells to secrete, inflammatory molecules, including,
but not limited to, IL-1 B, TNF-a, TGF-beta, IFN-y, IL-17, IL.-6, 11.-23, 1L~
22, 1L-21, and MMPs. The compositions can also be used to increase or
promote the activity of Tregs, increase the production of cytokines such as
30 IL-10 from Tregs, increase the differentiation of Tregs, increase the number
of Tregs, or increase the survival of Tregs.
In some embodiments, the disclosed B7-H4 polypeptides, or
fragments, or fusions thereof are administered in combination with a second
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therapeutic. Combination therapies may be useful in immune modulation. In
some embodiments, B7-H4 polypeptides, or fragments, or fusions can be
used to attenuate or reverse the activity of a pro-inflammatory drug, and/or
limit the adverse effects of such drugs.

5 Other immune cells that ¢can be treated with the disclosed B7-H4
polypeptides, fragments or fusion thereof include T cell precursors, antigen
presenting cells such as dendritic cells and monocytes or their precursors, B
cells or combinations thereof. The B7-H4 compositions can be used to |
modulate the production of antibodies by B cells by contacting the B cells

10 with an effective amount of the B7-H4 composition to inhibit or reduce
antibody production by the B cell relative to a control. The B7-H4
compositions can also modulate the production of cytokines by the B cells.

A. Methods of treating inflammatory responses

A preferred embodiment provides methods for treating or alleviating

15  one or more symptoms of inflammation. In a more preferred embodiment,
the compositions and methods disclosed are useful for treating chronic and
persistent inflammation. Inflammation in general can be treated using the
disclosed B7-H4 polypeptides or fragment or fusions thereof.

An immune response including inflammation can be inhibited or

20  reduced in a subject, preferably a human, by administering an effective
amount of B7-H4 polypeptide or fragment, or fusion thereof to inhibit or
reduce the biological activity of an immune cell or to reduce the amounts of
proinflammatory molecules at a site of inflammation. Exemplary
proinflammatory molecules include, but are not limited to, IL-1B, TNF-a,

25  TGF-beta, IFN-y, IL-17, IL-6, 11.-23, IL-22, IL.-21, and MMPs.

Thi and Th17 are exemplary T cells that can be targeted for
inhibition by B7-H4 polypeptides, fusion proteins or fragments thereof to
inhibit or reduce inflammation. The B7-H4 fusion proteins are useful for
treating inflammation by any or all of the following: inhibiting or reducing

30 differentiation of Thl, Th17, Th22, and/or other cells that secrete, or cause
other cells to secrete, inflammatory molecules, including, but not limited to,
IL-1p, TNF-a, TGF-beta, IFN-y, IL-17, IL-6, IL-23, IL-22, IL-21, and
MMPs; inhibiting or reducing activity of Thl, Th17, Th22, and/or other cells
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that secrete, or cause other cells to secrete, inflammatory molecules,
including, but not limited to, IL-1p, TNF-o, TGF-beta, IFN-y, 1L-17, IL-6,
1L-23, IL-22, IL-21, and MMPs; inhibiting or reducing the Th1 and/or Th17
pathways; inhibiting or reducing cytokine production and/or secretion by
Thi, Th17, Th22, and/or other cells that secrete, or cause other cells to
secrete, inflammatory molecules, including, but not limited to, IL-1 B, TNF-a,
TGF-beta, IFN-y, IL-17, IL-6, IL-23, IL-22, IL-21, and MMPs; inhibiting or
reducing proliferation of Th1, Th17, Th22, and/or other cells that secrete, or
cause other cells to secrete, inflammatory molecules, including, but not
limited to, IL-1p, TNF-a, TGF-beta, IFN-y, IL-17, IL-6, IL-23, 11-22, IL-21,
and MMPs.

Additionally, B7-H4-Ig can cause Tregs to have an enhanced
suppressive effect on an immune response. Tregs can suppress
differentiation, proliferation, activity, and/or cytokine production and/or
secretion by Thil, Th17, Th22, and/or other cells that secrete, or cause other
cells to secrete, inflammatory molecules, including, but not limited to, IL-1 B,
TNF-a, TGF-beta, IFN-y, IL-17, IL-6, IL-23, IL-22, IL-21, and MMPs. For
example, B7-H4-Ig can cause Tregs to have an enhanced suppressive effect
on Th1 and/or Th17 cells to reduce the level of IFN-y and IL-17 produced,
respectively. B7-H4-Ig can also act directly on Tregs to promote or enhance
production of IL-10 to suppress the Thl and Th17 pathway, or to increase
the number of Tregs.

Figures 1A and 1B show two proposed modes of action of B7-H4
fusion proteins for inhibiting inflammation. Figure 1A shows B7-H4-Ig acts
at multiple points in multiple T cell pathways. For example, B7-H4-Ig can
inhibit the differentiation of naive T cells into either Thl or Th17 cells.
Alternatively, B7-H4-1Ig can interact with Thi cells or Th17 cells, or both to
inhibit or reduce the production of proinflammatory molecules.
Additionally, B7-H4-Ig can increase the differentiation of and/or cause Tregs
to have an enhanced suppressive effect on the Th1 and Th17 pathways to
reduce the level of INF-y and/or 1L-17 produced. B7-H4-Ig enhances the
production of TL-10 from Tregs and this inhibits the activity of Thl and
Th17 cells.
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Figure 1B shows a second model in which B7-H4-Ig targets
immature antigen presenting cells, such as dentritic cells (DCs), and inhibits
cell maturation. Immature, antigen-capturing, dentritic cells have the
capacity to mature into antigen-presenting, T cell-priming cells; converting
antigens into immunogens and expressing molecules such as cytokines,
chemokines, costimulatory molecules and proteases to initiate an immune
response. The ability of DCs to regulate immunity is dependent on DC
maturation. A variety of factors can induce maturation following antigen
uptake and processing within DCs, including: whole bacteria or bacterial-
derived antigens (e.g. lipopolysaccharide, LPS), inflammatory molecules,
ligation of select cell surface receptors {e.g. CD40) and viral products (e.g.
double-stranded RNA). The maturation process involves a signal to the DC
that leads to increased surface expression of MHC class I and 1l molecules
and the production of costimulatory molecules.

In the model presented in Figure 1B, B7-H4-Ig blocks DC
maturation, which prevents the development of naive T cells into either Thi
or Th17 cells, and reduces the production of proinflammatory molecules.
Additionally, B7-H4-Ig can increase the peol of immature DC favoring the
differentiation of and/or causing Tregs to have an enhanced suppressive
effect on the Thl and Th17 pathways to reduce the level of INF-y and/or IL-
17 produced. In this way, B7-H4-Ig enhances the production of IL-10 from
Tregs and this inhibits the activity of Th1 and Th17 cells.

1. Inhibition of the Thl Pathway
a. Inhibition of Thl Development

One method for inhibiting or reducing inflammation includes
administering an effective amount of a B7-H4 polypeptide, fusion protein,
variants thereof, or fragments thereof to inhibit Thl development in a subject
in need thereof. It has been discovered that inflammation can be inhibited or
reduced by blocking naive T cells from differentiating into Th1 cells by
administering B7-H4 polypeptides, fusion proteins, fragments thereof or
variants thereof, In one embodiment, the B7-H4 polypeptides or fusion
protein thereof increases the suppressive ability of Tregs on naive T cells to
inhibit or reduce naive T cells from differentiating into Thl cells and thereby
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reduce the number of Thl cells in a subject. Alternatively, the B7-H4
polypeptides or fusion protein thereof inhibits or reduces proliferation of
TH! cells. B7-H4 polypeptides, fragments or fusions proteins thereof may
also reduce naive T cells from differentiating into Th1 cells, by blocking
5  antigen presenting cell maturation. By restricting the number of Th1 cells
that can develop in the subject, the amount of proinflammatory molecules
such as INF-y can be reduced or contained. INF-y stimulates the production
or release of other proinflammatory molecules including IL-1B, TNF-0, and
MMPs. Thus, by controlling the number of Th1 cells in a subject, the levels
10 of these other proinflammatory molecules can be controlled, thereby
reducing inflammatory responses.
b. Inhibition of Proinflammatory molecules
Another embodiment provides a method of inhibiting or reducing
inflammation in a subject by administering to the subject an effective amount
15  of a B7-H4 polypeptide, fusion protein thereof, or fragment thereof to inhibit
| or reduce production of proinflammatory molecules by Th1 cells.
Exemplary proinflammatory molecules produced by Th1 cells includes IFN-
v. In this embodiment the B7-H4 polypeptide, fusion protein thereof, or
~ fragment thereof can interact directly with the Thl cell and inhibit or reduce
20 IFN-y production by the Thi cells. In this embodiment, the amount of

proinflammatory molecules is regulated rather than the population of Thi

cells.
2. Inhibition of the Th17 Pathway
a. Inhibition of Th17 Development
25 Inflammation can also be inhibited or reduced in a subject by

administering an effective amount of a B7-H4 polypeptide, fragment or
fusion thereof, to inhibit or block naive T cells from developing into Th17
cells. In one embodiment, the B7-H4 polypeptide or fusion protein increases
the suppressive activity of Tregs on the differentiation of naive T cells into
30  Th17 cells by an amount sufficient to reduce the number of Th17 cells ina
subject. Alternatively, the B7-H4 polypeptide or fusion protein thereof
inhibits or reduces proliferation of TH17 cells. B7-H4 polypeptides or
fusions proteins thereof may also reduce naive T cells from differentiating
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into Th17 cells, by blocking antigen presenting cell maturation. By reducing
the population of Th17 cells in a subject, the amount of IL-17 can be
reduced, as well as IL-22 and 1L-21. IL-17 is a proinflammatory cytokine
that causes increases in other proinflammatory molecules such as IL~18,
TNF-a, and MMPs. Thus, by reducing the amount of IL-17 these other
proinflammatory molecules can be reduced, thereby reducing or inhibiting
inflammation.
b. Inhibition of IL-17 Production

Still another embodiment provides a method for treating
inflammation in a subject by administering an effective amount of B7-H4
polypeptide, fusion protein thereof, or fragments thereof, to inhibit
production of IL-17 by Th17 cells, as well as IL-22 and IL-21. In this
embodiment, the B7-H4 polypeptide or fusion protein can act directly on
Thi17 cells, for example by binding to Th17 cells resulting in inhibition of
IL-17 (or TL-22 and IL-21) production by those Th17 cells. As noted above,
inhibition or reduction of IL-17 (and IL-22 or IL-21) leads to the reduction of
other proinflammatory molecules, thereby reducing or inhibitng
inflammation.

3. Inhibiting Th1 and Th17 Pathways

The disclosed B7-H4 polypeptides, fusion proteins, and fragments
thereof can be used to inhibit both the Thl and Th17 pathways
simultaneously. Using one anti-inflammatory agent to inhibit two separate
pathways provides more robust inhibition or reduction of the immune
response.

4, Tregs

Inflammation can also be treated by administering B7-H4
polypeptides, fusion proteins thereof, or fragments thereof to a subject in an
amount effective to enhance the suppressive activity of IL-10 producing
Tregs to enhance suppressive activity on the Thl and/or Th17 pathways. In
this embodiment the disclosed B7-H4 polypeptides and fusion proteins cause
an increased suppressive effect on IFN-y and/or IL-17 production relative to

Tregs alone.
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Another embodiment provides a method for treating inflammation by
administering an effective amount of B7-H4 polypeptide, fusion proteins
thereof, or fragments thereof to increase production of IL-10 by Tregs.
Increased production of IL-10 results in the descreased production of IL-17
by Th17 cells and deceased production of IFN- a by Th1 cells. In this
embodiment, the B7-H4 polypeptides, fusion proteins, and fragments thereof
can interact directly with Tregs to increase IL-10 production by the Tregs.

Still another embodiment provides a method for treating
inflammation by administering an effective amount of B7-H4 polypeptides,
fusion proteins thereof, and fragments thereof to inhibit or interfere with the
Th1 pathway, Th17 pathway and to enhance the suppressive effect on the
Th1 and Th17 pathway by Tregs (see Figure 1A). B7-H4 polypeptides or
fusions proteins thereof may also increase the pool of Tregs by blocking
antigen presenting cell maturation (see Figure 1B).

The B7-H4 polypeptides, fusion proteins thereof and fragments
thereof can also be administered to a subject in an amount effective to
increase Treg cell populations or numbers.

1L-10 and TGF-B production by Tregs can be increased relative to a
control by contacting the Tregs with an effective amount of B7-H4
polypeptides, B7-H4 fusion proteins, or fragments thereof having B7-H4
activity. The increase can occur in vitro or in vivo.

5. Soluble B7-H4

Soluble B7-H4 (st4) acts as a decoy molecule that competes with the
cell surface B7-H4 for binding to the B7-H4 receptor and does not result in
an inhibitory signal to the T cell. B7-H4 inhibits cell cycle progression of T
cells in the presence of antigen stimulation. B7-H4 can inhibit innate
immunity by suppressing proliferation of neutrophil progenitors. It is
believed that elevated levels of sH4 block the inhibitory effect of endogenous
B7-H4.

Therefore, an inflammatory response can be treated by interfering
with the biological activity of sH4 in vivo, for example, by administering to
an individual in need thereof an effective amount of an agent that inhibits or
decreases the ability of sH4 to bind to the B7-H4 receptor, or augments the
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activity of the endogenous inhibitory B7-H4 molecules. Interference of sH4

‘biological activity can be accomplished by administering B7-H4 fusion

polypeptides disclosed herein.

Administration is not limited to the treatment of existing conditions,
diseases or disorders (i.e. an existing inflammatory or autoimmune disease or
disorder) but can also be used to prevent or lower the risk of developing such
diseases in an individual, i.e., for prophylactic use. Potential candidates for
prophylactic vaccination include individuals with a high risk of developing
an inflammatory or autoimmune disease or disorder, i.e., with a personal or
familial history of certain types of autoimmune disorders.

B. Inflammatory Disease to Be Treated

Representative inflammatory or autoimmune diseases and disorders
that may be treated using B7-H4 fusion polypeptides include, but are not
limited to, rheumatoid arthritis, systemic 1upts erythematosus, alopecia
areata, anklosing spondylitis, antiphospholipid syndrome, autoimmune
Addison’s disease, autoimmune hemolytic anemia, autoimmune hepatitis,
autoimmune inner ear disease, autoimmune lymphoproliferative syndrome
(alps), autoimmune thrombocytopenic purpura (ATP), Behcet’s disease,
bullous pemphigoid, cardiomyopathy, celiac sprue-dermatitis, chronic
fatigue syndrome immune deficiency, syndrome (CFIDS), chronic
inflammatory demyelinating polyneuropathy, cicatricial pemphigoid, cold
agglutinin disease, Crest syndrome, Crohn’s disease, Dego’s disease,
dermatomyositis, dermatomyositis - juvenile, discoid lupus, essential mixed
cryoglobulinemia, fibromyalgia — fibromyositis, grave’s disease, guillain-
barre, hashimoto’s thyroiditis, idiopathic pulmonary fibrosis, idiopathic
thrombocytopenia purpura (ITP), Iga nephropathy, insulin dependent
diabetes (Type I), juvenile arthritis, Meniere’s disease, mixed connective
tissue disease, multiple sclerosis, myasthenia gravis, pemphigus vulgaris,
pernicious anemia, polyarteritis nodosa, polychondritis, polyglancular
syndromes, polymyalgia theumatica, polymyositis and dermatomyositis,
primary agammaglobulinemia, primary biliary cirrhosis, psoriasis,
Raynaud’s phenomenon, Reiter’s syndrome, rheumatic fever, sarcoidosis,
scleroderma, Sjogren’s syndrome, stiff-man syndrome, Takayasu arteritis,

100



WO 2011/026122

10

15

20

25

30

PCT/US2010/047366

temporal arteritis/giant cell arteritis, ulcerative colitis, uveitis, vasculitis,
vitiligo, and Wegener’s granulomatosis.

B7-H4 acts at multiple points in the inflammatory pathway and at a
higher level whereby it acts as a master regulator to control to influence the
expression and/or activity of effectory cytokines such as TNF-a. Therefore,
the B7-H4 compositions described herein are particularly useful for treating
patients that do not respond to TNF-u blockers such as Enbrel, Remicade,
Cimzia and Humira, or where TNF-a blockers are not safe or effective. In
addition, because of its activity as a master regulator in the inflammatory
pathway, the B7-H4 compositions disclosed are particularly useful for
treating chronic and persistent inflammation. In a preferred embodiment, the
B7-H4 compositioris described herein are used to treat relapsing and/or
remitting multiple sclerosis.

C.  Inhibition of Epitope Spreading

Epitope spreading refers to the ability of B and T cell immune
response to diversify both at the level of specificity, from a single
determinant to many sites on an auto antigen, and at the level of V gene
usage (Monneaux, F. ef al., Arthritis & Rheumatism, 46(6): 1430-1438
(2002). Epitope spreading is not restricted to systemic autoimmune disease.
Tt has been described in T cell dependent organ specific diseases such as
IDDM and multiple sclerosis in humans and EAE induced experimental
animals with a variety of myelin proteins.

Epitope spreading involves the acquired recognition of new epitopes
in the same self molecule as well as epitopes residing in proteins that are
associated in the same macromolecular complex. Epitope spreading can be
assessed by measuring delayed-type hypersensitivity (DTH) responses,
methods of which are known in the art.

One embodiment provides a method for inhibiting or reducing
epitope spreading in a subject by administering to the subject an effective
amount of B7-H4 polypeptide, fragment or fusion protein thereof. Ina
preferred embodiment the B7-H4 polypeptide, fragment or fusion protein
thereof inhibits epitope spreading in individuals with multiple sclerosis.
Preferably, the B7-H4 polypeptide or fusion thereof inhibits or blocks
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multiple points of the inflammation pathway.

Yet another embodiment provides a method for inhibiting or reducing
epitope spreading in subjects with multiple sclerosis by administering to a
subject an effective amount of B7-H4 polypeptide, fragment or fusion
protein thereof to inhibit or reduce differentiation of, proliferation of, activity
of, and/or cytokine production and/or secretion by Thl, Th17, Th22, and/or
other cells that secrete, or cause other cells to secrete, inflammatory
molecules, including, but not limited to, IL-1B, TNF-a, TGF-beta, IFN-y, IL-
17, 1L-6, 11.-23, 1L-22, [L.-21, and MMPs. Another embodiment provides a
method for treating multiple sclerosis by administering to a subject an
effective amount of B7-H4 polypeptide, fragment or fusion protein thereof to
interact with Tregs, enhance Treg activity, promote or enhances IL-10
secretion by Tregs, increase the number of Tregs, increase the suppressive
capacity of Tregs, or combinations thereof.

D. Combination therapy

B7-H4 fusion polypeptides can be used alone or in combination with

additional therapeutic agents, The additional therapeutic agents include, but

are not limited to, immunosuppressive agents {e.g., antibodies against other

lymphocyte surface markers (e.g., CD40, alpha-4 integrin) or against
cytokiﬁes), other fusion proteins (e.g., CTLA-4-Ig (Orencia®), TNFR-Ig
(Enbrel®)), TNF-a blockers such as Enbrel, Remicade, Cimzia and Humira,
cyclophosphamide (CTX) (i.e. Endoxan®, Cytoxan®, Neosar®, Procytox®,
Revimmune™), methotrexate (MTX) (i.e. Rheumatrex®, Trexall®),
belimumab (i.e. Benlysta®), or other immunosuppressive drugs (¢.g.,
cyclosporin A, FK506-like compounds, rapamycin compounds, or steroids),
anti-proliferatives, cytotoxic agents, or other compounds that may assist in
immunosuppression.

In a preferred embodiment, the additional therapeutic agent functions
to inhibit or reduce T cell activation through a separate pathway. In one such
embodiment, the additional therapeutic agent is a CTLA-4 fusion protein,
such as CTLA-4-Ig (abatacept). CTILA-4-Ig fusion proteins compete with
the co-stimulatory receptor, CD28, on T cells for binding to CD80/CD86
(B7-1/B7-2) on antigen presenting cells, and thus function to inhibit T cell
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activation. In another embodiment, the additional therapeutic agent is a
CTLA-4-lg fusion protein known as belatacept. Belatacept contains two
amino acid substuitutions (L.104E and A29Y) that markedly increase its
avidity to CD86 in vivo. In another embodiment, the additional therapeutic
agent is Maxy-4.

In another embodiment, the second therapeutic agent is
cyclophosphamide (CTX). Cyclophosphamide (the generic name for
Endoxan®, Cytoxan®, Neosar®, Procytox®, Revimmune™), also known as
cytophosphane, is a nitrogen mustard alkylating agent from the
oxazophorines group. It is used to treat various types of cancer and some
autoimmune disorders. In a preferred embodiment, B7-H4-Ig and CTX are
coadministered in effective amount to prevent or treat a chronic autoimmune
disease or disorder such as Systemic lupus erythematosus (SLE).
Cyclophosphamide (CTX) is the primary drug used for diffuse proliferative
glomerulonephritis in patients with renal lupus. As described in detail in
Example 18 below, it has been discovered that a combination treatment with
a low dose of cyclophosphamide (50 mg/kg, once every 2 weeks), the current
treatment modality in humans, plus B7-H4-1g resulted in prevention of lupus
disease progression in the MRL//pr lupus model. In some embodiments the
combination therapy is administered in an effective amount to reduce the
blood or serum levels of anti-double stranded DNA (anti-ds DNA) auto
antibodies and/or to reduce proteinuria in a patient in need thereof.

In another embodiment, the second therapeutic agent increases the
amount of adenosine in the serum, see, for example, WO 08/147482. Ina
preferred embodiment, the second therapeutic is CD73-1g, recombinant
CD73, or another agent (e.g. a cytokine or monoclonal antibody or small
moelcule) that increases the expression of CD73, see for example WO
04/084933. In another embodiment the second therapeutic agent is
Interferon-beta.

In another embodiment, the second therapeutic is Tysabri or another
therapeutic for MS. In a preferred embodiment, B7-H4-Ig is cycled with

Tysabri or used during a drug holiday in order to allow less frequent dosing
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with the second therapeutic and reduce the risk of side effects such as PML
and to prevent resistance to the second therapeutic.

In another embodiment, the second therapeutic agent preferentially
treats chronic inflammation, whereby the treatment regimen targets both

5  acute and chronic inflammation. In a preferred embodiment the second
therapeutic is a TNF-u blocker. |

In another embodiment, the second therapeutic agent is a small
molecule that inhibits or reduces differentiation, proliferation, activity,
and/or cytokiné production and/or secretion by Thl, Th17, Th22, and/or

10 other cells that secrete, or cause other cells to secrete, inflammatory
molecules, including, but not limited to, IL-1p, TNF-a, TGF-beta, IFN-y, IL-
17, IL-6, IL-23, IL-22, I1.-21, and MMPs. In another embodiment, the
second therapeutic agent is a small molecule that interacts with Tregs,
enhances Treg activity, promotes or enhances IL-10 secretion by Tregs,

15  increases the mumber of Tregs, increases the suppressive capacity of Tregs,
or combinations thereof.

Typically useful small molecules are organic molecules, preferably
small organic compounds having a molecular weight of more than 100 and
less than about 2,500 daltons, more preferably between 100 and 2000, more

20  preferably between about 100 and about 1250, more preferably between
about 100 and about 1000, more preferably between about 100 and about
750, more preferably between about 200 and about 500 daltons. Small
molecules comprise functional groups necessary for structural interaction
with proteins, particularly hydrogen bonding, and typically include at least

25  an amine, carbonyl, hydroxyl or carboxyl group, preferably at least two of
the functional chemical groups. The small molecules often comprise cyclical
carbon or heterocyclic structures andlor aromatic or polyaromatic structures
substituted with one or more of the above functional groups. Small
molecules also include biomolecules including peptides, saccharides, fatty

30 acids, steroids, purines, pyrimidines, derivatives, structural analogs or
combinations thereof. In one embodiment, the small molecule is retinoic
acid or a derivative thereof. The examples below demonstrate that retinoic
acid inhibits or reduces differentiation and/or activity of Th17 cells.
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In a preferred embodiment, the compositions are used in combination
or succession with compounds that increase Treg activity or production.
Exemplary Treg enhancing agents include but are not limited to
glucocorticoid fluticasone, salmeteroal, antibodies to IL-12, IFN-y, and IL-4;

5  vitamin D3, and dexamethasone, and combinations thereof. Antibodies to
other proinflammatory molecules can also be used in combination or
alternation with the disclosed B7-H4 polypeptides, fusion proteins, or
fragments thereof. Preferred antibodies bind to IL-6, IL-23, IL-22 or IL-21.

As used herein the term “rapamycin compound” includes the neutral

10 tricyclic compound rapamycin, rapamycin derivatives, rapamycin analogs,
and other macrolide compounds which are thought to have the same
mechanism of action as rapamycin (e.g., inhibition of cytokine function).
The language “rapamycin compounds” includes compounds with structural
similarity to rapamycin, e.g., compounds with a similar macrocyclic

15 structure, which have been modified to enhance their therapeutic
effectiveness. Exemplary Rapamycin compounds are known in the art (See,
e.g. W095122972, WO 95116691, WO 95104738, U.S. Patent No.
6,015,809; 5,989,591; U.S. Patent No. 5,567,709; 5,559,112; 5,530,006;
5,484,790; 5,385,908; 5,202,332; 5,162,333; 5,780,462; 5,120,727). |

20 The language “FK506-like compounds™ includes FK506, and FK506
derivatives and analogs, e.g., compounds with structural similarity to FK506,
e.g., compounds with a similar macrocyclic structure which have been
modified to enhance their therapeutic effectiveness. Examples of FK506-like
compounds include, for example, those described in WO 00101385,

25  Preferably, the language “rapamycin compound” as used herein does not
include FK506-like compounds.

Other suitable therapeutics include, but are not limited to, anti-
inflammatory agents. The anti-inflammatory agent can be non-steroidal,
steroidal, or a combination thereof. One embodiment provides oral

30  compositions containing about 1% (w/w) to about 5% (w/w), typically about
2.5 % (w/w) or an anti-inflammatory agent. Representative examples of
non-steroidal anti-inflammatory agents include, without limitation, oxicams,
such as piroxicam, isoxicam, tenoxicam, sudoxicam; salicylates, such as
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aspirin, disalcid, benorylate, trilisate, safapryn, solprin, diflunisal, and
fendosal; acetic acid derivatives, such as diclofenac, fenclofenac,
indomethacin, sulindac, tolmetin, isoxepac, furofenac, tiopinac, zidometacin,
acematacin, fentiazac, zomepirac, clindanac, oxepinac, felbinac, and

5  ketorolac; fenamates, such as mefenamic, meclofenamic, flufenamic,
niflumic, and tolfenamic acids; propionic acid derivatives, such as ibuprofen,
naproxen, benoxaprofen, flurbiprofen, ketoprofen, fenoprofen, fenbufen,
indopropfen, pirprofen, carprofen, oxaprozin, pranoprofen, miroprofen,
tioxaprofen, suprofen, alminoprofen, and tiaprofenic; pyrazoles, such as

10 phenylbutazone, oxyphenbutazone, feprazone, azapropazone, and
trimethazone. Mixtures of these non-steroidal anti-inflammatory agents may
also be employed.

Representative examples of steroidal anti-inflammatory drugs
include, without limitation, corticosteroids such as hydrocortisone, hydroxyl-

15  triamcinolone, alpha-methyl dexamethasone, dexamethasone-phosphate,
beclomethasone dipropionates, clobetasol valerate, desonide,
desoxymethasone, desoxycorticosterone acetate, dexamethasone,
dichlorisone, diflorasone diacetate, diflucortolone valerate, fluadrenolone,
fluclorolone acetonide, fludrocortisone, flumethasone pivalate, fluosinolone

20  acetonide, fluocinonide, flucortine butylesters, fluocortolone, fluprednidene
(fluprednylidene) acetate, flurandrenolone, halcinonide, hydrocortisone
acetate, hydrocortisone butyrate, methylprednisolone, triamcinolone
acetonide, cortisone, cortodoxone, flucetonide, fludrocortisone, difluorosone
diacetate, fluradrenolone, fludrocortisone, diflurosone diacetate,

25  fluradrenolone acetonide, medrysone, amcinafel, amcinafide, betamethasone
and the balance of its esters, chloroprednisone, chlorprednisone acetate,
clocortelone, clescinolone, dichlorisone, diflurprednate, flucloronide,
flunisolide, fluoromethalone, fluperolone, fluprednisolone, hydrocortisone
valerate, hydrocortisone cyclopentylpropionate, hydrocortamate,

30  meprednisone, paramethasone, prednisolone, prednisone, beclomethasone
dipropionate, triamcinolone, and mixtures thereof.

In another embodiment, the additional therapeutic agents include
compositions that inhibit or interfere with sH4 activity, to treat inflammatory
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disorders in subjects. In one embodiment, B7-H4 fusion polypeptides are
administered to a subject for the treatment of an inflammatory disease
wherein the subject has little or non-detectable amounts of sH4. In another
embodiment, B7-H4 fusion polypeptides are administered to treat one or
more symptoms of an inflammatory disease in subjects having elevated
levels of sH4. Elevated levels of sH4 can be determined by comparing levels
of sH4 is subjects known to have an inflammatory disorder with levels of
sH4 in subjects that do not have an inflammatory disorder.

E. Pharmacodynamic Markers

The effectiveness of treatments using the B7-H4 polypeptides,
fragments thereof, or fusion proteins thereof can be determined by assaying a
sample obtained from a subject receiving treatment with B7-H4 polypeptides
or fusion proteins thereof for changes in levels of biomarkers such as serum
proteins, preferably pro-inflammatory cytokines, chemokines, acute phase
markers, and/or antibodies, such as total IgG, or specific disease-related IgG,
or other serum proteins for example sH4. For example, baseline levels of
biomarkers in a serum sample obtained from a subject can be determined
prior to treatment with B7-H4 polypeptides or fusion proteins. After or
during treatment with B7-H4 polypeptides or fusion proteins thereof,
biomarker levels in blood samples from the subject can be monitored. A
change in biomarker level, for example a decline in cytokine levels, relative
to baseline levels indicates that the treatment is effective in reducing one or
more symptoms of an inflammatory disorder. Alternatively, the cytokine
levels in blood samples from a subject undergoing treatment with B7-H4
polypeptides or fusion proteins thereof can be compared to predetermined
levels of biomarkers determined from subjects without inflammatory
disorders. In some embodiments the level of only one biomarker is
monitored. In other embodiments, the levels of 2, 3, 4, 5 or more biomarkers
are monitored.

The effectiveness of treatments using the B7-H4 polypeptides,
fragments thereof, or fusion proteins can also be determined by assaying a
sample obtained from a subject receiving treatment with B7-H4 polypeptides
or fusion proteins thereof for changes in levels lymphocyte populations, such
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as increased numbers of Treg, or decreased numbers of activated Thl or
Th17 cells compared to a control.

In some embodiments, the effectiveness of treatments using the B7-
H4 polypeptides, fragaments thereof, or fusion proteins are determined by
monitoring disease specific markers or symptoms, using methods known in
the art. For example imaging can be employed to assess effectiveness of
treatment for Multiple Sclerosis, or delayed-type hypersensitive (DTH) can
be monitored to assess effectiveness of treatment for lupus.

The effectiveness of treatments using the B7-H4 polypeptides,
fragments thereof, or fusion proteins thereof can also be determined by
assaying a sample obtained from a subject receiving treatment with B7-H4
polypeptides or fusion proteins thereof for changes in the expression levels
of genes, including, but not limited to, those encoding serum proteins,
preferably pro-inflammatory cytokines and/or chemokines, as well as
secreted factors, cell surface receptors, and transcription factors that are
characteristic of Th1, Th17, and Treg cells. Methods of measuring gene
expression are well known in the art and include, but are not limited to,
quantitative RT-PCR and microarray analysis.

Exemplary markers that can be monitored to determine the
effectiveness of treatment with B7-H4 polypeptides, fragments and fusion
proteins thereof, can be found throughout the examples below, particularly in
Figures 7, 8, 9, 57 and 58, and include, but are not limited to, one or more of
IL-1B, TNF-a, TGF-beta, IFN-y, IL-10, IL-17, IL-6, IL-23, IL-22, TL-21, and
MMPs. Biomarkers pafticularly useful for monitoring arthritis are described
in Example 3 and Figures 7, 8, and 9 below, and preferably include, but are
not limited to, CRP, ET-1, IL-6, MCP-1, MCP-3, MIP-2 and TNF-a.
Another marker useful for monitoring the effectiveness of treatment with B7-
H4 polypeptides, fragments and fusions thereof, and combination therapies
incorporating these proteins, is the level of CD73 in a tissue fluid of a
patient, see for example WO 09/05352.

F. Patient Selection

The effectiveness of the B7-H4 polypeptides, fragments and fusion
proteins thereof described herein can be predicted by pre-screening target
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patients for levels of biomarkers, or gene expression as described above, or
polymorphisms within the genes encoding downstream effector genes.

In a non-limiting example, patients that have elevated levels of one or
more inflammatory cytokines or chemokines relative to a subject that does
not have an inflammatory disorder can be selected for treatment with a B7-
H4 polypeptide, fragment or fu.sion protein. Alternatively, patients that have
a polymorphism in or more inflammatory cytokine or chemokine genes can
be selected for treatment with a B7-H4 polypeptide or fusion protein. For
example, patients with particular polymorphisms within the IL-10 gene may
be expected to respond more or less well to treatment with B7-H4
compositions, depending on the nature of the polymorphism. Exemplary
molecules and their respective genes that can be screened to determine if B7-
H4 composition treatment will be effective include, but are not limited to,
one or more of IL-1B, TNF-o, TGF-beta, IFN-y, IL-10, IL-17, IL-6, IL-23,
1L-22, IL-21, and MMPs. Another marker useful for selecting patients for
treatment with B7-H4 polypeptides, fragments and fusions thereof, and
combination therapies incorporating these proteins, is the level of CD73 in a
tissue fluid of a patient. Inflammatory molecule levels can be measured by
known methods including, but not limited to, quantitative RT-PCR and
ELISA. Methods of identifying gene polymorphisms are well known in the
art and include, but are not limited to, DNA sequencing and DNA
microarrays.

Patients can also be monitored for the efficacy of a treatment with a
B7-H4 polypeptide or fusion protein for an inflammatory disorder by
screening the patients for levels of one or more inflammatory molecules
during the course of treatment and increasing the amount of B7-H4
administered to the subject if the levels of one or more cytokines is elevated
in the subject compared to levels in a control subject that does not have an
inflammatory disorder, or decreasing the amount of B7-H4 administered to
the subject if the levels of one or more cytokines is reduced in the subject
compared to levels in a control subject that does not have an inflammatory

disorder.
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EXAMPLES
Example 1: B7-H4-Ig (murine) in the Collagen-Induced Arthritis (CIA)
Prophylactic Model
Methods and Materials

CIA is a well-characterized mouse model for human RA, in which
injection of collagen II (CII) into DBA/1J mice induces swelling and
progressive inflammation in joints resulting in arthritis. As shown in Figure
2, DBA/1J mice (Jackson Labs) were administrated intraperitoneally (IP),
0.5 mg of B7-H4-Ig (20 mg/kg) on the same day as the CII immunization.
B7-H4-Ig treatment continued 2 times each week, up to 6 weeks. On day 21,
mice were rechallenged with CII emulsified in IFA. Figure 2 outlines a brief
experimental design. Day 40 was the last B7-H4-Ig treatment. Mouse
paws/joints were monitored 2 times every week starting on day 26 using the
arthritis scoring system displayed on Table 1.

Table 1: Scoring system for subjective evaluation of arthritis

severity.

Disease Degree of Inflammation

Score

0 No evidence of erythema and swelling

1 Erythema and mild swelling confined to the tarsals or
ankle joint

2 Erythema and mild swelling extending from the ankle to
the tarsals

3 Erythema and moderate swelling extending from the ankle
to metatarsal joints

4 Erythema and severe swelling encompass the ankle, foot,
and digits, or ankylosis.

Results

The overall arthritis scores of the B7-H4-Ig treated CIA mice were
significantly lower than the scores for vehicle-injected CIA mice on days 33

and beyond as shown in Figure 3.
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Example 2: Therapeutic CIA Model

Methods and Materials

Figure 4 outlines a brief experimental design of the CIA therapeutic
study. DBA/1J mice were first immunized with chicken CII emulsified in
5  CFA. Twenty one days later, the mice were rechallenged with CII emulsified
in IFA and randomized into 2 groups. Group 1 (n=10) were IP injected with
300 pg of B7-H4-Ig, 3 times a week for 4 weeks. Group 2 (n=10) were
injected with vehicle. Mouse paws/joints were monitored and scored 3 times
a week. |
10 Results
As shown in Figure 5, B7-H4-Ig could significantly suppress arthritis
development. The overall arthritis scores of the B7-H4-Ig treated CIA mice
were significantly lower than the ones of vehicle injected CIA mice on days
38 and beyond.
15 Example 3: Treatment of CIA using human B7-H4-Ig
Materials and Methods
Animals
DBA/1 mice (Taconic Farms, Inc. DBA1B0)
Ear tag (National Band 1005-1)
20  Electric clipper (Oster)
Induction of CI4
Hooke Kit™ Chicken Collagen/CFA Emulsion (Hooke Laboratories EK-
0210)
Hooke Kit™ Chicken Collagen/IFA Emulsion (Hooke Laboratories EK-
25 0211
Treatment
B7-H4-1g
RPA110010
Synagis® (palivizumab, Medlmmune NDC# 60574-4112-1); used as a
30  human IgG; isotype control
Murine B7-H4-1g
Murine 1gGg, isotype control (BioXCell C1.18)
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Syringe, 3 mlL with Luer-Lok tip (BD 309585)
Needle, 27 gauge (BD 305109)
Amplimmune formulation buffer (10 mM sodium phosphate, pH 7.5, 8%
w/w sucrose, 0.01% polysorbate-80)
Serum Collection
Lancet, (Medipoint Goldenrod 4mm)
Microtainer® Serum Separator Tubes (BD 365956)

Induction of Arthritis

DBA/1 mice (10 per group) aged 7-9 weeks were used for the CIA
model. Mice from several vendors (Jackson Laboratories, Harlan
Laboratories, and Taconic Farms) were tested and it was determined that
Taconic mice are most appropriate for the CIA studies. Taconic mice
develop more consistent and severe disease symptoms and show continued
disease progression, while mice from the other vendors often show stable,
less severe disease, even in the absence of treatment. female (F) mice in
AA#79 and male (M) mice in AA#80, were tested to determine which gender
to use in future experiments. ‘

On the day before the study is initiated, the hair on the right flank of
each mouse was removed using an electric clipper. A metal identification tag
was placed on the right ear of each mouse. On Day 0, mice were immunized
with 100 pL of chicken collagen type II/Complete Freund’s Adjuvant
(CIVCFA) emulsion in the right flank. On Day 20, the hair on the left flank
of each mouse was removed using an electric clipper, and on Day 21, mice
were immunized with 100 pL of chicken collagen type I/Incomplete
Freund’s Adjuvant (CII/IFA) emulsion in the left flank. Pre-filled syringes
of CIVCFA and CIVIFA emulsion purchased from Hooke Laboratories were
used to ensure consistent dosing with and potency of the immunogen.

Disease Monitoring

Early arthritis symptoms, such as erythema and mild swelling,
usually appear on Day 21, and on Day 28, more severe symptoms such as
swelling in many digits and inflammation extending to the tarsal joint are
typically present. Each limb is evaluated for severity of arthritis symptoms
three times a week using a widely accepted arthritis severity score system,
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Disease Degree of Inflammation
Score
10 Normal paw with no evidence of erythema or swelling

1 Erythema of the paw

2 Erythema of the paw and mild swelling in one toe

3 Entire paw inflamed and swollen |

4 Erythema and severe swelling encompass the ankle, foot,
and digits, or ankylosis. If the paw is ankylosed, the
mouse cannot grip the wire top of the cage

PCT/US2010/047366

shown in Table 2. The scores from each of the 4 limbs are summed to yield

the disease score of each mouse.

Table 2 Scoring system for evaluation of arthritis severity in each limb

Treatment

A representative timeline for induction of disease and treatment in a
therapeutic murine CIA model is shown in Figure 6. This treatment regimen
is used for proof-of-concept studies. Regimens using fewer doses, less
frequent administration, and/or lower dosages may also be effective.
Treatment was initiated when the average disease score for the study animals
was greater than four. This corresponded to Day 29 in AA#79 and Day 24 in
AA#80. By waiting until animals are symptomatic, it was ensured that the
model is performed in a therapeutic rather than prophylactic mode.

Treatment groups are shown in Table 3.
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Table 3 AA#T9 and AA#80 treatment groups.
# ' _ _ Dosing
Group Treatment Dosing Regimen
Mice Level

3x weekly, 8

A 10 Vehicle
doses
1% weekly, 3

B 10 Murine IgG2a control 20 mg/kg
doses ‘
3x weekly, 8

C 10 Murine B7-H4-Ig 20 mg/kg
doses

Synagis® (human 1% weekly, 3
D 10 ynagis® (b Y 20 mg/kg
IgG1 control) doses

3x weekly, 8

E 10 B7-H4-Ig 20 mg/kg
doses
3% weekly, 8

F 10 RPA110010 20 mg/kg
doses

B7-H4-1g, RPA110010, and murine B7-H4-Ig proteins were
administered by intraperitoneal (IP) injection 3 times a week for a total of 8
doses. RPA110010 is an extracellular domain variant of B7-H4-Ig, SEQ ID
NO:126. Control murine and human IgG proteins were given once a week
for a total of 3 doses. B7-H4-Ig is cleared from circulation more rapidly than
conirol IgG, so different dosing schedules are used to compensate for this
difference. All proteins were diluted to the desired concentration (500 pg in
500 uL, or 1 mg/mL) with sterile PBS immediately before injection. Vehicle
control mice receive Amplimmune formulation buffer diluted 1:10 in PBS,
with an injection volume of 500 nul.

Serum Biomarker Analysis

In AA#80, serum samples were collected on Day 27, Day 34, Day 41
and Day 55 via the submandibular vein. Approximately 200 ul. of blood per
mouse was collected in Microtainer® serum separator fubes. Serum was
removed following centrifugation and stored at <-65 °C until analysis.

Selected serum samples were sent to Rules-Based Medicine (Austin,

TX) for quantitative immunoassay multi-analyte profiling of serum samples,
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with the goal of identifying biomatkers that could be used to monitor disease
progression and response to B7-H4-Ig treatment. Day 27, Day 34, and Day
41 sera from the three representative mice in the B7-H4-Ig group (tag #
3332, 3334, and 3338) and three representative mice in the Synagis® group
(tag # 3324, 3329, and 3330) were analyzed for levels of 58 analytes using
the RodentMAP v2.9 Testing Service.

Data from the Rules-Based Medicine analysis was analyzed using
Microsoft Excel and GraphPad Prism software. T-tests were performed to
compare the levels of each analyte in the B7-H4-Ig versus Synagis® treated
samples. No correction was made for multiple comparisons. Additionally,
correlation coefficients were calculated for each analyte versus disease score.

Results

Efficacy of B7-H4-1g in the CIA Model
As shown in Figures 7 and 8 and Tables 4A, 4B, 5A, 5B, 6, and 7, in both
AA#79 and AA#SO, mice treated with B7-H4-Ig and murine B7-H4-Ig had
lower disease scores than mice in the control groups, consistent with the
results of earlier studies. B7-H4-Ig shows superior efficacy in both studies,
and in AA#79 discase stabilization in the B7-H4-Ig group is sustained after
cessation of treatment. The RPA110010 variant was not effective in either
study.
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Table 6: AA#80 CIA disease scores

Study Day
Tag
# | 2022 2427|2931 | 34|36 |38 41 | 44
3291 4 | 315 {5 | 7 |10V12114]14]14] 13
3202 2 | 2| 4315|4910 9 ]10]1
3293 7 1 5| 7| 6| 816 | 8 |10]|10]10]10
g |3294] 3 314|556 6| 6| 6| 5] 6
32050 5 [ 4|5 |67 |8 |11 11]14]12
> 1329 4 | 5| 7|6 71919 110]12]|12]13
< 132097l 6 | 57 |9 |nRt1t]12|1113]12]1
329 3 | 4| 5|6 7181717198109
3299 3 1 3t 31 6|6 | 7| 8|7 110912
33000 1 | 3] 25V6 |67 171719169
3301 5 | 5 | 6 | 5| 8 [ 1113|1515 ] 16| 16
T332 5| 2| 5|51 51516 |8 |10]|10)11
5 3%3| 6 | 4| 5| 6|9 109 ]10]10}10]10
© (3304 7 14 67| 7|7 |10]l10]10]9!10
fén 33051 3 | 316 |6 6| 719 11]12]12]12
2 (3306 1 [ 45|65 7[6|7 8 9189
B 03307 4 [ 2 | 5[ 7 |11 [12]13]15] 161615
S (3308 2 1166|615 |61 7| 9113]13
M 13309 4 | 3 3 714 | 61| 5 716 |.9 | 8
3300| 5 | 4 | 5| 5| 6161 8| 7|7 110] 8
3311 3 | 4] 5| 3139|1211 ]r2]12l1
w1332 3 16 143 (3] 11313819109
T (3313 351614556 9 | 8 | 4
E 3314 8 | 8 [ 10| 7V 7| 8 L1011 |13 11]12
m3315) 2 | 3 |3 2 1 ]3 )2 8 | 6 | 8
E|3316] 3 | 5 | 83| 417 6|8 | 8|97
5 3317 4 | 6 i 6 | 7 | 7 | 7 11|12 121312
= 133181 1 ] 3|5 3|4 4|1 117 ]12]1
Il o0l 2122121109 10! 7
33200 3 | 5 | 6 | 4 | 4 718|719} 9]8
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Table 7: AA#80 CIA disease scores

Study Day
Tag
# 120022124 27|29 |31 |34 36 38 41 | 44
33200 2 | S0 3 | 71 4] 8 ! 8 | 11|10 14 ] 12
332 41 als| el 7817187 10]7
3323 6 | 8 | 8 | 8 11 |1t |11 ]13]12]13]13
z3324| 445247 0]nnl10][12]12
£13325] 4 | 5 [ s |6 | 6! 8 [10]10]11][12]10
@ 13326 1 | 2|6 | 455718 11]13]14
Ri33271 2| 4| 5] 6|5 |6 | 8716717
3328) 5 | 5| 6| 6| 5|6 6| 8| 81| 8| 8
3329 3 | 2 [ 5| 463|886 9] 7
3330 4 | 5 | 6 | 5 | 5| 6| 8| 8| 7| 10] 11
3331 4 | 4 | 4 |3 [ 2212131371 4]3
wl332l 214752123151 7017719 |1
3033332422131 21114]9]9n
334 3 [als5[ 31221455618
m3335] 3 34211 ]2]e6[3[09710
d (3336 4 [ 5] 5| 3|5 |4]s5]7716]/10
E 37 5 | 5 |4 |45 14671013
3338 5 | 5 | 5| 2] 2544309
13339 2 55| 21212151 4]3 ]9 11
3340 3 | 216 | 371718 | 1u1l12]13]13
33410 6 | 5 1 5| 6| 51 7|9 |12]10]12]12
3821 6 1 6 1 7176 |1 |13|1212]12]12
o 133431 3 0 41 514 s5s|1w0l13/12]13]13] 13
334444557 [12]16[16]16]16] 16
=335 4 | 3 5|3 246 4 4|7/ o0
513346 1 |3 |5 312 1213579 1]
Al33a7 a [ s s s a4l 757111312
= 13348 3 | 3| 5| s | 516|576 9|7
339 3 [ 4 [ 4224 [uulunl1t]nlig
3350 1 | 3] 5] 5] 9o 89788
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By Day 21 following CII immunization, most animals had begun to
develop inflammatory symptoms and the severity of disease continued to
progress through Day 45. B7-H4-Ig treated mice show a prolonged period of
stable disease scores, and in AA#79 this effect is maintained after treatment
is stopped. Disease scores are transiently stabilized in the murine B7-H4-Ig
treated animals during treatment (Day 29- Day 46 in AA#79 and Day 24-
Day 41 in AA#80) but quickly rebound. Disease progression in the control
treatment groups and RPA110010 all display a similar profile.

Serum Biomarker Analysis

Serum levels of several proteins were found to (;orrelate with disease
progression and/or differ between B7-H4-Ig and Synagis® treated mice, as
shown in Figures 9, 10, and 11, and described below. Figures 9 and 10 show
the Rules Based Medicine complete data set. Figure 11 shows the Rules
Based Medicine data analysis summary. Analytes are shaded if there is a
potentially significant difference (p less than 0.05) between Synagis® and
B7-H4-Ig treated groups at Day 27, Day 34, Day 41, or overall. Analytes are
also shaded if the correlation coefficient between the analyte and the clinical
score is less than 0.3. These markers may serve as objective measures of
disease severity and/or biomarkers for response to B7-H4-Ig treatment.

C-Reactive Protein (CRP)

CRP protein levels correlate with clinical score, as shown in Figure
12, however CRP levels are not significantly different between the two
groups. CRP is a commonly used clinical biomarker for inflammation and is
well accepted as a marker for RA disease activity. High concentrations of
CRP predict joint erosion. CRP has been used as a biomarker in a rhesus
CIA model, but is not commonly used as a biomarker in mouse. SAP,
described below, rather than CRP is considered the dominant acute phase
protein in mouse.

Endothelin 1 (ET-1)

ET-1 levels are significantly lower in B7-H4-Ig treated mice at Day
41 and overall, as shown in Figure 13. Endothelins act as potent
vasoconstrictors. Elevated plasma levels have been reported in RA patients.

ET-1 may also play a role in recruiting neutrophils to the synovium.
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Glutathione S-Transferase alpha (GST-0)
GST-u levels are undetectable in 7/9 serum samples from Synagis®-treated
mice, but detectable in 5/9 serum samples from B7-H4-Ig treated mice,
including 2/3 Day 34 samples and 3/3 Day 41 samples. GST-u is involved in

5 the detoxification of small molecules and elevated levels can indicate liver

toxicity. In all cases the levels detected were only slightly above the limit of
detection.

Interleukin-6 (IL-6)

IL-6 levels increase with disease score, as shown in Figure 14. The

10 highest levels are all in the Synagis® treated group, but the difference
between Synagis® and B7-H4-Ig groups did not reach statistical significance
in this study. An earlier study showed that treatment with murine B7-H4-Ig
decreases IL-6 levels in the CIA model.

Growth-related alpha protein (Gro- a)

15 Levels of Gro-a (also called chemokine (C-X-C motif) ligand 1,
CXCL1) increase with disease score. The highest levels are all in the
Synagis® treated group, but this does not reach statistical significance in this
study. Gro-a is involved in neutrophil chemotaxis and activation.

Monocyte Chemotactic Protein-1 (MCP-1)

20 Levels of MCP-1 (also called chemokine (C-C motif) ligand 2,
CCL2) are significantly lower in B7-H4-Ig treated mice at Day 41 and
overall, as shown in Figure 15. MCP-1 recruits monocytes, memory T cells,
and dendritic cells to sites of injury or inflammation. MCP-1 promotes
macrophage recruitment to the joints in RA, perpetuating inflammation. An

25  earlier study showed that murine B7-H4-Ig also decreases MCP-1 levels in
the CIA model. |

Monocyte Chemotactic Protein-3 (MCP~3)
Levels of MCP-3 (also called chemokine (C-C motif) ligand 7,
CCL?7) increase with disease score, and are significantly lower in B7-H4-Ig

30 treated mice at Day 41 and overall, as shown in Figures 16 and 17. MCP-3
is 74% identical to MCP-1. MCP-3 is a monocyte and T cell
chemoattractant.
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Macrophage Inflammatory Protein-2 (MIP-2)

MIP-2 (also called chemokine (C-X-C motif) ligand 14, CXCL14)
levels increase with disease score. Levels are significantly lower in B7-H4-
Ig treated mice than Synagis® treated mice at Day 41, as shown in Figure
18. MIP-2 is potent chemoattractant for neutrophils.

Serum amyloid protein (SAP)

SAP levels increase with disease score, but not significantly different
between B7-H4-Ig and Synagis treated groups. SAP is considered the major
acute phase protein in mice and a general marker of inflammation.

Tumor Necrosis Factor Alpha (TNF-a)

Levels are above the limit of detection in 5/9 serum samples from
Synagis® treated mice, but none of the sera from B7-H4-Ig treated mice, as
shown in Figure 19. TNF-a is a key mediator of RA disease activity. An
earlier study showed that treatment with murine B7-H4-Ig decreases TNF-a
levels in the CIA model.

In the data presented in Example 3, B7-H4-Ig shows strong efficacy
in murine models of CIA, and is able to stabilize disease scores compared to
vehicle and control IgG treated animals. B7-114-Ig appears to be more potent
than murine B7-H4-Ig in female and male DBA/1 mice, and induced a long
term protective effect in the female mice. The course of disease is slightly

different in the male and female mice. Human B7-H4-Ig is more potent than

~ its murine analog in the CIA model, while RPA110010 was not active in

AAHTY or AA#80. In the context of the murine Tyl7 differentiation assay,
B7-H4-Ig and RPA110010 have similar activity and murine B7-H4-Ig is
more potent. It is possible that the pharmacokinetic properties of these three
molecules differ. Further studies will be performed to assess the relative
activity of these molecules in vitro and in vivo.

Serum protein analysis performed by Rules-Based Medicine
confirmed earlier studies and provided new readouts for CIA model disease
progression and response to B7-H4-Ig treatment. The most promising
markers include CRP, ET-1, IL-6, MCP-1, MCP-3, MIP-2 and TNY-a.

The results of the serum biomarker study, as well as previously published

results suggest that B7-H4-Ig may affect neutrophil maturation and migration
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into the synovium (Zhu,G. ef al, Blood 113, 1759-1767 (2009), Azuma,T. ef
al., PLoS. Med. 6, €1000166 (2009)).
Example 4: B7-H4-1g Reduces Proinflammatory molecules

Methods and Materials

Plasma was collected on day 33 from mice treated as described in
Example 3 and analyzed for proinflammatory molecules, e.g. TNFa, IL6,
and chemokine (MCP-1) using the BD™ Cytometric Bead Array (CBA)
Flex Sets. |

Results

Data presented in Figures 20A, 20B, and 20C, respectively,
demonstrate B7-H4-Ig significantly reduced TNFa, IL6 and MCP-1
production in the treated CIA mice.

Example 5: B7-H4-Ig affects cytokine production and T cell
differentiation

Materials and Methods

Mice

BALB/c mice, DO11.10, and C57BL/6 mice were purchased from

Jackson Laboratory. SJL mice were purchased from Harlan. All mice were

maintained according to NIH guidelines. Mice used in the study were
between 6 and 9 weeks of age.

Other reagents

Mouse Control IgG: Rockland, #010-0102; CD4™ T cell negative
isolation kit: Miltenyi, #130-090-860; CD62L" positive selection magnetic
beads: Miltenyi, #130-049-701; CD25" T cell depletion: anti-mCD25-PE:
Miltenyi, #120-000-900, and anti-PE magnetic beads, Miltenyi: #120-000-
294 ; Dynabeads® Mouse CD3/CD28 T Cell Expander beads: Invitrogen, -
#11452D; Mouse Cytokine Kit: Millipore, MPXMCYTO-70K; 96-well flat
bottom: Costar, #3596; B-mercaptoethanol: Invitrogen, #21985-023; HL-1
media: Lonza #344017; OV As»3.330: ISQAVHAAHAEINEAGR (SEQ ID
NO:138) ; PLP3g.15:: HSLGKWLGHPDKF (SEQ ID NO: 139); PLP3p.151:
NTWTTCQSIAFPSK (SEQ ID NO:140); MOGs;.55:
MEVGWYRSPFSRVVHLYRNGK (SEQ ID NO:141); were synthesized;
MILLIPLEX™MAP: Millipore
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Table 8 lists detail information on cytokines and antibodies used for

in vitro T helper cell polarization.

Table 8 Cytokines and antibodies for in vitro T helper cell

polarization
Reagent Vendor Desired (per 100x Stock
(Cat#) well)
rIL-2 NCI 1.066 ng/mL 106 ng/mL
(human) ' (128 U/ml) (12800 U/mL)
Thl ril-12 eBioscience 4 ng/mL 400 ng/mL
cells (14-8121)
anti-1L-4 | eBioscience 1 pg/mL 100 pg/mL
{11B11) (16-7041)
rTGF-$ R&D 10 ng/mL 1000 ng/mL
human Systems
TGF-B1 (240-B-010)
IL-6 eBioscience 50 ng/mL 5000 ng/mL
(14-8061)
Th17 IL-23 eBioscience 4 ng/mL 400 ng/mL
cells (14-8231)
anti-IL-4 | eBioscience 1 pg/mi 100 ug/ml
(11B11) (16-7041)
anti-IFN-y | eBioscience I pg/mL 100 pg/mL
(16-7311)
anti-IL-2 | eBioscience 1 pg/mL 100 pg/mL
(16-7021)

Isolation of CD4*CD62L" naive T cells

Mouse splenocytes were first removed isolated from DO11.10 mice,

which express an MHC class 11 restricted T cell receptor specific for OVAz;.

530. Mouse CD4" T cells were purified using a Miltenyi CD4" T cell negative
isolation kit (Cat#130-090-860). Naive CD4" T cells were further purified
using the Miltenyi anti-CD62L positive selection magnetic beads (cat#130-

049-70

1.

In vitro Thi polarization

CD4TCD62L" naive T cells with or without CD25" T cells were

cultured in serum free HL-1 media in the presence of rIL-2 (1 ng/mL), rIL~

12 (4 ng/mL) and anti-IL-4 (1 pg/mL). Activity of murine B7-H4-Ig was
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Ig). Murine B7-H4-Ig was also assessed for activity on T cells activated non-
specifically or with antigen-specific stimulation. To provide murine B7-H4-
Ig in an immobilized format, 96-well flat bottom plates were first coated with
murine B7-H4-Ig, 100 ul per well at 1 pg/mL, and incubated at 37°C for 2
5  hours. To provide murine B7-H4-Ig in soluble form, murine B7-H4-Ig was
added to the tissue culture at 1 pg/ml. or as indicated in the brief describes of
the drawings and on the figures for dose dependent studies. For non-specific
antigen activation, Mouse CD3/CD28 T Cell Expander beads (Dynabeads®;
Invitrogen, Cat#11452D) were added into each well, at a 1:1 cell to bead
10 ratio. For OVA specific activation, splenocytes were first isolated from
Balb/C mice as antigen presenting cells (APC) followed by irradiation at
3000 rads for 45 minutes and then added into each well, ata 1:1, APC to
responder cell, ratio. OV As3.330 peptide was added into the culture at 20
pg/ml.
15 Invitro Thl7 polarization
CD4" CD62L" naive T cells with or without CD25" T cells were
cultured in serum free HL-1 media in the presence of rTGF-p (10 ng/mL),
IL-6 (50 ng/ml.), IL-23 (4 ng/mL), anti-IL-4 (1 pg/mL), anti-IFN-y (1
ug/mL) and anti-IL-2 (1 pg/mL). To provide murine B7-H4-Ig in an
20  immobilized format, 96-well flat bottom plates were first coated with murine
B7-H4-Ig, 100 ul per well at 1 ug/mL, and incubated at 37°C for 2 hours. To
provide murine B7-H4-Ig in soluble form, murine B7-H4-Ig was added to
the tissue culture at 1 ng/mk or as indicated in the brief description of the
drawings and on the figures for dose dependent studies. For non-specific
25 éntigen activation, Mouse CD3/CD28 T Cell Expander beads (Dynabeads®;
Invitrogen, Cat#11452D) was added into each well, at a 1:1 cell to bead
ratio. For OVA specific activation, splenocytes were first isolated from
Balb/C mice as antigen presenting cells (APC) followed by irradiation at
3000 rads for 45 minutes and then added into each well, ata 1:1, APC to
30 responder cell, ratio. OV Ajsz1.339 peptide was added into the culture at 20
pg/mL.
Proliferation Analysis
[*H]-Thymidine (1 pCi/well) was added into each well 24 hr post co-

incubation. Proliferation was determined by uptake of [’H]-thymidine
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detected at 48 hr post [*H]-thymidine addition using a Topcount Microplate
Scintillation Counter {Packard Instruments, Meridan, CT). Results are
expressed as the mean of triplicate cultures + SEM,

Cytokine Analysis

Supernatants were collected from plates without ["H]-Thymidine at
72 hr for cytokine analysis. Cytokine measurements were performed using
the Mouse Cytokine 10-Plex system (Millipore) and Luminex Liquidchip
analyzer (Qiagen, Valencia, CA) or ELISA.

Results

To demonstrate murine B7-H4-Ig bioactivity in vitro, B7-H4-Ig was
added in the T cell polarization culture. The ability of B7-H4-Ig to inhibit T
cell proliferation was determined by [H]-thymidine incorporation and
cytokine production via MILLIPLEX™MAP. In addition, the interaction
between B7-H4-Ig and Treg cells was evaluated by comparing the T cell
polarization culture outcome in the presence or absence of CD4"CD25" Treg
cells.

B7-H4-Ig treatment alters CD4" T cell activation and differentiation
under both Thl cell- and Th17 cell in vitro polarization culture conditions.
Mouse CD4"CD62L" T cells were first isolated from DO11.10 mice using
Miltenyi kits. As shown in Figure 21, naive CD4"CD62L" T cells activated
in the presence of Thl cell-promoting conditions in vitro (with IL.2, IL-12
and anti-IL4) in the presence of murine B7-H4-Ig significantly inhibited
mouse CD4"CD62L" naive T cell proliferation after stimulation with either
Dynabeads® Mouse CD3/CD28 T Cell Expander beads (anti-CD3-anti-
CD28) for non-specific stimulation, and also when naive CD4"CD62L" T
cells were activated in the presence of OV Asps.330 pulsed APC (APC/OVA).
Similar results were obtained when the CD4" T cells were activated under
both bead and APC activating conditions. Additionally, Figure 22 shows
that murine B7-H4-Ig significantly decreased the level of TFN-y produced
from mouse CD4"CD62L" naive T cells under these same conditions. In all
cases similar results were seen whether B7-H4-Ig was added in solution (Sol)
or bound (Plate) to plates.

It is believed that both MS and EAE are Thl cell/Th17 cell-mediated,

therefore, it was next determined if B7-H4-Ig was able to inhibit naive
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CD4"CD62L" T cell differentiation when activated in the presence of Th17
cell-promoting in vitro culture conditions. As shown in Figure 23, naive
CD4"CD62L" T cells were activated in the presence of Th17 cell-promoting
conditions in vitro (with rTGF-B, [L-6, IL-23, anti-IL-4, anti-IFN-y and anti-
5 IL-2). Murine B7-H4-Ig significantly inhibited mouse CD4 CD62L" naive
T cell proliferation after stimulation with either Dynabeads® Mouse
CD3/CD28 T Cell Expander beads (anti-CD3+anti-CD28) for non-specific
stimulation, or when naive CD4*CD62L" T cells were activated in the
presence of OV Aszs.a39 pulsed APC (APC/OVA). Similar results were
10 obtained when the CD4" T cells were activated under both bead and APC
activating conditions. Additionally, Figure 24 and 25, respectively, show
that murine B7-H4-Ig significantly decreased the level of IL-17 and TNF-a
_produced from mouse CD4"CD62L" naive T cells induced under these same
conditions Similar results were seen when B7-H4-1g was added in solution
15 - (Sol) or bound (Plate) to plates.
The above in vitro Th1/Th17 assay was repeated 3 times using B7-
H4-Ig from the same batch, which coﬁsistenﬂy demonstrated that B7-H4-Ig
inhibited Th1/Th17 cell proliferation and IFN-y and IL.17 production. B7-
H4-Ig has no impact on Th2 cells using the same target, naive CD4 CD62L*
20 T cells, under Th2 in vitro polaxiiation conditions: IL-2, IL-4, anti-IL.12 and
anti-IFN-y (Figure 26).
Identical in vifro bioactivity of murine B7-H4-Ig from different
batches has been demonstrated. As shown in Figures 27 and 28, B7-H4-Ig
from Lot#22 and Lot#23 resulted in similar inhibition of IFN~y and IL-17
25  production in a dose dependent manner under the Thl and Th17 ir vitro
polarization conditions, respectively. This data not only proves consistency
of the Th1/Th17 assay but also consistency of the B7-H4-Ig production
process.
Example 6: Human B7-H4-Ig inhibits mouse Th17 Cells
30 Materials and Methods
The human and mouse B7-H4 proteins are 95% hémologous. Human
B7-H4-Ig was tested for cross-reactivity with murine T cells. Naive CD4" T

cells were isolated as described above. Upon purification, murine naive
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CD4* T cells were polarized in the presence of IL-2, IL-12 and anti-IL4 for
Th1 cell-promoting conditions, or TGF-B, IL-6, TL.-23, anti-ILA4, anti-IFNy
and anti-IL-2 for Th17 cell-promoting conditions, as described in Example 5
for murine B7-H4-Ig in vitro bioactivity. Human B7-H4-Ig was directly
added into the culture at 0, 0.1, 1 or 10 pg/mL. Human Control IgG1l
(Synagis®) was added into the culture to bring the final protein
concentration to 10 pg/mL.

Results

Data presented in Figurés 29, 30, and 31 show human B7-H4-Ig cross
reacted with mouse naive CD4" T cells and blocked murine Th1/Th17
proliferation (Figure 29) in a dose dependent manner, which correlated with
reduced IFN-y production in Th1 cells (Figure 30) and IL-17 production in
Thi17 cells (Figure 31). The same results were obtained when using human
B7-H4-Ig from a different batch. '
Example 7: B7-H4-Ig affects Tregs

Methods and Materials

Depletion of CD4"CD25" T cells

CD4TCD25" Treg cells were depleted using anti-mCD25-PE
(Miltenyi Cat#120-000-900) and anti-PE magnetic beads (Miitenyi Cat#120-
000-294) prior to the CD62L positive selection. After depletion of
CD4'CD25 T cells, CD25/P3" cells were decreased from approximately
5% to 1%.

Resuits

CD4"CD25" Treg cells were optionally depleted (-CD25" T cells)

from DO11.10 mouse CD4'CD62L" naive T cell population prior to in vitro
Thy polarization in the presence of OVAsz3a39 peptide pulsed APC and B7-
H4a-1Ig.

Tt was found that the extent to which B7-H4-Ig decreased the level of
naive CD4"CD62L" T cell proliferation and cytokine production when
activated in the presence of either Tht cell- or Th17 cell-promoting
conditions was correlated to the age of the mouse from which the naive
CD4*CD62L" T cells were isolated. Initial selection for naive CD4"CD62L"
T cells was based upon negative selection for CD4" T cells followed by

positive selection for CD62L" cells via use of the AutoMax. Since the
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number of Treg cells present within a mouse increases with age and Treg
cells are CD4"CD62L CD25%, it was next determined if depletion of CD25*
cells, i.e., Treg and activated CD4" T cells, during the CD4" T cell negative

‘selection would alter the ability of B7-H4-Ig to inhibit naive CD4"CD62L" T

cell production of IFN-y when activated in the presence of Thl cell-
promoting conditions.

CD4'CD62L" naive T cells were first isolated from DO11,10 mice
and polarized to Th1 cells in the presence of rIL-2 (1 ng/mL), rIL-12 (4
ng/ml.) and anti-IL-4 (1 pg/mL), and stimulated with OV Asjs 330 pulsed APC
(APC/OVA). Murine B7-H4-Ig or Control IgG at various doses was added
directly to the culture. As shown in Figure 32A, depletion of Treg (open
circle) resulted in higher IFN-y production as compared to IFN-y levels when
Treg cells were present (solid circle). The B7-H4-Ig mediated decrease in
IFN-y production was dose dependent (open friangles), and the inhibition
was more profound in the presence of CD4'CD25" Treg cells (solid
triangle). Conversely, B7-H4-Ig increased 1L-10 production in a dose
dependent manner (solid triangles - Figure 32B).

The effect of depletion of CD4"CD25" Treg cells (-CD25" T cells)
from DO11.10 mouse CD4"'CDG62L" naive T cells prior to in vitre Th17
polarization in the presence of OV Aspa.asg peptide pulsed APC and various
amounts of murine B7-H4-Ig was also tested. CD4"CD62L" naive T cells
were first isolated from DO11.10 mice. CD4°CD25" included or depleted
cells (-CD25+ T cells) were polarized to Thi7 cells in the presence of rTGF—l
B (10 ng/mL), IL-6 (50 ng/mL), I1.-23 (4 ng/mL), anti-IL-4 (1 ug/mL), anti-
IFN-v (1 pg/mL) and anti-IL-2 (1 pg/mL), and stimulated with OVAs23339
pulsed APC (APC/OVA). Murine B7-H4-Ig or Control IgG at various doses
was added directly to the culture. As shown in Figure 33A, the depletion of
Treg (open circle) resulted in higher IL-17 production as compared to [L~17
levels when Treg cells were present (solid circle). The decrease in IL-17
production was found to be dose dependent (open triangles). The inhibition
was consistently higher when CD4"CD25" Treg cells were present (solid
triangle). In contrast, Figure 33B shows that murine B7-H4-Ig increased I1L-

10 production in a dose dependent manner (open triangles) and the increase
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in IL-10 was greater when CD4"CD25" Treg cells were present (solid
triangle).

In vitro B7-H4-Ig inhibits proliferation and differentiation of naive
OV Ass.a30-specific transgenic CD4* T cells into either Thl or Th17 cells
when stimulated with either OV A3z3.310-pulsed syngeneic APC or antigen
non-specific anti CD3/CD28 coated beads. Furthermore, B7-H4-Ig reduces
the level of IFN-y and IL.-17/TNFa produced by Thl cells and Th17 cells,
respectively. The reduction of IFN-y and [L-17 production was less
pronounced when CD4°CD25" T regulatory cells are depleted from the
purified CD4"CD62L" naive CD4" T cells. Most importantly, B7-H4-Ig dose
dependently increases IL-10 production during Th1/Th17 polarization when
CD47CD25" T regulatory cells are present. These data show that B7-H4-1g
may act in part upon Treg cells to upregulate IL-10 expression and inhibit
Thl and Th17 effector differentiation and function.
Example 8: B7-H4-Ig promotes iTreg induction

Materials and Methods

In vitro induction of iTreg cells

CD4"CD62L" naive T cells were first labeled with CFSE (5 uM) for
10 min at room temperature. The dye was quenched by the addition of 0.5
volumes of ice-cold fetal calf serum. The cells were incubated on ice for 5
min followed by centrifugation to collect the cell pellet. The cells were
washed 2 more times in HL-1 culture media. The cells were then cultured in
the presence of TGF-$ (10 ng/mlL) and IL-2 (IO; 50, 100 U/mL) for 3 days
before intracellular staining with anti-FoxP3 APC. FACS analysis was
conducted to detect the FoxP3", in vitro expanded iTreg cells.

Results

The above findings suggest that B7-H4-Ig induces naive
CD4'CD62L" T cells to differentiate toward a Treg cell phenotype and/or
directly enhances Treg cell function. Therefore, it was next examined if B7-
H4-Ig treatment of naive CD4"CD62L" T cells in the presence of inducible
Treg (iTreg) cell-promoting conditions would results in an increase in the
numbers of CD4*CD25 FoxP3" iTreg cells. First the in vitro iTreg induction
culture conditions were optim'ized to allow for experimental conditions to

assess what additional effect, if any, B7-H4-Ig has on iTreg induction. CD4"
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T cells were isolated from female SJL mice. Purified mouse CD4"CD62L" T
cells were first labeled with CSFE and induced to iTreg cells in the presence
of TGF-B (10 ng/mL) and IL-2 at concentrations of 0, 50 or 100 U/mL.
FACS analysis was performed 3 days later to detect FoxP3 expression and
CFSE content. A FoxP3 positive and CFSE diluted cell population was
detected when using 100 U/mL of IL-2 for iTreg differentiation. The size of
this cell population decreased when using less IL-2.

To assess the role of B7-H4-1g in iTreg differentiation, the
suboptimal iTreg conditions (10 ng/mL of TGF-B and 50 U/mL of IL-2),
were used. This was done so that if B7-H4-Ig did in fact induce an increase
in the percentage of CD4"CD25 FoxP3" cells, it would be clear that the B7-
H4~ig-induced increase was not masked by the TGF-p/IL-2 effect. FACS
analysis of staned cells revealed naive CD4'CD62L" T cells were induced to
express FoxP3 and CD25 in vifro, i.e., iTreg, when the naive CD4"CD62L"
T cells were activated in the presence of suboptimal iTreg cell-promoting
condition, 10 ng/mL of TGF-B and 50 U/mL of IL-2. Different amounts of
murine B7-H4-Ig (0, 1, 5 or 10 pg/mL) were added. B7-H4-Ig increased the
percentage of FoxP3"CD25" iTregs in a dose-dependent manner with the

highest percentage of FoxP3'CD25" T cells induced when the naive

CD4"CD62L" T cells were activated in the presence of 10 pg/ml of B7-H4-

Ig. In contrast, when naive CD4"CD62L" T cells were activated in the
presence of 10 pg/ml control IgG, no increase in FoxP3"CD25" iTregs was
seen.
Example 9: B7-H4-Ig modulates CD4" T cell activation and nTreg
suppression function

Materials and Methods

In vitro suppression assay

Spleens and lymph nodes were harvested from 10 FoxP3-GFP mice
on a B6 background. Cells were made into a single cell suspension, and a
total of 1.76 x 10° cells were collected. 1 x 10° cells were set aside to be
irradiated for APCs in the assay. Naive CD4" T cells were purified from the
rest of the cells as described above. A total of 6.2 x 10® naive CD4" T cells
were collected. 5 x 107 cells were set aside to be effector T cells in the

experiment. The remainder of the cells (5.7 x 10%) were stained with anti-
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CD4 PE-Cy7, and the PE-Cy7"/GFP” cells were sorted via MoFlo. A total of
4 x 10° nTreg (CD4"/FoxP3") cells were collected from the MoFlo at 99%
purity. The suppression assay cultures were set up with 1 x 10° effector T
cells + 1 x 10° irradiated APCs + aCD3 (1 pg/mL) at a final volume of 200

-ul in a round bottom plate. The culture wells also received various ratios of

nTreg cells: B7-H4-Ig.

Results |

To further determine the effect of B7-H4-Ig on Treg cell function, an
in vitro Treg suppression assay using natural Treg (nTreg) cells purified from
B6/FoxP3-GFP mouse spleens and lymph nodes was conducted. In this
transgenic mouse, the GFP transgene is under the regulation of the FoxP3
specific promoter, allowing the detection of nTreg cells expressing the
endogenous FoxP3 by green fluorescence.

nTreg cells (CD47/CD62L " /FoxP3-GFP") were isolated from
B6/FoxP3-GFP mice by MoFLo sorting. Naive GFP™ T cells
CD4/CD62L FoxP3-GFP") were used as responder cells. Increasing
numbers of the nTreg cells were added to constant numbers of naive
CD4TCDE2L" T cells, irradiated splenocytic APCs, and anti-CD3 (Figure
34). As shown in Figure 35, various responder:nTreg ratios were employed
using a fixed responder cell number (1 x 10°) with increasing Treg cells (0,
125 x10% 2.5 x10% 5 x10%, 1 x10°, 2 x 10°) resulting in ratios of
1:0, 1:0.12, 1:0.25, 1:0.5, 1:1 and 1:2 fixed responder/nTreg. Various
amounts of B7-H4-Ig (0, 1, 5, or 10 mg/mL) were added to the suppreésion
assays and responder cell proliferation was assessed by [*H]-thymidine 3
days later.

As shown in Figure 35, in the absence of nTreg cells (ratio at 1:0)

B7-H4-Ig suppressed CD4™ T cell activation and proliferation in a dose

dependent manner. In the absence of B7-H4-Ig (closed circles), nTreg
prevented CD4" T cell activation, also in a dose dependent fashion. At the
ratio 1:2 (1 responder : 2 nTreg), nTreg cells almost abolished CD4" T cell
activation. Significant suppression was observed when both nTreg and
murine B7-H4-Ig were present. At the 1:0.12 and 1:0.25 ratios of T cell
responder : nTreg no suppression was detected in the absence of murine B7-

H4-1g. However, 5 or 10 pg/mL of B7-H4-Ig completely blocked anti-CD3
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induced T cell activation. In the absence of B7-H4-Ig, suppression increased
only in the presence of more nTreg, ratios of 1:0.5, 1:0, 1:1 and 1.2
responder/nTreg.
Example 10: B7-H4-Ig modulates the induction and progression of
5  disease in the PLP 3015 peptide induced relapsing-EAE (R-EAE)
Methods and Materials
PLP induced R-EAE model
For PLP;39.151-induced R-EAE, 6- to 7-wk-old female SJL mice were

immunized s.c. with 100 pL of an emulsion containing 200 pg of M

10 tuberculosis H37Ra and 50 pg of PLP30.151 (HSLGKWLGHPDKF) (SEQ
ID NO:139) distributed over three spots on the flank. Individual animals
were observed daily and clinical scores assessed in a blinded fashion on a 0

5 scale as shown in Table 8 (Miller, et al., Curr, Protocols Immulo., Chapter

12, Unit 15.1). Unless otherwise mentioned, all mice were age and sex-
15  matched for all experiments.

Figure 36 shows a typical B7-H4-Ig treatment regimen. Mice were
randomly divided into four groups. For the disease prevention model, B7-
H4-Ig or control IgG at 3mg/kg was injected intraperitoneally (i.p.) on the
same day as PLP)ag.;5; priming. For the therapeutic model, B7-H4-Ig or

20  control IgG at 3mg/kg was given i.p. beginning on approximately Day 21
post PLP)30.15: priming. In both cases, B7-H4-1g was administrated, 3 times a

week, for 2-4 weeks.

Delayed-Type Hypersensitivity (DTH) Responses
DTH responses were quantitated using a 24 hr ear swelling assay as

25  previously described. Pre-challenge ear thickness was determined using a
Mitutoyo model 7326 engineer’s micrometer (Schlesinger’s Tools,
Brooklyn, New York). Immediately thereafter, DTH responses were elicited
by injecting 10 pg of peptide in 10 uL of PBS into the dorsal surface of the
ear using a 100 pL Hamilton syringe fitted with a 30 gauge needle. The

30  increase in ear thickness over pre-challenge measurements was determined
24 hr after ear challenge. Results are expressed in units of 107 inches +
SEM. Results are expressed as the change in ear thickness in units of 104

inches = SEM. The measurements were carried out independently by 2
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investigators who did not know the identity of the experimental groups.
Significance of ear swelling in murine B7-H4-Ig treated mice over Control
IgG injected mice was assessed by the Student’s £ test.

In Vitro Antigen-Specific Recall Responses

Draining lymph nodes (axillary, brachial, and inguinal) were
harvested, and single cell suspensions were obtained by mashing through
sterile 60-mesh wire screens. In 96-well microtiter plates, 5 x 10°
erythrocyte-free (Tris-NH4Cl-treated) lymph node cells per well were
incubated in supplemented culture medium with or without antigen at 37°C
in 7% CO; for 24 hr and then pulsed with 1 uCi/well of [°H]-Thymidine for
the final 48 h of culture. Proliferation was determined by uptake of [°H]-
Thymidine detected using a Topcount Microplate Scintillation Counter
(Packard Instruments, Meridan, CT). Results are expressed as the mean of
triplicate cultures from individual animal + SEM. Supernatants were
collected at 72 hr for cytokine analysis. Cytokine measurements were
performed using the Mouse Cytokine 10-Plex system and Luminex
Liquidchip analyzer (Qiagen, Valencia, CA) or ELISA.

Results

T cells specific for the inducing epitope (PLP139.151 peptide) in the
PLP R-EAE animal model, cause acute CNS damage resulting in induction
of T cell responses to endogenous encephalitogenic myelin ebitopes, which
are exposed to the immune system as a result of the initial acute damage.
This progression of the relapsing-remitting disease course in R-EAE has
been shown to be mediated by de nove activation of naive T cells specific for
PLPi73.101 peptides, a process known as epitope spreading. During the
disease course of R-EAE mice develop an ascending paralytic demyelinating
disease characterized by a relapsing-remitting clinical course, which is a
validated model for MS (Miller, et al., Curr Protoc Immunol., Chapter
15:Unit 15.1 (2010)). .

To determine the therapeutic benefit of B7-H4-Ig, murine B7-H4-Ig
was tested in the PLP30.151-induced R-EAE mouse model both for
prevention of disease (treatment begun on the same day of disease induction)
and therapeutic intervention (treatment begun during the disease remission)

settings (Figure 36). In both cases the disease course was followed for about
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2 months to assess clinical disease following the grading system shown in
Table 9.

Table 9: Grading System for Clinical Assessment of EAE
Score Clinical Signs '

0  Normal mouse; no overt signs of disease

Limp tail® or hind limb weakness® but not both
Limp tail® or hind limb weakness"

Partial hind limb paralysis®

Complete hind limb paralysis®

wn &= W M

Moribund state; death by EAE: sacrifice for humane reasons

“Limp tail: complete flaccidity of the tail, and absence of curling at
the tip of the tail when mouse is picked up.

*Hind limb weakness: observed as a waddling gait, the objective sign
being that, in walking, mouse’s hind limbs fall through the wire cage tops.

“Partial hind limb paralysis: mouse can no longer use hind limbs to
maintain rump posture or walk but can still move one or both limbs to some
extent.

dComplete hind limb paralysis: total loss of movement in hind limbs;
mouse drags itself only on its forelimbs. Mice at this stage are given food on
the cage floor, long sipper tubes, and daily subcutaneous saline injections to

prevent death by dehydration.

This was done along with monitoring DTH responses and in vitro
recall responses to spread epitopes by assaying for cytokine secretion
following ex vivo stimulation of T cells with peptides.

B7-H4-Ig Prevents Relapsing Disease in the R-EAE Model

Female SJL mice were first immunized with PLP139-151 peptide
emulsified in CFA and then randomized into 2 groups for either prevention
or therapeutic treatment. For each treatment regimen there were 2 subgroups,
with one subgroup receiving Control IgG and the other subgroup receiving
murine B7-H4-Ig. Both Control IgG and murine B7-H4-Ig were given at 3
mg/kg, 3 times a week for 4 weeks. Prevention treatment (Figure 37) means

that murine B7-H4-Ig or Control IgG was administered starting on the day at
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PLP immunization (r=0). Therapeutic treatment (Figure 38) means that
murine B7-H4-Ig or Control IgG was administered beginning on Day 21
(t=21). The data is presented as the mean clinical score over the 55 day time
course with 5 mice per group, and the clinical scores and injection were

5 conducted double blinded. _

' The data presented in Figures 37 and 38 show the clinical scores for
murine B7-H4-1g versus control IgG in both the preventative and therapeutic
treatment regimens. The data shows that murine B7-H4-Ig decreased and/or
prevented R-EAF disease relapse with both treatment regimens. The clinical

10 scores on the control IgG injected R-EAE mice averaged 1.5 to 2.5, versus 0
~ 0.5 for B7-H4-Ig treated animals. The difference between the murine B7-
H4-Ig treated mice and Control IgG injected mice was significant.

B7-H4-Ig prevents epitope spreading
To determine the effect of B7-H4-Ig on blocking CD4" T cell

15  mediated activity specific for the primary myelin-derived epitope PLP130.151
and epitope spreading, peptide-specific responses in vivo via DTH on all 4
treatment groups were analyzed. Mice were ear challenged with 10 ug of the
indicated peptides on Day 50, and swelling was measured 24 h later. Ear
swelling was evaluated and plotted in Figure 39 (*DTH response

20  significantly less than Control IgG injected mice, p less than 0.01). The
present data show that murine B7-H4-Ig treatment significantly reduced the
response to the dominant epitope PLP139.151 with treatment starting on Day 0,
and no inhibition of the PLP30.151 response if murine B7-H4-Ig treatment
was begun on Day 21. In contrast, the response to the spread epitope PLP75.

25  j91-specific response was significantly reduced when murine B7-H4-Ig
treatment was started on both Day 0 and Day 21.

B7-H4-Ig reduced PLP 75.19; specific T cell proliferation
Lymph nodes were isolated from the murine B7-H4-Ig and Control
IgG injected EAE mice as described above. T cells were harvested and were

30  elicited with PLP}s0.151, the disease inducing dominant epitépe, and PLP7s.
101, the spread epitope-specific peptide, in vitro. [3H]-thymidine was added to
the in vitro stimulation assay to analyze T cell proliferation. In vifro peptide
recall stimulation assays show that both murine B7-H4-Ig treatment

regimens reduced PLP17s.101-specific (the spreading epitope) T cell
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proliferation in vitro (Figure 40, *[*H]-thymidine incorporation significantly
less than Control IgG injected mice, p less than (0.01). There was no
significant difference in PLP39.151-specific (the primary peptide) T cell
proliferation.
5 B7-H4-Ig down regulated PLP 39.15; and PLP 175.19; specific T cell
response
Lymph nodes were isolated from Control IgG and murine B7-H4-
Ig treated mice as described above. T cells were harvested and immune
responses were elicited with PLP130.151, the disease inducing dominant
10 peptide, and PLP;7s.101, the spread epitope peptide, in vifro. Supernatant
was collected and analyzed for IFN-y via commercially available ELISA
kit.
The above experiments clearly show that B7-H4-Ig impacted the
relapsing disease. DTH analysis (Figure 39) and IFN-y production as
15 measured in ex vivo T cell recall studies using the PLP;30.15; peptide (Figure
41, *IFN-y production significantly less than Control IgG injected mice, p -
less than 0.01) demonstrate B7-H4-Ig specific inhibition of immune response
to PLP39.151 peptide when B7-H4-Ig was administered on Day 0, suggesting
B7-H4-Ig may affect the acute disease phase.
20 B7-H4-Ig prevents epitope spreading
To clarify the effect of B7-H4-Ig on the EAE acute phase, a 2" in
vive experiment was conducted in the PLP;39.151 induced R-EAE model.
DTH responses in murine B7-H4-Ig and Control IgG injected EAE mice
were assayed as described above. Mice were ear challenged with 10 pg of
25  PLPi30.151 on Day 10, and swelling was measured 24 h later. In this study,
two different doses of B7-H4-Ig were given to SJL mice (n=10 per treatment
group) on Day 0, at 60pg (3 mg/kg) or 300 pg (15 mg/kg). After 5 injections
of B7-H4-Ig, on Day 10 post disease induction, five mice were used for DTH
analysis followed by ex vivo T cell antigen recall analysis. As shownin
30  Figure 42 (*DTH response significantly less than Control IgG injected
mice), when B7-H4-Ig was given on Day 0, both 3 mg/kg (60 pg) and 15
mg/kg (300 pg) doses significantly inhibited the immune response to the
inducing PLPi30.15; peptide as measured by the DTH response to PLPy39.151
peptide veréus OV Asz3.330 peptide (negative control).
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Draining lymph nodes were harvested from the animals, and single
cell suspensions prepared as described above and reactivated in vitro in the
presence of anti-CD3 (0.1-10 pg/mL), PLP139.451 (1-20 pg/mL), or OVAsp3.
339 (1-20 pg/mL). T cell proliferation in vitro was analyzed by *H]
thymidine incorporation. Figure 43 (* [’H]-thymidine incorporation
significantly less than Control IgG injected mice, p less than 0.01) shows
robust T cell proliferation with cells from both Conirol IgG and B7-H4-Ig
injected mouse groups when stimulated with anti-CD3, while the negative
control peptide, OV Asz3.330, did not elicit any response. In contrast, T cells
from B7-H4-Ig injected groups, at both 3 and 15 mg/kg doses, showed little
to no response to PLP}30.151 peptide stimulation. Both the DTH response and
the ex vivo T cell proliferation upon primary PLP130.151 peptide recall
demonstrate that B7-H4-Ig protects against the EAE acute phase in addition
to its clear effect on relapsing disease.

Example 11: B7-H4-Ig blocks pathogenic CD4" T cell infiltration and
promotes accumulation of Tregs

Materials and Methods

Immunochemical Staining

Mice were anesthetized with nembutal and perfused with phosphate-
buffered saline (PBS). Brains and spinal cords from each mouse were frozen
in OCT (Miles Laboratories; Elkhart, IN) in liquid nitrogen. Tissue from the
lower lumbar region of the spinal cord was sectioned at 6 um on a Reichert-
Jung 1800 cryotome and mounted on Superfrost Plus electrostatically
charged slides. Cross-sections (10 pm thick for brains and 6 pm for spinal
cords) from longitudinal sections of brain and spinal cord were performed.
Tissues were stained with biotin-conjugated antibody to mouse CD4, PLP
and FoxP3. Positive staining of biotinylated antibodies was visualized by a
Tyramide Signal Amplification (TSA) Direct kit (NEN, Boston, MA)
according to manufacturer’s instructions and fluoroscein anti-mouse IgG
(Vector Laboratories). Sections were counterstained with 4,6-diamidino-2-
phenylindole (DAPI; Sigma-Aldrich) and then coverslipped with
Vectashieldmounting medium (Vector Laboratories). Slides were examined

and images were acquired via epifluorescence using the SPOT RT camera
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(Diagnostic Instruments, Sterling Heights, MI). Sections from each group
were analyzed at 40 or 100x magnification.

Results

The in vitro iTreg induction study with B7-H4-Ig provides evidence
that B7-H4-Ig promotes iTreg differentiation (Example 8). Using purified
nTreg cells from FoxP3-GFP transgenic mice in the in vifro suppression
assay, a decrease in activation and proliferation of CD4" T effector cells by
B7-H4-Ig was demonstrated (Example 9, Figure 35). The addition of B7-H4-
Ig to the suppression assay in the presence of low numbers of nTreg cells has
a significant effect on blocking effector T cell activation and proliferation in
vitro.

The effect of B7-H4-Ig treatment on the number of Treg cells in vivo
was analyzed in this study. The effect of B7-H4-Ig on the number and
phenotype of CD4" T cells infiltrating into the CNS following B7-H4-Ig
treatment, the relevant site for activity in vivo, was determined. As shown in
Figure 44, SLJ mice (10 mice per groups) were immunized with PLP130.151
following the standard protocol to induce R-EAE disease. SJL mice were
first immunized with PLP}30.15; peptide. B7-H4-Ig treatment started during
remission (Day 23). Mice received mouse Control IgG, 100 pg, or B7-H4-Ig
at either 60 or 300 pg, 3 times per week for 2 weeks or 4 weeks. Half of the
animals (5 mice from each group) were euthanized on Day 35, after 6 doses
of B7-H4-Ig. The rest of the animals (5 mice from each group) were
euthanized on Day 50, after 12 doses of B7-H4-Ig. Mouse spieené, draining
tymph nodes, spinal cords and brains were collected, tissues were made into
a single cell suspension and counted via the use of a hemocytometer, and
analyzed for the presence of effector/memory CD4" T cells (CD4°CD44")
and Treg cells (CD4"CD25FoxP3"). Whole cerebellar and lumbar spinal
cord tissue samples were snap frozen and processed as described above to
analyze the number of CD4" and FoxP3" cells present within the CNS by
histology.

As demonstrated in Figures 45A, 45B, and 45C, treatment with
murine B7-H4-Ig showed a trend toward increasing numbers of CD4" T cells

in the spleens (45A) and the draining lymph nodes (45B), and in contrast a
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decrease in the total numbers of infiltrating CD4" T cells within the CNS
(45C) after 6 treatments.

Cells isolated from spleen, draining lymph node and also lumbar
spinal cord were stained for CD4, CD44 and FoxP3 followed by FACS
analysis to obtain the number of total CD4" T cells, Treg (CD4"/Foxp3”) and
effector/memory CD4" T cells (CD47/CD44"). The data is presented in
Figures 46A, 46B, and 46C as the mean number of cells for each phenotype
from individual mouse. When the number of Treg (CD4"/FoxP3") cells was
calculated, B7-H4-Ig treatment remarkably increased the number of Treg
cells within the spleen (46A) and lymph node (46B), suggesting the increase
in the CD4" T cell population was due in part to the increase of Treg cells.
B7-H4-Ig treatment also decreased effector/memory T cells (CD4/CDA44")
within the CNS when compared to Control IgG treated mice (46C). Similar
data was obtained after the full course of 12 treatments. Figures 46A, 46B,
and 46C also reveals that while there were fewer CD4" T cells infiltrating
into the CNS, the amount of Treg cells in the CNS appeared constant (46C),
indicating that B7-H4-Ig altered the ratio of Treg cells to total CD4" T cells
within the CNS. Indeed, as shown in Figure 47, the percentage of Treg cells
among CD4" T cells was significantly higher in the CNS from B7-H4-Ig
treated mice compared with CNS from Control IgG injected mice.

The level of demyelination via anti-PLP staining in control IgG and
B7-H4-Ig treated mice was also analyzed. The results indicate that there is
not a significant, detectable difference in the level of PLP staining between
groups, i.e., no significant difference in the level of demyelination.
However, the T cell infiltrates into the CNS were also examined
histologically, by staining and counting the total number of CD4" T cells,
and FoxP3" cells in cross section samples taken from the lumbar spinal cord.
Histological data correlates with the flow cytometric analysis with regard to
the total number of CD4" T cells and the number of FoxP3" Treg cells
present. The histology data is in line with the FACS data in demonstrating
that B7-H4-Ig treatment increases the number of FoxP3" cells within the
CNS. It also shows that the FoxP3" cells are co-localized with effector CD4"
T cells within the CNS, aIiowing them to exert their suppressive effect on
pathogenic T cells.
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Overall the data clearly demonstrate that B7-H4-Ig treatment
favorably alters the ratio of Treg cells to total CD4" T cells within the CNS,
and is consistent with the proposed mechanism of action which suggests that
B7-H4-Ig treatment both inhibits CD4+ T cell activation and increases Treg
cell function and/or numbers. Similar findings were achieved after the full
12 doses (Day 50 post disease induction,).

The impact of B7-H4-Ig treatment on epitope spreading was also
examined. To do so, spleens and draining lymph nodes were collected from
the same mice that were analyzed for the number and phenotype of CD4™ T
cells. SJL mouse were immunized with 50 pg of PLP30.15; peptide
emulsified in CFA. Mice were treated B7-H4-Ig during remission: 60 or 100
ug per dose, 3 doses/wk, for 2 weeks (6 doses). On Day 35 total splenocytes
and lymph node cells (5x10° cells per 200ul culture) were activated in
separate wells per mouse in the presence of anti-CD3 (1ug/ml), PLPj50.51 or
PLP178.101 (20 pg/mL). At 24 hours following the initiation of culture, 1 uCi
of *[H] tritiate thymidine was added to each well and wells were analyzed at
72 hours post the initiation of culture. This presented as the mean CPM. As
shown in Figures 48A and 48B, treatment of mice with B7-H4-Ig decreased
the proliferative response to both PLP39.151 and PLPy73.101. Therefore, B7-
H4-1g treatment during remission of ongoing R-EAE in SJL mice appears to
decrease epitope spreading via an increase in the number of Treg cells. The
mean clinical score of this study presented in Figure 49 show that B7-H4-Ig
at both 3 mg/kg (60 pg/dose) and 15 mg/kg (300 pg/dose) doses significantly
prevented the primary relapsing. The higher dose appears more efficacious to
lower the disease score at later time points (beyond Day 42 post disease
initiation).

Example 12: In vivo bioactivity of human B7-H4-lIg in PLP induced R-
EAE model

Human B7-H4-Ig was also tested for its therapeutic efficacy in the
PLPi3s.151-induced R-EAE mouse model. SJL mice were first immunized
with PLPy39.151 peptide. Female SJL mice were first immunized with PLP30.
151 peptide emulsified in CFA and on Day 23 randomized into 3 groups. One
group received control human IgG1 (Synagis), at 5 mg/kg (100 pg), 3 times
a week for 4 weeks. The other 2 groups were given B7-H4-Ig at 5 or 25

143



WO 2011/026122 PCT/US2010/047366

16

15

20

25

30

mg/kg, 3 times a week for 4 weeks (Figure 50). The disease course was
followed for approximately 2 months to assess clinical disease following the
grading system shown in Table 9 and long-term relapse rate as described
above.

As shown in the Figures 51A and 51B, at two different dosing levels,
5 or 25 mg/kg, human B7-H4-Ig inhibited the primary disease relapse as
determined by a reduction of mean clinical score (51A) and reduction in
long-term relapse rate (51B). The higher dose (25 mg/kg) appears to result in
a lower mean clinical score (51A); however, there was no difference in the
relapse frequency between the low dose and high dose groups (51B); both
doses were equally as effective in preventing relapsing episodes.

The data presented in Examples 5-12 show the highly effective and
reproducible, therapeutic efficacy of B7-H4-Ig treatment in PLP;39.15-
induced relapsing-remitting EAE (R-EAE). In addition, the bioactivity of
B7-H4-1g was determined both in vive and in vitro. The data show that
murine B7-H4-Ig inhibited proliferation and differentiation of naive OV Aap;.
139-specific transgenic CD4" T cells stimulated in Th1 and Th17 lineage
driving conditions in vitro. B7-H4-Ig also decreased the level of IFN-y and
IL-17 produced by Th1 cells and Th17 cells, respectively. The reduction of
IL-17 skewing was less pronounced when CD4"CD25" T regulatory cells
were depleted from the AutoMax-purified CD47CD62L" naive CD4™ T cells,
which in turn suggested that B7-H4-Ig also acts directly upon Tregs to
inhibit Th17 effector differentiation and function. The effect of murine B7-
H4-Ig on induction of inducible regulatory T cells (iTreg) in vifro using
naive CD4" T cells expanded in the presence of suboptimal concentrations of
TGF-B and IL-2 for the induction of iTreg differentiation was also tested.
The data showed that B7-H4-Ig enhances the differentiation of naive CD4" T
cells toward an iTreg phenotype in a dose-dependent manner as determined
by FACS analysis of the FoxP3*/CD25" cell population. Thus, B7-H4-Ig
simultaneously targets multiple key pathogenic, inflammatory pathways
involved in MS and other autoimmune diseases and further suppresses
inflammation by inducing Tregs. This is the first direct evidence that B7-

H4-Ig promotes iTreg induction. Coupled with its effects on Thi and Th17
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cell differentiation, this distinguishes B7-H4-Ig from all other drugs being
developed for MS.
B7-H4-Ig was further tested for its ability to modulate the
suppressive function of Tregs in an in vi'tro suppression assay. Natural Treg
5 (nTreg) cells were purified from FoxP3-GFP transgenic mice using a MoFlo
cell sorter to obtain CD4"/FoxP3-GFP" nTreg cells. CD4"/GFP™ T responder
cells were stimulated with an anti-CD3 antibody in the presence or absence
of CDA4"/GFP" nTreg cells and murine B7-H4-Ig. In the absence of nTreg
cells, B7-H4-Ig inhibited CD4" T cell activation and proliferation in a dose-

10  dependent fashion, confirming previous findings. In the absence of murine
B7-H4-Ig, nTreg cells prevented CD4" T cell activation and proliferation in a
cell number dependent manner. However, a significant increase in the level
of immune suppression of responder CD4'/GFP™ T cells was observed when
both nTreg and B7-H4-Ig were present. The above in vifro analysis of B7-

15  H4-Ig supports the model that B7-H4-Ig not only blocks naive CDA" T cell
activation and inhibits the differentiation of naive helper T cells into pro-
inflammatory Th1 and Th17 subsets, but also enhances naive CD4" T cell
differentiation into iTreg.

The ability of B7-H4-Ig to modulate the induction and progression of

70 R-EAE in vivo was also tested. In the 1% in vivo study, the initiation of B7-
H4-Ig treatment on the day of PLP139.151/CFA peptide priming did not affect
disease symptoms during the acute phase of R-EAE, but inhibited the
primary disease relapse as determined by a significant reduction in mean
clinical score and DTH responses to the spreading PLP175.191 epitope.

25  Likewise, initiation of B7-H4-Ig treatment during disease remission (Day 21
post disease induction) significantly reduced the severity of disease relapse
concomitant with inhibition of T cell responses to the spreading PLP17s.191
epitope. In a repeat R-EAE study, in contrast to the first in vivo study, B7-
H4-Ig treatment starting on the day of PLPy39.151/CFA peptide priming was

30  shown to affect the disease symptoms during the acute phase of R-EAE.
Subsequently, it was demonstrated that murine B7-H4-Ig increased Treg cell
number in the periphery of treated mice. B7-H4-Ig blocked pathogenic CD4"

T cell infiltration into the CNS and increased the percentage of protective
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Tregs in the CNS of R-EAE mice. This may explain the effect of B7-H4-Ig
on both the primary and relapsing state of disease.

Human B7-H4-Ig was tested both in vifre and in vivo. Results from in
vifro bioanalysis show that human B7-H4-Ig cross-reacted with murine naive
CD4" T cells and that it blocked murine Th1/Th17 proliferation and
differentiation. Results from an in vivo R-EAE experiment revealed that
human B7-H4-Ig inhibited disease as determined by a reduction in both the
mean clinical score and the long-term relapse rate. Furthermore, identical in
vitro and in vivo bioactivity was shown for B7-H4-Ig from different batches
(lots) demonstrating consistency of the B7-H4-Ig production process. Taken
together the present findings suggest that B7-H4-Ig induces an increase in

the number and/or function of Tregs, and decreases Th1/Th17 responses.
Example 13: Diabetes mouse models

CTLA4KD/NOD mice

Methods and Materials

Both female and male CTLA4KD/NOD mice (Chen ef al., PNAS,
103(44):16400-16405 (2006)) at age of 2 weeks were randomly assigned into
experimental groups: vehicle (11 mice), and B7-H4-Ig (12 mice). Mice were
treated with B7-H4-Ig 3 times per week for 4 weeks (15 mg/kg, per i.p.
injection), and monitored 3 times per week for glucose content in the urine
first with Diastix. If Diastix showed positive, plasma was collected for blood
glucose level. Diabetes was determined when blood glucose reached > 600
mg/dL.

Results

Figure 52 shows B7-H4-Ig prevents autoimmune diabetes
development in CTLA4KD/NOD mice. CTLAKD/NOD mice at age of 2
weeks were injected with either vehicle or B7-H4-Ig 3 times per week for 4
weeks (15 mg/kg, per i.p. injection). In line with published data (Chen et al.,
PNAS, Modeling CTLA4-linked autoimmunity with RNA interference in mice,
2006), 30-40% of the vehicle injected mice developed diabetes when the
mice were 5 weeks old (3 weeks post vehicle injection). The B7-H4-Ig
treated CTLAJKD/NOD mice did not develop diabetes when the mice were
24 weeks old (22 weeks post B7-H4-1g treatment).
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CTLA/KD/BDC2.5/NOD mice
Methods and Materials

CTLA4KD/NOD mice (Chen, et al., PNAS (2006)) were bred with
BDC2.5 TCR transgenic mice (Katz, et al., Cell, 74(6):1089-100 (1993)).

5  Both female and male mice at age of 11 weeks were randomly assigned into

experimental groups: vehicle (3 mice), and B7-H4-Ig (5 mice). Mice were
treated with B7-H4-Ig 3 times per week for 4 weeks (15 mg/kg, per i.p.
injection), and monitored 3 times per week for glucose content in the urine
first with Diastix. If Diastix showed positive, plasma was collected for blood
10 glucose level. Diabetes was determined when blood glucose reached > 600
mg/dL.
Results
Figure 53 shows B7-H4-Ig delayed autoimmune diabetes in
CTLA4KD/BDC2.5/NOD mice. CTLA4KD/BDC2.5/NOD mice at age of
15 11 weeks were injected with either vehicle or B7-H4-Ig 3 times per week for
4 weeks (15 mg/kg, per i.p. injection). In line with historical data (in
communication with Dr. Chen), 100% of the vehicle injected mice developed
diabetes when the mice were 16 weeks old (5 weeks post vehicle injection).
The B7-H4-Ig treated CTLA4KD/BDC2.5/NOD mice did not develop |
20  diabetes until the mice reached 21 weeks old (10 weeks post B7-H4-Ig
treatment).
Example 14: B7-H4-Ig enhances Treg activity
Methods and Materials

Preparation of enteroantigen from fecal extracts
25 Extracts were prepared by removing the colon and cecum from mice
and placing the content in PBS. This was sonicated 3 times for 30 seconds on
ice, followed by centrifugation at 10,000g for 10 min to remove insolubie
material. The supernatant was collected, sterile filtered, and stored at -60°C.
The protein concentration in the supernatants was typically 1 to 1.5 mg/mL
30  as determined by the bicinchoninic acid (BCA) method.
B7-H4-Ig treatment
Female wild-type Balb/c, 7 to 9 weeks of age, were injected with
either 60 pg or 300 pg of B7-H4-Ig, intraperitoneally (IP), 3 times a week for

2 weeks. There were 5 mice in each group. B7-H4-Ig treated mice and also
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naive control mice were euthanized for T cell isolation after 2 week
treatment.

Preparation of CD4"CD25 T cells and CD4" CD25" T cells

The CD4"CD25™ T cells were obtained as follows: CD4" T cells were
positively selected from spleen single-cell suspensions using a mouse anti-
CD4 monoclonal antibody-coated DYNABEAD® and the
DETACHABEAD® system (Dynal AS, Oslo, Norway) according to the
manufacturer’s instructions. Then the CD4" T cells (<98% pure assessed by
flow cytometry) were separated into CD25" and CD25 T cell populations by
Miltenyi’s magnetic bead technology (MACS®, Miltenyi Biotech, Belgisch
Gladbach, Germany) using PE-labeled anti-CD25 monoclonal antibody,
followed by the addition of anti-PE microbeads and depletion according to
the manufacturer’s instructions.

Preparation and Pulse of Antigen-Presenting Cells

Normal spleen cells from BALB/c mice were used as antigen-
presenting cells (APC). The spleen cells were adjusted to 8 x 10° cells/mL,
and 400 pg extract enteroantigen in a final volume of 2 mL was mixed in 24-
well plates for antigen presentation. After incubation for 18 hours, the cells
were washed 3 times in medium and irradiated (3000 rad) to eliminate APC
proliferation.

Proliferation Assay

APCs were adjusted to 1.0 x 10° cells/mL, and 100 pL was added to
each well of a 96-well round-bottom culture plate. CD4+CD25™ T cells
isolated from Balb/C mice were adjusted to 1 x 10° cells/mL, and 100 pL
was added to the APCs. After 4 days of culture, proliferation was measured
by adding 0.5 pCi of [’H]-thymidine to each well, incubating for 18 hours,
and harvesting the cells to count the incorporated thymidine.

Results

In a standard in vitro, enteroantigen priming and proliferation assay,
normal mouse CD4"CD25 T cells were first added into 96-well plate and
mixed with enteroantigen pulsed APC. CD4"CD25" Treg cells were isolated
from control or B7-H4-Ig treated mice and added in the above culture at 0,
6250, 12500 and 25000 Treg/well. Figure 54 shows that Tregs from B7-H4-

Jg treated mice were more potent in blocking enteroantigen priming and T
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cell proliferation when compared to Tregs from control mice. In addition,
mice treated with a higher dose B7-H4-Ig (300 pg) gave rise to more
effective Treg when compared to lower dose B7-H4-Ig (60 pg) treated ones,
indicating a dose-dependent effect.

CD4'CD25 T cells from B7-H4-1g treated mice were also assessed
for their responsiveness to enteroantigen priming and proliferation. Figure 55
shows CD4TCD25™ T effector cells from B7-H4-Ig treated mice responded
well to enteroantigen pulsed APC and that B7-H4-Ig treatment barely
affected enteroantigen specific CD4'CD25™ T effector cell response.

The data suggest that Treg cells recovered from lymph nodes of B7-
H4-Ig treated animals exhibit an increased activity compared with Treg cells
obtained from control mice in blocking antigen priming and T cell
proliferation. B7-H4-Ig treatment marginally affects enteroantigen specific
CD4°CD25" T effector cells.

Example 15: B7-H4-Ig functions early during the activation of naive

cells and differentiation into Th17 cells to inhibit IL-17A production

Methods and Materials

CD4'CD62L" naive T cells were isolated from BALB/c mice as in
the above examples, and activated by anti-CD3 and anti-CD28 bound beads
in the presence of Th17 differntiation cocktail (TGF-$1 (10 ng/mL), I1-6 (50
ng/mL), IL-23 (4 ng/mL), anti-1L-4 (10 pg/mL), anti-IFN-y (5 pg/mL) and
anti-IL-2 (5 ug/mL)). Murine B7-H4-Ig (10 pg/mL) or retinoic acid (RA)
(10 pM) was added to the cultures on day 0, day 1, or day 2 of the 4 day
culture. IL-17A levels were measured by ELISA at the end of the 4 day

culture.

Results

The Th17 assay is 4 days in duration. In order to determine when
B7-H4-Ig is acting, the Th17 assay was performed with the addition of 10
ug/mL of murine B7-H4-Ig, 10 pg/mL of mouse IgG control, or 10 mM
retinoic acid on Day 0, Day 1, or Day 2.

Both murine B7-H4-Ig and RA inhibited IL-17A most potently when
added at the beginning of the assay (day 0), indicating that B7-H4-Ig
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functions early during the differentiation of naive T cells to Thi17 T cells to
inhibit IL-17A production and/or secretion (Figure 56).
Example 16: B7-H4-Ig downregulates expression of genes associated
with differentiation of Th17 cells
5 Methods and Materials

CD4"CD62L" naive T cells were isolated from BALB/c mice as in
the above examples, and activated by anti-CD3 and anti-CD28 bound beads
in the presence of Th17 differntiation cocktail (TGF-1 (10 ng/mL), IL-6 (50
ng/ml.), IL-23 (4 ng/mL), anti-IL-4 (10 pg/mL), anti-IFN-y (5 pg/mL) and

10 anti-IL-2 (5 pg/mL)). Cells were incubated with either B7-H4-Ig (two

different lots - #22 and #23 — at 1 yg/mL) or isotype control. RNA was
isolated from the cells and used for quantitative RT-PCR fto test the

expression levels of a large number of mRNAs associated with Th17 cells,
-Tregs, autoimmune disiorders and inflammation (SA Biosciences mouse
15  Thl7 panel).
Human T cells were activated by anti-CD3 and anti-CD28 bound
beads in the presence of Th17 differntiation cocktail (TGF-B1 (10 ng/mL),
IL-6 (50 ng/mL), IL-23 (4 ng/mL), anti-IL-4 (10 pg/mL), anti-IFN-y (5
pg/ml) and anti-IL-2 (5 pg/mL)). Cells were incubated with two different
20 variants of B7-H4-Ig (1 pg/mL) identified as Q or L, or a humanized
monoclonal IgG antibody directed against an epitope in the A antigenic site
of the F protein of the Respiratory Syncytial Virus (Synagis), as an isotype
control.
Results
25 The quantitative RT-PCR results show that B7-H4-Ig downregulates
the expression of mRNA involved in Th17 cell differentiation, such as the
master Th17 transcription factor, RORc, and the Th17 effector molecules,
IL-17A, IL-17F, IL-21, and I1.-22 (Table 10 and Figures 57 and 58).
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Table 10: mRNA upregulation or downregulation by B7-H4-Ig in

activated Th17 cells
Description Symbol | Fold Up-or Down Regulation
Test Sample / Control Sample
Lot22 | Lot23 | L Version | Q Version
Calcyclin binding protein Caybp |-1.02 |-1.00 |-1.20 -1.05
Chemokine (C-C motif) Ccll 3.75 -1.33
ligand 1
Chemokine (C-C motif) Cel2 1.18 -1.11 1 2.07 1.03
ligand 2
Chemokine (C-C motif) Cel20 |-222 |-2.00 |1.38 -3.04
ligand 20
Chemokine (C-C motif) Cel22 | 136 1.15 1.17 1.10
ligand 22
CD2 antigen Cd2 -1.19 [-1.06 |-1.06 -1.14
CD247 antigen Cd247 {1.23 1.26 -1.00 1.23
CD28 antigen Cd28 1.10 1.10 1.20 1.01
CD3 antigen, delta Cdizd |1.23 1.26 -1.04 1.03
polypeptide
CD?3 antigen, epsilon Cd3e 1.27 1.37 1.08 1.04
polypeptide
CD3 antigen, gamma Cd3g 1.27 1.21 -1.02 1.00
polypeptide
CD4 antigen Cd4 1.37 1.30 1.05 1.07
CD40 ligand Cd40lg | 1.26 1.15 1.05 -1.10
CD8 antigen, alpha chain Cd8a -1.19 1-1.08 |-1.35 ~-1.13
CCAAT/enhancer binding Cetpb |-1.27 |-1.11 | 1.01 ~1.09
protein (C/EBP), beta
Colony stimulating factor 2 Csf2 -1.97 |-2.06 |-1.30 -1.95
(granulocyte-macrophage) :
Colony stimulating factor 3 Csf3 2.50 2.55 -1.95 -1.44
(granulocyte)
Sphingosine-1-phosphate Stprl 1.57 1.72 -1.05 -1.18
receptor 1
Forkhead box P3 Foxp3 | 1.38 1.64 -1.03 1.24
GATA binding protein 3 Gatal | 147 1.41 1.06 -1.17
Intercellular adhesion Icaml |1.14 1.32 1.42 -1.04
molecule 1
Inducible T-cell co-stimulator | [cos5 -1.04 1.05 -1.04 -1.09
Interferon gamma Iing 1.36 1.54 -1.08 -1.02
Interleukin 10 1110 -1.63 |-1.26 {-148 -1.87
Interfeukin 12 receptor, beta 1 | T112rbl | 1.24 1.06 -1.12 -1.05
Interleukin 12 receptor, beta 2 | 112rb2 | -1.09 | -1.05 | -1.47 -1.02
Interleukin 13 113 -1.24 1-1.07 |-1.27 -1.22
Interleukin 17A M7A 1-529 |-688 |-1.29 -3.31
Interleukin 17F 117f -5.15 | -3.79 ]-2.26 -3.31
Interleukin 17 receptor B Hl7rb | 1.92 2.61 1.09 1.13
Interleukin 17 receptor E IWi7re | 1.43 1.25 1.17 1.16
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Interleukin 18 1118 -1.36 1 -1.28 |1.59 1.39
Interleukin 1 beta Il1b -2.98 {1.01 1.22 -2.95
Interleukin 2 112 -1.09 {-1.39 |1.13 -1.11
Interleukin 21 1121 -145 {-1.51 |-1.25 -1.04
Interleukin 22 1122 -4.16 | -371 |-2.11 -2.57
Interleukin 23, alpha subunit | 1123a -1.49 |-136 |-1.23 -1.76
pl9

Interleukin 23 receptor 1123r <226 |-1.58 |-1.42 -1.66
Interleukin 4 114 1.15 1.34 -1.70 -1.11
Interleukin 6 receptor, alpha ll6ra 1.35 1.26 1.60 1.69
Interleukin 7 receptor I7r 1.33 1.26 1.78 1.69
Interferon-stimulated protein | Isg20 2.16 1.88 1.30 1.25
Janus kinase 1 Jakl 1.40 1.39 1.08 1.02
Janus kinase 2 Jak2 1.09 -1.00 | -1.18 -1.18
Matrix metallopeptidase 13 Mmpl3 | -1.02 | -1.89

Myeloid differentiation Myd88 | 1.19 .17 1.72 1.14
primary response gene 88

Nuclear factor of activated T- | Nfate2 | 1.15 1.23 1.09 1.06

cells, cytoplasmic,
calcineurin-dependent 1

Nuclear factor of kappa light | Ffkbl 1.33 1.29 1.54 -1.21
polypeptide gene enhancer in

B-cells 2

RAR-related orphan receptor | Rorc -3.93 | -240 -1.10 -1.37
gamma

Suppressor of cytokine Socsl 1.01 1.08 -1.33 -1.13
signaling 1

Suppressor of cytokine Socs3 | 1.12 1.16 1.34 -1.47
signaling 3

Signal transducer and Stat3 1.31 1.31 1.11 1.04
activator of transcription 3

Signal transducer and Stat4 2.89 4.29

activator of transcription 4

Signal transducer and StatSa |-1.06 |-1.01 |-1.05 -1.05
activator of transcription 5A

Signal transducer and Stat6 -1.00 | 1.02 1.20 1.12
activator of transcription 6

Spleen tyrosine kinase Syk -1.92 |-1.75 |1.22 -1.42
Transforming growth factor, | Tgfbl | 1.03 1.05 1.10 -1.02
beta 1

Toll-interleukin 1 receptor Tlrap -1.02 | 1.10 1.15 1.02
(TIR) domain-containing

adaptor protein

Toll-like receptor 4 Tir4 1.49 1.17 -1.06 -1.32
‘Tumor necrosis factor Tnf -1.19 |-1.13 | 1.05 -1.09
Tnf receptor-associated factor | Traf6 1.05 1.15 1.33 -1.01
6

YY1 transcription factor Yyl -1.09 | 1.21 -1.19 -1.03
Glucuronidase, beta Gusb 1.06 1.02 1.02 1.04
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Hypoxanthine guanine Hprtl 1.03 -1.02 | -1.01 1.03
phosphoribosyl transferase 1

Heat shock protein 90 alpha Hsp%0a | -1.16 |-1.11 |-L.11 -1.16
(cytosolic), class B member 1 | bl .
Glyceraldehyde-3-phosphate | Gapdh | -1.17 |-1.12 |-1.03 -1.02
dehydrogenase

Actin, beta Actb 1.24 1.26 1.13 1.10
Low mRNA: less cerfain

Chemokine (C-C motif) Cell | 3.75 -1.33 | -247 -2.33
ligand 1

Chemokine (C-C motif) Ccl7 1.24 1.31 -3.32 -3.17
ligand 7

CD34 antigen Cd34 1.08 -1.65 127 1.66
C-type lectin domain family | Clec7a | -4.21 | 3.21 -4.75 -3.42
7, member a

Chemokine (C-X3-C motif) Cx3cll | 7.42 8.71 '1.09 2.66
ligand 1

Chemokine (C-X-C motif) Cxcll | 1.24 1.31 1.09 1.15
ligand 1

Chemokine (C-X-C motif) Cxcll2 | 2.13 1.31 1.09 1.15
ligand 12

Chemokine (C-X-C motif) Cxcl2 -1.04 | 1.65 1.35 -3.17
ligand 2

Chemokine (C-X-C motif) Cxcl5 | 1.67 -1.80 ! 2.88 1.15
ligand 5

Interleukin 25 1125 3.67 1.31 1.09 1.15
Interleukin 12B 1112b 1.24 1.31 1.09 1.15
Interleukin 15 1115 -2.31 | -2.56 |-1.16 1.12
Interkeukin 17C 117¢ 2.58 2.14 -1.03 1.43
Interleukin 17D 117d 1.24 1.31 1.09 1.15
Interleukin 17 receptor C M 7rc - 232 2.12 -1.70 1.07
Interleukin 17 receptor D 1H17d -1.16 | 1.59 -1.79 -1.67
Interleukin 27 1127 1.65 1.59 1.99 2.87
Interleukin 3 113 -1.41 | 227 -1.74 1.38
Interleukin 5 115 2.59 -1.21 [ 1.09 1.68
Interleukin 6 116 1.14 1.21 1.13 -1.15
Matrix metallopeptidase 13 Mmpl3 | -1.02 -1.89 15.00 1.75
Matrix metallopeptidase 3 Mmp3 | 1.24 1.31 1.09 1.15
Matrix metallopeptidase 9 Mmp9 | 1.78 -1.24 | -2.87 -1.53
Signal transducer and Stat4 2.89 429 -1.07 -2.12
activator of transcription 4

T-box 21 Thx21 !-1.14 |1.15 -1.07 -2.78
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Example 17: Activity of Murine B7-H4-Ig in the Mouse TH17 Assay
Methods and Materials

Animals
BALB/c mice, female, 5 — 7 week old (Harlan) were used.
5 Isolation of Naive CD4 Cells
Cell strainer
ACK lysis buffer
10x Hank’s Balanced Salt Solution (Sigma H1641)
CD4 Negative selection kit (Miltenyi Biotec 130-090-860)
10 Anti-mouse CD25-Biotin (Miltenyi Biotec 130-092-569)
CD62L beads (Miltenyi Biotec 130-049-701)
96 Well Cell Culture Cluster (Costar 3593)
Culture Medium
Dynabeads® Mouse CD3/CD28 T cell Expander (Invitrogen 11452D)
15 HL-1 media (Lonza 344017)
1000x B-mercaptoethanol (2-Me, Invitrogen 21985-023)
Penicillin/streptomycin (P/S, Invitrogen 15070-063)
Non-essential Amino Acids (Invitrogen 11140-050)
L-Glutamine (Invitrogen 25030-081)
20 TH17 Differentiation Cocktail
Recombinant human TGF-f1 (R&D Systems 240-B-010)
Recombinant mouse IL-6 (eBioscience 4-8061)
Recombinant mouse IL-23 (eBioscience 14-8231)
Anti-mouse IL-2 (eBioscience 16-7021)
25  Anti-mouse IL.-4 (eBioscience 16-7041)
Anti-mouse IFN-y (eBioscience 16-7311)
B7-H4-Ig and Murine B7-H4-Ig
Murine B7-H4-1g Lot 22
Murine B7-H4-Ig Lot 23
30  Human B7-H4-Ig (Q)
Human B7-H4-1g (L)
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Positive and Negative Controls
All trans-Retinoic Acid (ATRA, Sigma R2625)

ChromoPure Mouse IgG (Jackson ImmunoResearch 015-000-003)
Synagis® (MedIlmmune})

Analysis
Mouse IL-17A ELISA kit

Peripheral T cells were obtained from spleens an& inguinal lymph
nodes of 6-9 week old BALB/c mice by mechanical disruption through a cell
strainer followed by red blood cell (RBC) lysis.

Naive helper T cells (CD4"CD62L") were obtained using the
Miltenyi Biotec microbead system. CD4" cells are enriched by negative
selection, and followed by a positive selection of CD62L". In some
experiments CD25+ cells were also depleted. |

After selection, cells are activated in vitro with anti-CD3/CD28 beads
at a 1:1 cell:bead ratio in the presence of the Ty17 differentiation cocktail
(TGF-B1 (10 ng/ml), IL-6 (50 ng/ml), IL-23 (4 ng/mtl), anti-IL-2 (5 pg/ml),
anti-IL- 4 (10 pg/ml), and anti-IFN-y (5 ng/ml)). Murine B7-H4-Ig is added
at a final concentration of 1.25 -20 ug/ml. Retinoic acid (RA) is used as
positive control and mouse IgG is used as a negative control.

After 4 days of culture, cultures are spun down and supernatants are
harvested and stored at <-65 °C until analyzed for I[L-17A levels by ELISA.

Flow cytometry and intracellular staining (ICS) were used to assess
the purity of the starting cell popoulations and the success of the
differentiation protocol.

Results

Initial experiments were performed to demonstrate that murine B7-
H4-Ig acts to reduce IL-17A expression by murine Th17 cells.
CD4'CD62L" T cells are stimulated and cultured for four days in Th17
promoting conditions in the presence of murine B7-H4-Ig, control mouse
IgG, or retinoic acid (RA).

Supernatants were harvested on day 4 and analyzed by IL-17A
ELISA. As shown in Figure 59, both murine B7-H4-Ig and RA ftreatment

lead to reduced IL-17A expression, relative to the control mouse IgG.
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An experiment was preformed to see whether human B7-H4-Ig is
active in the assay. Species cross-reactivity should be possible because the
B7-H4 extracellular domain is 95% identical in human B7-H4 and its murine
analog. Protein concentrations of 20, 10, 5, 2.5, and 1.25 ug/mL were
tested. Two variants of human B7-H4-Ig were compared with Synagis®, an
irrelevant human IgG1 antibody therapeutic, and two lots of murine B7-H4-
Ig were compared with mouse IgG control.

As shown in Figures 60 and 61, both human B7-H4-Ig and its murine
analog are active on mouse cells in the Th17 assay.

Example 18: MRL/lpr lupus mouse model

Materials and Methods

Treatment regimen

MRL/Ipr mice at 4 weeks of age were used in this experiment.
Animals were tagged with metal tags on their right ears for identification.
Cyclophosphamide (CTX) is the primary drug used for diffuse proliferative
glomerulonephritis in patients with renal lupus, Daikh and Wofsy reported
that combination treatment with CTX and CTLA4-Ig was more efféctive
than either agent alone in reducing renal disease and prolonging survival of
NZB/NZW F1 lupus mice with advanced nephritis (Daikh and Wofsy, J
Immunol., 166(5):2913-6 (2001)). In the proof-of-concept study,
combination treatments with recombinant muriné B7-H4-Ig and CTX were
tested. Mice received single or combination treatment of murine B7-H4-Ig
(Lot#DEV-110-5-006) at 5 mg/kg with or without CTX at 50 mg/kg via IP
injection, once every 2 weeks (Figure 62). Murine B7-H4-Ig dosing regimen
at 5 mg/kg (100 pg/mouse/injection), twice a week, was chosen based on in
vivo studies of monoclonal antibody and fusion proteins. Both single and
combination treatments were diluted with PBS to generate a similar 500 puL
injection sample which was administered using a 3 ml syringe with a gauge
27 needle. Blood samples (~200 uL) were taken from the submandibular
vein (ARC SOP 8050.02.08) 3 days before the protein treatment and the
every other week during and after treatments. Blood samples were collected
in Microtainer® Blood Collection Tubes, and plasma was harvested from the

supernatant of blood sample after centrifugation and stored at -80°C freezer

until use.

156



WO 2011/026122 PCT/US2010/047366

10

15

20

25

30

Anti-dsDNA autoantibody analysis

A positive anti-dsDNA autoantibody control was generated by
pooling plasma from 5 aged MRL/lpr mice, approximately 8 months of age.
The positive control plasma was aliquoted and stored at -80°C freezer before
use.

The dsDNA solution (10 mg/ml) was first generated by dissolving
salmon testes DNA in PBS at 37°C in a water bath followed by filtration
through a 0.45 pum membrane filter. The dsDNA solution was aliquoted and
stored at -80°C before use.

On the day prior to the autoantibody ELISA, 100 uL of the dsDNA
stock solution was first added to 10 mL of PBS resulting in a final
concentration of 100 pg/ml. 100 ul of the diluted dsDNA was then added to
each well of Immulon 2HB 96-well flat bottom microtiter plates. Plates were
placed in a humidified incubator at 37°C without lids for overnight coating.
Plates were washed 4 times with 300 uL of PBS/T [0.1% (v/v) Tween-20
(polysorbate 20) in PBS] using a microtiter plate washer (hydroFLEX,
TECAN. Software: HydroControl) and then blocked with 200 pL of
blocking buffer (10% fetal bovine serum in PBS) at room temperature for at
least 1 h followed by 4 washes with 300 uL. of PBS/T. The negative control
(normal Balb/C mouse plasma, 1:2000 dilution), positive controls (1:5000,
1:10000, 1:20000 dilutions), and samples {1:2000 dilution) were diluted with
blocking buffer. Next, 100 pl. of each diluted control and sample was added
to corresponding wells (duplicate wells) and incubated at room temperature
for 2 h or at 4°C overnight followed by 4 washes with 300 plL of PBS/T. For
detection, 100 pL of anti-mouse IgG-HRP (Sigma, A9309, diluted to
1:10000 in blocking buffer) was added to each well and the plate was
incubated at room temperature for 1 h followed by 4 washes with 400 pL, of
PBS/T.

Later, 100 pl of room temperature, pre-warmed TMB Substrate
Reagent was added to each well. When the color developed optimally (about
10 min), 100 pL of stop solution (1% sulfuric acid) was added. The plate was
then read for absorbance at 450 nm (ODyso) using a microtiter plate reader

(SPECTR Amax, Molecular Devices. Software: SoftMax Pro5.2).
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All the blood samples were analyzed at the end of the study. The ODuso value
of test samples was normalized relatively to the internal positive control at
the 1:10000 dilution. The relative value rather than the absolute Ab
concentration was used for comparison.

Histology

To evaluate glomerulonephritis, mouse kidneys were harvested and
fixed in 10% formalin (SAFEFIX II) and shipped to AML Laboratories
(Rosedale, MD). Sections of 7 nm were obtained and stained via standard

H&E staining at AML Labs. Images were taken under the light microscope

. at low and high magnifications.

Proteinuria analysis

Proteinuria was measured by testing fresh urine samples using
urinalysis dipsticks (Germaine Laboratories, catalog # 52100). A fresh urine
drop was collected on the dip reagent pad. Approximately 1 —2 minutes
later, the color of the pad was compared with the color chart to determine
the proteinuria level on a scale of 0 to 4+, where O/trace = negative, 1+ =30,
2+ = 100, 3+ = 300, and 4+ = >2,000 mg/dL

Results

Female MRL//pr mice at age of 4 weeks were divided into 4 groups
(Figure 62): vehicle; CTX alone, murine B7-H4-Ig alone and CTX plus
murine B7-H4-Ig combination treatment (Combo). CTX was given IP, 50
mg/kg, once every 2 weeks. Murine B7-H4-Ig was administrated IP, 100 pug
(5 mg/kg), and twice every week. The Combo group received CTX injection
every 2 weeks and murine B7-H4-Ig 2 times every week at 5 mg/kg. Mice
were treated for 7 weeks.

Table 11: MRL/lpr mouse dsDNA autoantibody data table

Mouse Mouse Age (weeks)
# 4 7 8 ) 10 3 15 19

Control | 246 | 0.01 | 0.16 ] 048 | 2.24 | 1.44 [3.09 | 225 | 7.00
247 1020 1020] 0.19 {1 123 | 1.16 {3.05| 3.79 | 597
248 | 0.01 |3.33|11.41]12.27] 9.18 | 7.63 1 10.16 | 9.50
249 | 0.11 1253 407 | 2.68 | 1.66 | 275 | 3.98 | 4.54
250 | 021 1012] 040 | 1.16 | 0.86 {096 | 6.05 | 6.10

CTX+ 251 | 004 {016} 027 | 0.08 | 0.13 | 020} 033 | 1.39
murine | 252 | 0.09 | 0.11| 0.62 | 0.94 | 0.71 | 0.60 | 2.37 | 0.85
B7-H4-[ 253 | 045 [ 029] 125 | 048 | 0.44 | 0.28 | 049 | 0.97
Ig 254 | 0.17 | 036 0.19 | 0.58 | 0.74 | 0.55 | 0.59 | 0.91
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255 ] 049 [ 1.07] 1.20 | 1.95 | 1.27 093 [ 1.44 | *
Murine | 256 | 012 | 0.14 | 1.63 | 1.33 | 1.36 | 2.19 | 3.35 | 452
B7-H4- | 257 | 0.15 | 0.53 | 4.64 | 6.25 | 4.66 | 6.85 | 6.02 | 5.98
Ig 758 | 022 | 0.73 | 0.76 | 0.92 | 0.54 | 0.71 | 1.24 | 1.57
259 | 0.48 | 0.48 | 1.89 | 1.77 | 1.30 | 1.16 | 0.87 | 1.55
760 | 0.13 | 033 | 1.09 | 0.82 | 0.60 | 0.56 | 2.27 | 3.16
CTX | 261 | 0.15 | 0.55| 2.50 | 3.46 | 1.50 | 2.97 | 2.93 | 2.61
762 | 0.46 [ 0.21 | 0.33 | 2.09 | 4.05 | 467 | 4.87 [ 11.76
263 | 0.05 | 1.07 | 2.03 | 2.26 | 2.95 | 3.75 | 2.62 | 3.05
264 | 0.09 |0.10] 0.17 | 0.79 | 1.97 | 221 | 1.76 | 2.58
265 | 0.01 | 0.10 | 0.06 | 0.26 | 0.39 | 0.55 | 1.11 | 1.26
0.01 | - | 0.00 ] 002 |-002| - |000] 001
(BW) | 0.02 | BW) (BW) | 0.01 | (BW)

PC-1(1:5k) | 0.00 [2.03] 0.00 | 2.04 | 0.00 | 1.06 | 0.00 | 1.94
(BW) | (PCO) | BW) | (PC) | BW) | (PC) | (BW) | (PC)
PC-1(1:10k) | 0.00 | 1.00 [ 0.00 | 1.00 | 0.00 | 1.00 | 0.00 | 1.00
(BW) | (°C) | BW) | (PC) | (BW) | (PC) | (BW) | (PC)
PC-1(1:20k) | 0.00 [ 0.49 | 0.00 | 0.43 | 0.00 | 0.49 | 0.00 | 0.53
(BW) | (PO) | BW) | (PC) | BW) | (PC) | BW) | (PC)

PC: autoantibody positive controls; diluted at 1:5000, 1:10000, 1:20000
BW: Blank wells
Control Group: Negative plasma (1:2000) from Balb/C mice
5 - All MRL/lpr mouse plasma was diluted at 1:2000.
- OD450 readings were normalized against the readings of positive control
diluted at 1:10000 on the same ELISA plate. |
*mouse accidently died at the previous blood collection time point.
Plasma was collected from MRL/[pr mice pre-treatment (4 wk) and
10 periodically up to 21 weeks of age. Anti-ds-DNA auto antibody was assessed
and normalized against an internal control, which was a pool of plasma
collected from older MRL/Ipr mice (Table 11).
Combination of murine B7-H4-Ig and CTX significantly reduced
anti-dsDNA auto antibody development in the MRL/Ipr lupus mouse model.
15  Figure 63 shows the relative anti-dsDNA auto antibody measurements,
demonstrating that combination treatment with murine B7-H4-Ig and CTX
prevented auto antibody development in the treated MRL/Ipr mice and that
the combination treatment was more efficacious than CTX or murine B7-H4-
Ig treatment alone. At later time points, weeks 19 and 21, murine B7-H4-Ig

20  alone treatment also demonstrated significantly Jower autoantibody level,
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suggesting murine B7-H4-Ig alone may be effective with an optimized
dosing regimen.
This experiment was terminated when mice were 21 week old.

Lymphoid organs were collected from control vehicle injected and treated

“mice. Combination of murine B7-H4-Ig and CTX significantly reduced

lymphoproliferation in the MRL/Ipr lupus mouse model. The combination
treatment with murine B7-H4-Ig and CTX prevented eﬁlargement of the
spleen and lymph nodes. Proteinuria was analyzed using an AimStrip protein
paper strip prior to euthanizing the animals. Figure 64 reveals that
proteinuria was significantly reduced in the mice with combination treatment
of murine B7-H4-Ig and CTX compared with mice in the remaining groups.
Kidneys were harvested for histology. H&E staining of the kidney
sections showed that the murine B7-H4-Ig and CTX combination treatment
decreased vasculitis and prevented glomerular damage. In the vehicle
injected mouse kidney, massive lymphocytic infiltration was observed
around the blood vessels and red blood cells were seen inside the glomerulus.
In the MRL/Ipr mice, combination treatment with recombinant
murine B7-H4-Ig protein and CTX remarkably prevented lupus disease
progression, demonstrated by lower anti-dsDNA autoantibody, no
enlargement of lymphoid organs, lower proteinuria, less lymphocyte
infiltration in the kidney and evidence of an intact glomerulus.
Example 19: Generation of Immature Dendritic Cells
Small scale DC generation from about 50 mL of total blood (n = 3-5
donors)
e Fresh GM-CSF and IL-4 every 2 days + 10% human AB serum
s 7 day culture
Compare to serum free method
e Adding GM-CSF and 1L-4 at the beginning of the
differentiation
e 5. 6day culture
Harvest imDC
e Marker analysis: CD3, 14, 80, 83, 86, 11C, HLA-DR
e APC-B7-H4-Ig binding, competition with anti-B7-H4
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B7-H4-Ig in vitro assay
e UseLPS + 10, 50, 250 ug/mL of B7-H4-Ig or control
IgGl

e Collect supernatant for cytokine analysis — first TNFa and
IL-6; save supernatant for other cytokine analysis in the
future
e Harvest cells for DC maturation marker analysis: e.g.
CD80, CD83, CCR7
Determining the role of B7-H4-Ig on DC maturation
e Use DC maturation cocktail and study role of B7-H4 on

DC maturation
e 1.PS alone; TNFa + PGE2; IL-1b + IL6 + TNFa
+PGE2 ...

¢ 2 day maturation versus 1 day maturation;
regular dish or ultra-low adherent dish; minimize
cell numbers for each well/assay
» Collect supernatant for cytokine analysis
e Harvest cells for DC maturation marker
analysis: e.g. CD80, CD83, CCR7
e Cells from 3 — 5 donors will be tested .
¢ Determine release criteria on imDC, e.g. cell markers and
B7-H4-Ig binding
e Determine maturation cocktail, timing and criteria on
inhibition of cytokine and/or maturation markers
Reproducibility at a small scale
s Process cells from 3 donors using the defined imDC
parameters
» Apply defined DC maturation cocktail and B7-H4-Ig
¢ Analyze cytokine and mDC markers
Large scale generation of imDC
» Start processing 2 -3 leukopaks using the defined imDC
conditions from small scale

o 1 leukopak generally result in 5x10°% to 1x10° imDC
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¢ Cryopreserve imDC
¢ Thaw cells for DC maturation & B7-H4-Ig function
analysis
¢ Use maturation condition defined by small scale
5 * Try to minimize cell numbers/well
» Test robustness and reproducibility of the assay: cytokine
and mDC markers
¢ Provide imDC for receptor discovery - If small amount of cells
are needed for the receptor discovery, imDC will be available
10 from the small scale cell process after the confirmative studies
Unless defined otherwise, all technical and scientific terms used
herein have the same meanings as commonly understood by one of skill in
the art to which the disclosed invention belongs.
Those skilled in the art will recognize, or be able to ascertain using no
15  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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We claim:

1. A fusion protein comprising a first fusion partner comprising
a B7-H4 polypeptide or fragment thereof fused to a second polypeptide
directly or indirectly via a linker peptide or polypeptide sequence that is
fused to the second polypeptide, wherein the B7-H4 polypeptide or fragment
thereof comprises the IgV of SEQ ID NO:63 or the IgV of SEQ ID NO:64 or
the B7-H4 fusion protein lacks the KRRS sequence of SEQ ID NO:57.

2. The fusion protein of claim 1, wherein the B7-H4 polypeptide
is a human or murine B7-H4 polypeptide.

3. The fusion protein of claim1, wherein the B7-H4 polypeptide
comprises the extracellular domain of human B7-H4, or a fragment thereof
having B7-H4 binding activity.

4. The fusion protein of claim 3 wherein the B7-H4 polypeptide
is a fragment of at least 50 amino acids of the extracellular domain of human
B7-H4 selected from the group consisting of

32-249, 32-248, 32-247, 32-246, 32-245, 32-244, 32-243, 32-242,
32-241, 31-249, 31-248, 31-247, 31-246, 31-245, 31-244, 31-243, 31-242,
31-241, 30-249, 30-248, 30-247, 30-246, 30-245, 30-244, 30-243, 30-242,
30-241, 29-249, 29-248, 29-247, 29-246, 29-245, 29-244, 29-243, 29-242,
29-241, 28-249, 28-248, 28-247, 28-246, 28-245, 28-244, 28-243, 28-242,
28-241, 27-249, 27-248, 27-247, 27-246, 27-245, 27-244, 27-243, 27-242,
27-241, 26-249, 26-248, 26-247, 26-246, 26-245, 26-244, 26-243, 26-242,
26-241, 25-249, 25-248, 25-247, 25-246, 25-245, 25-244, 25-243, 25-242,
25-241, 24-249, 24-248, 24-247, 24-246, 24-245, 24-244, 24-243, 24-242,
24-241, of SEQ ID NO:49, or SEQ ID NO:52, or

32-245, 32-244, 32-243, 32-242, 32-241, 32-240, 32-239, 32-238,
32-237,31-245, 31-244, 31-243, 31-242, 31-241, 31-240, 31-239, 31-238,
31-237, 30-245, 30-244, 30-243, 30-242, 30-241, 30-240, 30-239, 30-238,
30-237, 29.245, 29-244, 29-243, 29-242, 29-241, 29-240, 29-239, 29-238,
29-237,28-245, 28-244, 28-243, 28-242, 28-241, 28-240, 28-239, 28-238,
28-237, 27-245, 27-244, 27-243, 27-242, 27-241, 27-240, 27-239, 27-238,
27-237, 26-245, 26-244, 26-243, 26-242, 26-241, 26-240, 26-239, 26-238,
26-237, 25-245, 25-244, 25243, 25-242, 25-241, 25-240, 25-239, 25-238,
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25-237, 24-243, 24-244, 24-243, 24-242, 24-241, 24-240, 24-239, 24-238,
24-237, of SEQ ID NO:50 or SEQ ID NO:53, or

32-259, 32-258, 32-257, 32-256, 32-255, 32-254, 32-253, 32-252,
32-251, 31-259, 31-258, 31-257, 31-256, 31-255, 31-254, 31-253, 31-252,
31-251, 30-259, 30-258, 30-257, 30-256, 30-255, 30-254, 30-253, 30-252,
30-251, 29-259, 29-258, 29-257, 29-256, 29-255, 29-254, 29-253, 29-252,
29-251, 28-259, 28-258, 28-257, 28-256, 28-255, 28-254, 28-253, 28-252,
28-251, 27-259, 27-258, 27-257, 27-256, 27-255, 27-254, 27-253, 27-252,
27-251, 26-259, 26-258, 26-257, 26-256, 26-255, 26-254, 26-253, 26-252,
26-251,25-259, 25-258, 25-257, 25-256, 25-255, 25-254, 25-253, 25-252,
23251, 24-259, 24-258, 24-257, 24-256, 24-255, 24-254, 24-253, 24-252, |
24-251, of SEQ ID NO:51 or SEQ ID NO:54, or

24-241, 24-240, 24-239, 24-238, 24-237, 24-236, 24-235, 24-234,
24-233, 23-241, 23-240, 23-239, 23-238, 23-237, 23-236, 23-235, 23-234,
23-233, 22-241, 22-240, 22-239, 22-238, 22-237, 22-236, 22-235, 22-234,
22-233,21-241, 21-240, 21-239, 21-238, 21-237, 21-236, 21-235, 21-234,
21-233, 20-241, 20-240, 20-239, 20-238, 20-237, 20-236, 20-235, 20-234,
20-233, 19-241, 19-240, 19-239, 19-238, 19-237, 19-236, 19-235, 19-234,
19-233, 18-241, 18-240, 18-239, 18-238, 18-237, 18-236, 18-235, 18-234,
18-233, 17-241, 17-240, 17-239, 17-238, 17-237, 17-236, 17-235, 17-234,
17-233, 16-241, 16-240, 16-239, 16-238, 16-237, 16-236, 16-235, 16-234,
16-233, of SEQ ID NO:43 or SEQ ID NO:46, or

24-237, 24-236, 24-235, 24-234, 24-233, 24-232, 24-231, 24-230,
24-229,23-237, 23-236, 23-235, 23-234, 23-233, 23-232, 23-231, 23-230,
23-229, 22-237, 22-236, 22-235, 22-234, 22-233, 22-232, 22-231, 22-230,
22-229, 21-237, 21-236, 21-235, 21-234, 21-233, 21-232, 21-231, 21-230,
21-229, 20-237, 20-236, 20-235, 20-234, 20-233, 20-232, 20-231, 20-230,
20-229, 19-237, 19-236, 19-235, 19-234, 19-233, 19-232, 19-231, 19-230,
19-229, 18-237, 18-236, 18-235, 18-234, 18-233, 18-232, 18-231, 18-230,
18-229,17-237, 17-236, 17-235, 17-234, 17-233, 17-232, 17-231, 17-230,
17-229, 16-237, 16-236, 16-235, 16-234, 16-233, 16-232, 16-231, 16-230,
16-229, of SEQ ID NO:44 or SEQ ID NO:47, or

24-231, 24-250, 24-249, 24-248, 24-247, 24-246, 24-245, 24244,
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24-243,23-251, 23-250, 23-249, 23-248, 23-247, 23-246, 23-245, 23-244,
23-243, 22-251, 22-250, 22-249, 22-248, 22-247, 22-246, 22-245, 22-244,
22-243,21-251, 21-250, 21-249, 21-248, 21-247, 21-246, 21-245, 21-244,
21-243, 20-251, 20-250, 20-249, 20-248, 20-247, 20-246, 20-245, 20-244,
20-243, 19-251, 19-250, 19-249, 19-248, 19-247, 19-246, 19-245, 19-244,
19-243, 18-251, 18-250, 18-249, 18-248, 18-247, 18-246, 18-245, 18-244,
18-243, 17-251, 17-250, 17-249, 17-248, 17-247, 17-246, 17-245, 17-244,
17-243, 16-251, 16-250, 16-249, 16-248, 16-247, 16-246, 16-245, 16-244,
16-243, of SEQ ID NO:45 or SEQ ID NO:48.

5. The fusion protein of claim 1, wherein the B7-H4 polypeptide
comprises at least 25 amino acids of the IgV domain as set forth in SEQ ID
NO:63, SEQ ID NO:64, SEQ ID NO:83, SEQ ID NO:84 or SEQ ID NO:85.

6. 'The fusion protein of claim 1, wherein the B7-H4 polypeptide
is a fragment of at least 50 amino acids of the IgV domain of human B7-H4
selected from the group consisting of

16-144, 16-145, 16-146, 16-147, 16-148, 16-149, 16-150, 16-151,
16-152, 17-144, 17-145, 17-146, 17-147, 17-148, 17-149, 17-150, 17-151,
17-152, 18-144, 18-145, 18-146, 18-147, 18-148, 18-149, 18-150, 18-151,
18-152, 19-144, 19-145, 19-146, 19-147, 19-148, 19-149, 19-150, 19-151,
19-152, 20-144, 20-145, 20-146, 20-147, 20-148, 20-149, 20-150, 20-151,
20-152, 21-144, 21-145, 21-146, 21-147, 21-148, 21-149, 21-150, 21-151,
21-152, 22-144, 22-145, 22-146, 22-147, 22-148, 22-149, 22-150, 22-151,
22-152, 23-144, 23-145, 23-146, 23-147, 23-148, 23-149, 23-150, 23-151,
23-152, 24-144, 24-145, 24-146, 24-147, 24-148, 24-149, 24-150, 24-151,
24-152, of any of SEQ ID NO:43, SEQ ID NO:44, SEQ ID NO:45, SEQ ID
NO:46, SEQ ID NO:47, or SEQ ID NO:48, or

24-152, 24-153, 24-154, 24-155, 24-156, 24-157, 24-158, 24-159,
24-160, 25-152, 25-153, 25-154, 25-155, 25-156, 25-157, 25-158, 25-159,
25-160, 26-152, 26-153, 26-154, 26-155, 26-156, 26-157, 26-158, 26-159,
26-160, 27-152, 27-153, 27-154, 27-155, 27-156, 27-157, 27-158, 27-159,
27-160, 28-152, 28-153, 28-154, 28-155, 28-156, 28-157, 28-158, 28-159,
28-160, 29-152, 29-153, 29-154, 29-155, 29-156, 29-157, 29-158, 29-159,
29-160, 30-152, 30-153, 30-154, 30-1535, 30-156, 30-157, 30-158, 30-159,
30-160, 31-152, 31-153, 31-154, 31-155, 31-156, 31-157, 31-158, 31-159,
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31-160, 32-152, 32-153, 32-154, 32-155, 32-156, 32-157, 32-158, 32-159,
32-160, of any of SEQ ID NO:49, SEQ ID NO:50, SEQ ID NO:51, SEQ iD
NO:52, SEQ ID NO:53, or SEQ ID NO:54,

20-148, 20-149, 20-150, 20-151, 20-152, 20-153, 20-154, 20-155,
20-156, 21-148, 21-149, 21-150, 21-151, 21-152, 21-153, 21-154, 21-155,
21-156,22-148, 22-149, 22-150, 22-151, 22-152, 22-153, 22-154, 22-155,
22-156, 23-148, 23-149, 23-150, 23-151, 23-152, 23-153, 23-154, 23-155,
23-156, 24-148, 24-149, 24-150, 24-151, 24-152, 24-153, 24-154, 24-1353,
20-156, 25-148, 25-149, 25-150, 25-151, 25-152, 25-153, 25-154, 25-155,
25-156, 26-148, 26-149, 26-150, 26-151, 26-152, 26-153, 26-154, 26-1355,
26-156, 27-148, 27-149, 27-150, 27-'151, 27-152,27-153,27-154, 27-155,
27-156, 28-148, 28-149, 28-150, 28-151, 28-152, 28-153, 28-154, 28-155,
28-156, of any of SEQ ID NO:65, SEQ ID NO:66, or SEQ ID NO:67, or

24-152, 24-153, 24-154, 24-155, 24-156, 24-157, 24-158, 24-159,
24-160, 25-152, 25-153, 25-154, 25-155, 25-156, 25-157, 25-158, 25-159,
25-160, 26-152, 26-153, 26-154, 26-155, 26-156, 26-157, 26-158, 26-159,
26-160, 27-152, 27-153, 27-154, 27-155, 27-156, 27-157, 27-158, 27-159,
27-160, 28-152, 28-153, 28-154, 28-155, 28-156, 28-157, 28-158, 28-159,
28-160, 29-152, 29-153, 29-154, 29-155, 29-156, 29-157, 29-158, 29-139,
29-160, 30-152, 30-153, 30-154, 30-155, 30-156, 30-157, 30-158, 30-159,
30-160, 31-152, 31-153, 31-154, 31-155, 31-156, 31-157, 31-138, 31-159,
31-160, 32-152, 32-153, 32-154, 32-155, 32-156, 32-157, 32-158, 32-159,
32-160, of any of SEQ ID NO:71, SEQ ID NO:72, SEQ ID NO:73, SEQ ID
NO:77, SEQ ID NO:78, or SEQ ID NO:79,

optionally with one to five amino acids of a signal peptide attached to
the N-terminal end.

7. The fusion protein of claim 1, wherein the second polypeptide
comprises an immunoglobulin constant domain.

8. The fusion protein of claim 7 wherein the immunoglobulin
constant domain comprises the hinge, Cy2 and Cy3 regions of a murine
immunoglobulin Cy2a chain.

9. The fusion protein of claim 8, wherein the immunoglobulin

constant domain is encoded by a nucleotide sequence having at least 80%,
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85%, 90%, 95%, 99% or 100% identity to SEQ ID NO:86, SEQ ID NO:87,
or SEQ ID NO:90.

10.  The fusion protein of claim 1, wherein the immunoglobulin
constant domain comprises the hinge, Cy2 and Ci3 regions of a human
immunoglobulin Cy1 chain.

11.  The fusion protein of any of claims 1-10, further comprising a
domain that mediates dimerization or multimerization of the fusion protein to
form homodimers, heterodimers, homomultimers, or heteromultimers.

12.  The fusion protein of claim 11, wherein the domain that
mediates dimerization or multimerization is selected from the group
consisting of one or more cysteines that are capable of forming an
intermolecular disulfide bond with a cysteine on the partner fusion protein, a
coiled-coil domain, an acid patch, a zinc finger domain, a calcium hand
domain , a Cyl region, a Cy, region, a leucine zipper domain, an SH2 (src
homology 2) domain, an SH3 (src Homology 3) domain, a PTB
(phosphotyrosine binding) domain, a WW domain, a PDZ domain, a 14-3-3
domain, a WD40 domain, an EH domain, a Lim domain, an isoleucine zipper
domain, and a dimerization domain of a receptor dimer pair.

13.  The fusion protein of claim 1 comprising the polypeptide
SEQ ID NO:130, SEQ ID NO:131, SEQ ID NO:132, or SEQ ID NO:133.

14, The fusion protein of claim 1 comprising the polypeptide
SEQ ID NO:134, SEQ ID NO:135, SEQ ID NO:136, or SEQ ID NO:137.

15. A dimeric protein comprising a first and a second fusion
protein, wherein the first and the second fusion proteins comprise the fusion
protein of any of claims 1-14, wherein the first and the second fusion
proteins are bound to one another by covalent or noncovalent bonds to form
a dimer.

16,  The dimeric or multimeric protein of any of claims 1-15,
wherein the fusion proteins are bound together by disulfide bonds.

17.  Anisolated nucleic acid molecule comprising a nucleic acid
sequence that encodes the fusion protein of any of claims 1-16.

18. A vector comprising the nucleic acid of claim 17.

19. A host cell comprising the vector of claim 18.
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20. A method for treating or inhibiting one or more symptoms of
an inflammatory response in an individual in need thereof comprising

administering to the individual a B7-H4 fusion protein of any of
claims 1-16 in an amount effective to reduce or inhibit the one or more
symptoms of the inflammatory response in the individual.

21.  The method of claim 20 wherein the inflammatory response is
associated with an autoimmune disease or disorder.

22.  The method of claim 21 wherein the individual has an
autoimmune disease selected from the group consisting of rheumatoid
arthritis, systemic lupus erythematosus, alopecia areata, anklosing
spondylitis, antiphospholipid syndrome, autoimmune addison’s disease,
autoimmune hemolytic anemia, autoimmune hepatitis, autoimmune inner ear
disease, autoimmune lymphoproliferative syndrome (alps), autoimmune
thrombocytopenic purpura (ATP), Behcet’s disease, bullous pemphigoid,
cardiomyopathy, celiac sprue-dermatitis, chronic fatigue syndrome immune
deficiency, syndrome (CFIDS), chronic inflammatory demyelinating
polyneuropathy, cicatricial pemphigoid, cold agglutinin disease, Crest
syndrome, Crohn’s disease, Dego’s disease, dermatomyositis,
dermatomyositis - juvenile, discoid lupus, essential mixed cryoglobulinemia,
fibromyalgia — fibromyositis, grave’s disease, guillain-barre, hashimoto’s
thyroiditis, idiopathic pulmonary fibrosis, idiopathic thrombocytopenia
purpura (ITP), Iga nephropathy, insulin dependent diabetes (Type I), juvenile
arthritis, Meniere’s disease, mixed connective tissue disease, multiple
sclerosis, relapsing-remitting multiple sclerosis, myasthenia gravis,
pemphigus vulgaris, pernicious anemia, polyarteritis nodosa, polychondritis,
polyglancular syndromes, polymyalgia rheumatica, polymyositis and
dermatomyositis, primary agammaglobulinemia, primary biliary citrhosis,
psoriasis, Raynaud’s phenomenon, Reiter’s syndrome, rheumatic fever,
sarcoidosis, scleroderma, Sjogren’s syndrome, stiff-man syndrome,
Takayasu arteritis, temporal arteritis/giant cell arteritis, ulcerative colitis,
uveitis, vasculitis, vitiligo, and Wegener’s granulomatosis.

23. A method for treating inflammation in a subject comprising
administering an effective amount of the B7-H4 fusion protein of any of

claims 1-16 to the subject to inhibit or reduce differentiation of, proliferation

168



WO 2011/026122 PCT/US2010/047366

of, activity of, and/or cytokine production and/or secretion by an immune
cell selected from the group consisting of Thi, Th17, Th22, other cells that
secrete, or cells that cause other cells to secrete, inflammatory molecules.

24.  The method of claim 23 wherein the B7-H4 fusion protein of
any of claims 1-18 is administered in an effective amount to inhibit or reduce
differentiation of, proliferation of, activity of, and/or cytokine production
and/or secretion by Th17, Thl or Th22 cells.

25. A method for treating inflammation in a subject comprising
administering to the subject an effective amount of the B7-H4 fusion protein
of any of claims 1-16 to enhance their suppressive effect on Thl or Th17
cells.

26. A method for treating inflammation in a subject comprising
administering to the subject an effective amount of the B7-H4 fusion protein
of any of claims 1-16 to promote or enhance 1L-10 production by Tregs.

27. A method for treating inflammation in a subject comprising
administering to the subject an effective amount of the B7-H4 fusion protein
of any of claims 1-16 to increase cell numbers or increase populations of
Tregs.

28. A method for treating inflammation in a subject comprising
administering to the subject an effective amount of the B7-H4 fusion protein
of any of claims 1-16 to inhibit the Thl and Th17 pathways and to enhance
the suppressive activity of Tregs on the Th17 pathway or to promote or
enhance IL-10 secretion by Tregs.

29. A method for reducing proinflammatory molecﬁle production
in a subject comprising administering to the subject an effective amount of
the B7-H4 fusion protein of any of claims 1-18, or fragments thereof to
inhibit the production of one or more cytokines in the subject.

30.  Any one of the methods of claims 20-29 further comprising
administering a second therapeutic agent.

31. A method for selecting a subject for treatment with a B7-H4
fusion protein comprising

screening subjects for levels of one or more cytokines selected from
the group consisting of IL-1f, TNF-a, TGF-beta, IFNwy, I1.-10, IL-17, IL-6,
I1.-23, 1L-22, and IL-21, or MMPs,
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comparing the levels of the cytokines to levels of the levels of cytokines or
MMPs in a control subject that does not have an inflammatory disorder, and

administering to the subject an effective amount of a B7-H4 fusion
protein of any of claims 1-16 to inhibit or reduce one or more symptoms of
an inflammatory disorder if the levels of one or more cytokines are elevated
in the subject compared to levels in the control subject that does not have an
inflammatory disorder.

32. A method for selecting a subject for treatment with a B7-H4
fusion protein comprising screening subjects for levels of mRNA encoding
one or more cytokines selected from the group consisting of I1L-1B, TNF-a,
TGF-beta, IFN-y, IL-10, IL-17, IL-6, IL-23, IL-22, and IL-21, or MMPs,

comparing the levels of the mRNAs encoding cytokines or MMPs to
levels of the mRNAs encoding cytokines or MMPs in a control subject that
does not have an inflammatory disorder, and

administering to the subject an effective amount of a B7-H4 fusion
protein of any of claims 1-16 to inhibit or reduce one or more symptoms of
an inflammatory disorder if the levels of one or more mRNAs encoding
cytokines are elevated in the subject compared to levels in the control subject
that does not have an inflammatory disorder.

33. A method for for selecting a subject for treatment with a B7-
H4 fusion protein comprising

screening subjects for polymorphisms in genes encoding one or more
cytokines selected from the group consisting of IL-1p, TNF-a, TGF-beta,
IFN-y, IL-10, IL-17, 1L-6, 11.-23, IL-22, and IL-21, or MMPs, and

administering to the subject an effective amount of a B7-H4 fusion
protein of any of claims 1-16 to inhibit or reduce one or more symptoms of
an inflammatory disorder if one or more of the genes encoding cytokines or
MMPs has a polymorphism.

34.  The method of any of claims 20-31wherein the subject did not
previously respond to treatment with TNF blockers.

35.  The method of any of claims 20-34 wherein the subject has

chronic and persistent inflammation.
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