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COMPOSITIONS AND METHODS FOR TARGETED IMMUNOMODULATORY
ANTIBODIES AND FUSION PROTEINS

BACKGROUND OF THE INVENTION
FIELD OF THE INVENTION

[0001] The present invention relates generally to the field of targeted immunomodulatory
antibodies and fusion proteins for cancer therapy and more specifically to composition and
methods for targeted immunostimulatory or immunosuppressive antibodies and fusion proteins

to counteract or induce immune tolerance of cancer cells.
BACKGROUND INFORMATION

[6002] The immune system provides the human body with a means to recognize and defend
itself against microorganisms and substances recognized as foreign or potentially harmful.
While passive immunotherapy of cancer with monoclonal antibodies and passive transfer of T
cells to attack tumor cells have demonstrated clinical efficacy, the goal of active therapeutic
vaceination to induce these immune effectors and establish immunological memory against
tumor cells has remained challenging. Several tumor-specific and tumor-associated antigens
have been identified, yet these antigens are generally weakly immunogenic and tumors employ
diverse mechanisms to create a tolerogenic environment that allows them to evade
immunologic attack. Strategies to overcome such immune tolerance and activating robust

levels of antibody and/or T cell responses hold the key to effective cancer immunotherapy.
SUMMARY OF THE INVENTION

[0003] The present invention is based on the seminal discovery that targeted
immunomodulatory antibodies and fusion proteins can counteract or reverse immune tolerance
of cancer cells. Cancer cells are able to escape elimination by chemotherapeutic agents or
tumor-targeted antibodies via specific immunosuppressive mechanisms in the tumor
microenvironment and such ability of cancer cells is recognized as immune tolerance. Such
immunosuppressive mechanisms include immunosuppressive cytokines (for example,
Transforming growth factor beta (TGF-B)) and regulatory T cells and/or immunosuppressive

myeloid dendritic cells (DCs). By counteracting tumor-induced immune tolerance, the present
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invention provides effective compositions and methods for cancer treatment, optional in
combination with another existing cancer treatment. The present invention provides strategies
to counteract tumor-induced immune tolerance and enhance the antitumor efficacy of
chemotherapy by activating and leveraging T cell-mediated adaptive antitumor immunity

against resistant or disseminated cancer cells.

[0004] In one embodiment, the present invention provides a molecule including a targeting
moiety fused with an immunomodulatory moiety. The targeting moiety specifically binds a
target molecule, and the immunomodulatory moiety specifically binds one of the following
molecules: (i) Transforming growth factor-beta (TGF-p); (ii) Programmed death-1 ligand 1
(PD-L1) or Programmed death-1 ligand 2 (PD-L2); (iii) Receptor activator of nuclear factor-
kB (RANK) ligand (RANKL); (iv) Transforming growth factor-beta receptor (TGF-fR); (v)
Programmed death-1 (PD-1); and (vi) Receptor activator of nuclear factor-xB (RANK).

[0005] In one aspect, the targeting moiety includes an antibody, antibody fragment, scFv, or
Fe-containing polypeptide that specifically binds a component of a tumor cell, tumor antigen,
tumor vasculature, tumor microenvironment, or tumor-infiltrating immune cell. In one aspect,
the targeting moiety specifically binds epidermal growth factor receptor (EGFR1, Erb-B1),
HER2/neu (Erb-B2), CD20, Vascular endothelial growth factor (VEGF), insulin-like growth
factor receptor (IGF-1R), TRAIL-receptor, epithelial cell adhesion molecule, carcino-

embryonic antigen, Prostate-specific membrane antigen, Mucin-1, CD30, CD33, or CD40.

[0006] In one aspect, the targeting moiety specifically binds a component of a regulatory T
cell, myeloid suppressor cell, or dendritic cell. In another aspect, the targeting moiety
specifically binds one of the following molecules: (i) CD4; (ii) CD25 (IL-2a receptor; [L-
2aR}; (iii) cytotoxic T-lymphocyte antigen-4 (CTLA-4; CD152); (iv) Interleukin-10 (J1.-10);
(v) Transforming growth factor-beta receptor (TGF-BR); (vi) Transforming growth factor-beta
(TGF-B); (vii) Programmed Death-1 (PD-1); (viii) Programmed death-1 ligand (PD-L1 or PD-
L2); (ix) Receptor activator of nuclear factor-iB (RANK); or (x) Receptor activator of nuclear
factor-xkB (RANK) ligand (RANKL).

Bicara Ex. 1017
Bicara v. JHU - PGR2026-00025



WO 2011/109789 PCT/US2011/027317

[0007] In one aspect, the immunomodulatory moiety specifically binds one of the following
molecules: (1) Transforming growth factor-beta (TGF-B); (ii) Programmed death-1 ligand (PD-
L1 or PD-L2); or (iit) Receptor activator of nuclear factor-kB (RANK) ligand (RANKL).

[6008] In one aspect, the immunomodulatory moiety includes a molecule that binds TGF-f.

In another aspect, the immunomodulatory moiety includes an extracellular ligand-binding
domain of Transforming growth factor-beta receptor TGF-BRII, TGF-BRIIb, or TGF-BRIIIL. In
another aspect, the immunomodulatory moiety includes an extracellular ligand-binding
domain of TGF-BRIL In an additional aspect, the immunomodulatory moiety inhibits the
activity or function of TGF-§.

[0009] In one aspect, the targeting moiety includes an antibody, antibody fragment, or
polypeptide that specifically binds to HER2/neu, EGFR1, CD20, vascular endothelial growth
factor (VEGF), cytotoxic T-lymphocyte antigen-4 (CTLA-4), CD25 (IL-2a receptor; [L-2aR),
or CD4. In an additional aspect, the immunomodulatory moiety includes an exiracellular
ligand-binding domain of TGF-BRIL In another aspect, the molecule includes an amino acid

sequence corresponding to SEQ IDNO: 1,2,3,4,5,6,7,8,90r 10

[0010]  In one aspect, the targeting molety includes an antibody, antibody fragment, or
polypeptide that specifically binds to Programmed Death-1 (PD-1), Programmed death-1
ligand 1 (PD-L1), or Programmed death-1 ligand 2 (PD-L2). In another aspect, the targeting
moicty includes an extracellular ligand-binding domain or ectodomain of Programmed Death-
1 (PD-1). In an additional aspect, the immunomodulatory moiety includes an extracellular
ligand-binding domain of TGF-BRIL In another aspect, the molecule includes PD-1
ectodomain, immunoglobulin Fc region, and TGFBRII ectodomain. In another aspect, the

molecule includes an amino acid sequence corresponding to SEQ ID NO: 11 or 12

[0011]  In one aspect, the targeting moiety includes an antibody, antibody fragment, or
polypeptide that specifically binds to Receptor activator of nuclear factor-xB (RANK) or
Receptor activator of nuclear factor-«kB ligand (RANKI.). In another aspect, the targeting
moiety includes an extraceltular ligand-binding domain or ectodomain of Receptor activator of
nuclear factor-xB (RANK). In an additional aspect, the immunomodulatory moiety includes

an extracellular ligand-binding domain of TGF-BRII. In another aspect, the molecule includes
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RANK ectodomain, immunoglobulin Fc region, and TGFBRI ectodomain. In another aspect,

the molecule includes an amino acid sequence corresponding to SEQ ID NO: 13 or 14.

[0012]  Inone aspect, the immunomodulatory moiety includes a molecule that specifically
binds to Programmed death-1 ligand 1 (PD-L1) or Programmed death-1 ligand 2 (PD-L2). In
another aspect, the immunomodulatory moiety includes an extracellular ligand-binding
domain or ectodomain of Programmed Death-1 (PD-1). In an additional aspect, the
immunomodulatory moiety inhibits the activity or function of Programmed death-1 ligand 1

(PD-L1).

[0013]  In one aspect, the targeting moiety includes an antibody, antibody fragment, or
polypeptide that specifically binds to HER2/neu, EGFR1, CD20, vascular endothelial growth
factor (VEGF), cytotoxic T-lymphocyte antigen-4 (CTLA-4), CD25 (IL-2a receptor; IL-2aR),
or CD4. In an additional aspect, the immunomodulatory moiety includes an extracellular
ligand-binding domain or ectodomain of Programmed Death-1 (PD-1). In another aspect, the
molecule includes an amino acid sequence corresponding to SEQ ID NO: 15, 16, 17, 18, 19,
20,21, 22,23, or 24.

[0014]  In one aspect, the targeting moiety includes an antibody, antibedy fragment, or
polypeptide that specifically binds to Receptor activator of nuclear factor-xB (RANK) or
Receptor activator of nuclear factor-xB ligand (RANKL). In another aspect, the targeting
moiety includes an extracellular ligand-binding domain or ectodomain of Receptor activator of
nuclear factor-kB (RANK). In an additional aspect, the immunomodulatory moiety includes
an extracellular ligand-binding domain of Programmed Death-1 (PD-1). In another aspect, the
molecule includes RANK ectodomain, immunoglobulin Fe region, and PD-1 ectodomain. In
another aspect, the molecule includes an amino acid sequence corresponding to SEQ ID NO:

25 or 26.

[0015]  In one aspect, the immunomodulatory moiety includes a molecule that specifically
binds to Receptor activator of nuclear factor-xB ligand (RANKL). In another aspect, the
immunomodulatory moiety includes an extracellular ligand-binding domain or ectodomain of

Receptor activator of nuclear factor-kB (RANK). In an additional aspect, the
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immunomodulatory moiety inhibits the activity or function of Receptor activator of nuclear

factor-xB ligand (RANKL).

[0016]  In one aspect, the targeting moiety includes an antibody, antibody fragment, or
polypeptide that specifically binds to HER2/neu, EGFR1, CD20, vascular endothelial growth
factor (VEGF), cytotoxic T-lymphocyte antigen-4 (CTLA-4), CD235 (IL-2a receptor; IL-2aR),
or CD4. In an additional aspect, the immunomodulatory moiety includes an extracellular
ligand-binding domain or ectodomain of Receptor activator of nuclear factor-xB (RANK). In
another aspect, the molecule includes an amino acid sequence corresponding to SEQ ID NO:

27,28, 29, 30, 31, 32, 33, 34, 35, or 36.

[0017]  In one aspect, the immunomodulatory moiety includes a sequence from
Programmed death-1 ligand 1 (PD-L1) or Programmed death-1 ligand 2 (PD-1.2). In an

additional aspect, the immunomodulatory moiety increases the function of PD-1.

[0618]  In one aspect, the targeting moiety specifically binds to Tumor Necrosis Factor-o
(TNF-a), and the immunomodulatory moiety includes a sequence from Programmed death-1
ligand 1 (PD-L1) or Programmed death-1 ligand 2 (PD-L2). In an additional aspect, the
targeting moiety includes an antibody that binds TNF-g, and the immunomodulatory moiety
includes a sequence from PD-1 ligand 1 (PD-L1 or B7-H1). In another aspect, the molecule
includes an amino acid sequence corresponding to SEQ ID NO: 37. In another aspect, the
targeting moiety includes an extracellular ligand-binding domain of tumor necrosis factor
receptor 2 (TNFR2), and the immunomodulatory moiety includes a sequence from PD-1
ligand 1 (PD-L1 or B7-H1). In another aspect, the molecule includes TNFR2 Extraceltular
ligand binding domain, immunoglobulin Fe region, and a sequence from PD-L1. In another

aspect, the molecule includes an amino acid sequence corresponding to SEQ ID NO: 38 or 39.

[0015]  In one aspect, the targeting moiety includes an antibody or antibody fragment that
specifically binds to CD20, CD23. or CD4, and the immunomodulatory moiety includes a

sequence from Programmed death-1 ligand 1 (PD-L1) or Programmed death-1 ligand 2 (PD-
L2). In another aspect, the molecule includes an amino acid sequence corresponding to SEQ

ID NO: 40, 41, 42, 43, 44, or 45.
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[0020]  In one aspect. the targeting moiety includes the extracellular domain of CTLA-4
and immunoglobulin Fe region (IgG Cyl), and the immunomodulatory moiety includes a
sequence from Programmed death-1 ligand 1 (PD-L1) or Programmed death-1 ligand 2 (PD-
L2). In another aspect, the molecule includes an amino acid sequence corresponding to SEQ

1D NO: 46 or 47.

[0021]  In one aspect, the targeting moiety includes transforming growth factor-f (TGF-f3)
and immunoglobulin Fc region (IgG Cy1), and the immunomodulatory moiety includes a

sequence from Programmed death-1 ligand 1 (PD-L1) or Programined death-1 ligand 2 (PD-
L2). In an additional aspect, the molecule includes an amino acid sequence corresponding to

SEQ ID NO: 48 or 49.

{0022}  In one aspect, the immunomodulatory moiety includes a sequence from
transforming growth factor-B (TGF-). In an additional aspect, the immunomodulatory moiety

activates the signaling function of transforming growth factor-8 (T'GF-B) receptor.

[0023]  In one aspect, the targeting moiety includes an antibody, antibody fragment, or
polypeptide that specifically binds to Tumor Necrosis Factor-a (TNF-), and the
immunomodulatory moiety includes a sequence from transforming growth factor-f (TGF-B).
In an additional aspect, the targeting moiety includes an antibody that binds TNF-o, and the
immunomodulatory moiety includes a sequence from TGF-B. In another aspect, the molecule
includes an amino acid sequence corresponding to SEQ ID NO: 50. In one aspect, the
targeting moiety includes an extracellular ligand-binding domain of tumor necrosis factor
receptor 2 (TNFR2). In another aspect, the molecule includes TNFR2 Extracellular ligand
binding domain, immunoglobulin Fc region, and a sequence from transforming growth factor-
B (TGF-B). In another aspect, the molecule includes an amino acid sequence corresponding to

SEQ ID NO: 51 or 52.

[0024]  In one aspect, the targeting moiety includes an antibody or antibody fragment that
specifically binds to CD20, CD25 (IL-2« receptor; IL-2aR), or CD4, and the

immunomodulatory moiety includes a sequence from transforming growth factor-p (TGF-B).
In an additional aspect, the molecule includes an amino acid sequence corresponding to SEQ

ID NO: 53, 54, 55, 56, 57 or 58.
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[0025]  In one aspect, the targeting moiety includes an extracellular domain of CTLA-4 and
immunoglobulin Fe region (IgG Cy1), and the immunomodulatory moiety includes a sequence
from transforming growth factor-f (TGF-B). In another aspect, the molecule includes an

amino acid sequence corresponding to SEQ ID NO: 59 or 60.

[0026]  In one aspect, the targeting moiety includes an antibody, antibody fragment, or
polypeptide that specifically binds to Tumor Necrosis Factor-o (TNF-o), and the
immunomodulatory moiety includes an extracellular RANKI-binding domain or ectodomain
of Receptor activator of nuclear factor-xB (RANK). In an additional aspect, the targeting
moiety includes an antibody that binds TNF-q, and the immunomodulatory moiety includes a
sequence from an extracellular RANKL-binding domain or ectodomain of RANK. In another
aspect, the molecule includes an amino acid sequence corresponding to SEQ ID NO: 61. In
one aspect, the targeting moiety includes an extracellular ligand-binding domain of tamor
necrosis factor receptor 2 (TNFR2). In another aspect, the molecule includes TNFR2
Extracellular ligand binding domain, immunoglobulin Fe region, and a sequence from an
extracellular RANK-binding domain or ectodomain of RANK. In another aspect, the

molecule includes an amino acid sequence corresponding to SEQ ID NO: 62 or 63.

{0027]  In one aspect, the targeting moiety inclades an extracellular domain of CTLA-4 and
immunoglobulin Fe region (IgG Cy1), and the immunomodulatory moiety includes an
extracellular RANKL-binding domain or ectodomain of Receptor activator of nuclear factor-
KB (RANK). In another aspect, the molecule includes an amino acid sequence corresponding

to SEQ ID NO: 64 or 65.

[0028]  In one aspect, the targeting moiety includes includes a sequence from transforming
growth factor-f§ (TGF-B) and immunoglobulin Fe region (IgG Cy1), and the

immunomodulatory moiety includes an extracellular RANKL-binding domain or ectodomain
of Receptor activator of nuclear factor-xB (RANK). In another aspect, the molecule includes

an amino acid sequence corresponding to SEQ ID NO: 66 or 67.

[0029]  In one aspect, the targeting moiety includes a sequence from Programmed death-1
ligand 1 (PD-L1) and immunoglobulin Fe region (IgG Cyl), and the immunomodulatory

moiety includes an extracellular RANKL-binding domain or ectodomain of Recéptor activator

Bicara Ex. 1017
Bicara v. JHU - PGR2026-00025



WO 2011/109789 PCT/US2011/027317

of nuclear factor-xB (RANK). In another aspect, the molecule includes an amino acid

sequence corresponding to SEQ ID NO: 68 or 69.

[0030]  In various aspects, the molecule is fused or directly linked to one or more antigen,

antigenic determinant, or epitope.

[0031]  In another embodiment, the present invention provides a composition including the
molecule of the invention and a cell, wherein the cell is a tumor cell, immune cell, or dendritic

cell.

[0032]  In another embodiment, the present invention provides a method of counteracting or
overcoming immune tolerance. The method includes administering to a subject in need

thereof one or more molecule of the invention.

[0033]  In another embodiment, the present invention provides a method of preventing or
treating a neoplastic disease. The method includes administration to a subject in need thereof
one or more molecule of the invention. In various aspects, the subject is administered one or
more molecule of the invention in combination with another anticancer therapy. In one aspect,
the anticancer therapy includes a chemotherapeutic molecule, antibody, small molecule kinase
inhibitor, hormonal agent or cytotoxic agent. In another aspect, the anticancer therapy
includes tonizing radiation, ultraviolet radiation, cryoablation, thermal ablation, or

radiofrequency ablation.

[0034]  In another embodiment, the present invention provides a method of preventing or
treating a neoplastic disease. The method includes administration to a subject in need thereof
an antibody that targets and depletes CD4+ regulatory T cells (Tregs) in combination with
another cytotoxic anticancer therapy. In one aspect, the antibody that targets and depletes
Tregs is an anti-CD4 antibody. In various aspects, the cytotoxic anticancer therapy includes a
chemotherapeutic molecule, tumor-targeted antibody, small molecule kinase inhibitor,
hormonal agent or tumor-targeted cytotoxic agent. In another aspect, the cytotoxic anticancer
therapy includes ionizing radiation, ultraviolet radiation, cryoablation, thermal ablation, or

radiofrequency ablation.
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[0035]  In another embodiment, the subject is administered one or more molecule of the
invention in combination with any vaccine. In another aspect, the vaccine includes a tumor
antigen, tumor-associated antigen, tumor epitope, tumor antigen-containing fusion protein,
tumor cell, or dendritic cell. In another aspect, the vaccine includes a pathogen antigen,

pathogen-associated antigen, pathogen epitope, or pathogen antigen-containing fusion protein.

[0036]  In another embodiment, the present invention provides a method for treating
inumune cells wherein the cells are contacted ex vivo or in vitro with a molecule of the
invention. In another embodiment, the present invention provides a method of treatment of a
neoplastic disease. The method includes administering to a subject in need thereof g

composition of immune cells contacted with a molecule of the invention.

[0037]  In another embodiment, the present invention provides a method of inducing or
promoting immune tolerance. The method includes administering to a subject in need thereof

one or more molecule of the invention.

{0038]  In another embodiment, the present invention provides a method of preventing or
treating an autoimunune or inflammatory disease including administering to a subject in need
thereof one or more molecule of the invention. In one aspect, the subject is administered one
or more molecule of the invention in combination with another anti-inflammatory or
immunosuppressive therapy. In another embodiment, the present invention provides a method
of treatment of immune cells wherein the cells are contacted ex vive or in vitro with a
molecule of the invention. In another embodiment, the present invention provides a method of
treating an autoimmune or inflammatory disease or preventing rejection of grafted cells or
tissue. The method includes administering to a subject in need thereof a composition of

immune cells contacted with a molecule of the invention.
BRIEF DESCRIPTION OF THE DRAWINGS

[0039] Fig. 1 shows exemplary amino acid sequences of transforming growth factor
beta receptor type IT (TGF-B-RII) or TGF-B-RIUB or a fragment thereof, including (i)
Transforming growth factor beta receptor type II (TGF-B-RII) (SEQ ID NO: 79); and (ii)
Transforming growth factor beta receptor type IIB (TGF-B-RIIB) (SEQ ID NO: 80).
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[0040]  Also shown in Figure 1 are exemplary truncated mutants of Transforming growth
factor beta Receptor II (TGF-B-RII) or TGF-B-RIIB including the Extracellular domain (ECD)
region that binds TGF-B, including (i) TGF-f R-If (AC terminus): TGFB RII lacking the last
38 amino acids from the C-terminus (SEQ ID NO: 81) and TGF-§ R-IIB (AC terminus): TGFf
RIIB facking the last 38 aa from the C-terminus (SEQ ID NO: 82); (i) TGE-BR-II (Acyt):
TGFBRII lacking the kinase domain & juxtamembrane region (SEQ ID NO: 83) and TGF-BR-
1B (Acyt): TGFBRIIB lacking the kinase domain & juxtamembrane region (SEQ 1D NO: 84);
(iii) TGF-B R-II containing the N-terminus region including the extracellular domain (SEQ ID
NO: 85) and TGF-B R-IIB containing the N-terminus region including the extracellular
domain (SEQ ID NO: 86); (iv) TGF-p R-H containing the extracellular domain that binds
TGF-B (SEQ ID NO: 87) and TGF-$ R-UIB containing the extracellular domain that binds
TGF-B (SEQ 1D NO: 88); and (v) TGF-B R-II containing the region of the extracellular
domain that binds TGF-§ (SEQ ID NO: 89).

[0041] In addition, Figure 1 also shows exemplary kinase-deficient mutants, deletion
mutants, or point mutants of Transforming growth factor beta Receptor 11 (TGFB-RII) or
TGFB-RIIB or a fragment thereof which binds TGF-p, including (i) Transforming growth
factor beta Receptor 11 containing point mutations - amino acid sequence of TGF-$ R-11
(K277R) contains a point mutation in its ATP-binding site and is inactive as a kinase (SEQ ID
NO: 90); and (i1) Transforming growth factor beta Receptor Il containing deletions in the
amino acid sequence (deletion mutants) - Transforming growth factor beta Receptor 11 (Ai) -
TGF-$ R-1I (Ai2) contains a deletion of amino acids 498 to 508 and is inactive as a kinase

(SEQ ID NO: 91).

[0042]  Figure 2 shows exemplary fusion proteins including anti-HER2/neu antibody and
Transforming growth factor-beta receptor I (TGFp-RIL) Extracellular domain (ECD),
including anti-HER2/neu heavy chain + TGFB-R1I ECD fusion amino acid sequence (SEQ ID
NO: 1) and anti-HER2/neu light ¢hain amino acid sequence (SEQ ID NO: 70).

[0043]  Figure 3 shows exemplary fusion proteins including anti-EGFR1 antibody and
Transforming growth factor-beta receptor II (TGFB-RII) Extracellular domain (ECD),
including anti-EGFR1 heavy chain + TGFB-RII ECD fusion amino acid sequence (SEQ ID
NO: 2) and anti-EGFR1 light chain amino acid sequence (SEQ ID NO: 71).
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[0044]  Figure 4 shows exemplary fusion proteins including anti-CD20 antibody and
Transforming growth factor-beta receptor Il (TGFB-RII) Extracellular domain (ECD),
including anti-CD20 heavy chain+ TGFB-RII ECD fusion amino acid sequence (SEQ ID NO:
3) and anti-CD20 light chain amino acid sequence (SEQ ID NO: 72).

[0045] “igure 5 shows exemplary fusion proteins including anti-VEGF antibody and
Transforming growth factor-beta receptor II (TGFP-RII) Extracellular domain (ECD),
including anti-VEGF heavy chain+ TGFB-RII ECD fusion amino acid sequence (SEQ ID NO:
4y and anti-VEGF Light chain sequence (SEQ ID NO: 73).

[0046]  Figure 6 shows exemplary fusion proteins including anti-human CTLA-4 antibody
and Transforming growth factor-beta receptor II (TGFB-RII) Extracellular domain (ECD),
including Anti-CTLA-4 heavy chain + TGFJB-RII Extracellular domain fusion amino acid
sequence (SEQ ID NO: 5) and Anti-CTLA-4 light chain (SEQ ID NO: 74).

[0047]  Figure 7 shows exemplary fusion proteins including IL-2, Fc, and Transforming
growth factor-beta receptor I (TGFB-RII) Extracellular domain (ECD), including IL-2 + Fc +
TGFB-RII Extracellular domain (SEQ ID NO: 6) and TGFB-RII Extracellular domain + Fc +
IL-2 (SEQ ID NO: 7). The linker GGGGSGGGGSGGGGS (SEQ ID NO: 104) is optional
and can be replaced with EPKSCDK (SEQ ID NO: 105) or another linker sequence well
known in the art. Certain amino acid sequences can be replaced in Fe, including underlined E

with D and underlined M with L.

[0048]  Figure 8 shows exemplary fusion proteins including anti-CD25 antibody and
Transforming growth factor-beta receptor II (TGFB-RII) Extracellular domain (ECD),
including anti-CD25 (Daclizumab) heavy chain and TGFB-RII Extracellular domain (SEQ 1D
NO: §) and anti-CD25 (Daclizumab) light chain (SEQ ID NO: 75) (Figure 8A); and anti-CD23
{Basiliximab) heavy chain and TGFB-RII Extracellular domain (SEQ ID NO: 9) and anti-
CD25 (Bagsiliximab) light chain (SEQ ID NO: 76).
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{0049]  Figure 9 shows exemplary fusion proteins including anti-CD4 antibody and
Transforming growth factor-beta receptor II (TGFB-RII) Extracellular domain (ECD),
including anti-CD4 heavy chain and TGFB-RII Extracellular domain (SEQ 1D NO: 10) and
anti-CD4 light chain (SEQ ID NO: 77)

{0050]  Figure 10 shows exemplary fusion proteins including Programmed Death-1 (PD-1)
Ectodomain, Fe, and Transforming growth factor-beta receptor 11 (TGFB-RII) Extracellular
domain (ectodomain), including PD-1 ectodomain + F¢ + TGFBRII ectodomain (SEQ 1D NO:
11) and TGFBRII ectodomain + Fe + PD-1 ectodomain (SEQ ID NO: 12). The linker
sequence EPKSCDK (SEQ ID NO: 105) is optional and can be deleted or replaced with

another linker.

[0051]  Figure 11 shows exemplary fusion proteins including Receptor activator of nuclear
factor-kB (RANK) Ectodomain, Fc, and Transforming growth factor-beta receptor I (TGFf-
RII) Extracellular domain (ectodomain), including RANK ectodomain + Fc + TGFBRII
ectodomain (SEQ ID NO: 13} and TGFBRII ectodomain + F¢ + RANK ectodomain (SEQ ID
NO: 14). The linker sequence EPKSCDK (SEQ ID NO: 105) is optional and can be deleted or

replaced with another linker.

{0052]  Figure 12 shows exemplary immunomodulatory moiety that binds Programmed
Death-1 ligand 1 (PD-L1 or B7-H1) or Programmed Death-1 ligand 2 (PD-L2 or B7-DC),
including full-length PD-1 or fragment thereof (SEQ ID NO: 92), PD-1 extracellular domain
(ectodomain) or fragment thereof (SEQ ID NO: 93), and PD-1 extracellular domain
(ectodomain) ligand-binding region (SEQ ID NO: 94).

[0053]  Figure 13 shows exemplary fusion proteins including anti-HHER2/neu antibody and
PD-1 Ectodomain, including anti-HER2/neu heavy chain + PD-1 ectodomain fusion amino
acid sequence (SEQ 1D NO: 15) and anti-HER2/neu light chain amino acid sequence (SEQ ID
NO: 70).

[6054]  Figure 14 shows exemplary fusion proteins including anti-EGFR1 antibody and PD-
1 Ectodomain, including anti-EGFR heavy chain + PD-1 ectodomain fusion amino acid

sequence (SEQ ID NQO: 16) and anti-EGFR light chain amino acid sequence (SEQ ID NO: 71).
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[0055]  Figure 15 shows exemplary fusion proteins including anti-CD20 antibody and PD-1
Ectodomain, including anti-CD20 heavy chain + PD-1 ectodomain fusion amino acid

sequence (SEQ ID NO: 17) and anti-CD20 light chain amino acid sequence (SEQ ID NO: 72).

[6656]  Figure 16 shows exemplary fusion proteins including anti-VEGF antibody and PD-1
Ectodomain, including anti-VEGF heavy chain + PD-1 ectodomain fusion amino acid

sequence (SEQ ID'NQ: 18) and anti-VEGF Light chain sequence (SEQ 1D NO: 73).

[0057]) . Figure 17 shows exemplary fusion proteins including anti-human CTLA-4 antibody .
and PD-1 Ectodomain, including anti-CTLA-4 heavy chain + PD-1 ectodomain fusion amino

acid sequence (SEQ ID NO: 19) and anti-CTLA-4 light chain (SEQ ID NO: 74).

[0058]  Figure 18 shows exemplary fusion proteins including anti-CD25 antibody and PD-1
Ectodomain, including anti-CD2S (Daclizumab) heavy chain and PD-1 ectodomain (SEQ ID
NO: 20) and anti-CD25 {Daclizumab) light chain (SEQ ID NO: 75) (Figure 18A), and anti-
CD25 (Basiliximab) heavy chain and PD-1 ectodomain (SEQ ID NO: 21) and anti-CD25
(Basiliximab) light chain (SEQ ID NO: 76) (Figure 18B).

[0059]  Figure 19 shows exemplary fusion proteins including IL-2, Fe, and PD-1
ectodomain, including IL-2 + Fe + PD-1 ectodomain (SEQ ID NQ: 22) and PD-1 ectodomain
+Fe+IL-2 (SEQ 1D NO: 23). The linker GGGGSGGGGSGGGGS SEQ ID NO: 104 is
optional and can be replaced with EPKSCDK SEQ ID NO: 105 or another linker sequence
well known in the art. Certain amino acid sequences can be replaced in Fe, including

underlined E with D and underlined M with L.

[0060]  Figure 20 shows exemplary fusion proteins including anti-CD4 antibody and PD-1
ectodomain, including anti-CD4 heavy chain and PD-1 ectodomain (SEQ ID NO: 24) and
anti-CD4 light chain (SEQ ID NO: 77)

[0061]  Figure 21 shows exemplary fusion proteins including Receptor activator of nuclear
factor-kB (RANK) Ectodomain, Fe, and PD-1 ectodomain, including RANK ectodomain + Fe
+ PD-1 ectedomain (SEQ ID NO: 25) and PD-1 ectodomain + Fc + RANK ectodomain (SEQ
ID NO: 26). The linker sequence EPKSCDK (SEQ ID NO: 105) is optional and can be

deleted or replaced with another linker.
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[0062]  Figure 22 shows exemplary immunomodulatory moiety that binds Receptor
activator of nuclear factor-kB (RANK) ligand (RANKL) including fuli-length RANK or
fragment thereof (SEQ ID NO: 95), extracellular ligand-binding domain or ectodomain of
RANK (SEQ ID NO: 96), RANKI -binding sequences or residues of RANK (SEQ ID NO:
93), or RANKL-binding sequences of Osteoprotegerin (OPG) (SEQ 1D NO: 98).

[0063]  Figure 23 shows exemplary fusion proteins including anti-HER2/neu antibody and
RANK Ectodomain, including anti-HER2/neu heavy chain + RANK ectodomain fusion amine
acid sequence (SEQ 1D NO: 27) and anti-HER2/neu light chain amino acid sequence (SEQ ID
NO: 70).

[0064]  Figure 24 shows exemplary fusion proteins including anti-EGFR1 antibody and
RANK Ectodomain, including anti-EGFR heavy chain + RANK ectodomain fusion amino
acid sequence (SEQ ID NO: 28) and anti-EGFR light chain amino acid sequence (SEQ 1D
NO: 71).

[0065]  Figure 25 shows exemplary fusion proteins including anti-CD20 antibody and
RANK Ectodomain, including anti-CD20 heavy chain + RANK ectodomain fusion amino acid
sequence (SEQ ID NO: 29) and anti-CD20 light chain amino acid sequence (SEQ ID NO:; 72).

{0066]  Figure 26 shows exemplary fusion proteins including anti-VEGF antibody and
RANK Eectodomain, including anti-VEGF heavy chain + RANK ectodomain fusion amino
acid sequence (SEQ ID NO: 30) and anti-VEGF Light chain sequence (SEQ ID NO: 73).

[0067]  Figure 27 shows exemplary fusion proteins including anti-human CTLA-4 antibody
and RANK Ectodomain, including anti-CTLA-4 heavy chain + RANK ectodomain fusion
amino acid sequence (SEQ ID NO: 31} and anti-CTLA-4 light chain (SEQ ID NO: 74).

[0068]  Figure 28 shows exemplary fusion proteins including anti-CD235 antibody and
RANK Ectodomain, including anti-CD235 (Daclizumab) heavy chain and RANK ectodomain
(SEQ ID NO: 32) and anti-CD25 (Daclizumab) light chain (SEQ ID NO: 75) (Figure 28A),
and anti-CD25 (Basiliximab) heavy chain and RANK ectodomain (SEQ ID NO: 33) and anti-
CD25 (Basiliximab) light chain (SEQ ID NO: 76) (Figure 28B).
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[0069]  Figure 29 shows exemplary fusion proteins including IL-2, Fc¢, and RANK
ectodomain, including IL-2 + F¢ + RANK ectodomain (SEQ ID NO: 34) and RANK
ectodomain + Fc¢ + 1L-2 (SEQ 1D NO: 35). The linker GGGGSGGGGSGGGGS SEQ ID NO:
104 is optional and can be replaced with EPKSCDK SEQ ID NO: 105 or another linker
sequence well known in the art. Certain amino acid sequences can be replaced in Fe,

including underlined E with D and underlined M with L.

[0070]  Figure 30 shows exemplary fusion proteins including anti-CD4 antibody and RANK
ectodomain, including anti-CD4 heavy chain and RANK ectodomain (SEQ ID NOQ: 36) and
anti-CD4 light chain (SEQ ID NO: 77)

[0071]  Figure 31 shows exemplary immunomodulatory moiety that binds Programmed
Death-1 (PD-1) including a PD-1 ligand 1 (PD-L1 or B7-H1) or PD-1 ligand 2 (PD-L.2 or B7-
DC) or a fragment thereof (for example, SEQ ID NO: 101), full-length human PD-1 ligand 1
(B7-Hi; PDCDILI1; PD-LI; or CD274) protein or a fragment thereof (SEQ ID NO: 99), and
PD-L1 extracellular binding domain (ectodomain) or fragment thereof (SEQ ID NO: 100).

[0072]  Figure 32 shows exemplary fusion proteins including anti-tumor necrosis factor
(TNFa) antibody and PD-1 ligand, iricluding anti-TNFa heavy chain + PD-1L (SEQ ID NO:
37) and anti-TNFa light chain (SEQ ID NO: 78). The sequence KKAE (SEQ ID NO: 107)
can be replaced with KRVE (SEQ ID NO: 108) or KKVE (SEQ ID NO: 109).

[0073]  Figure 33 shows exemplary fusion proteins including TNFR2 Extracellular ligand
binding domain, Fe, and PD-1 ligand, including TNFR2 ECD + 1gG Cy1 +PD-L1 (SEQ ID
NO: 38) and PD-L1 + IgG Cy1 -TNFR2 ECD (SEQ ID NO: 39).

[0074]  Figure 34 shows exemplary fusion proteins including anti-CD20 antibody and PD-1
ligand 1 (PD-L1), including anti-CD20 heavy chain + PD-L1 sequence (SEQ ID NO: 40) and
anti-CD20 light chain sequence (SEQ ID NO: 72).

[0075]  Figure 35 shows exemplary fusion proteins including anti-CD25 antibody and PD-1
ligand 1 (PD-L1), including anti-CD25 (Daclizumab) heavy chain and PD-L1 (SEQ ID NO:
41) and anti-CD25 (Daclizumab) light chain (SEQ ID NQ: 75) (Figure 354), and anti-CD25
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(Basiliximab) heavy chain and PD-1 ectodomain (SEQ ID NO: 42) and anti-CD25
(Basiliximab) light chain (SEQ TD NO: 76) (Figure 35B).

{0076]  Figure 36 shows exemplary fusion proteins including IL-2, Fe, and PD-1 ligand 1
(PD-L1), including fusion protein hPD-1 ligand 1 + Fe + IL-2 (SEQ ID NO: 43) and fusion
protein IL-2 + Fc + PD-1 ligand 1 (SEQ ID NO: 44). The linker GGGGSGGGGSGGGGS
SEQ ID NO: 104 is optional and can be replaced with EPKSCDK SEQ ID NO: 105 or another
linker sequence well known in the art. Certain aming acid sequences can be replaced in Fc,

including underlined E with D and underlined M with L.

[0077]  Figure 37 shows exemplary fusion proteins including anti-CD4 antibody and PD-1
ligand 1 (PD-L1), including anti-CD4 heavy chain and PD-1 ligand 1 (PD-1.1) (SEQ ID NO:
45) and anti-CD4 light chain (SEQ ID NO: 77)

[0078]  Figure 38 shows exemplary fusion proteins including the extracellular domain of
CTLA-4, Immunoglobulin Fe (IgG Cy1), and a sequence from PD-1 ligand (PD-L.1) including
Oncostatin M signal peptide + CTLA-4 ECD + IgG Cy1 + PD-L1 (SEQ ID NO: 46) and PD-
1ILE+1gG Cyl + CTLA-4 ECD (SEQ ID NO: 47). The IgG sequence shown can have
optional C to S conversion in (bold underlined). The linker QEPKSCDK SEQ ID NO: 110 is
optional and can be replaced with EPKSCDK SEQ ID NO: 105 or another linker sequence.

[0079]  Figure 39 shows exemplary fusion proteins including a sequence of transforming
growth factor-p (TGF-B), Immunoglobulin Fe (IgG Cy1), and a sequence of PD-1 ligand (PD-
L1) including TGFB-1 + Fe + PD-L1 (SEQ ID NO: 48), and PD-1L1 + F¢ + TGFB-1 (SEQ ID
NQ: 49). The Linker GGGGSGGGGSGGGGS SEQ ID NO: 104 is optional and can be
replaced with EPKSCDK SEQ ID NO: 105 or another linker sequence well knowi in the art.
Certain amino acid sequences can be replaced in Fe, including underlined E with D and

underlined M with L.

[0080]  Figure 40 shows exemplary immunomodulatory moiety that binds Transforming
growth factor-beta receptor (TGF-$R) including Transforming growth factor-beta (TGF-B1,
TGF-B2, or TGF-B3 or a fragment thereof, TGF-B1 full sequence (SEQ ID NO: 102), and
mature (active) TGF-B1 sequence {Ala 279 — Ser 390; 112 amino acids) (SEQ ID NO: 103).
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[0081]  Figure 41 shows exemplary fusion proteins including an antibody that binds TNF-a,
and a sequence of transforming growth factor-f (TGF-B), including anti-TNFa heavy chain +
TGF-B1 (SEQ 1D NO: 50) and anti-TNFa light chain (SEQ ID NO: 78). The sequence KKAE
(SEQ ID NO: 107) can be replaced with KRVE (SEQ ID NO: 108) or KKVE (SEQ ID NO:
109).

[0082]  Figure 42 shows exemplary fusion proteins including TNFR2 Extracellular ligand
binding domain (TNFR2 ECD), immunoglobulin Fe (IgG Cyl), and a sequence from
transforming growth factor-B (TGF-B) including TNFR2 ECD + IgG Cy1 + TGF-p1 (SEQ ID
NO: 51), and TGF-B1 +IgG Cyl + TNFR2 ECD (SEQ ID NO: 52).

[0083]  Figure 43 shows exemplary fusion proteins including anti-CD20 antibody and a
sequence from transforming growth factor-f (TGF-f), including anti-CD20 heavy chain +
mature TGFB1 sequence (SEQ D NO: 53) and anti-CD20 light chain sequence (SEQ ID NO:
72).

[0084]  Figure 44 shows exemplary fusion proteins including anti-CD235 antibody and a
sequence from transforming growth factor-f (TGF-B), including anti-CD25 (Daclizumab)
heavy chain and TGF-$1 (SEQ ID NO: 54) and anti-CD25 (Daclizumab) light chain (SEQ ID
NO: 75) (Figure 44A), and anti-CD25 (Basiliximab) heavy chain and TGF-$1 (SEQ ID NO;
55) and anti-CD25 (Basiliximab) light chain (SEQ ID NO: 76) (Figure 44B).

[0085]  Figure 45 shows exemplary fusion proteins including IL-2, Fc, and a sequence from
transforming growth factor-B (TGF-f), including TGF-$1 + Fc + [L-2 (SEQ ID NO: 56) and
IL-2 + Fe + TGF-B1 (SEQ ID NO: 57). The linker GGGGSGGGGSGGGGS SEQ ID NO:
104 is optional and can be replaced with EPKSCDK SEQ ID NO: 105 or another linker
sequence well known in the art. Certain amino acid sequences can be replaced in Fc,

including underlined E with D and underlined M with L.

[0086]  Figure 46 shows exemplary fusion proteins including anti-CD4 antibody and a
sequence from transforming growth factor-f (TGF-B), including anti-CD4 heavy chain and

TGF-$ (SEQ ID NO: 58) and anti-CD4 light chain (SEQ ID NO: 77
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[0087]  Figure 47 shows exemplary Fusion proteins including the extracellular domain of
CTLA-4, Immunoglobulin Fe (IgG Cy1), and a sequence from transforming growth factor-f§
(TGF-B) including Oncostatin M signal peptide + CTLA-4 ECD + 1gG Cy1 + TGF-B1 (SEQ
ID NO: 59), and TGF-p1 + IgG Cyl + CTLA-4 ECD (SEQ ID NO: 60). The IgG sequence
shown can have optional C to § conversion in (bold underlined). The linker QEPKSCDK
SEQ ID NO: 110 is optional and can be replaced with EPKSCDK SEQ ID NO: 105 or another

linker sequence.

[0088]  Figure 48 shows exemplary fusion proteins including an antibody that binds TNF-u,
and a sequence of RANK ectodomain, including anti-TNFa heavy chain + RANK ectodomain
(SEQ ID NO: 61) and anti-TNFa light chain (SEQ ID NO: 78). The sequence KKAE (SEQ
ID NO: 107) can be replaced with KRVE (SEQ ID NO: 108) or KKVE (SEQ ID NO: 109).

[0089]  Figure 49 shows exemplary fusion proteins including TNFR2 Extracellular ligand
binding domain (TNFR2 ECD), immunoglobulin Fc¢ (IgG Cyl), and a sequence from RANK
ectodomain including TNFR2 ECD + IgG Cyl + RANK ectodomain (SEQ ID NO: 62), and
RANK ectodomain + IgG Cyl + TNFR2 ECD (SEQ ID NO: 63).

[0090]  Figure 50 shows exemplary Fusion proteins including the extracellular domain of
CTLA-4, Immunoglobulin Fc (IgG Cyl), and a sequence from RANK ectodomain including
Oncostatin M signal peptide + CTLA-4 ECD +12G Cyl + RANK ectodomain (SEQ ID NO:
64}, and RANK ectodomain + IgG Cyl + CTLA-4 ECD (SEQ 1D NO: 65):. The IgG sequence
shown can have optional C to S conversion in (bold underlined). The linker QEPKSCDK
SEQ ID NO: 110 is optional and can be replaced with EPKSCDK SEQ ID NQ: 105 or another

linker sequence.

[0091]  Figure 51 shows exemplary fusion proteins including a sequence from transforming
growth factor-B (TGF-$), immunoglobulin Fe (IgG Cy1), and a sequence from RANK
ectodomain including TGF-+ IgG Cyl + RANK ectodomain (SEQ ID NO: 66), and RANK
ectodomain + IgG Cyl + TGF-B (SEQ ID NO: 67).
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[0092]  Figure 52 shows exemplary fusion proteins including a sequence from PD-1 ligand
(PD-L1), immunoglobulin Fe (IgG Cy1), and a sequence from RANK ectodomain including
PD-L1 + IgG Cyl + RANK ectodomain (SEQ ID NO: 68), and RANK ectodomain + IgG Cyl
+PD-L.1 (SEQ ID NO: 69).

[0093]  Figure 53 shows Regulatory T cells (Treg) accumulate in the tumor
microenvironment and counteract the ability of chemotherapy to activate CD8" T cell-
mediated antitumor immunity. (a) Surface exposure of calreticulin (CRT) in response to
treatment of hum®n (SW780) and murine (MB49) cancer cells with doxorubicin (10 uM) for
4h. The surface exposure of CRT was determined by immunofluorescence cytometry of
untreated control or doxorubicin-treated cells stained with Dylight-labeled anti-CRT antibody
or an isotype control (IgG1) antibody. (b) Priming of tumor-reactive immune responses by
MB49 tumor cells treated with doxorubicin ex vivo or in vivo. 5x10° MB49 cells that were pre-
treated ex vivo with doxornbicin (10 uM) for 4h were injected into one flank of syngeneic
immunocompetent C57BL/6 mice. Alternatively, C57BL/6 mice were injected with 5x10° live
MB49 tumor cells and then administered intratumoral doxorubicin (10 pg) at 10d following
tumor inoculatic™ Tumor-reactive immune responses were determined by measuring
production of IFN-y by draining lymph node (DLN) cells in response to iz vitro re-challenge
with either MB49 cell lysates, an irrelevant peptide (Hemagglutinin-HA), or medium alone.
{c) Vaccination with doxorubicin-treated tumor cells induces CD8™ T cell-mediated antitumor
immunity that prevents tumor formation following re-challenge with live tumor cells. MB49
cells (5x10°) that were pre-treated i vitro with doxorubicin (10 pM) for 4h were injected
subcutaneously into one flank of syngeneic immunocompetens C57BL/6 mice. Naive or v
vaccinated mice were challenged with untreated live MB49 tumor cells injected into the
opposite flank with or without pre-treatment with an anti-CD8 antibody (Clone GK2.43)(5 ug
x 2 doses, iv) to deplete CD8" T cells. (d) Delayed administration of chemotherapy in mice
with pre-established tumors decreases its immunogenicity and antitumor efficacy. C57BL/6
mice were injected with 5x10° live syngeneic MB49 tumor cells and then administered
intratumoral doxorubicin (10 pug) at d3, d7, or d10 foll"™™ng tumor inoculation. () Tumors
foster the accumulation of CD4"CD25 FoxP3™ cells (Tregs) in their microenvironment. Flow
cytometric analyses of the percentage of CD4"CD25 Fox"3" ¢°lls (Tregs) among CD4* T

lymphocytes isolated from the spleen, draining lymph nodes (DLN), and tumors of
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immunocompetent C57BL/6 mice at d0 and d14 after subcutaneous inoculation of 5x10° live
MB49 tumor cells. (f) Tregs infiltrating the tumor microenvironment suppress priming of
tumor-reactive immune responses by doxorubicin-treated tumor cells. Naive C57BL/6 mice
were vaccinated with 5x10° doxorubicin-killed MB49 cells with or without intravenous
adoptive transfer of 5x10° CD47CD25" cells isolated from tumors and DLN of tumor-bearing
mice via immunomagnetic separation. Tumor-reactive immiune responses were determined by
measuring production of IFN-7 by draining lymph node (DLN) cells in response to iz vitro
re-challenge with either MB49 cell lysates, an irrelevant peptide (Hemagglutinin-HA), or
medium alone. (g} Tregs infiltrating the tumor microenvironment suppress the activation of
adaptive antitamor immunity in response to chemotherapy-induced tumor cell death. Naive
C57BL/6 mice were vaccinated with 5x10° doxorubicin-killed MB49 cells (left flank) with or
without pre-treatment with either an anti-CD8 antibody (Clo™ GK2.43)(5 ug x 2 doses, iv) to
deplete CD8" T cells or adoptive transfer of 5x10° CD4"CD25" cells isolated from tumors and
DLN of tumor-bearing mice. Protective antitumor immunity in vaccinated mice was
determined by assessment of tamor growth uporn challenge with untreated live MB49 tumor

cells injected into the opposite flank.

[0094]  Figure 54 shows inhibition of TGF-B in the tumor microenvironment reduces
‘adaptive’ FoxP3" regulatory T cells and enhances the antitumor efficacy chemotherapy. (a)
Tumeor growth results in a progressive increase in the level of serum TGF-f. Levels of TGF-8
in'serum of mice at d0, d14, and d28 following inoculation of 5x10° live MB49 tamor cells
were evaluated utilizing ELISA. (b) Tumor cell-autonomous expression of TGF-B is the
dominant source of elevated TGF-$ in tumor-bearing mice. Tumor cells or draining lymph
node cells isolated from either tumor-bearing mice or their tumor-free counterparts were
cultured ex vivo in serum-free medium for 24h and the amount of TGF-B/10° cells in
supernatants was measured by ELISA. (¢} TGFBRII:Fc sequesters TGF-B in supernatants of
MB49 tumor cells in a concentration-dependent manner. MB49 tumor cells were cultured in
the presence of graded concentrations of TGFBRIL:Fe (0-400 ng/mtl) for 24h followed by
measurement of TGF-B (pg/ml/10° cells) in supernatants via ELISA. (d) TGF-B induces
‘adaptive’ FoxP3" regulatory T cells in the tumor microenvironment. At 5d following
inoculation of MB49 tumor cells, mice were either left untreated (control) or treated with

TGFBRII:Fe (1pg intratumoral; twice weekly) for 3 weeks followed by flow cytometric
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analyses of intracellular FoxP3 expression in CD4"CD25" T cells infiltrating the tumors. (e, f)
Sequestration of intratumoral TGF-B with TGFBRII:Fc reduces CD4 CD25 FoxP3" Tregs in
tumor tissue and improves the antitumor efficacy of doxorubicin. MB49 tumor-bearing mice
were administered doxorubicin (Smg/kg i.p. weekly x 3) with or without twice weekly
treatment with TGFBRII:Fc (1ug intratumoral). The percentage of CD4"CD25 FoxP3™ cells
(Tregs) among tumor cells was assessed by flow ¢vtometry (e}, and tumor volume was
monitored to determine the effect of counteracting tumor-induced TGF-B-mediated immune

tolerance on the ir vivo antitumor efficacy of doxorubicin (f).

[0095]  Figure 55 shows that anti-CD4 antibody-mediated depletion of CD4" regulatory T
cells facilitates chemotherapy-induced activation of tumor-reactive CD8” T cells and enhances
the antitumor efficacy of chemotherapy. (a) /n vivo depletion of tumor-infiltrating
CD4"CD25 FoxP3" T cells by treatment of tumor-bearing mice with anti-CD4 antibody.
C57BL/6 mice injected with 5 x10° MB49 tumor cells s.c. were left untreated (control) or
administered an anti-CD4 antibody (Clone GK1.5) i.p. at 5d and 9d following tumor
challenge. CD4"CD25 FoxP3" T cells infiltrating tumors isolated from mice at d16 following
tumor challenge were detected by flow cytometry. (b) Target-specific depletion of either CD4”
T cells, CD4"CD25 FoxP3" T cells, or CD8" T cells by treatment of tumor-bearing mice with
anti-CD4 antibody or anti-CD8 antibody. C57BL/6 mice injected s.c. with 5 x10° MB49 tumor
cells were left untreated or treated with doxorubicin (Smg/kg i.p. weekly x 3) beginning at d7
following tumor inoculation, with or without administration of either anti-CD4 antibody
{Clone GK1.5) or anti-CD8 antibody (Clone GK2.43) at d5 and d9 following tumor
inoculation. Flow ¢cytometric analyses of peripheral blood mononuclear cells isolated from
mice at d16 following tumor challenge determined the percentage of CD4" T cells or CD8™ T
cells among total mononuclear cells, and the percentage of CD4"CD25 FoxP3" T cells among
total CD4" T cells. (¢) Depletion of CD4” regulatory T cells facilitates chemotherapy-induced
activation of tumor-reactive CD8" T cells. C57BL/6 mice injected s.c. with 5 x10° MB49
tumor cells were left untreated or treated with doxorubicin (Smg/kg i.p. weekly x 3) beginning
at d7 following tumor inoculation, with or without administration of anti-CD4 antibody (Clone
GK1.5) at d5 and d9 following tumor inoculation. Tumor-reactive immune responses were
determined by flow cytometric analyses of IFN-y expression in CD8" T cells from the tumor

and draining lymph node in response to in vitro stimulation with MB49 cell lysates. (d)
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Depletion of CD4 " regulatory T cells augments the in vivo antitumor efficacy of chemotherapy
via activation of tumor-reactive CD8" T cells. C57BL/6 mice injected s.c. with 5 x10° MB49
tumor cells were left untreated or treated with doxorubicin (Smg/kg i.p. weekly x 3) beginning
at d7 following tumor inoculation, with or without administration of either anti-CD4 antibody
(Clone GK1.5) or anti-CD8 antibody (Clone GK2.43) at d5 and d9 following tumor
inoculation. Tumor volume was monitored to determine the effect of depleting either CD4™ T

cells or CD8” T cells on the in vive antitumor efficacy of doxorubicin.

[0096]  Figure 56 shows anti-CD4 antibody-mediated depletion of CD4" regulatory T cells
augments and sustains the antitumor effect of chemotherapy by enabling activation of adaptive
antitumor immunity. (a) Surface exposure of calreticulin (CRT) In response to treatment of
MB49 cancer cells with either cisplatin or the combination of cisplatin and gemcitabine for 4h.
The surface exposure of CRT was determined by immunofluorescence cytometry of untreated
control or chemotherapy-treated cells stained with Dylight-labeled anti-CRT antibody or an
isotype control (IgG1) antibody. (b.c) Depletion of CD4" regulatory T cells enables cisplatin-
induced activation of tumor-reactive IFN-y CD8" T cells and effector memory (CD8 CD62L")
T cells. C57BL/6 mice injected s.c. with 5 x10° MB49 tumor cells were left untreated or
treated with cisplatin (0.5mg/kg i.p. weekly x 4) beginning at d7 following tumor inoculation,
with or without administration of anti-CD4 antibody (Clone GK1.3) at d5 and d9 following
tumor inoculation. Tumor-reactive immune responses were determined by flow cytometric
analyses of IFN~y expression in CD&" T cells from the tumor and draining lymph node (DLN)
in response to in vifro stimulation with MB49 cell lysates (b). The percentage of effector
memory Tey cells was determined by flow cytometric analyses of CD8'CD62L" cells (c).
{d,e,f) Depletion of CD4 " regulatory T cells augments the /n vive antitumor efficacy of
chemotherapy via activation of tumor-reactive CD8" T cells. C57BL/6 mice injected s.c. with
5 x10° MB49 tumor cells were left untreated or treated with either cisplatin (0.5mg/kg) or the
combination of cisplatin and gemcitabine (i.p. weekly x 4) beginning at d7 following tumor
inoculation, with or without administration of either anti-CD4 antibody (Clone GK1.5) or anti-
CD8 antibody (Clone GK2.43) at d5 and d9 following tumor inoculation. Tumor volume was
monitored to determine the effect of depleting either CD4" T cells or CD8™ T cells on the in
vive antitumor efficacy of chemeotherapy and the percentage of mice exhibiting complete

tumor-regression by d50 following tumor inoculation. Establishment of adaptive antitumor
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immunity following regression of primary tumors was determined by re-challenging mice with

live MB49 tumor cells in the opposite flank.

[0097]  Figure 57 shows that Chemotherapy-induced expression of NKG2D ligands on
tumor cells cooperates with depletion of CD4” regulatory T cells to stimulate CD8" T cell-
mediated tumor regression. (a) Genotoxic chemotherapeutic agents induce expression of
mouse NKG2D ligands (Rae-1) on cancer cells. Kinetics of the upregulation of Rael
transcripts in mouse CT26 colon cancer cells was determined by quantitative real-time PCR
following treatment with irinotecan (25 pg/ml) or oxaliplatin (10 pg/ml). Quantitative RT-
PCR was carried out using Rae-1 specific primers [sense, 57-
CTAGTGCCACCTGGGAATTCA-3" (SEQ ID NO: 111); anti-sense, 5°-
CATCATTAGCTGATCTCCAGCTCA-3"(SEQ ID NO: 112)] and probe [5°-6-FAM-
CATCAGTGACAGITACTTCTTCACCTTCTACACAGAGA-Tamra-3" (SEQ ID NO:
113)]. {(b) Genotoxic chemotherapeutic agents induce p53-independent cell surface expression
of human NKG2D ligands (MHC-I-related A and B molecules — MICA/MICB) on cancer
cells. Isogenic p53-proficient (p33™) or p33-deficient (p53™) HCT116 cells were treated with
irinotecan (25 pg/ml) for 16h or left untreated. Irinotecan-induced upregulation of cell surface
expression of MICA/B was determined by flow cytometryic analysis of tumor cells labeled
with an anti-human MICA/B MAb (R&D Systems). (¢) & (d) Induction of NKG2D ligands
contributes to the antitumor effect of chemotherapy in vive. Immunocompetent Balb/C mice
injected s.c. with 2 x10° syngeneic CT26 tumor cells were treated with irinotecan (50 meg/kg
i.p weekly x 3) beginning at d5 following tumor inoculation, with or without.pre-treatment
with an NKG2D blocking antibody (CXS5, eBlOscience) (200 ug i.p.) at 16h before each dose
of chemotherapy. Tumor volume was monitored to determine the effect of NKG2D blockade
on the ir vive antitumor efficacy of irinotecan. (e} [n vivo depletion of CD4"CD25 FoxP3" T
cells by treatment of tumor-bearing mice with anti-CD4 antibody. Balb/C mice injected with
2 x10° CT26 tumor cells s.c. were left untreated or treated with irinotecan (50 mg/kg ip
weekly x 3) beginning at d7 following tumor inoculation, with or without administration of
anti-CD4 antibody (Clone GK1.5) at d5 and d9 following tumor inoculation.
CD4"CD25"FoxP3™ T cells in spleen and draining lymph node isolated from mice at d16
following tumor challenge were detected by flow cytometry. (f) Depletion of CD4” regulatory

T cells facilitates irinotecan-induced activation of tumor-reactive IFN-y"CD8" T cells. Balb/C
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mice injected with 2 x10° CT26 tumor cells s.c. were left untreated or treated with irinotecan
(50 mg/kg i.p weekly x 3) beginning at d7 following tumor inoculation, with or without
administration of anti-CD4 antibody (Clone GK1.5) at d5 and d9 following tumor inoculation.
Tumor-reactive immune responses were determined by flow cytometric analyses of IFN-

v expression in CD8" T cells from the tumor and draining lymph node (DLN) in response to in
vitro stimulation with either CT26 cell lysates, an irrelevant peptide (Hemagglutinin-HA), or
medium alone.‘(g) & (h) Chemotherapy-induced expression of NKG2D ligands on tumor cells
cooperates with depletion of CD4" regulatory T cells to stimulate CD8” T cell-mediated tumor
regression. Balb/C mice injected with 2 x10° CT26 tumor cells s.c. were left untreated or
treated with irinotecan (50 mg/kg i.p weekly x 3) beginning at d7 following tumor inoculation,
with or without administration of anti-CD4 antibody (Clone GK1.5) and/or anti-CD$§ antibody
(Clone GK2.43) at d5 and d9 following tumor inoculation. Tumor volume was monitored to
determine the effect of depleting CD4" T cells and/or CD8” T cells on the in vivo antitumor

efficacy of irinotecan.
DETAILED DESCRIPTION OF THE INVENTION

[0098]  Targeted immunostimulatory antibodies and/or fusion proteins for prevention or
treatment of cancer: Chemotherapy is a cornerstone of systemic treatment of patients with
most common types of advanced cancers. The vast majority of human cancers harbor genetic
alterations and signaling mechanisms that impair the direct death signaling pathways entrained
by chemotherapeutic agents. Although chemotherapeutic agents employ diverse mechanisms
to directly kill tumor cells, the present invention provides that these agents have immuno-
adjuvant effects which activate innate and adaptive antitumor immune responses that are
crucial for their antitumor efficacy in vivo. The present invention also provides that antitumor
CD8" T cells play an instrumental role in the in vivo response of tumors to diverse cytotoxic
chemotherapeutic agents. Although chemotherapeutic agents can induce “immunogenic”
tumor cell death and facilitate cross-presentation of antigens by dendritic cells, tumors create a
tolerogenic environment that allows them to suppress the activation of innate and adaptive
immune responses and evade immunologic attack by immune effector cells. The present
invention provides that strategies to counteract tumor-induced immune tolerance in the tumor
microenvironment can enhance the antitumor efficacy of chemotherapy by activating and

leveraging T cell-mediated adaptive antitumor immunity against disseminated cancer cells.
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[0099]  The present invention is based on the seminal discovery that targeted
immunomodulatory antibodies and fusion proteins can counteract or reverse immune tolerance
of cancer cells. Cancer cells are able to escape elimination by chemotherapeutic agents or
tumor-targeted antibodies via specific immunosuppressive mechanisms in the tumor
microenvironment and such ability of cancer cells is recognized as immune tolerance. By
counteracting tumor-induced immune tolerance, the present invention provides effective
compositions and methods for cancer treatment, optional in combination with another existing

cancer freatment.

{0100} The present invention provides compositions and methods for targeted
immunostimulatory antibodies and fusion proteins that counteract immune tolerance in the
tumor microenvironment and promote T cell-mediated adaptive antitumor immunity for
maintenance of durable long-term protection against recurrent or disseminated cancers. These
tumor-targeted immunostimulatory molecules are designed to facilitate effective long term T
cell-mediated immune responses against tumor ¢cells by at least one of the following:

(i) promoting death of tumor cells via enhancement of antibody-dependent cellular
eytotoxicity (ADCC);

(ii) facilitating effective cross-presentation of tumor antigen(s) from dying tumor cells by
augmenting maturation of dendritic cells (DCs); and

(iii) increasing activation and proliferation of antitumor CD8+ T cells by negating immune
suppression mediated by regulatory T cells and myeloid suppressor cells. These antitumor
immune responses may be activated in tandem with the sensitization of tumor cells to immune
effector-mediated cytotoxicity, thereby establishing a positive feedback loop that augments
tumor cytoreduction and reinforces adaptive antitumor immunity. The tumor-targeted
immunostimulatory monoclonal antibodies (mAbs) of the present invention provides the
ability to generate and boost antitumor immunity to multiple cross-presented tumor antigens
obtained from endogenous tumor cells during the course of therapy (as an in situ tumor
vaccine), while simultaneously leveraging the antitumor immune response to eliminate
disseminated cancer cells. Accordingly, the targeted immunostimulatory antibodies and
fusion proteins of the invention can integrate the hitherto distinct fields of passive and active

immunotherapy and provide a novel platform for simultaneously leveraging the synergistic
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benefits of these strategies to entrain effective innate and adaptive immune responses against

targeted cancers.

[0101] While passive immunotherapy of cancer with tumor-targeted monoclonal antibodies
has demonstrated clinical efficacy, the goal of active therapeutic vaccination to induce T cell-
mediated immunity and establish immunological memory against tumor cells has remained
challenging. Several tumor-specific and tumor-associated antigens have been identified, yet
tumors employ diverse mechanisms fo create a tolerogenic environment that allows them to
suppress the activation of a T cell-mediated antitumor immune fesponse. The tumior-targeted
immunostimulatory antibodies and/or fusion proteins of the invention are designed to
overcome such immune toleranee in the tumor microenvironment and activate robust levels of
T cell responses for effective cancer immunotherapy or chemo-immunotherapy. Acecordingly,
the tumor-targeted immunostimulatory antibodies and/or fusion proteins of the invention have

broad clinical relevance for advancing the treatment of many types of human cancers.

[6102] The tumor-targeted immunostimulatory mAbs and/or fusion proteins of the invention
provide their ability to generate and boost antitumor immunity to multiple cross-presented
tumor antigens obtained from endogenous tumor cells during the course of therapy (as an in
sity tumor vaccine), while simultaneously leveraging the antitumor immune response to
eliminate disseminated cancer cells. Accordingly, the tumor-targeted immunostimulatory
antibodies and/or fusion proteins of the invention can integrate the hitherto distinct fields of
passive and active immunotherapy and provide a novel platform for simultancously leveraging
the synergistic benefits of these strategies to entrain effective innate and adaptive immune
responses against targeted cancers. This approach of the present invention is distinguished
from and superior to conventional tumor antigen-, allogeneic tumor cell- or DC-based
vaceines in at least one of the following aspects: (i) There is no a priori requirement to define,
clone and purify individual tumor antigens, since the patient’s tumor itself is the in vive source
of antigens; (ii) Multivalent antitumor immune responses that are naturally tailored against
antigens from the patient’s own tumor are less likely to allow immune escape than a pre-
selected tumor antigen; (iii) The activation of antitumor immune responses by the immuno-
adjuvant effects of tumor-targeted immunostimulatory antibodies or fusion proteins occurs in
tandem with the sensitization of tumor cells to immune effector-mediated cytotoxicity, thereby

establishing a positive feedback loop that augments tumor cytoreduction and reinforces
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adaptive antitumor immunity; and (iv) The molecules of the invention have broad clinical

relevance for advancing the treatment of many types of human cancers.

{0103} In addition, the targeted immunostimulatory antibodies and/or fusion proteins of the
invention are distinguished from and superior to existing therapeutic molecules in at least one
of the following aspects: (i) To counteract immune tolerance in the tumor microenvironment
and promote T cell-mediated adaptive antitumor immunity for maintenance of long-term
protection against recurrent or disseminated cancers (for prevention or treatment of diverse
cancers); (ii) To produce immune cell compositions for adoptive cellular therapy of diverse
cancers; and (iif) To serve as immune adjuvants or vaccines for prophylaxis of diverse cancers

ot Infectious diseases.

[0184] The targeted immunostimulatory antibodies and/or fusion proteins of the inveéntion
provide the ability to disrupt immunosuppressive networks in the tumor microenvironment.
Tumors employ a wide array of regulatory mechanisins to avoid or suppress the immune
response. Cancer cells actively promote immune tolerance in the tumor microenvironment via
the expression of cytokines and molecules that inhibit the differentiation and maturation of
antigen-presenting dendritic cells. The immunosuppressive cytokines and ligands produced by
tumor cells include the following: (i) Transforming growth factor-beta (TGF-f); (ii)
Programmed death-1 ligand 1 (PD-L1; B7-H1); (iif) Vascular endothelial growth factor
(VEGF); and (iv) Interleukin-10 (IL-10). In addition to blocking dendritic cell (DC)
maturation, these molecules promote the development of specialized subsets of
immunosuppressive CD4" T cells (regulatory T cells; Treg cells) and myeloid-derived
suppressor cells (MDSC). Tregs are a minority sub-population of CD4" T cells that
constitutively express CD25 [the interleukin-2 (IL-2) receptor o-chain] and the forkhead box
P3 (FOXP3) transcription factor. Tregs (CD4+CD25+FoxP3+ cells) maintain immune
tolerance by restraining the activation, proliferation, and effector functions of a wide range of
immune cells, including CD4" and CD8™ T cells, natural killer (NK) and NKT cells. B cells
and antigen presenting cells (APCs) in vitro and in vivo. The accumulation of Treg cells in the
tumor microenvironment re-inforces tumor immune tolerance and facilitates tumor
progression and imetastases. The inereased expression of immunosuppressive cytokines (TGF-
B; PD-L1) and tumor—\inﬁltrating Tregs is correlated with a reduction of survival of patients

with diverse types of cancers. The present invention provides that tamor-induced immune
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tolerance mediated via Tregs is a crucial determinant of the resistance of cancers to cytotoxic
chemotherapeutic agents and tumor-targeted antibodies. The targeted immunostimulatory
antibodies and/or fusion proteins of the invention inhibit key immunosuppressive molecules
expressed by the targeted tumor cell or tumor-infiltrating Treg cells and miyeloid suppressor
cells (DCs or MDSC). As such, they provide the targeted ability to inhibit the development or
function of Tregs within the tumor microenvironment. In another aspect, they provide the

ability to counteract Treg-induced immune suppression in the tumor microenvironment.

{0105] The targeted immunostimulatory antibodies and/or fusion proteins of the invention
provide the ability to inhibit the development or function of Tregs and myeloid suppressor
cells (DCs or MDSC) within the tumor microenvironment. Tregs (CD4+CD25+FoxP3+ cells)
express an array of immunosuppressive cytokines and molecules which act in concert to
induce immune tolerance and promote tumor progression and metastases. These include: (i)
Cytotoxic T-tymphocyte associated protein 4 (CTLA-4; CD152), a co-inhibitory receptor that
binds to the ligands CD80 (B7-1) or CD86 (B7-2) on the antigen presenting cell (APC) and
inhibits co-stimulation of T cells; (ii) Programmed death-1 ligand 1 (PD-L1; B7-H1), a ligand
which engages the co-inhibitory receptor Programmed death-1 (PD-1) and inhibits T cell
activation and proliferation. (iil) Transforming growth factor-beta (TGF-B), a cytokine which
regulates immune responses by restricting the maturation and antigen-presenting function of
dendritic cells, inhibiting the proliferation and activation of naive T cells, suppressing the
expression of cytotoxic molecules (Granzyme A/B, Fasl., Apo2L/TRAIL, IFN-y} in immune
effector cells, and promoting the development and function of Tregs; (iv) Receptor activator of
nuclear factor-xB ligand (RANKL), a ligand which engages Receptor activator of nuclear
factor-kB (RANK) and promotes osteoclast differentiation, Treg development, and tumor
metastases. In addition, Tregs express other surface molecules; (v) LAG-3, a CD4-related
molecule that binds MHC class I1: (vi) glucocorticoid-induced tumor necrosis factor receptor
family-related gene (GITR; TNFRSF18); and (vii) IL-10. The targeted immunostimulatory
antibodies and/or fusion proteins of the invention provide the ability to bind a targeted
molecule expressed by Tregs or myeloid suppressor cells while concurrently sequestering and
inhibiting one or more immunosuppressive molecule that promotes their development,
survival or function. In one aspect, the targeted immunostimulatory antibodies and/or fusion

proteins directly deplete the number of Tregs.
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[0106] In one embodiment, the present invention provides a molecule including a targeting
moiety fused with an immunomodulatory moiety. The targeting moiety specifically binds a
target molecule on the tamor cell or tumor microenvironment (tumor stroma, tumor
vasculature, or tumor infiltrating immune cell), and the immunomodulatory moiety
specifically binds an immunosuppressive molecule expressed by the targeted tumor cell or

tumor-infiltrating Treg cells and myeloid suppressor cells (DC or MDSC).

[0107] In one embodiment, the present invention provides a molecule including 4 targeting
moiety fused with an immunomodulatory moiety. The targeting moiety specifically binds a
target molecule expressed by Treg cells, myeloid suppressor cells (MDSC), or dendritic cells ‘
(DC), and the immunomeodulatory moiety specifically binds an immunosuppressive molecule

that promotes their development, survival or function.

[0108] In one embodiment, the present invention provides a molecule including a targeting
moiety fused with an immunomodulatory moiety. The targeting moiety specifically binds a
target molecule, and the immunomodulatory moiety specifically binds one of the following
molecules: (i} Transforming growth factor-beta (TGF-f); (ii) Programmed death-1 ligand 1
(PD-L1) or Programmed death-1 ligand 2 (PD-L2); (iii) Receptor activator of nuclear factor-
KB (RANK) ligand (RANKL); (iv) Vascular endothelial growth factor (VEGF); (v)
Transforming growth factor-beta receptor (TGF-8R); (vi) Programmed death-1 (PD-1); and
(vii) Receptor activator of naclear factor-xB (RANK).

[0109] In one aspect, the targeting moiety includes an antibody, antibody fragment, scFv, or
Fe-containing polypeptide that specifically binds a component of a tumor cell, tumor antigen,
tumor vasculature, tumor microenvironment, or tumor-infiltrating immune cell. In one aspect,
the targeting moiety specifically binds epidermal growth factor receptor (EGFR1, Erb-B1),
HER2/neu (Erb-B2), CD20, Vascular endothelial growth factor (VEGF), insulin-like growth
factor receptor (IGF-1R), TRAIL-receptor, epithelial cell adhesion molecule, carcino-

embryonic antigen, Prostate-specific membrane antigen, Mucin-1, CD30, CD33, or CD40.

[0110] In one aspect, the targeting moiety specifically binds a component of a regulatory T
cell, myeloid suppressor cell, or dendritic cell. In another aspect, the targeting moiety

specifically binds one of the following molecules: (i) CD4; (i) CD25 (IL-2a receptor; IL-
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2aR); (ii1) cytotoxic T-lymphocyte antigen-4 (CTLA-4; CD152); (iv) Interleukin-10 (IL-10);
(v) Transforming growth factor-beta receptor (TGF-BR); (vi) Transforming growth factor-beta
(TGF-B); (vii) Programmed Death-1 (PD-1); (viii) Programmed death-1 ligand (PD-L1 or PD-
1.2); (ix) Receptor activator of nuclear factor-xB (RANK); (x) Receptor activator of nuclear
factor-xB (RANK) ligand (RANKLY; (xi) LAG-3; or {(xii) glucocorticoid-induced tumor
necrosis factor receptor family-related gene (GITR; TNFRSF18).

[0111] In one aspect, the immunomodulatory moiety specifically binds one of the following
molecules: (i) Transforming growth factor-beta (TGF-B); (ii) Programuned death-1 ligand (PD-
L1 or PD-L2); (iii) Receptor activator of nuclear factor-xB (RANK) ligand (RANKL); or (iv)
vascular endothelial growth factor (VEGE).

[0112] In one aspect, the immunomodulatory moiety includes a molecule that binds TGF-.

In another aspect, the immunomodulatory moiety includes an extracellular ligand-binding
domain of Transforming growth factor-beta receptor TGF-BRIL, TGF-BRUb, or TGF-BRIIL In
another aspect, the immunomodulatory moiety includes an extracellular ligand-binding
domain of TGF-BRII. In another aspect, the molecule includes a TGF-B-binding amino acid
sequence corresponding to SEQ ID NOs: 79-91. In an additional aspect, the

immunomodulatory moiety inhibits the activity or function of TGF-B.

[0113] In one aspect, the targeting moiety includes an antibody, antibody fragment, or
pelypeptide that specifically binds to HER2/neu, EGFR1, CD20, vascular endothelial growth
factor (VEGF), cytotoxic T-lymphoceyte antigen-4 (CTLA-4), CD25 (IL-2x receptor; IL-20R),
or CD4. In an additional aspect, the immunomeodulatory moiety includes an extracellular
ligand-binding domain of TGF-BRIL. In another aspect, the molecule includes an amino acid

sequence corresponding to SEQIDNO: 1,2, 3,4,5,6,7, 8.9 or 10.

[0114] In one aspect, the targeting moiety includes an antibody, antibody fragment, or
polypeptide that specifically binds to Programmed Death-1 (PD-1), Programmed death-1
ligand 1 (PD-L1). or Programmed death-1 ligand 2 (PD-L2). In another aspect, the targeting
moiety includes an extracellular ligand-binding domain or ectodomain of Programmed Death-
1 (PD-1). In an additional aspect, the immunomodulatory moiety includes an extracellular

ligand-binding domain of TGF-BRII. In another aspect, the molecule includes PD-1
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ectodomain, immuneglobulin Fe region, and TGFBRII ectodomain. In another aspect, the

molecule includes an amino acid sequence corresponding to SEQ ID NO: 11 or 12.

[0115] In one aspect, the targeting moiety includes an antibody, antibody fragment, or
polypeptide that specifically binds to Receptor activator of nuclear factor-xB (RANK) or
Receptor activator of nuclear factor-xB ligand (RANKL). Inanother aspect, the targeting
moiety includes an extracellular ligand-binding domain or ectodomain of Receptor activator of
nuclear factor-xB (RANK). In an additional aspect, the immunomodulatory moiety includes
an extracellular ligand-binding domain of TGF-BRIL In another aspect, the molecule includes
RANK ectodomain, immunoglobulin Fe region, and TGFBRII ectodomain. In another aspect,

the molecule includes an amino acid sequence corresponding to SEQ ID NO: 13 or 14.

{0116} In one aspect, the immunomedulatory moiety includes a molecule that specifically
binds to Programmed death-1 ligand 1 (PD-L1) or Programmed death-1 ligand 2 (PD-L2). In
another aspect, the immunomeodulatory moiety includes an exitracellular ligand-binding
domain or ectodomain of Programmed Death-1 (PD-1). In another aspect, the molecule
includes a PD-L1-binding amino acid sequence corresponding to SEQ ID NO: 92, 93, or 94.
In an additional aspect, the immunomodulatory moiety inhibits the activity or function of

Programmed death-1 ligand 1 (PD-L1).

[0117] In one aspect, the targeting moiety includes an antibody, antibody fragment, or
polypeptide that specifically binds to HER2/neu, EGFR1, CD20, vascular endothelial growth
factor (VEGF), cytotoxic T-lymphocyte antigen-4 (CTLA-4), CD23 (IL-2q receptor; IL-2aR),
or CD4. In an additional aspect, the immunomodulatory moiety includes an extracellular
ligand-binding domain or ectodomain of Programmed Death-1 (PD-1). In another aspéct, the
molecule includes an amino acid sequence corresponding to SEQ ID NQ: 15, 16, 17, 18, 19,
20,21,22,23, or 24.

[0118] In one aspect, the targeting moiety includes an antibody, antibody fragment, or
polypeptide that specifically binds to Receptor activator of nuclear factor-xB (RANK) or
Receptor activator of nuclear factor-xB ligand (RANKL). In another aspect, the targeting
moiety includes an extracellular ligand-binding domain or ectodomain of Receptor activator of

nuclear factor-xB (RANK). In an additional aspect, the immunomodulatory moiety includes
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an extracellular ligand-binding domain of Programmed Death-1 (PD-1). In another aspect, the
melecule includes RANK ectodomain, immunoglobulin Fe region, and PD-1 ectodomain. In
another aspect, the molecule includes an amino acid sequence corresponding to SEQ ID NO:

25 or 26.

{0119} In one aspect, the immunomodulatory moiety includes a molecule that specifically
binds to Receptor activator of nuclear factor-xB ligand (RANKL). In another aspect, the
immunomodulatory moiety includes an extracellular ligand-binding domain or ectodomain of
Receptor activator of nuclear factor-xB (RANK). In another aspect, the molecule includes a
RANKL-binding amino acid sequence corresponding to SEQ ID NO: 93, 96, 97, or 98. In an
additional aspect, the immunomodulatory moiety inhibits the activity or function of Receptor

activator of nuclear factor-kB ligand (RANKL).

[0120] In one aspect, the targeting moiety includes an antibody, antibody fragment, or
polypeptide that specifically binds to HER2/neu, EGFR1, CD20, vascular endothelial growth
factor (VEGF), cytotoxic T-lymphocyte antigen-4 (CTLA-4), CD25 (IL-2a receptor; [L-20R),
or CD4. In an additional aspect, the immunomodulatory moiety includes an extracellular
ligand-binding domain or ectodomain of Receptor activator of nuclear factor-xB (RANK). In
another aspect, the molecule includes an amino acid sequence corresponding to SEQ 1D NO:

27.28,29, 30, 31, 32, 33, 34, 35, or 36.

[0121] The present invention provides novel targeted immunosuppressive antibodies and
fusion proteins that induce or promote immune tolerance by at least one of the following:

(1) inhibiting the activation of dendritic cells, T cells, and/or B cells; and

(ii)} promoting the development and/or suppressor function of regulatory T cells and
immunosuppressive myeloid DCs. These targeted immunosuppressive molecules of the
invention are designed to suppress unwanted or excessive immune or inflammatory responses
in order to treat autoimmune or inflammatory diseases or prevent the rejection of a

transplanted cell, tissue, or organ.

[0122] Targeted immunosuppressive antibodies and/er fusion proteins: The aberrant activation
of self-reactive T cells and/or breakdown of the mechanisms of immune tolerance promotes

the development of autoimmunity that results in various diseases including type 1 diabetes
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mellitus, multiple sclerosis, systemic lupus erythematosus, inflammatory bowel disease, and
rheumatoid arthritis. The targeted immunosuppressive antibodies and/or fusion proteins of the
invention are designed to suppress unwanted or excessive immune or inflammatory responses
and restore or promote immune tolerance. Accordingly, the compositions and methods of the
invention have broad clinical relevance for the treatment of diverse autoimmune or
inflammatory diseases and preventing the rejection of a transplanted cell, tissue, or organ

grafts.

[0123] The targeted immunosuppressive antibodies and/or fusion proteins of the invention
provides their ability to inhibit the activity of targeted pro-inflammatory cytokines or immune
cells while simultaneously promoting immune tolerance via the targeted delivery of
immunosuppressive molecules that facilitate the development and/or function of regulatory T
cells. These molecules of the present invention are distinguished from and superior to existing
therapeutic molecules in at Jeast one of the following aspects: (i) The molecules of the
invention enable targeted delivery of immunosuppressive molecules to immune cells or pro-
inflammatory molecules in the milieu of the affected cell, tissue or organ; (ii) The molecules
of the invention can couple the inhibition of the targeted pro-inflammatory molecule or
immune cell with the simultaneous delivery of an immunosuppressive molecule that promotes
immune tolerance, thereby improving the suppression of immune effector cells; and (iii) The
molecules of the invention can provide a mechanism of simultaneously engaging two

independent or synergistic mechanisms of immune tolerance or immune suppression.

[0124] Further, the targeted immunosuppressive antibodies and/or fusion proteins of the
invention are distinguished from and superior to existing therapeutic molecules in at least one
of the following aspects: (i) To suppress unwanted or excessive immune or inflammatory
responses in order to treat autoimmune or inflammatory diseases; and (ii) To prevent the

rejection of a transplanted cell, tissue, or organ grafis.

[0125] In one aspect, the immunomodulatory moiety includes a sequence from Programmed
death-1 ligand 1 (PD-1.1) or Programmed death-1 ligand 2 (PD-L2). In another aspect, the
molecule includes a PD-1-binding amino acid sequence corresponding to SEQ ID NO: 99,
100, or 101. In an additional aspect, the immunomodulatory moiety increases the function of

PD-1.
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[0126] In one aspect, the targeting moiety specifically binds to Tumor Necrosis Factor-t
(TNF-a), and the immunomodulatory moiety includes a sequence from Programmed death-1
ligand 1 (PD-L1) or Programmed death-1 ligand 2 (PD-L2). In an additional aspect, the
targeting moiety includes an antibody that binds TNF-u, and the immunomodulatory moiety
includes a sequence from PD-1 ligand 1 (PD-L1 or B7-HI). In another aspect, the molecule
includes an amino acid sequence corresponding to SEQ ID NO: 37, In another aspect, the
targeting moiety includes an extracellular ligand-binding domain of tumor necrosis factor
receptor 2 {TNFR2), and the immunomodulatory moiety includes a sequence from PD-1
ligand 1 (PD-L1 or B7-H1). In another aspect, the molecule includes TNFR2 Extracellular
ligand binding domain, immunoglobulin Fc region, and a sequence from PD-L1. In another

aspect, the molecule includes an amino acid sequence corresponding to SEQ 1D NO: 38 or 39.

[0127} In one aspect, the targeting moiety includes an antibody or antibody fragment that
specifically binds to CD20, CD235, or CD4, and the immunomodulatory moiety includes a
sequence from Programmed death-1 ligand 1 (PD-L1) or Programmed death-1 ligand 2 (PD-
L2). In another aspect, the molecule includes an amino acid sequence corresponding to SEQ

IDNO: 40, 41, 42, 43, 44, or 45.

[0128] In one aspect, the targeting moiety includes the extracellular domain of CTLA-4 and
immunoglobulin Fc region (IgG Cyl), and the immunomodulatory moiety includes a sequence
from Programmed death-1 ligand 1 (PD-L1) or Programmed death-1 ligand 2 (PD-L2). In
another aspect, the molecule includes an amino acid sequence corresponding to SEQ 1D NO:

46 or 47.

{0129] In one aspect, the targeting moiety includes transforming growth factor-f§ (TGF-B) and
immunoglobulin Fe region (IgG Cy1), and the immunomoedulatory moiety includes a sequence
from Programmed death-1 ligand 1 (PD-L1) or Programmed death-1 ligand 2 (PD-L2). Inan
additional aspect, the molecule includes an amino acid sequence corresponding to SEQ ID

NO: 48 or 49.

[0130] In one aspect, the immunomodulatory moiety includes a sequence from transforming
growth factor-B (TGF-B). In another aspect, the molecule includes an amino acid sequence
corresponding to SEQ ID NO: 99, 100, or 101. In an additional aspect, the immunomodulatory

moiety activates the signaling function of transforming growth factor-§ (TGF-B) receptor.
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[06131]} In one aspect, the targeting moiety includes an antibody, antibody fragment, or
polypeptide that specifically binds to Tumor Necrosis Factor-a {TNF-u), and the
immunomodulatory moiety includes a sequence from transforming growth factor-§ (TGF-p).
In an additional aspect, the targeting moiety includes an antibody that binds TNF-q, and the
immunomodulatory moiety includes a sequence from TGF-B. In another aspect, the molecule
includes an amino acid sequence corresponding to SEQ ID NO: 50, In one aspect, the
targeting moiety includes an extracellular ligand-binding domain of tumor necrosis factor
receptor 2 (TNFR2). In another aspect, the molecule includes TNFR2 Extracellular ligand
binding domain, immunoglobulin Fc region, and a sequence from transforming growth factor-
B (TGF-B). In another aspect, the molecule includes an amino acid sequence corresponding to
SEQ ID NO: 51 or 52.

[0132] In one aspect, the targetiﬁg moiety includes an antibody or antibody fragment that
specifically binds to CD20, CD25 (IL-24a receptor; IL-20R), or CD4, and the
immunomodulatory moiety includes a sequence from transforming growth factor-p (TGF-B).
In an additional aspect, the molecule includes an amino acid sequence corresponding to SEQ
ID NO: 53, 54, 55, 56, 57or 58.

[0133] In one aspect, the targeting moiety includes an extracellular domain of CTLA-4 and
immunoglobulin Fe region (1gG Cy1), and the immunomodulatory moiety includes a sequence
from transforming growth factor- (TGF-#). In another aspect, the molecule includes an

amino acid sequence corresponding to SEQ ID NO: 59 or 60.

[0134] In one aspect, the targeting moiety includes an antibody, antibody fragment, or
polypeptide that specifically binds to Tumor Necrosis Factor-a¢ (TNF-o), and the
inmunomodulatory moiety includes an extracellular RANKL-binding domain or ectodomain
of Receptor activator of nuclear factor-xB (RANK) or Osteoprotegerin (OPG). In an
additional aspect, the targeting moiety includes an antibody that binds TNF-a, and the
immunomedulatory moiety includes a sequence from an extracellular RANKL-binding
domain or ectodomain of RANK. In another aspect, the molecule includes an amino acid
sequence corresponding to SEQ ID NO: 61. In one aspect, the targeting moiety includes an
extracellular ligand-binding domain of tumor necrosis factor receptor 2 (TNFR2). In another

aspect, the molecule includes TNFR2 Extracellular ligand binding domain, immunoglobulin
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Fe region, and a sequence from an extracellular RANK-binding domain or ectodomain of
RANK. In another aspect, the molecule includes an amino acid sequence corresponding to

SEQ ID NO: 62 or 63.

[0135] In one aspect, the targeting moiety includes an extracellular domain of CTLA-4 and
immunoglobulin Fe region (IgG Cyl), and the immunomodulatory moiety includes an
extracellular RANKL-binding domain or ectodomain of Receptor activator of nuclear factor-
kB (RANK) or Osteoprotegerin (OPG). In another aspect, the molecule includes an amino

acid sequence corresponding to SEQ ID NQ: 64 or 65.

[0136] In one aspect, the targeting moiety includes includes a sequence from transforming
growth factor-B (TGF-B) and immunoglobulin Fc region (IgG Cy1), and the
imnunomodulatory moiety includes an extracellular RANKL-binding domain or ectodomain
of Receptor activator of nuclear factor-xB (RANK). In another aspect, the molecule includes

an amino acid sequence corresponding to SEQ ID NO: 66 or 67.

[0137] In one aspect, the targeting moiety includes a sequence from Programmed death-1
ligand 1 (PD-L1) and immunogiobulin Fe region (IgG Cyl), and the immunomodulatory
moiety includes an extracellular RANKL-binding domain or ectodomain of Receptor activator
of nuclear factor-xB (RANK). In another aspect, the molecule includes an amino acid

sequence corresponding to SEQ ID NO: 68 or 69.

{0138] In various aspects, the molecule is fused or directly linked to one or more antigen,

antigenic determinant, or epitope.

[0139] In another embodiment, the present invention provides a composition including the
molecule of the invention and a cell, wherein the cell is a tumor cell, immune cell, or dendritic

cell.

[0140] In another embodiment, the present invention provides a method of counteracting or
overcoming immune tolerance. The method includes administering to a subject in need

thereof one or more molecule of the invention.
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[0141] In another embodiment, the present invention provides a method of preventing or
treating a neoplastic disease. In one aspect, the neoplastic disease is a non-T cell malignancy
which does not express CD4 on the tumor cell. In one embodiment, the method includes
administration to a subject in need thereof an antibody that targets and depletes CD4+
regulatory T cells (Tregs) in combination with a cytotoxic anticancer therapy. In one aspect,
the antibody that targets and depletes Tregs is an anti-CD#4 antibody. In various aspects, the
cytotoxic anticancer therapy includes a chemotherapeutic molecule, tumor-targeted antibody,
small molecule kinase inhibitor, hormonal agent, or tumor-targeted cytotoxic agent, anti-
angiogenic agent or any combination thereof. In another aspect, the cytotoxic anticancer
therapy includes ionizing radiation, ultraviolet radiation, eryoablation, thermal ablation, or

radiofrequernicy ablation.

[0142] In another embodiment, the method includes administration to a subject in need thereof
an antibody or molecule that targets and depletes CD4+ regulatory T cells (Tregs) in
combination with an immunostimulatory antibody, fusion protein, peptide or ligand that
targets CTLA-4, PD1, PD-1L, RANKL, TGF- B, GITR, 4-1BB, OX-40, or Toll-like receptors
{TLR 1-10). In one aspect, the TLR-agonist comprises an activator of TLR-8 or TLR-9. In one
aspect, the TLR agonist comprises an immunostimulatory nucleic acid sequence containing
CpG nucleotides. In one aspect, the antibody that targets and depletes Tregs is an anti-CD4

antibody.

[0143] In another embodiment, the present invention provides a method of preventing or
treating a neoplastic disease. The method includes administration to a subject in need thereof
one or more molecule of the invention. In various-aspects, the subject is administered one or
more molecule of the invention in combination with another anticancer therapy. In one aspect,
the anticancer therapy includes a chemotherapeutic molecule, antibody, small molecule kinase
inhibitor, hormonal agent, cytotoxic agent, targeted therapeutic agent, or anti-angiogenic
agent. In another aspect, the anticancer therapy includes ionizing radiation, ultraviolet
radiation, cryoablation, thermal ablation, or radiofrequency ablation. In another aspect, the
subject is administered one or more molecule of the invention in combination with an antibody
or molecule that inhibits the production or function of regulatory T cells (Tregs) or depletes
the number of Tregs. In one aspect, the antibody that targets and depletes Tregs is an anti-CD4

antibody. In another aspect, the molecule that counteracts the function of Tregs is an
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antibody, fusion protein, peptide or ligand that targets CTLA-4, PD1, PD-1L, RANKL, TGF-
B. GITR. In another aspect, the molecule that counteracts the function of Tregs is an antibody
or fusion protein or ligand that targets 4-1BB or OX-40. In another aspect, the molecule that
counteracts the function of Tregs is an agonist of Toll-like receptors (TLR 1-10). In one
aspect, the TLR-agonist comprises an activator of TLR-8 or TLR-9. In one aspect, the TLR

agonist is an immunostimulatory nucleic acid sequence containing CpG nucleotides.

[0144] In one aspect the chemotherapeutic agent is a topoisomerase-interacting agent,
anthracycline, doxorubicin, mitoxanirone, camptothecin, camptothecin analogue, irinotecan,
epipodophyilotoxin, etoposide, alkylating agent, cyclophosphamide, cisplatin, cisplatin
analogue, oxaliplatin, antimetabolite, fluoropyrimidine analogue, 5-fluorouracil, gemcitabine,

azacytidine, antimicrotubule agent, taxane, paclitaxel, or docetaxel.

{0145} In another embodiment, the subject is administered one or miore molecule of the
invention in combination with any vaccine. In another aspect, the vaccine includes a tumor
antigen, tumor-associated antigen, tumor epitope, tumor antigen-containing fusion protein,
tumor cell, or dendritic cell. In another aspect, the vaccine includes a pathogen antigen,
pathogen-associated antigen, pathogen epitope, or pathogen antigen-containing fusion protein.
In one aspect, the vaceine includes a surrogate CD4+ T cell helper epitope from tetanus toxin.
In one aspect, the CD4+ T helper sequence contains a domain of tetanus toxin fragment C
(pDOMLI). In-one aspect, the pDOM sequence is fused to a cell-permeabilizing cationic
polypeptide (e.g. Arginine-9}. In another aspect, the Arg9-pDOM sequence is fused to a

specific antigen comprising the vaccine.

{0146] In another embodiment, the present invention provides a method for treating immune
cells wherein the cells are contacted ex vivo or in vitro with a molecule of the invention. In
another embodiment, the present invention provides a method of treatment of a neoplastic
disease. The method includes administering to a subject in need thereof a composition of

immune cells contacted with a molecule of the invention,

[0147}] In another embodiment, the present invention provides a method of inducing or
promoting immune tolerance. The method includes administering to a subject in need thereof

one or more molecule of the invention.
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{0148] In another embodiment, the present invention provides a method of preventing or
treating an autoimmune or inflammatory disease including administering to a subject in need
thereof one or more molecule of the invention. In one aspect, the subject is administered one
or more molecule of the invention in combination with another anti-inflammatory or
immunosuppressive therapy. In another embodiment, the present invention provides a method
of treatment of immune cells wherein the cells are contacted ex vivo or in vitro with a

molecule of the invention. In another embodiment, the present invention provides a method of
treating an autoimmune or inflammatory disease or preventing rejection of grafted cells or
tissue. The method includes administering to a subject in need thereof a composition of

immune cells contacted with a molecule of the invention.

[0149] All publications, patents, and patent applications mentioned in this specification are
herein incorporated by reference to the same extent as if each individual publication, patent, or

patent application was specifically and individually indicated to be incorporated by reference.

[0150] As used in this specification and the appended claims, the singular forms “a,” “an,” and
“the” include plural references unless the context clearly dictates otherwise. Thus, for
example, references to “the method” includes one or more methods, and/or steps of the type
described herein which will become apparent to those persons skilled in the art upon reading‘

this disclosure and so forth.

[0151] Unless defined otherwise, all technical and scientific terms used herein have the same
meaning as comronly understood by one of ordinary skill in the art to which this invention

belongs. Although any methods and materials similar or equivalent to those described herein
can be used in the practice or testing of the invention, the preferred methods and materials are

now described.

[0152] As used herein “immune cells” or “immune effector cells” include T lymphocytes, B
lymphocytes, natural killer (NK) cells, NKT cells, monocytes, macrophages, dendritic cells

(DO), antigen presenting cells (APQO).

[0153] As used herein, “neoplasm™ or “tumor” including grammatical variations thereof,
means new and abnormal growth of tissue, which may be benign or cancerous. In a related

aspect, the neoplasm is indicative of a neoplastic disease or disorder, including but not limited,
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to various cancers. For example, such cancers can include prostate, pancreatic, biliary, colon,
rectal, liver, kidney, lung, testicular, breast, ovarian, pancreatic, brain, and head and neck

cancers, melanoma, sarcoma, multiple myeloma, leukemia, lymphoma, and the like.

[0154] A uvsed herein, “subject,” including grammatical variations thereof, means a human or
vertebrate animal including a dog, cat, horse, cow, pig, sheep, goat, chicken, monkey, rat, and

mouse.

[0155] As used herein, “targeting moiety” refers to a molecule that has the ability to localize
and bind to a specific molecule or cellular component. The targeting moiety can be an
antibody, antibody fragment, scFv, Fe-containing polypeptide, fusion antibody, polypeptide,
peptide, aptamer, ligand, nucleic acid, or any combination thereof. In one embodiment, a
targeting moiety can bind to a molecule present in a cell or tissue. In one aspect, the targeting
moiety can bind a molecule in a diseased cell or tissue, such as a cancer cell or tumor. In,
another aspect, the targeting molecule can bind a normal cell or tissue, such as an immune cell.
In another aspect, the targeting moiety can bind a cellular or extracellular molecule that
modulates the immune response. In another aspect, the targeting moiety binds a growth factor

receptor, growth factor, cytokine receptor, cytokine, or cell surface molecule.

[0156] In another embodiment, the targeting moiety is a tumor-targeting moiety. The tumor-
targeting moiety can bind a component of a tumor cell or bind in the vicinity of a tumor cell
(e.g., tumor vasculature or tumor microenvironment). In one embodiment, the tumor targeting
moiety binds to a component of a tumor cell, tumor microenvironment, tumor vasculature,
turnor-associated lymphocyte, tumor antigen, tumor-associated antigen, tumor cell surface
molecule, tumor antigenic determinant, tumor antigen-containing fusion protein, tumor-

associated cell, tumor-associated immune cell, or tumor vaccine.

{0157} For example, in various embodiments, a targeting moiety is specific for or binds to a
molecule or component, which includes but is not limited to, epidermal growth factor receptor
(EGFR, EGFRI, ErbB-1, HER1), ErbB-2 (HER2/neu), ErbB-3/HER3, ErbB-4/HER4, EGFR
ligand family: insulin-like growth factor receptor (IGFR) family, IGF-binding proteins
(IGFBPs), IGFR ligand family (IGF-1R); platelet derived growth factor receptor (PDGFR)
family, PDGFR ligand family; fibroblast growth factor receptor (FGFR) family, FGFR ligand
family, vascular endothelial growth factor receptor (VEGFR) family, VEGF family; HGF
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receptor family: TRK receptor family; ephrin (EPH) receptor family; AXL receptor family;
leukocyte tyrosine kinase (LTK) receptor family; TIE receptor family. angiopoietin 1, 2;
receptor tyrosine kinase-like orphan receptor (ROR) receptor family; discoidin domain
receptor (DDR) family; RET receptor family; KLG receptor family; RYK receptor family;
MuSK receptor family; Transforming growth factor alpha (TGF-o), TGF-¢ réceptor;
Transforming growth factor-beta (TGF-B), TGF-f receptor; Interleukin 13 receptor alpha2
chain (IL.13Ralpha2), Interleukin-6 (IL-6), 1L-6 receptor, Interleukin-4, IL-4 receptor,
Cytokine receptors, Class I (hematopoietin family) and Class II (interferon/lL-10 family)
receptors, tumor pecrosis factor (TNF) family, TNF-o., tumor necrosis factor (TNF) receptor
superfamily (TNTRSF), death receptor family, TRAIL-receptor; cancer-testis (CT) antigens,
lineage-specific antigens, differentiation antigens, alpha-actinin-4, ARTC1, breakpoint cluster
region-Abelson (Ber-abl) fusion products, B-RAF, caspase-5 (CASP-3), caspase-8 (CASP-8),
beta-catenin (CTNNB1), cell division cycle 27 (CDC27), cyclin-dependent kinase 4 (CDK4),
CDKN2A, COA-1, dek-can fusion protein, EFTUD-2, Elongation factor 2 (ELF2), Ets variant
gene 6/acute myeloid leukemia 1 gene ETS (ETC6-AML1) fusion protein, fibronectin (FN),
GPNMB, low density lipid receptor/GDP-L fucose: beta-Dgalactose 2-alpha-
Lfucosyltraosferase (LDLR/FUT) fusion protein, HLA-A2, arginine to isoleucine exchange at
residue 170 of the alpha-helix of the alpha2-domain in the HLA-A2 gene (HLA-A*201-
R1701), MLA-A11, heat shock protein 70-2 mutated (HSP70-2M), KIAA0205, MART2,
melanoma ubiquitous mutated 1,2, 3 (MUM-1, 2,3), prostatic acid phosphatase (PAP), neo-
PAP, Myosin class 1, NFYC, OGT, 0S-9, pml-RARalpha fusion protein, PRDXS, PTPRK, K-
ras (KRAS2), N-ras (NRAS), HRAS, RBAF600, SIRT2, SNRPD1, SYT-SSX1 or -SSX2
fusion protein, Triosephosphate Isomerase, BAGE, BAGE-1, BAGE-2,3.4,5, GAGE-
1,2,3,4,5,6,7.8, GnT-V (aberrant N-acetyl giucosaminyl transferase V, MGATS), HERV-K-
MEL, KK-LC, KM-HN-1, LAGE, LAGE-1, CTL-recognixed antigen on melanoma
(CAMEL), MAGE-Al (MAGE-1), MAGE-A2, MAGE-A3, MAGE-A4, MAGE-AS, MAGE-
A6, MAGE-A8, MAGE-A9, MAGE-A10, MAGE-A11, MAGE-A12, MAGE-3, MAGE-B1,
MAGE-B2, MAGE-BS. MAGE-B6, MAGE-C1, MAGE-C2, mucin 1 (MUCI), MART-
/Melan-A (MLLANA), gp100, gp100/Pme117 (S1LV), tyrosinase (TYR), TRP-1, HAGE, NA-
88, NY-ESO-1, NY-ESO-VILAGE-2, SAGE, Sp17, SSX-1,2,3,4, TRP2-1NT2, carcino-
embryonic antigen (CEA), Kallikfein 4, mammaglobm-A, OA1, prostate specific antigen

(PSA), prostate specific membrane antigen, TRP-1/gp75, TRP-2, adipophilin, interferon
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inducible protein absent in nielanorna 2 (AIM-2), BING-4, CPSF, cyclin D1, epithelial cell
adhesion molecule (Ep-CAM), EpbA3, fibroblast growth factor-5 (FGF-5), glycoprotein 250
(gp250intestinal carboxyl esterase (iCE), alpha-feto protein (AFP), M-CSF, mdm-2, MUCI,
p53 (TP53), PBE, FRAME, PSMA, RAGE-1, RNF43, RU2AS, SOX10, STEAPI, survivin
(BIRCS), human telomerase reverse transcriptase (WTERT), telomerase, Wilms’ tumor gene
(WT1), SYCPL, BRDT, SPANX, XAGE, ADAM2, PAGE-3, LIP1, CTAGE-1, CSAGE,
MMA1, CAGE., BORIS, HOM-TES-85, AF15ql4, HCA66I, LDHC, MORC, SGY-1, SPO11,
TPX1, NY-SAR-35, FTHLI7, NXF2 TDRD1, TEX 15, FATE, TPTE, immunoglobulin
idiotypes, Bence-Jones protein, estrogen receptors (ER), androgen receptors (AR), CD40,
CD30, CD20, CD19, CD33, CD4, CD23, CD3, cancer antigen 72-4 (CA 72-4), cancer antigen
15-3 (CA 15-3), cancer antigen 27-29 (CA 27-29), cancer antigen 125 (CA 125), cancer
antigen 19-9 (CA 19-9), beta-human chorionic gonadotropin, 1-2 microglobulin, squamous
cell carcinoma antigen, neuron-specific enoJase, heat shock protein gp96, GM2, sargramostim,
CTLA-4, 707 alanine proline {(707-AP), adenocarcinoma antigen recognized by T cells 4
(ART-4), carcinoembryogenic antigen peptide-1 (CAP-1), calcium-activated chloride channel-
2 (CLCA2), cyclophilin B (Cyp-B), human signet ring tumor-2 (HST-2), Human papilloma
virus (HPV) proteins (HPV-E6, HPV-E7, major or minor capsid antigens, others), Epstein-
Barr vims (EBV) proteins (EBV latent membrane proteins—LMP1, LMP2; others), Hepatitis
B or C virus proteins, and HIV proteins. A composition of the invention can further include

the foregoing as a peptide/polypeptide and/or encoding the same.

[0158] In one aspect, the targeting moiety includes an antibody, antibody fragment, scFv, or
Fe-containing polypeptide that specifically binds a component of a tumor cell, tumor antigen,
tumor vasculature, tumor microenvironment, or tumor-infiltrating immune cell. In one aspect,
the targeting moiety specifically binds epidermal growth factor receptor (EGFR1, Erb-B1),
HERZ2/neu (Erb-B2), CD20, Vascular endothelial growth factor (VEGF), insulin-like growth
factor receptor (IGF-1R), TRAIL-receptor, epithelial cell adhesion molecule, carcino-
embryonic antigen, Prostate-specific membrane antigen, Mucin-1, CD30, CD33, CD40, or a

combination thereof.

[0159] Examples of antibodies which can be incorporated into compositions and methods
disclosed herein include, but are not limited, to antibodies such as trastuzumab (anti-

HER2/neu antibody); Pertuzumab (anti-HER2 mAb); cetuximab (chimeric monoclonal
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antibody to epidermal growth factor receptor EGFR); panitumumab (anti-EGFR antibody);
nimotuzumab (anti-EGFR antibody); Zalutumumab (anti-EGFR mAb); Necitumumab (anti-
EGFR mAb); MDX-210 (humanized anti—HER*Z bispecific antibody); MDX-210 (humanized
anti-HER-2 bispecific antibody); MDX-447 (humanized anti-EGF receptor bispecific
antibody); Rituximab (chimeric murine/human anti-CD20 mAb); Obinutuzumab (anti-CD20
mAb); Ofatumumab (anti-CD20 mAb); Tositumumab-1131 (anti-CD20 mAb); Ibritumomab
tiuxetan (anti-CD20 mAb); Bevacizumab (anti-VEGF mAB); Ramucirumab (anti-VEGFR2
mAb); Ranibizumab (anti-VEGF mAb); Aflibercept (extracellular domains of VEGFRI1 and
VEGFR2 fused to IgG1 Fe); AMG386 (angiopoietin-1 and -2 binding peptide fused to IgG1
Fc); Dalotuzumab (anti-IGF-1R mAb); Gemtuzumab ozogamicin (anti-CD33 mAb);
Alemtuzamab (anti-Campathi-1/CD52 mAb); Brentuximab vedotin (anti-CD30 mAb);
Catumaxomab (bispecific mAb that targets epithelial cell adhesion molecule and CD3);
Naptumomab (anti-5T4 mAb); Girentuximab (anti-Carbonic anhydrase ix); or Farletuzumab
(anti-folate receptor). Other examples include antibodies such as Panorex™ (17-1A) (murine
monoclonal antibody); Panorex (@ (17-1A) (chimeric murine monoclonal antibody); BEC2
(ami-idiotypic mAb, mimics the GD epitope) (with BCG); Oncolym (Lym-1 monoclonal
antibody); SMART M195 Ab, humanized 13° 1 LYM-1 (Oncolym), Ovarex (B43.13, anti-
idiotypic mouse mAb); 3622W94 mAb that binds to EGP40 (17-1A) pancarcinoma antigen on
adenocarcinomas; Zenapax (SMART Anti-Tac (IL-2 receptor); SMART M195 Ab, humanized
Ab, humanized); NovoMAb-G2 (pancarcinoma specific Ab); TNT (chimeric mAb to histone
antigens); TNT (chimeric mAb to histone antigens); Gliomab-H (Monoclonals—Humanized
Abs); GNI-250 Mab; EMD-72000 (chimeric-EGF antagonist); LymphoCide (humanized
IL.L.2 antibody); and MDX-260 bispecific, targets GD-2, ANA Ab, SMART IDIO Ab,
SMART ABL 364 Ab or ImmuRAIT-CEA. Examples of antibodies include those disclosed in
USSs736167, UST060808, and US5821337.

[0160] In one embodiment, the targeting moiety specifically binds a component of a
regulatory T cell, myeloid suppressor cell, or dendritic cell. In another aspect, the targeting
moiety specifically binds one of the following molecules: CD4; CD25 (IL-2« receptor; IL-
2aR); eytotoxic T-lymphocyte antigen-4 (CTLA-4; CD152); Interleukin-10 (IL-10);
Transforming growth factor-beta receptor (TGF-BR); Transforming growth factor-beta (TGF-
B); Programmed Death-1 (PD-1); Programmed death-1 ligand (PD-L1 or PD-L2); Receptor
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activator of nuclear factor-kB (RANK); Receptor activator of nuclear factor-xB (RANK)
ligand (RANKL); LAG-3; glucocorticoid-induced tumor necrosis factor receptor family-
related gene (GITR; TNFRSF18); or Interleukin-4 receptor (IL-4R). In one aspect, the
targeting moiety is an agonist that increases the function of the targeted molecule. In another

aspect, the targeting moiety is an antagonist that inhibits the function of the targeted molecule.

{0161] In one aspect, the targeting moiety binds a specific cytokine, cytokine receptor, co-
stimulatory molecule, co-inhibitory molecule, or immunomodulatory receptor that modulates
the immune system. In another aspect, the targeting moiety specifically binds one of the
following molecules: tumor necrosis factor (TNF) superfamily; tumor necrosis factor-¢¢ (TNF-
ou); tumor necrosis factor receptor (TNFR) superfamily: Interleukin-12 (IL-12); IL-12
receptor; 4-1BB (CD137); 4-1BB ligand (4-1BBL; CD137L); OX40 (CD134; TNR4); 0X40
ligand (OX40L; CD40; CD40 ligand (CD40L); CTLA-4; Programmed death-1 (PD-1); PD-1
ligand 1 (PD-L1: B7-H1); or PD-1 ligand 2 (PD-L2; B7-DC); B7 family; B7-1 (CD80); B7-2
(CD86); B7-H3: B7-H4; GITR/AITR; GITRL/AITRL; BTLA; CD70; CD27; LIGHT; HVEM;
Toll-like receptor (TLRYTLR 1,2,3,4,5.6,7,8,9, 10). In one aspect, the targeting moiety is an
agonist that increases the function of the targeted molecule. In another aspect, the targeting

moiety is an antagonist that inhibits the function of the targeted molecule.

[0162] In one aspect, the targeting moiety includes an antibody, antibody fragment, scFv, Fe-
containing polypeptide, or peptide that specifically binds a component of a regulatory T cell,
myeloid suppressor cell, or dendritic cell. In another aspect, the targeting moiety includes an
antibody, antibody fragment, scFv, or Fe-containing polypeptide that specifically binds a
cytokine, cytokine receptor, co-stimulatory molecule, or co-inhibitory molecule that modulates
the immune system. In another aspect, the targeting moiety specifically binds one of the
following molecules: CD4; CD25 (IL-2a receptor; IL-2aR); cytotoxic T-lymphocyte antigen-4
(CTLA-4; CD152); Interleukin-10 (IL-10); Transforming growth factor-beta receptor (TGF-
fR); Transforming growth factor-beta (TGF-p); Programmed Death-1 (PD-1); PD-1 ligand 1
(PD-L1; B7-H1); PD-1 ligand 2 (PD-L2; B7-DC); Receptor activator of nuclear factor-xB
(RANK); Receptor activator of nuclear factor-kB (RANK) ligand (RANKL); LAG-3;
glucocorticoid-induced tumor necrosis factor receptor family-related gene (GITR;

TNFRSF18); Interleukin-4 receptor (IL-4R); tumor necrosis factor (TNF) superfamily; tumor
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necrosis factor-o (TNF-@); tumor necrosis factor receptor (INFR) superfamily; Interleukin-12
(IL-12); IL-12 receptor; 4-1BB (CD137); 4-1BB ligand (4-1BBL; CDI137L); OX40 (CD134;
TNR4); OX40 ligand (OX40L; CD40; CD40 ligand (CD40L); CTLA-4; B7 family; B7-1
(CD80); B7-2 (CD86); B7-H3; B7-H4; GITR/AITR; GITRL/AITRL; BTLA; CD70; CD27;
LIGHT; or HVEM. In one aspect, the targeting moiety is an agonist that increases the function
of the targeted molecule. In another aspect, the targeting moiety is an antagonist that inhibits

the function of the targeted molecule.

[0163] Examples of antibodies which can be incorporated into compositions and methods
disclosed herein include, but are not limited, to antibodies such as Zanulimumab {anti-CD4
mAb), Keliximab (anti-CD4 mAb); Ipilimumab (MDX-101; anti-CTLA-4 mAb);
Tremilimumab (anti-CTLA-4 mAb); (Daclizumab (anti-CD25/IL-2R mAb); Basiliximab (anti-
CD25/1L-2R mAb); MDX-1106 (anti-PD1 mAb); antibody to GITR; GC1008 (anti-TGF-p
antibody); metelimumab/CAT-192 (anti- TGF-§ antibody); lerdelimumab/CAT-152 (anti-
TGF- antibody); ID11 (anti- TGF-§ antibody); Denosumab (anti-RANKL mAb); BMS-
663513 (humanized anti-4-1BB mAb); SGN-40 (humanized anti-CD40 mAb); CP870,893
(human anti-CD40 mAb); Infliximab (chimeric anti-TNF mAb; Adalimumab (human anti-
TNF mAb); Certolizumab (humanized Fab anti-TNF); Golimumab (anti-TNF); Etanercept
(Extracellular domain of TNFR fused to IgG1 Fc); Belatacept (Extracellular domain of CTLA-
4 fused to Fc); Abatacept (Extracellular domain of CTLA-4 fused to Fc); Belimumab (anti-B
Lymphocyte stimulator); Muromonab-CD3 (anti-CD3 mAb); Otelixizumab (anti-CD3 mAb);
Teplizumab (anti-CD3 mAb); Tocilizumab (anti-IL6R mAb); REGNSS (anti-IL6R mAb);
Ustekinumab (anti-1L-12/23 mAb); Briakinumab (anti-1L-12/23 mAb); Natalizumab (anti-a4
integrin); Vedolizumab (anti-o4 B7 integrin mAb): Tlh (anti-CD6é mAb); Epratuzumab (anti-
CD22 mAb); Efalizamab (anti-CD11a mAb); and Atacicept (extracellular domain of

transmembrane activator and calcium-modulating ligand interactor fused with Fe).

{0164} In one embodiment, the present invention provides a molecule including a targeting
moiety fused with an “immunomodulatory moiety”. As used herein, “immunomodulatory
moiety” refers to a ligand, peptide, polypeptide, or Fe-containing polypeptide that binds a
specific component of a regulatory T cell, myeloid suppressor cell, or dendritic cell and

modulates the number or function of Tregs or myeloid suppressor cells. In an additional
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aspect, the “immunomodulatory moiety™ specifically binds a cytokine, cytokine receptor, co-
stimulatory molecule, or co-inhibitory molecule that modulates the immune system. In another
aspect, the immunomodulatory moiety specifically binds one of the following molecules:
Transforming growth factor-beta receptor (TGF-BR); Transforming growth factor-beta (TGF-
B); Programmed Death-1 (PD-1); PD-1 ligand 1 (PD-L1; B7-H1); PD-1 ligand 2 (PD-L2; B7-
DC); Receptor activator of nuclear factor-kB (RANK); or Receptor activator of nuclear factor-
kB (RANK) ligand (RANKL); or vascular endothelial growth factor (VEGF). In another
aspect, the immunomodulatory moiety specifically binds one of the following molecules:
glucocorticoid-induced tumor necrosis factor receptor family-related gene (GITR; AITR;
TNFRSF18); GITRL/AITRL; 4-1BB (CD137); 4-1BB ligand (4-1BBL; CD137L); 0X40
(CD134; TNR4); OX40 ligand (OX401.); B7-H3; B7-H4; BTLA; CD40; CD40 ligand
(CD40L); CD70; CD27; LIGHT; or HVEM. In another aspect, the immunomodulatory moiety
specifically binds one of the following molecules: tumor necrosis factor-o. (TNF-or);
Interleukin-12 (IL-12); IL~12R; Interleukin-10 (IL-10); IL-10R. In another aspect, the
immunoodulatory moiety comprises an extracellular domain of CTLA-4. In one aspect, the
immunomodulatory moiety is an agonist that increases the function of the bound molecule. In
another aspect, the immuanomodulatory moiety is an antagonist that inhibits the function of the

targeted molecule.

[0165] In another aspect, the immunomodulatory moiety comprises an extracellular domain or
ligand-binding sequence of one of the following receptors: Transforming growth factor-beta
receptor (TGF-BRIL, TGF-BRIIb, or TGF-BRIII); Programmed Death-1 (PD-1); Receptor
activator of nuclear factor-xB (RANK); vascular endothelial growth factor receptor (VEGFR1
or VEGFR2); or IL-10R. In another aspect, the immunomodulatory moiety comprises an
extracellular domain or ligand-binding sequence of one of the following receptors: tumor
necrosis factor receptor 2 (TNFR2): 4-1BB (CD137); OX40 (CD134; TNR4); CD40; IL-12R;
or glucocorticoid-induced tumor necrosis factor receptor family-related gene (GITR; AITR;
TNFRSF18). In an additional aspect, the extracellular domain of the specific receptor binds

the cognate ligand and inhibits the interaction of the ligand with its native receptor.
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{0166} In another aspect, the immunomodulatory moiety comprises one or more of the
following ligands or active ligand fragments: Transforming growth factor-beta (TGF-B); PD-1
ligand 1 (PD-L1); PD-1 ligand 2 (PD-L2); or IL-10. In another aspect, the immunomodulatory
moiety comprises one or more of the following ligands or active ligand fragments: 4-1BB

ligand (4-1BBL; CD137L); 0X40 ligand (OX40L); 1L-12; CD40L; or GITRL/AITRL.

[0167] In another aspect, the immunomodulatory moiety is fused to the C-terminus of the
targeting moiety. In another aspect, the immunomodulatory moiety is fused to the N-terminus
of the targeting moiety. In one aspect, the fusion molecule is represented by X-Fc-Y, wherein
X is the targeting moiety, Fc is an immunoglobulin Fc region, and Y is the immunomodulatory
moiety. In another aspect, the fusion molecule is represented by Y-Fe-X, ‘wherein X is the
targeting moiety, and Y is the immunomodulatory moiety. In one aspect, the targeting moiety

may additionally be an immunomodulatory moiety.

[0168] In one aspect, the targeting moiety includes an antibody, antibody fragment, scFv, or
Fe-containing polypeptide that specifically binds a component of a tumor cell, tumor antigen,
tumor vasculature, tumor microenvironment, or tumor-infiltrating immune cell, and the
immunomodulatory moiety comprises an extracellular domain or ligand-binding sequence of
one of the following receptors: Transforming growth factor-beta receptor (TGF-BRII, TGF-
BRIIb, or TGF-BRIII); Programmed Death-1 (PD-1); Receptor activator of nuclear factor-xB
(RANK); vascular endothelial growth factor receptor (VEGFR1 or VEGFR2); or IL-10R.

{0169] In one aspect, the targeting moiety includes an antibody, antibody fragment, scFv, or
Fe-containing polypeptide that specifically binds a component of a tumor cell, tumor antigen,
tumeor vasculatare, tumor microenvironment, or tumor-infiltrating immune cell, and the
immunomodulatory moiety comprises one or more of the following ligands or active ligand
fragments: 4-1BB ligand (4-1BBL; CD137L); OX40 ligand (OX40L); IL-12; CD40L; or
GITRL/AITRL.

{0170} In another aspect, the targeting moiety includes an antibody, antibody fragment, scFv,
Fe-containing polypeptide or ligand that binds a specific component of a regulatory T cell,
myeloid suppressor cell, or dendritic cell, and the immunomodulatory moiety comprises an

extracellular domain or ligand-binding sequence of one of the following receptors:
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Transforming growth factor-beta receptor (TGF-BRIL, TGF-BRIb, or TGF-BRIII);
Programmed Death-1 (PD-1); Receptor activator of nuclear factor-xB (RANK); or IL-10R. In
another aspect, the immunomodulatory moiety comprises one or more of the following ligands
or active ligand fragments: 4-1BB ligand (4-1BBL; CDI137L); OX40 ligand (OX40L); 1L-12;
CD40L; or GITRL/AITRL. In another aspect, the specific targeted component of a regulatory
T cell, myeloid suppressor cell, or dendritic cell is one of the following molecules: CD4;
CD25 (JL-2u receptor; IL-20R); cytotoxic T-lymphocyte antigen-4 (CTLA-4; CD152);
Interleukin-10 (1L-10); Transforming growth factor-beta (TGF-B); Programmed Death-1 (PD-
1); Programmed death-1 ligand (PD-L1 or PD-L2); Receptor activator of nuclear factor-xB
(RANK) ligand (RANKL): LAG-3; glucocorticoid-induced tumor necrosis factor receptor
family-related gene (GITR: TNFRSF18); or Interleukin-4 receptor (IL-4R).

[0171] 1n another aspect, the targeting moiety includes an antibody, antibody fragment, scFv,
Fe-containing polypeptide or ligand that binds one of the following: CTLA-4; 4-1BB
(CD137); OX40 (CD134; TNR4); CD40; IL-12R; or glucocorticoid-induced tumor necrosis
factor receptor family-related gene (GITR; AITR; TNFRSF18); and the immunomodulatory
moiety comprises a differernt molecule selected from the following: (i) an extracellular
domain or ligand-binding sequence of one of the following receptors: Transforming growth
factor-beta receptor (TGF-BRIL TGF-BRIIb, or TGF-PRII); Programmed Death-1 (PD-1);
Receptor activator of nuclear factor-xB (RANK); or IL-10R; or (ii) Fe-containing polypeptide
or ligand that binds one of the following: CTLA-4; 4-1BB (CD137); 0X40 (CD134; TNR4);
CD40; IL-12R; or GITR (AITR; TNFRSF18).

[0172] In another aspect, the targeting moiety and immunomodulatory moiety are two
different molecules selected from any of the following: an antibody, antibody fragment, scFv,
Fe-containing polypeptide or ligand that binds TGF-B, CTLA-4, PD-1, 4-1BB (CD137), 0X40
(CD134; TNR4), CD40; IL-12R, or GITR/AITR (TNFRSF18), or Toll-like receptor (TLR); an
extracellular domain or ligand-binding sequence of Transforming growtﬁ factor-beta receptor
(TGF-BRII, TGF-BRIIb, or TGF-BRII), Programmed Death-1 (PD-1), Receptor activator of
nuclear factor-xB (RANK), or IL-10R. In one aspect, the fusion molecule is represented by X-
Fe-Y, wherein X is an immunomodulatory targeting moiety and Y is a different

immunomeodulatory moiety.
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[0173] In another aspect, the targeting moiety includes an antibody, antibody fragment, scFv,
Fe-containing polypeptide that binds one of the following molecules: CD4; CD25 (IL-2a
receptor; IL-2aR); or CD20; and the immunoemodulatory moiety comprises one of the
following ligands or active ligand fragments: Transforming growth factor-beta (TGF-f); PD-1
ligand 1 (PD-L1); PD-1 ligand 2 (PD-L2); or IL-10.

[0174] In another aspect, the targeting moiety includes an antibody, antibody fragment, scFv,
Fe-containing polypeptide that binds tumor necrosis factor-ot (TNF-00), Interleukin-12 (IL-12),
IL-6R, B-lymphocyte stimulator, CD11a, CD6, or CD22; and the immunomodulatory moiety
comprises one of the following: (i) ligands or active ligand fragments of Transforming growth
factor-beta (TGF-f), PD-1 ligand 1 (PD-L1), or IL-10; or (ii) an extracellular domain or
ligand-binding fragment of RANK, 4-1BB (CD137), 0X40 (CD134; TNR4), CD40, IL-12R
or GITR/AITR (TNFRSF18).

{0175] In another aspect, the targeting moiety comprises the extracellular domain of CTLA-4
fused to immunoglobulin Fe, and the immunomodulatory moiety comprises one of the
following: (i) ligands or active ligand fragmenfs of Transforming growth factor-beta (TGF-B),
PD-1 ligand 1 (PD-L1), or IL-10; or (ii) ligand-binding fragment of TNFR2, RANK, 4-1BB
(CD137), OX40 (CD134; TNR4), CD40, 1L-12R or GITR/AITR (TNFRSF18).

[0176] In another aspect, the targeting moiety and immunomodulatory moiety are two
different molecules selected from any of the following: an antibody, antibody fragment, scFv.
Fe-containing polypeptide that binds tumor necrosis factor-of (TNF-0,), Interleukin-12 (IL-12),
IL-6R, B-lymphocyte stimulator, CD11a, CD6, or CD22; a ligand-binding fragment of
TNFR2, RANK, 4-1BB (CD137), OX40 (CD134; TNR4), CD40, IL-12R or GITR/AITR
(TNFRSF18); ligands or active ligand fragments of Transforming growth factor-beta (TGF-B),
PD-1 ligand 1 (PD-L1). or IL-10; or CTLA-4-Fe. In one aspect, the fusion molecule is
represented by X-Fe-Y, wherein X is the immunomodulatory targeting moiety and Y is a

different immunomodulatory moiety.

[0177] Antibodies: In one embodiment, the targeting moiety or fusion protein is an
immunoglobulin. As used herein, the term “immunoglobulin” includes natural or artificial

mono- or polyvalent antibodies including, but not limited to, polyclonal, monoclonal,
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multispecific, human, humanized or chimeric antibodies, single chain antibodies, Fab
fragments. F(ab’) fragments, fragments produced by a Fab expression library, anti-idiotypic
(anti-Id) antibodies (including, e.g., anti-Id antibodies to antibodies of the invention), and
epitope-binding fragments of any of the above. The term “antibody,” as used herein, refers to
immunoglobulin molecules and immunologically active portions of immunoglobulin
molecules, i.e., molecules that contain an antigen binding site that immunospecifically binds
an antigen. The immunoglobulin ion can be of any type (e.g., IgG, IgE, 1gM, IgD, IgA, and
IgY), class (e.g., IgGl, 1gG2, 1gG3, IgG4, IgAl, and IgA2) or subclass of immunoglobulin

molecule.

[0178] An antibody as disclosed herein includes an antibody fragment, such as, but not limited
to, Fab, Fab’ and F(ab’)2, Fd, single-chain Fvs (scFv), single-chain antibodies, disulfide-
linked Fvs (sdfv) and fragments including either a VL or VH domain. In one embodiment, the

targeting moiety is an antibedy or scFv.

[0179] An antigen-binding antibody fragment, including single-chain antibody, may include
the variable region(s) alone or in combination with the entirety or a portion of the following:
hinge region, CH1, CH2, and CH3 domains. An antigen-binding fragment can also include
any combination of variable region(s) with a hinge region, CHI, CH2, and CH3 domains.
Also includes is a Fc fragment, antigen-Fc fusion proteins, and Fe-targeting moiety. The
antibody may be from any animal origin including birds and mammals. In one aspect, the
antibody is, or derived from, a human, murine (e.g., mouse and rat), donkey, sheep, rabbit,
goat, guinea pig, camel, horse, or chicken. Further, such antibody may be a humanized
version of an antibody. The antibody may be monospecific, bispecific, trispecific, or of

greater multispecificity.

[0180] The antibody herein specifically include a “chimeric” antibody in which a portion of
the heavy and/or light chain is identical with or homologous to corresponding sequences in
antibodies derived from a particular species or belonging to a particular antibody class or
subclass, while the remainder of the chain(s) is identical with or homologous to corresponding
sequences in antibodies derived from another species or belonging to another antibody class or
subclass, as well as fragments of such antibodies, so long as they exhibit the desired biological

activity (U.S. Pat. No. 4,816,567; and Morrison et al (1984) Proc. Natl. Acad. Sci. USA.
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81:6851-6855). A chimeric antibody of interest herein includes “primatized” antibodies
including variable domain antigen-binding sequences derived from a non-human primate (e.g.,

Old World Monkey, Ape etc) and human constant region sequences.

[0181] Various methods have been employed to produce antibodies. Hybridoma technology,
which refers to a cloned cell line that produces a single type of antibody, uses the cells of
various species, including mice (murine), hamsters, rats, and humans. Another method to
prepare an antibody uses genetic engineering including recombinant DNA techniques. For
example, antibodies made from these techniques include, among others, chimeric antibodies
and humanized antibodies. A chimeric antibody combines DNA encoding regions from more
than one type of species. For example, a chimeric antibody may derive the variable region
from a mouse and the constant region from a human. A humanized antibody comes
predominantly from a human, even though it contains nonhuman portions. Like a chimeric
antibody, a humanized antibody may contain a completely human constant region. But unlike
a.chimeric antibody, the variable region may be partially derived from a human. The
nonhuman, synthetic portions of a humanized antibody often come from CDRs in murine
antibodies. In any event, these regions are crucial to allow the antibody to recognize and bind

to a specific antigen.

[0182] In one embodiment, a hybridoma can produce a targeted fusion protein comprising a
targeting moiety and an immunomodulatory moiety. In one embodiment, a targeting moiety
comprising an antibody, antibody fragment, or polypeptide is linked or fused to an
immunomodulatory moiety consisting of a polypeptide, with a linker or without a linker. The
linker can be an amino acid linker. In one embodiment, a linker is (GGGGS)n wherein n is
1,2,3,4,5,6,7, or 8. For example, GGGGSGGGGSGGGGS (SEQ ID NO: 104). In another
embodiment, a linker is EPKSCDK (SEQ ID NO: 105). In another embodiment, a linker is
IEGRDMD (SEQ. ID. NO: 106). In various aspects, the length of the linker may be modified
to optimize binding of the target moiety or the function of the immunomodulatory moiety. In
various aspects, the immunomodulatory moiety is a polypeptide that is fused to the C-terminus
of the Fc region of the heavy chain of a targeting antibody or Fe-containing fusion protein. In
another aspect, the immunomodulatory moiety is a polypeptide that is fused to the C-terminus

of the light chain of a targeting antibody. In another aspect, the fusion protein comprises an X-
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Fe-Y sequence, wherein X is a targeting polypeptide and Y is an immunomodulatory

polypeptide.

{0183] For example, a hybridoma can produce the polypeptides cotresponding to SEQ. ID.
NO: 1-69.

[0184] An antibody fragment can include a portion of an intact, antibody, e.g. including the
antigen-binding or variable region thereof. Examples of antibody fragments include Fab,
Fab’, F(ab’)2, and Fv fragments; Fc fragments or Fe-fusion products; diabodies; linear
antibodies; single-chain antibody molecules; and multispecific antibodies formed from

antibody fragment(s).

[0185] An intact antibody is one which includes an antigen-binding variable region as well as
a light chain constant domain (CL) and heavy chain constant domains, CH1, CH2 and CH3.
The constant domains may be native sequence constant domains (e.g.. human native sequence
constant domains) or amino acid sequence variant thereof tor any other modified Fe (e.g.

glycosylation or other engineered Fc).

[0186] The intact antibody may have one or more “effector functions” which refer to those
biological activities attributable to the Fc region (a native sequence Fe region or amino acid
sequence variant Fc region or any other modified Fe region) of an antibody. Examples of
antibody effector functions include Clg binding: complement dependent cytotoxicity; Fe
receptor binding; antibody-dependent cell-mediated cytotoxicity (ADCC); phagocytosis; down
regulation of cell surface receptors (e.g., B cell receptor (BCR); and cross-presentation of
antigens by antigen presenting cells or dendritic cells. In one embodiment, the targeting
antibody or Fe-containing fusion protein facilitates focused or preferential delivery of a
immunomodulatory moiety to a target cell. In another aspect, a targeting antibody can induce
death of the targeted cell or sensitize it to immune cell-mediated cytotoxicity. In another
aspect, the Fe-fusion protein or antibody can facilitate delivery of the immunomodulatory
moiety or immunogenic apoptotic material from antibody-bound tumor targets, or both, to an

antigen presenting cells (APC) via interactions between their Fo and Fe receptors (on APC).
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[0187] Depending on the amino acid sequence of the constant domain of their heavy chains,
intact antibodies can be assigned to different “classes.” There arc five major classes of intact
antibodies: IgA, IgD, IgE, IgG, and IgM, and several of these may be further divided into
“subclasses” (isotypes), e.g., IgG1, 1gG2, 1gC3, 1G4, IgA, and IgA2. The heavy-chain
constant domains (hat correspond to the different classes of antibadies are called alpha (),
delta (8), epsilon (g), gamma (v), and mu (p) respectively. The subunit structures and three-

dimensional configurations of different classes of immunoglobulins are well known.

{0188] Peptides: In some aspects of the invention the targeting moiety or immunomodulatory
moiety is a peptide or polypeptide. A peptide includes any analog, fragment or chemical
derivative of a peptide whose amino acid residue sequence is shown herein. Therefore, a
present peptide can be subject to various changes, substitutions, insertions, and deletions
‘where such changes provide for certain advantages in its use. In this regard, a peptide of this
invention corresponds to, rather than is identical to, the sequence of a recited peptide where
one or more changes are made and it retains the ability to function as the unmodified peptide

in one or more of the assays.

[0189] The term “analog™ includes any peptide having an amino acid residue sequence
substantially identical to a sequence specifically shown herein in which one or more residues
have been conservatively substituted with a functionally similar residue and which displays
the activity as described herein. Examples of conservative substitutions include the
substitution of one non-polar (hydrophobic) residue such as isoleucine, valine, leucine or
methionine for another, the substitution of one polar (hydrophilic) residue for another such as
between arginine and lysine, between glutamine and asparagine, between glycine and serine,
the substitution of one basic residue such as lysine, arginine or histidine for another, or the

substitution of one acidic residue, such as aspartic acid or glutamic acid for another.

[0190] The term “fragment” refers to any subject polypeptide having an amino acid residue
sequence shorter than that of a polypeptide whose amino acid residue sequence is disclosed

herein.
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[0191] As used herein “a tumor targeting peptide” includes polymers containing fewer than
100 amino acids, where the polymer specifically binds to a cellular component of a tumor cell,

tumor vasculature, and/or a component of a tumor microenvironment.

[0192] A peptide of the present invention can be synthesized by any of the techniques that are
known to those skilled in “the polypeptide art, including recombinant DNA techniques.
Synthetic chemistry techniques, such as a solid-phase Merrifield-type synthesis, are preferred
for reasons of purity, antigenic specificity, freedom from undesired side products, ease of
production and the like. An excellent summary of the many techniques available can be found
in Steward et al., “Solid Phase Peptide Synthesis”* W. H. Freeman Co., San Francisco, 1969;
Bodanszky, et al., “Peptide Synthesis”, John Wiley & Sons, Second Edition, 1976; J.
Meienhofer, “Hormonal Proteins and Peptides”. Vol. 2. p. 46, Academic Press (New York),
1983; Merrifield, Adv. Enzymol., 32:221-96, 1969: Fields et al.. Int. J. Peptide Protein Res.,
35:161-214, 1990; and U.S. Pat. No. 4,244,946 for solid phase peptide synthesis, and Schroder
et al., “The Peptides”, Vol. 1, Academic Press (New York), 1965 for classical solution
synthesis. Appropriate protective groups usable in such synthesis are described in the above
texts and in J. F. W. McOmie, “Protective Groups in Organic Chemistry™, Plenum Press, New
York, 1973.

[0193] Aptamers: In one aspect of the invention, the targeting moiety is an aptamer. In various
embodiments, an aptamer is specific for a molecule on a tumor cell, tumor vasculature, and/or
a tumor microenvironment. The term “aptamer” includes DNA, RNA or peptides that are
selected based on specific binding properties to a particular molecule. For example, an
aptamer(s) can be selected for binding a particular gene product in a tumor cell, tumor
vasculature, tamor microenvironment, and/or an immune cell, as disclosed herein, where
selection is made by methods known in the art and familiar to one of skill in the art.
Subsequently, said aptamer(s) can be administered to a subject to modulate or regulate an

immune response.

{0194] Some aptamers having affinity to a specific protein, DNA, amino acid and nucleotides
have been described (e.g., K. Y. Wang, et al,, Biochemistry 32:1899-1904 (1993); Pitner et al.,
U.S. Pat. No. 5,691,145: Gold, et al., Ann. Rev. Biochem. 64:763-797 (1995); Szostak et al.,
U.S. Pat. No. 5,631,146). High affinity and high specificity binding aptamers have been

Bicara Ex. 1017
Bicara v. JHU - PGR2026-00025



WO 2011/109789 PCT/US2011/027317

55

derived from combinatorial libraries (supra, Gold, et al.). Aptamers may have high affinities,
with equilibrium dissociation constants ranging from micromolar to sub-nanomolar depending
on the selection used, aptamers may also exhibit high selectivity, for example, showing a
thousand fold, discrimination between 7-methyl G and G (Haller and Sarnow, Proc. Natl,
Acad. Sci. USA 94:8521-8526 (1997)) or between D and L-tryptophan (supra, Gold et al.). An
aptamer can be selected based on the particular molecule targeted (e.g., aptamer targeting
EGEFR or other cancer markers). Standard procedures for in vitro selection are known, such as
SELEX experiments, described at Science 249 (4968) 505-510 (1990), and Nature (London),
346 (6287) 818-822 (1990) which can be followed throughout, or with modifications and

improvements known in the art.

{0195] The term “therapeutically effective amount” means the amount of the subject
compound that will elicit the biclogical or medical response of a tissue, system, animal or

human that is being sought by the researcher, veterinarian, medical doctor or other clinician.

[0196] By “pharmaceutically acceptable™ it is meant the carrier, diluent or excipient must be
compatible with the other ingredients of the formulation and not deleterious to the recipient
thereof.

{0197} The terms “administration of” and or “administering” should be understood to mean
providing a composition in a therapeutically effective amount to the individual in need of
treatment. Administration can be intratumoral or systemic (intravenous) administration.
Furthermore, in conjunction with vaccination of recipient with pathogen antigen vaccine (e.g.
tetanus toxoid). In addition, in conjunction with agent to deplete or inactivate regulatory T
cells (e.g. cyclophosphamide) or myeloid suppressor cells (e.g. gemeitabine). In a further
example, ex vive treatment of immune cells and tumor cells for generation of tumor reactive or
pathogen antigen reactive immune cells—for adoptive celtular immunotherapy.

Administration can be intradermal or subcutaneous.

[0198] Furthermore, administration can be in combination with one or more additional
therapeutic agents deplete or inactivate regulatory T cells (cyclophosphamide) or myeloid
suppressor cells (e.g. gemcitabine). The pharmaceutical compositions of the invention
identified herein are useful for parenteral, topical, oral, nasal (or otherwise inhaled), rectal, or

local administration, such as by aerosol or transdermally, for prophylactic and/or therapeutic
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treatment of one or more of the pathologies/indications described herein (e.g., cancer,
pathogenic infectious agents, associated conditions thereof). The pharmaceutical
compositions can be administered in a variety of unit dosage forms depending upon the
method of administration. Suitable unit dosage forms, include, but are not limited to powders,
tablets, pills, capsules, lozenges, suppositories, patches, nasal sprays, injectables, implantable

sustained-release formulations, lipid complexes, ete.

[0199] Unless defined otherwise, all technical and scientific terms used herein have the same
meaning as commonly understood by one of ordinary skill in the art to which this invention
belongs. Any methods and materials similar or equivalent to those described herein can be
used in the practice or testing of the invention, as it will be understood that modifications and

variations are encompassed within the spirit and scope of the instant disclosure.

[0200] The following examples are provided to further illustrate the embodiments of the
present invention, but are not intended to limit the scope of the invention. While they are
typical of those that might be used, other procedures, methodologies, or techniques known to

those skilled in the art may alternatively be used.
EXAMPLE 1

[0201} Counteracting Tumor Immune Tolerance via Antibody-mediated Depletion of CD4"
Regulatory T Cells Facilitates the Activation of Tumor-Reactive CD8" T Cells and Enhances

the In Vivo Antitumor Efficacy of Cytotoxic Anticancer Agents

[0202] Immunogenic death of tumor cells by chemotherapeutic agents can induce CD8" T
cell-mediated antitumor immunity. In response to specific chemotherapeutic agents, tumor
cells exhibit the rapid translocation of intracellular calreticulin (CRT) to the cell surface where
its aggregation provides a signal for the recognition and engulfiment of dying tumor cells by
antigen presenting dendritic cells (DCs). Treatment of mouse MB49 or human SW780
bladder cancer cells with doxorubicin, an anthracycline chemotherapeutic agent, induced rapid
surface exposure of CRT that was detected by immunofluorescence cytometry of cells stained
with Dylight 488-labeled anti-CRT antibody (Fig. 1a). To determine whether ex vivo treatment
with doxorubicin induced an immunogenic death of tumor cells, either untreated live MB49

cells or an equivalent number of MB49 cells that were pre-treated in vitro with doxorubicin
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were injected into one flank of syngeneic immunocompetent C57BL/6 mice. Unlike mice
injected with live tumor cells, mice injected with doxorubicin-treated tumor cells exhibited
increased production of IFN~y by draining lymph node (DLN) cells in response to in vitro re-
challenge with MB49 cell lysates (Fig. 1b). Vaccination with doxorubicin-killed MB49 cells
generated a tumor-specific immune response since no corresponding increase in IFN-y
secretion by DLN cells was observed following ir vitro exposure to an irrelevant peptide
(Hemagglutinin-HA). Injection of doxorubicin-treated MB49 tumor cells protected mice
against tumor growth upon challenge with untreated live MB49 tumor cells injected into the
opposite flank. (Fig. 1c). The protection against tumor growth by vaccination with
doxorubicin-treated tumor cells was not observed in mice that were depleted of CD8” T cells
with an anti-CD8 antibody before challenge with live tumor cells (Fig. 1¢). These observations
indicate that ex vivo treatment with chemotherapeutic agents can induce an immunogenic

death of tumor cells that generates CD8" T cell-mediated adaptive antitumor immunity.

[0203] Tumor-induced immune tolerance inhibits activation of CD8" T cells in response to
chemotherapy. To examine whether iz vivo treatment with chemotherapeutic agents can
activate CD8" T cell-mediated immune responses in mice with pre-established tumors,
CS57BL/6 mice were injected with live syngeneic MB49 tumor cells and then administered
intratumoral doxorubicin at various time points following tumor inoculation. In contrast to
vaceination of naive mice with doxorubicin-killed MB49 cells, in vivo treatment of mice with
established MB49 tumors at d10 following tumor inoculation failed to induce a corresponding
increase in IFN-y secretion by DLN cells in response to in vitro re-challenge with MB49 cell
lysates (Fig. 1b). Whereas treatment with doxorubicin on d3 following tumor inoculation was
able to arrest tumor growth, delayed administration of the same dose of doxerubicin on d10
failed to inhibit the progressive growth of established MB49 tumors (Fig. 1d). These results
indicate that tumor-induced immune tolerance in the microenvironment of established cancers
counteracts the activation of adaptive antitumor immunity in response to chemotherapy-

induced tumor cell death.

[0204] Regulatory T cells (Treg) accumulate in the tumor microenvironment and counteract
the ability of chemotherapy to activate CD8" T cell mediated antitumor immunity. To

investigate whether FoxP3" Tregs are involved in enforcing immune tolerance in the tumor

Bicara Ex. 1017
Bicara v. JHU - PGR2026-00025



WO 2011/109789 PCT/US2011/027317

58

microenvironment, we examined the percentage of CD4"CD25 FoxP3" cells (Tregs) among
CD4" T lymphocytes in the spleen, draining lymph nodes (DLN), and tumors of
immunocompetent C57BL/6 mice at d0 and d14 after tumor inoculation. Whereas tumor-
bearing mice exhibited only a minor increase in the percentage of Tregs among CD4" T cells
in the spleen and DLN at d14 following tumor inoculation, a majority of tumor-infiltrating
CD4" T cells at this time were CD4°CD25 FoxP3" cells (Fig. le). To investigate whether
Tregs infiltrating the tumor microenvironment can suppress the activation of adaptive
antitumor immunity in response to chemotherapy-induced tumor cell death, CD4"CD25" cells
isolated from tumors and DLN of tumor-bearing mice were adoptively transferred into
syngeneic C37BL/6 naive mice before vaccination with doxorubicin-killed MB49 cells. The
adoptive transfer of tumor-infilirating CD4"CD25" cells into naive mice inhibited the ability of
subsequent iz vivo vaccination with doxorubicin-treated MB49 tumor ¢ells to increase
production of IFN-y by draining lymph node (DLN) cells in response to i# vitro re-challenge
with MB49 cell lysates (Fig. 1f). Consistent with the ability of tumor-infiltrating CD4'CD25"
cells to suppress the tumor-specific immune response, the adoptive transfer of these cells
counteracted the protection conferred by vaccination with doxorubicin-treated MB49 cells
against tumor growth upon challenge with untreated live MB49 tumor cells (Fig. 1g). These
results indicate that the tumor microenvironment fosters the accumulation of FoxP3" Tregs
which counteract the activation of CD8" T cell mediated antitumor immunity in response to

chemotherapy-induced tumor cell death.

[0205] Inhibition of TGF-B in the tumor microenvironment reduces tumor-infiltrating FoxP3”
regulatory T cells and enhances the antitumor efficacy chemotherapy. TGE-B induces FoxP3
expression in naive peripheral CD4"CD25 FoxP3™ T cells and facilitates their conversion into
‘adaptive’ FoxP3" Tregs that share the immunosuppressive ability of natural FoxP3" Tregs
generated in the thymus. Since human cancers frequently become refractory to the growth-
inhibitory effect of TGF-B and acquire an ability to increase expression and secretion of TGF-
B. we investigated whether this switch enables tumor cells to increase the number of adaptive
Tregs in the tumor microenvironment. Examination of serum levels of TGF-B in mice at d0,
d14, and d28 following inoculation of live MB49 tumor cells demonstrated that tumor growth
resulted in a progressive increase in the level of serum TGF-B (Fig. 2a). To assess the precise

source of TGF-B in tumor-bearing mice, the total amount of TGF-B in supernatants of tumor
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cells or draining lymph node cells isolated from tumor-bearing mice were measured following
ex vivo culture in serum-free medium for 24h. Measurement of the level of TGF-$/10° cells
showed that tumor cells were the dominant source of the increased level of TGF-f in tumor-
bearing mice (Fig. 2b). In addition to tumor cell-autonomous expression of TGF-B, T cells
from tumor-bearing mice also expressed higher levels of TGF-B compared to their
counterparts from tumor-free mice (Fig. 2b). To determine whether the elevation of TGF-B is
responsible for the upregulation of Tregs in the tumor microenvironment, tumor-bearing mice
were treated with a soluble chimeric protein comprising the extracellular domain of TGFBRII
and the Fc portion of the murine IgG1 heavy chain (TGFPRII:Fc). This fusion protein
interferes with the binding of TGF-B to endogenous TGFBRII and functions as a stable TGF-B
antagonist. ELISA assays confirmed the ability of TGFBRII:Fc to sequester TGF-f in
supernatants of MB49 tumor cells in a concentration-dependent manner (Fig. 2¢). At 5d
following inoculation of MB49 tumor cells, mice were either left untreated or treated with
TGFBRII:Fc (1pg intratumoral; twice weekly) for 3 weeks followed by flow cytometric
analyses of intracellular FoxP3 expression in CD4"CD25" T cells infiltrating the tumors. In
vivo treatment of tumors with TGFBRII:Fc resulted in a significant decline in FoxP3
expression in tumor-infiltrating CD4" T cells (Fig. 2d) and a dramatic reduction of
CD4"CD25 FoxP3" Tregs in tumor tissue (Fig. 2¢). To determine whether inhibition of TGE-
p in the tumor microenvironment can improve the antitumor efficacy of chemotherapy, MB49
tumor-bearing mice were administered doxorubicin (Smg/kg i.p. weekly x 3) with or without
twice weekly treatment with TGFBRII:Fc (1pg intratumoral). In contrast to treatment with
either doxorubicin or TGFBRIL:Fc alone, combined treatment with both agents was able to
arrest the growth of MB49 tumors. These results indicate that tumor cell autonomous
expression of TGF-f in the tumor microenvironment induces ‘adaptive’ FoxP3" Tregs and that
counteracting tumor-induced TGF-B-mediated immune tolerance enhances the antitumor

efficacy of chemotherapy.

[0206] Anti-CD4 antibody-mediated depletion of CD4" regulatory T cells facilitates
chemotherapy-induced activation of tumor-reactive CD8" T cells and enhances the antitumor
efficacy of chemotherapy. To determine whether depletion of CD4" regulatory T cells can
improve the antitumor efficacy of chemotherapy by enhancing the activity of CD8" T cells in

the tumor microenvironment, immunocompetent mice bearing syngeneic tumors were
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administered an anti-CD4 antibody (Clone GK1.5) to deplete CD4" T cells or an anti-CD§
antibody (Clone GK2.43) to deplete CD8" T cells and then treated with specific
chemotherapeutic agents. Flow cytometric analyses of peripheral blood mononuclear cells
from MB49 tumor-bearing mice at d7 following administration of anti-CD4 antibody or anti-
CDS antibody confirmed the target-specific depletion of either CD4™ T cells or CD8" T cells,
respectively (Fig. 3a). Mice treated with anti-CD4 antibody showed loss of

CD4"CD25 FoxP3" T cells in the peripheral blood as well as among tumor-infiltrating cells
(Fig. 32, b). To determine whether antibody-mediated depletion of CD4"CD25 FoxP3" cells
facilitates chemotherapy-induced activation of tumor-reactive CD8" T cells in the tumor
microenvironment, we evaluated the expression of IFN-y in CD&” T cells extracted from the
tumor and draining lymph node of MB49 tumor-bearing mice that were left untreated or
treated with doxorubicin (with or without anti-CD4 antibody). Flow cytometric analyses
showed that CD8" T cells from untreated mice did not express IFN-y in response to in viro re-
challenge with MB49 cell lysates (Fig. 3¢c). Whereas IFN-y'CD&" T cells became cvident in
mice treated with doxorubicin alone, antibody-mediated depletion of CD4" T cells further
enhanced the percentage of tumor-reactive CD8" T cells that expressed IFN-y in doxorubicin-
treated animals (Fig. 3¢). To directly evaluate whether the activation of tumor-reactive CD§™ T
cells determines the in vivo antitumor efficacy of chemotherapy, we examined the effect of
antibody-mediated depletion of CD8" T cells or CD4 "™ T cells on the response of MB49 tumor-
bearing mice to systemic treatment with doxorubicin (Smg/kg). Treatment with doxorubicin
alone inhibited the growth of MB49 tumors but failed to arrest tumor progression. Whereas
depletion of CD8” T cells completely impaired the in vivo antitumor efficacy of doxorubicin,
depletion of CD4™ T cells enhanced the response to doxorubicin and resulted in tumor

regression (Fig. 3d).

[0207] Anti-CD4 antibody-mediated depletion of CD4” regulatory T cells augments and
sustains the antitumor effect of chemotherapy by enabling activation of adaptive antitumor
immunity. Whereas tumor cells treated with anthracyclins, such as doxorubicin, are
particularly effective in eliciting an antitumor immune response, other chemotherapeutic
agents are less effective in inducing immunogenic tumor cell death. The surface exposure of
calreticulin is a key determinant of the immunogenicity of tamor cell death in response to

chemotherapeutic agents. Compared to the efficient translocation of CRT to the cell surface in
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response to treatment with doxorubicin (Fig. 1a), treatment of MB49 tumor cells with
equitoxic doses of either cisplatin or the combination of cisplatin and gemcitabine was less
effective in increasing CRT exposure (Fig. 4a). Whereas tumor-reactive IFN-y'CD§" T cells
were evident in tumors of MB49 tumor-bearing mice treated with doxorubicin (Fig. 3¢),
treatment with cisplatin was unable to induce a corresponding elevation of IFN-y expression in
CD8" T cells in response to in virro re-challenge with MB49 cell lysates (Fig 4b). To examine
whether counteraction of Treg-mediated immune tolerance enables the activation of antitumor
immunity by cisplatin, immunocompetent tumor-bearing mice were treated with cisplatin
following depletion of Tregs with anti-CD4 antibody. Antibody-mediated depletion of CD4" T
cells enhanced the percentage of tumor-reactive IFN-y"CD8" T cells as well as CD8'CD62L
T cells in cisplatin-treated animals (Fig. 4b,c). Treatment of MB49 tumor-bearing mice with
cisplatin partially inhibited tumor growth but failed to arrest tumor progression. Whereas
depletion of CD8” T cells completely negated the in vivo antitumor effect of cisplatin,
depletion of CD4" T cells enhanced the response to cisplatin and arrested tumor growth (Fig.
4d). Although treatment of tumor-bearing mice with the combination of cisplatin and
gemcitabine was also able to arrest tumor growth, tumor growth rapidly resumed following
termination of therapy with none of the animals {0/8) being tumor-free at d50 following tumor
inoculation (Fig. 4e). In contrast, mice depleted of CD4™ T cells exhibited a more sustained
response to either single agent or combination chemotherapy, with 7/16 mice exhibiting
complete tumor regression. The complete regression of tumors was attended with
establishment of adaptive antitumor immunity since none of the cured mice (7/7) developed

tumors when re-challenged with live MB49 tumor cells in the opposite flank.

[0208] Chemotherapy-induced expression of NKG2D ligands on tamor cells cooperates with
depletion of CD* regulatory T cells to stimulate CD*" T cell-mediated tumor regression.
NKG2D (NK group 2, member D) is a lectin-like type II transmembrane stimulatory receptor
used by NK cells, y5-TC® T cells and atf-TC" T cells for immune surveillance of tumors.
Expression of mouse and human ligands for NKG2D is upregulated in transformed epithelial
cell lines in response to genotoxic stress or stalled DNA replication, via activation of a DNA
damage checkpoint pathway initiated by ATM (ataxia telengiectasia, mutated) or ATR (ATM-
and Rad3-related) protein kinases. Treatment of CT26 mouse colon cancer cells with

genotoxic chemotherapeutic agents resulted in upregulation of mouse NKG2D ligands of the
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retinoic acid inducible gene family (Rael)(Fig. 5a). RT-PCR showed that Rac] mRNA was
induced in CT26 cells by 2-4h, reached a plateau after 16-24h, and began to decline after 48h
of treatment with either the irinotecan or oxaliplatin (Fig. 5a). Flow cytometric analysis
demonstrated that cell surface expression of human NKG2D ligands (MHC-I-related A and B
molecules — MICA, MICB) was also upregulated on human colorectal cancer cells (HCT116)
in response to treatment with irinotecan (Fig. 1b). Isogenic HCT116 cells that differ only in
their p53 status demonstrated that p53 is not required for irinotecan-induced upregulation of
MICA/B (Fig. 1b). To examine whether the induction of NKG2D ligands contributes to the
antitumor effect of chemotherapy in vivo, immunocompetent Balb/C mice inoculated with
syngeneic CT26 tumor cells were treated with irinotecan (50 mg/kg i.p) with or without pre-
treatment with an NKG2D blocking antibody (200 pg i.p.). Whereas treatment with irinotecan
alone inhibited the growth of CT26 tumors, the antitumor effect of irinotecan was negated by
pre-treatment with the NKG2D blocking antibody (Fig. 1¢). Since engagement of NKG2D by
its ligands provides a costimulatory signal for the activation of CD T cells, we investigated.
whether DNA damage-induced expression of NKG2D ligands on tumor cells cooperates with
depletion of CD*" regulatory T cells to stimulate CD* T cell-mediated tumor regression.
Balb/C mice bearing CT26 tumors were administered an anti-CD4 antibody (Clone GK1.5) to
deplete CD*" T cells and/or an anti-CD§ antibody (Clone GK2.43) to deplete CD*" T cells and
then treated with irinotecan. Flow cytometric analyses confirmed the loss of
CD*CD2**FoxP™ T cells in the spleen and draining lymph node of mice treated with anti-
CD4 antibody (Fig. 5d). Antibody-mediated depletion of CD*" T cells enhanced the
percentage of tumor-reactive IFN-""CD®" T cells in irinotecan-treated animals (Fig. 5e).
Whereas treatment of CT26 tumor-bearing mice with irinotecan only slowed tumor growth,
depletion of CD*" T cells enhanced the response to irinotecan and arrested tumor growth (Fig.
5f). The ability of CD** T cell depletion to augment the antitumor efficacy of irinotecan was
mediated by CD* T cells since antibody-mediated depletion of CD T cells completely

negated the in vivo antitumor effect of chemotherapy in cpv T cell-depleted mice (Fig. 5).

[0209] These data provide the following insights: (i) activation of tumor-reactive CD8" T cells
in response to immunogenie tumor cell death is a crucial determinant of the antitumor efficacy
of chemotherapy in vivo; (ii) tumor-induced Tregs impair the antitumor efficacy of

chemotherapy by inhibiting the activation of CD8" T cells in the tumor microenvironment; and

Bicara Ex. 1017
Bicara v. JHU - PGR2026-00025



WO 2011/109789 PCT/US2011/027317

63

(iit) Counteracting tumor-induced immune tolerance via antibody-mediated depletion of CD4"
regulatory T cells facilitates chemotherapy-induced activation of antitumor immunity with
memory, thereby enhancing the antitumor efficacy of chemotherapy; (iv) Strategies to
decrease the number or function of CD4+ regulatory T cells in the tumor microenvironment
can increase the activation of CD8+ T cells and improve the response of tumors to cytotoxic
anticancer agents (chemotherapy, tumor-targeted antibodies, targeted therapeutics, kinase
inhibitors) or chemoimmunotherapy (combination of chemotherapeutic agent with

immunotherapeutic agents).
EXAMPLE 2
[0210] Exemplary Targeted Immunomodulatory Antibodies & Fusion Proteins

[0211] A targeting moiety, including an antibody, can be coupled to an immunomodulatory
moiety including a polypeptide derived from the extracellular domain of TGFBR2.
Crosslinkers or activating agents for such coupling or conjugation are well known in the art.
Alternatively, the fusion proteins of the invention can be synthesized using recombination
DNA technology well known in the art where the coding sequences of various portions of the
fusion proteins can be linked together at the nucleic acid level. Subsequently the fusion
proteins of the invention can be produced using a host cell well known in the art. Examples of
targeted immunomodulatory antibodies and fusion proteins are shown in Figures 1-33 and

briefly described below.

[0212] In one embodiment, the present invention provides a molecule including a targeting
moiety fused with an immunomodulatory moiety, wherein the targeting moiety specifically
binds to a target molecule, and the immunomodulatory moiety specifically binds to
Transforming growth factor-beta (TGF-). SEQ ID NO: | provides a fusion protein including
anti-HER2/neu antibody and Transforming growth factor-beta receptor Il (TGEB-RII)
Extracellular domain (ECD) (Figure 2). SEQ ID NO: 2 provides a fusion protein including
anti-EGFR1 antibody and Transforming growth factor-beta receptor I (TGFB-RII)
Extracellular domain (ECD) (Figure 3). SEQ ID NO: 3 provides a fusion protein including
anti-CD20 antibody and Transforming growth factor-beta receptor I (TGFB-RII) Extraceliular
domain (ECD) (Figure 4). SEQ ID NO: 4 provides a fusion protein including anti-VEGF

antibody and Transforming growth factor-beta receptor I (TGFf-R11) Extracellular domain
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(ECD) (Figure 5). SEQ ID NO: 5 provides a fusion protein including anti-human CTLA-4
antibody and Transforming growth factor-beta receptor IT (TGFB-RII) Extracellular domain
(ECD) (Figure 6). SEQ ID NO: 6 provides a fusion protein including IL-2, Fe, and
Transforming growth factor-beta receptor II (TGFB-RII) Extracellular domain (ECD) (Figure
7). SEQ ID NO: 7 provides a fusion protein including Transforming growth factor-beta
receptor IT (TGFB-RII} Extracellular domain (ECD), Fe, and 1L-2 (Figure 7). SEQ ID NO: 8
provides a fusion protein including anti-CD2S5 antibody and Transforming growth factor-beta
receptor 11 (TGFB-RII) Extracellular domain (ECD) (Figure 8A). SEQ ID NO: 9 provides a
fusion protein including anti-CD25 antibody and Transforming growth factor-beta receptor II
(TGFB-RII) Extracellular domain (ECD) (Figure 88). SEQ ID NO: 10 provides a fusion
protein including anti-CD4 antibody and Transforming growth factor-beta receptor Il (TGFp-
RIT) Extracellular domain (ECD) (Figure 9). SEQ ID NO: 11 provides a fusion protein
including PD-1 Ectodomain, Fe, and Transforming growth factor-beta receptor II (TGFB-RIT)
Extracellular domain (ectodomain) (PD-1 ectodomain + Fe + TGFBRII ectodomain; Figure
10). SEQ ID NO: 12 provides a fusion protein including Transforming growth factor-beta
receptor 11 (TGFB-R1I) Extracellular domain (ectodomain), Fc, and PD-1 Ectodomain
(TGFBRII ectodomain + Fc + PD-1 ectodomain; Figure 10). SEQ ID NO: 13 provides a fusion
protein including RANK Ectodomain, Fe, and Transforming growth factor-beta receptor 11
(TGFB-RII) Extracellular domain (ectodomain) (RANK ectodomain + Fc + TGFBRII
ectodomain; Figure 11). SEQ ID NO: 14 provides a fusion protein including Transforming
growth factor-beta receptor II (TGFf-RII) Extracellular domain (ectodomain), Fc, and RANK
Ectodomain (TGFBRII ectodomain + Fe + RANK ectodomain; Figure 11).

{0213] In another embodiment, the present invention provides a molecule including a
targeting moiety fused with an immunomodulatory moiety, wherein the targeting moiety
specifically binds to a target molecule, and the immunomodulatory moiety is a molecule that
specifically binds to Programmed Death-1 ligand 1 (PD-L1 or B7-H1) or Programmed Death-
1 ligand 2 (PD-L2 or B7-DC). SEQ ID NO: 15 provides a fusion protein including anti-
HERZ2/neu antibody and PD-1 Ectodomain (Figure 13). SEQ ID NO: 16 provides a fusion
protein including anti-EGFR1 antibody and PD-1 Ectodomain (Figure 14). SEQ ID NO: 17
provides a fusion protein including anti-CD20 antibody and PD-1 Ectodomain (Figure 15).

SEQ ID NO: 18 provides a fusion protein including anti-VEGF antibody and PD-1
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Ectodomain (Figure 16). SEQ ID NO: 19 provides a fusion protein including anti-human
CTLA-4 antibody and PD-1 Ectodomain (Figure 17). SEQ ID NO: 20 provides a fusion
protein including anti-CD25 antibody and PD-1 Ectodomain (Figure 18A). SEQ ID NO: 21
provides a fusion protein including anti-CD25 antibody and PD-1 Ectodomain (Figure 18B).
SEQ ID NO: 22 provides a fusion protein including IL-2, Fc, and PD-1 ectodomain (IL-2 + Fc
+ PD-1 ectodomain; Figure 19). SEQ ID NO: 23 provides a fusion protein including PD-1
ectodomain, Fe, and IL-2 (PD-1 ectodomain + Fe + IL-2; Figure 19). SEQ ID NO: 24 provides
a fusion protein including anti-CD4 antibody and PD-1 Ectodomain (Figure 20). SEQ ID NO:
25 provides a fusion protein including RANK Ectodomain, Fe, and PD-1 ectodomain (RANK
ectodomain + Fo + PD-1 ectodomain; Figure 21). SEQ ID NO: 26 provides a fusion protein
including PD-1 ectodomain, Fe, and RANK Ectodomain (PD-1 ectodomain + Fc + RANK

ectodomain; Figure 21).

[0214] In another embodiment, the present invention provides a molecule including a
targeting moiety fused with an immunomodulatory moiety, wherein the targeting moiety
specifically binds to a target molecule, and the immunomodulatory moiety is a molecule that
specifically binds to Receptor activator of NF-kB ligand (RANKL). SEQ ID NO: 27 provides
a fusion protein including anti-HER2/neu antibody and RANK Ectodomain (Figure 23). SEQ
ID NO: 28 provides a fusion protein including anti-EGFR 1 antibody and RANK Ectodomain
(Figure 24). SEQ ID NO: 29 provides a fusion protein including anti-CD20 antibody and
RANK Ectodomain (Figure 25). SEQ ID NO: 30 provides a fusion protein including anti-
VEGF antibody and RANK Ectodomain (Figure 26). SEQ ID NO: 31 provides a fusion
protein including anti-human CTLA-4 antibody and RANK Ectodomain (Figure 27). SEQ ID
NO: 32 provides a fusion protein including anti-CD25 antibody and RANK Ectodomain
(Figure 28A). SEQ ID NO: 33 provides a fusion protein including anti-CD25 antibody and
RANK Ectodomain (Figure 28B). SEQ ID NO: 34 provides a fusion protein including IL-2,
Fe, and RANK ectodomain (IL-2 + Fe + RANK ectodomain; Figure 29). SEQ ID NO: 35
provides a fusion protein including RANK ectodomain, Fc, and I1-2 (RANK ectodomain + Fc
+IL-2; Figure 29). SEQ ID NO: 36 provides a fusion protein including anti-CD4 antibody and
RANK Ectodomain (Figure 30).
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[0215] Iﬁ another embodiment, the present invention provides a molecule including a
targeting moiety fused with an immunomodulatory moiety, wherein the targeting moiety
specifically binds to a target molecule, and the immunomodulatory moiety includes a molecule
that specifically binds to Programmed death-1 (PD-1). SEQ ID NO: 37 provides a fusion
protein including anti-tumor necrosis factor (TNFa) antibody and PD-1 ligand 1 (Figure 32).
SEQ ID NO: 38 provides a fusion protein including TNFR2 Extracellular ligand binding
domain, Fe, and PD-1 ligand: (TNFR2 ECD + IgG Cyl + PD-L1; Figure 33). SEQ ID NO: 39
provides a fusion protein including PD-1 ligand, Fc, and TNFR2 Extracellular ligand binding
domain: (PD-L1 +IgG Cyl -TNFR2 ECD; Figure 33). SEQ ID NO: 40 provides a fusion
protein including anti-CD20 antibody and PD-1 ligand 1 (PD-L1) (Figure 34). SEQ 1D NO:
41 provides a fusion protein including anti-CD25 antibody and PD-1 ligand 1 (PD-L1) (Figure
35A). SEQ ID NO: 42 provides a fusion protein including anti-CD25 antibody and PD-1
ligand 1 (PD-L1) (Figure 35B). SEQ ID NO: 43 provides a fusion protein including PD-1
ligand 1 (PD-L1), Fc, and IL-2 (PD-L1 ~ Fe — [L2; Figure 36). SEQ ID NO: 44 provides a
fusion protein including IL-2, F¢, and PD-1 ligand 1 (PD-L1) (IL-2 — F¢c — PD-L1; Figure 36).
SEQ ID NO: 45 provides a fusion protein including anti-CD4 antibody and PD-1 ligand 1
(PD-L1) (Figure 37). SEQ ID NO: 46 provides a fusion protein including the extracellular
domain of CTLA-4, Immunoglobulin Fc (IgG Cy1), and a sequence from PD-1 ligand (PD-
L1) (Oncostatin M signal peptide + CTLA-4 ECD + IgG Cy1 + PD-L1; Figure 38). SEQ ID
NO: 47 provides a fusion protein including the extracellular domain of PD-1 ligand (PD-L1),
immunoglobulin Fe (IgG Cy1), and a sequence from the extracellular domain of CTLA-4:
(PD-L1 + IgG Cyl + CTLA-4 ECD; Figure 38). SEQ ID NO: 48 provides a fusion protein
including Transforming growth factor-B (TGF-B), immunoglobulin Fc (IgG Cy1), and a
sequence from PD-1 ligand I (PD-L1) (TGFB-1 + Fc + PD-L1; Figure 39). SEQ ID NO: 49
provides a fusion protein including a sequence from PD-1 ligand 1 (PD-L1), immunoglobulin
Fe (1gG Cyl), and Transforming growth factor beta (TGE-8) (PD-L1 + Fc + TGFp-1; Figure
39).

{0216} In another embodiment, the present invention provides a molecule including a
targeting moiety fused with an immunomodulatory moiety, wherein the targeting moiety
specifically binds to a target molecule, and the immunomodulatory moiety includes a molecule

that specifically binds to Transforming growth factor-beta receptor (TGF-BR). SEQ ID NO:
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50 provides a fusion protein including an antibody that binds TNF-a, and a sequence from
Transforming growth factor-B (TGF-B) (Figure 41). SEQ ID NO: 51 provides a fusion protein
including TNFR2 Extracellular ligand binding domain, Fc, and a sequence from Transforming
growth factor-f (TGF-B) (TNFR2 ECD + IgG Cyl + TGF-B; Figure 42). SEQ ID NO: 52
provides a fusion protein including a sequence from Transforming growth factor-B (TGF-B),
Fe, and TNFR2 Extracellular ligand binding domain: (TGF-§ + IgG Cy1 + TNFR2 ECD;
Figure 42). SEQ ID NO: 53 provides a fusion protein including anti-CD20 antibody and a
sequence from Transforming growth factor-f (TGF-B) (Figure 43). SEQ ID NO: 54 provides
a fusion protein including anti-CD25 antibody and a sequence from transforming growth
factor-B (TGF-B) (Figure 44A). SEQ ID NO: 55 provides a fusion protein including anti-CD25
antibody and a sequence from transforming growth factor-f (TGF-B) (Figure 44B). SEQ ID
NO: 56 provides a fusion protein including a sequence from Transforming growth factor-p
(TGF-), Fe, and IL-2 (TGF-B + Fe + 1L-2; Figure 45). SEQ ID NO: 57 provides a fusion
protein including IL-2, Fe, and Transforming growth factor-p (TGF-B)(IL-2 + Fc + TGF-B;
Figure 45). SEQ ID NO: 58 provides a fusion protein including anti-CD4 antibody and a
sequence from transforming growth factor-p (TGE-P) (Figure 46). SEQ ID NO: 59 provides a
tusion protein including the extracellular domain of CTLA-4, immunoglobulin Fc (IgG Cyl),
and a sequence from a sequence from transforming growth factor-B (TGF-B) (Oncostatin M
signal peptide + CTLA-4 ECD + IgG Cy1 + TGF-B1; Figure 47). SEQ ID NO: 60 provides a
fusion protein including a sequence from Transforming growth factor-B (TGF-B).
immunoglobulin Fc (IgG Cy1), and a sequence from the extracellular domain of CTLA-4:
(TGE-p1 +1gG Cyl + CTLA-4 ECD) (Figure 47).

[0217] In another embodiment, the present invention provides a molecule including a
targeting moiety fused with an immunomodulatory moiety, wherein the targeting moiety
specifically binds to a target molecule, and the immunomodulatory moiety is a molecule that
specifically binds to Receptor activator of NF-kB ligand (RANKL). SEQ ID NO: 61 provides
a fusion protein including an antibody that binds TNF-u, and a sequence from RANK
Ectodomain (Figure 48). SEQ ID NO: 62 provides a fusion protein including TNFR2
Extracellular ligand binding domain, Fe, and a sequence from RANK Ectodomain (TNFR2
ECD + IgG Cyl + RANK Ectodomain; Figure 49). SEQ ID NO: 63 provides a fusion protein
including a sequence from RANK Ectodomain, Fe, and TNFR2 Extracellular ligand binding
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domain: (RANK Ectodomain + 1gG Cy1 -+ TNFR2 ECD; Figure 49). SEQ ID NO: 64 provides
a fusion protein including the extracellular domain of CTLA-4, immunoglobulin F¢ (IgG
Cy1), and a sequence from a sequence from RANK Ectodomain (Oncostatin M signal peptide
+ CTLA-4 ECD +IgG Cyl + RANK Ectodomain; Figure 50). SEQ ID NO: 65 provides a
fusion protein including a sequence from RANK Ectodomain, immunoglobulin Fo dgG Cyl),
and a sequence from the extracellular domain of CTLA-4: (RANK Ectodomain + IgG Cyl +
CTLA-4 ECD) (Figure 50). SEQ ID NO: 66 provides a fusion protein including a sequence
from transforming growth factor-B (TGF-B), immunoglobulin Fc region (IgG Cyl), and an
extracellular ligand-binding domain or ectodomain of Receptor activator of nuclear factor-xB
(RANK) (TGF-B + IgG Cyl + RANK Ectodomain; Figure 51). SEQ ID NO: 67 provides a
fusion protein including a sequence from RANK Ectodomain, immunoglobulin Fe (IgG Cy1),
and a sequence from transforming growth factor-p (TGF-B): (RANK Ectodomain + IgG Cyl +
TGF-B) (Figure 51). SEQ ID NO: 68 provides a fusion protein including a sequence from
Programmed death-1 ligand 1 (PD-L1), immunoglobulin Fc region (IgG Cy1), and an
extracellular ligand-binding domain or ectodomain of Receptor activator of nuclear factor-xB
(RANK) (PD-L1 + IgG Cyl + RANK Ectodomain; Figure 52). SEQ ID NO: 69 provides a
fusion protein including a sequence from RANK Ectodomain, immunoglobulin Fe (IgG Cy,
and a sequence from Programmed death-1 ligand 1 (PD-L1): (RANK Ectodomain + IgG Cyl
+PD-L1) (Figure 52).

{0218] Although the invention has been described with reference to the above example, it will
be understood that modifications and variations are encompassed within the spirit and scope of

the invention. Accordingly, the invention is limited only by the following claims.
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What is claimed is:
1. A molecule comprising a targeting moiety fused with an immunomodulatory moiety,

wherein:
(a)  the targeting moiety specifically binds a target molecule, and
(b)  the immunomodulatory moiety specifically binds to a molecule selected from:
{i Transforming growth factor-beta (TGF-B); Transforming growth factor-
beta receptor (TGF-PR); Programumed death-1 ligand 1 (PD-L1; B7-H1)
or Programmed death-1 ligand 2 (PD-1.2; B7-DC); Programmed death-1
(PD-1); Receptor activator of nuclear factor-xB ligand (RANKL); or
Receptor activator of nuclear factor-kB (RANK); and
()  4-1BB(CD137); 4-1BB ligand (4-1BBL; CD137L); OX40 (CD134;
TNR4); OX40 ligand (OX40L); glucocorticoid-induced tumor necrosis
factor receptor family-related gene (GITR: AITR); GITR ligand
(GITRL); HVEM; LIGHT; CD27; or CD70.

2. The molecule of claim 1, wherein the targeting moiety comprises an antibody,
antibody fragment, scFv, or Fe-containing polypeptide that specifically binds a
component of a tumor cell, tumor antigen, tumor vasculature, tumor

microenvironment, or tumor-infiltrating immune cell.

3. The molecule of claim 2, wherein the immunomodulatory moiety comprises a

molecule that binds to TGF-B

4. The molecule of claim 3, wherein the immunomedulatory moiety comprises an
extracellular ligand-binding domain of Transforming growth factor-beta receptor TGF-

BRIL, TGF-BRIIb, or TGF-BRIIL

5. The molecule of claim 4, wherein the immunomodulatory moiety comprises an

extracellular ligand-binding domain of TGF-BRIL.
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The molecule of claim 5, wherein the targeting moiety comprises an antibody,
antibody fragment, or polypeptide that specifically binds to HER2/neu, epidermal
growth factor receptor (EGFR1), CD20, vascular endothelial growth factor (VEGF),
cytotoxic T-lymphocyte antigen-4 (CTLA-4), CD25 (IL-2a receptor; IL-20R), or CD4.

The molecule of claim 5, wherein the molecule comprises an amino acid sequence

corresponding to SEQ IDNO: 1,2,3,4,5,6,7.8.9, or 10,

The molecule of claim 5, wherein the targeting moiety comprises an antibody,
antibody fragment, or poly'peptide that specifically binds to Programmed Death-1 (PD-
1). Programmed death-1 ligand 1 (PD-L1), or Programmed death-1 ligand 2 (PD-L2).

The molecule of claim 8, wherein the targeting moiety comprises an extracellular

ligand-binding domain or ectodomain of Programmed Death-1 (PD-1).

The molecule of claim 9, wherein the molecule comprises PD-1 ectodomain,

immunoglobulin Fc region, and TGFBRII ectodomain.

The molecule of claim 10, wherein the molecule comprises an amino acid sequence

corresponding to SEQ ID NO: 11 or 12.

The molecule of claim 5, wherein the targeting moiety comprises an antibody,
antibody fragment, or polypeptide that specifically binds to Receptor activator of
nuclear factor-kB (RANK) or Receptor activator of nuclear factor-xB ligand
(RANKL).

The molecule of claim 12, wherein the targeting moiety comprises an extracellular
ligand-binding domain or ectodomain of Receptor activator of nuclear factor-xB

(RANK).

The molecule of claim 13, wherein the molecule comprises RANK ectodomain,

immunoglobulin Fe region, and TGFBRII ectodomain.

The molecule of claim 14, wherein the molecule comprises an amino acid sequence

corresponding to SEQ ID NO: 13 or 14.
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The molecule of claim 1, wherein the immunomodulatory moiety comprises a
molecule that specifically binds to Programmed death-1 ligand 1 (PD-L1) or
Programmed death-1 ligand 2 (PD-L2).

The molecule of claim 16, wherein the immunomodulatory moiety comprises an

extracellular ligand-binding domain or ectodomain of Programmed Death-1 (PD-1).

The molecule of claim 17, wherein the targeting moiety comprises an antibody,
antibody fragment, or polypeptide that specifically binds to HER2/neu, Epidermal
growth factor receptor (EGFR1), CD20, vascular endothelial growth factor (VEGF),
cytotoxic T-lymphocyte antigen-4 (CTLA-4), CD25 (IL-2a receptor; IL-2aR), or CD4.

The molecule of claim 18, wherein the molecule comprises an amino acid sequence

corresponding to SEQ ID NO: 15, 16, 17, 18, 19,20, 21, 22, 23, or 24.

The molecule of claim 16, wherein the targeting moiety comprises an antibody,
antibody fragment, or polypeptide that specifically binds to Receptor activator of
nuclear factor-kB (RANK) or Receptor activator of nuclear factor-xB ligand
(RANKL).

The molecule of claim 20, wherein the targeting moiety comprises an extracellular
ligand-binding domain or ectodomain of Receptor activator of nuclear factor-xB
(RANK).

The molecule of claim 21, wherein the molecule comprises RANK ectodomain,

immunoglobulin F¢ region, and PD-1 ectodomain.

The molecule of claim 22, wherein the molecule comprises an amino acid sequence

corresponding to SEQ ID NO: 25 or 26.

The molecule of claim 1, wherein the immunomodulatory moiety comprises a

molecule that specifically binds to Receptor activator of nuclear factor-xB ligand

(RANKL).
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The molecule of claim 24, wherein the immunomedulatory moiety comprises an
extracellular ligand-binding domain or ectodomain of Receptor activator of nuclear

factor-xB (RANK).

The molecule of claim 25, wherein the targeting moiety comprises an antibody,
antibody fragment, or polypeptide that specifically binds to HER2/neu, Epidermal
growth factor receptor (EGFR1), CD20, vascular endothelial growth factor (VEGF),
cytotoxic T-lymphocyte antigen-4 (CTLA-4), CD235 (IL-2u receptor; 1L-2aR), or CD4.

The molecule of claim 26, wherein the molecule comprises an amino acid sequence

corresponding to SEQ IDNO: 27, 28, 29, 30, 31, 32, 33, 34, 35, or 36.

The molecule of claim 1, wherein the immunomodulatory moiety comprises an

antibody or ligand that specifically binds to 4-1BB, 0X49, or GITR/AITR.

The molecule of claim 28, wherein the targeting moiety comprises an antibody,
antibody fragment, or polypeptide that specifically binds to HER2/neu, Epidermal
growth factor receptor (EGFR1), CD20, vascular endothelial growth factor (VEGF),
CD25, CD4, cytotoxic T-lymphocyte antigen-4 (CTLA-4), Transforming growth
factor-beta (TGF-B), Programmed Death-1 (PD-1), Programmed death-1 ligand (PD-
L1 or PD-L2), Receptor activator of nuclear factor-kB (RANK) ligand (RANKL),
glucocorticoid-induced turmor necrosis factor receptor family-related gene (GITR;

TNFRSF18), 4-1BB, OX40, or Interleukin-4 receptor (fL-4R).

The molecule of claim 1, wherein the targeting moiety specifically binds to Tumor
Necrosis Factor-o, (TNF-a), and the immunomodulatory moiety comprises a sequence

from Programmed death-1 ligand 1 (PD-L1) or Programmed death-1 ligand 2 (PD-L2).

The molecule of claim 30, wherein the targeting moiety comprises an antibody that
binds TNF-a or an extracellular ligand-binding domain of tumor necrosis factor
receptor 2 (TNFR2), and the immunomodulatory moiety comprises a sequence from

PD-1 ligand 1 (PD-L1 or B7-H1).

The molecule of claim 31, wherein the molecule comprises an amino acid sequence

corresponding to SEQ ID NO: 37, 38, or 39.
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The molecule of claim 1, wherein the targeting moiety comprises an antibody,
antibody fragment, or a peptide that specifically binds to CD20, CD?25, or CD4, and
the immunomodulatory moiety comprises a sequence from Programmed death-1 ligand

1 (PD-L1) or Programmed death-1 ligand 2 (PD-L2).

The molecule of claim 33, wherein the molecule comprises an amino acid sequence

corresponding to SEQ ID NO: 40, 41, 42, 43, or 44.

The molecule of claim 1, wherein the targeting moiety comprises an extracellular
domain of CTLA-4 and immunoglobulin Fe region (IgG Cyl), and the
immunomodulatory moiety comprises a sequence from Programmed death-1 ligand 1

(PD-L1) or Programmed death-1 ligand 2 (PD-L2).

The molecule of claim 35, wherein the molecule comprises an amino acid sequence

corresponding to SEQ ID NO: 46 or 47.

The molecule of claim 1, wherein the targeting moiety comprises transforming growth
factor-B (TGF-B) and immunoglobulin Fe region (IgG Cyl), and the
immunomodulatory moiety comprises a sequence from Programmed death-1 ligand 1

(PD-L1) or Programmed death-1 ligand 2 (PD-L2).

The molecule of claim 37, wherein the molecule comprises an amino acid sequence

corresponding to SEQ ID NO: 48 or 49.

The molecule of claim 1, wherein the immunomodulatory moiety comprises a

sequence from transforming growth factor-p (TGF-B).

The molecule of claim 39, wherein the targeting moiety comprises an antibody,
antibody fragment, or polypeptide that specifically binds to Tumor Necrosis Factor-a
(INF-a), CD20, CD25 (IL-2a receptor; IL-2aR), or CD4, and the immunomodulatory

moiety comprises a sequence from transforming growth factor-p (TGF-B).

The molecule of claim 40, wherein the molecule comprises an amino acid sequence

corresponding to SEQ ID NO: 50, 51, 52, 53, 54, 55, 56, 57, or 58.

Bicara Ex. 1017
Bicara v. JHU - PGR2026-00025



WO 2011/109789 PCT/US2011/027317

42.

44,

45.

46.

47,

48.

49.

74

The molecule of claim 39, wherein the targeting moiety comprises an extracellular
domain of CTLA-4 and immunoglobulin Fe region (IgG Cyl), and the
immunomodulatory moiety comprises a sequence from transforming growth factor-8

(TGF-B).

The molecule of claim 42, wherein the molecule comprises an amino acid sequence

corresponding to SEQ ID NO: 59 or 60.

The molecule of claim 25, wherein the targeting moiety comprises an antibody,
antibody fragment, or polypeptide that specifically binds to Tumor Necrosis Factor-a
(TNF-a), and the immunomodulatory moiety comprises an extracellular ligand-binding

domain or ectodomain of Receptor activator of nuclear factor-xB (RANK).

The molecule of claim 44, wherein the molecule comprises an amino acid sequence

corresponding to SEQ ID NO: 61, 62, or 63.

The molecule of claim 25, wherein the targeting moiety comprises an extracellular
domain of CTLA-4 and immunoglobulin Fc region (IgG Cy1), and the
immunomodulatory moiety comprises comprises an extracellular ligand-binding

domain or ectodomain of Receptor activator of nuclear factor-kB (RANK).

The molecule of claim 46, wherein the molecule comprises an amino acid sequence

corresponding to SEQ ID NO: 64 or 65.

The molecule of claim 25, wherein the targeting moiety comprises a sequence from
transforming growth factor-p (TGE-B) and iinmuncgiobulin Fe region (IgG Cyl), and
the immunomodulatory moiety comprises comprises an extracellular ligand-binding

domain or ectodomain of Receptor activator of nuclear factor-kB (RANK).

The molecule of claim 48, wherein the molecule comprises an amino acid sequence

corresponding to SEQ ID NQ: 66 or 67.
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The molecule of claim 25, wherein the targeting moiety comprises a sequence from
Programmed death-1 ligand 1 (PD-L1) and immunoglobulin Fe region (IgG Cyl), and
the immunomodulatory moiety comprises comprises an extracellular ligand-binding

domain or ectodomain of Receptor activator of nuclear factor-xB (RANK).

The molecule of claim 50, wherein the molecule comprises an amino acid sequence
corresponding to SEQ 1D NQO: 68 or 69.

The molecule of claim 1, wherein the molecule is fused or directly linked to one or

more antigen, antigenic determinant, or epitope.

A composition comprising the molecule of claim 1 and a cell, wherein the cell is a

tumor cell, immune cell, or dendritic cell.

A method of counteracting or overcoming immune tolerance comprising:

administering to a subject in need thereof one or more molecule of claims 1-29.

A method of preventing or treating a neoplastic discase comprising:

administration to a subject in need thereof one or more molecule of claims 1-29.

The method of claim 55, wherein the subject is administered in combination with

another anticancer therapy.

The method of claim 53, wherein the anticancer therapy comprises a chemotherapeutic
molecule, antibody, small molecule kinase inhibitor, hormonal agent, ionizing
radiation, ultraviolet radiation, cryoablation, thermal ablation, or radiofrequency

ablation.

The method of claim 55, wherein the subject is administered in combination with a

vaccine.
The method of claim 355, wherein the subject is human.

A method for treating immune cells wherein the cells are contacted ex vivo or in vitro

with a molecule of claims 1-29.
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A method of treatment of a neoplastic disease comprising:
administering to a subject in need thereof a composition comprising immune cells

contacted with a molecule of claims 1-29,

A method of treatment of a neoplastic disease comprising:

administering to a subject in need thereof an antibody or Fe-containing fusion protein
that targets CD4 in combination with another therapy, wherein the neoplastic disease is
not a T cell malignancy, and the therapy comprises one or more of the following:

(i) an immunostimulatory molecule;

(i)  atumor-targeted antibody; or

(ili)  a cytotoxic anticancer agent.

The method of claim 62, wherein the immunostimulatory molecule comprises an

immunostimulatory antibody or fusion protein of claims 1-29.

The method of claim 62, wherein the immunostimulatory molecule comprises an
antibody, antibody fragment, Fe-containing polypeptide. peptide or ligand that
specifically binds to cytotoxic T-lymphocyte antigen-4 (CTLA4), Programmed death-1
(PD-1), Programmed death-1 ligand 1 (PD-1L1; B7-H1), Programmed death-1 ligand 2
(PD-1L.2; B7-DC), OX40 (CD134; TNR4), 4-1BB (CD137), CD40, or glucocorticoid-
induced tumor necrosis factor receptor family-related gene (GITR; AITR;
TNFRSF18), or transforming growth factor-p (TGF-f).

The method of claim 62, wherein the tumor-targeted antibody comprises an antibody,
antibody fragment, scFv, or Fe-containing polypeptide that specifically binds a
component of a tumor cell, tumor antigen, tumor vasculature, tumor

microenvironment, or tumor-infiltrating immune cell.

The method of claim 62, wherein the cytotoxic anticancer agent comprises a
chemotherapeutic molecule, antibody, small molecule kinase inhibitor, hormonal agent

or ionizing radiation.
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67. A method of preventing or treating an autoimmune or inflammatory discase
comprising:

administering to a subject in need thereof one or more molecule of claims 30-51.
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1. Amine acid sequences of transforming growth factor beta receptor type Il (TGF-B-RIl) or
TGF-3-RIIB or a fragment thereof:

(i) Transforming growth factor beta receptor type Il {TGF-3-Ril} (SEQ 1D NO: 79):

MGRGLLRGLW
CDNQKSCMSN

PLHIVLWTRI
CEITSICERP

ASTIPPHVQK
CEVCVAVIWRK

SVNNDMIVTD
NDENITLETV

NNGAVKFPQL

CKFCDVRFST

CHDPKLEPYHD

FILEDAASPK

CIMKEKKKPG

ETFFMCSCSS

DECNDNIIFS

EEYNTSNPDL

SVIIIFYCYR
LLPIELDTLV
HENILOFLTA
LHSDHTPCGR
TARYMAPEVL
HPCVESMKDN
LEHLDRL.SGR

VNROQKLSST
GKGRFAEVYK
EERKTELGKQ
PEMPIVHRDL
ESRMNLENVE
VLRDRGRPEI
SCSEEKIPED

WETGKTRKLM
AXKTKQONTSEQ
YWLITAFHAK
KSSNILVKND
SFKQTDVYSM
PSFWLNHQGTI
GSLNTTK

EFSEHCAIIL
FETVAVKIFP
GNLQEYLTRH
LTCCLCDFGL
ALVLWEMTER
OMVCETLTEC

LLVIFQVTGI
EDDRSDISST
YEEYASWKTE
VISWEDLRKL
SLRLDPTLSV
CNAVGEVKDY
WDHDPEARLT

SLLPPLGVAT
CANNINHNTE
KDIFSDINLK
GESSLARGIAH
DDLANSGQVG
EPPFGSKVRE
AQCVAERFSE

[ltalic — Extracellular domain of Transforming growth factor beta Receptor I (TGFB Ril)]
[Underlined = TGFB RI Extraceliular domain (ECD) region that binds TGF-B)]

(i) Transforming growth factor beta receptor type UB (TGF-B-RIB) (SEQ ID NO: 80):

MGRGLLRGLW
MIVTDNNGAV
TLETVCHDPK

PLHIVILWTRI
KFPQLCKFCD

ASTIPPHVQK
VRESTCDNQK

SDVEMEAQKD
SCMSNCSITS

EITCPSCNRT
ICEKPQEVCV

AHPLRHINND
AVWRKNDENTI

LPYHDFILED

AASPKCIMKE

KKKPGETEFFM

CSCSEDECND

NIIFSEEYNT

SNPDLLLVIF
CAIILEDDRS
YEEYASWKTE
VISWEDLRKL
SLRLDPTLSV
CNAVGEVRDY
WDHDPEARLT

CVTGISLLPP
DISSTCANNT
KDIFSDINLK
GSSLARGIAH
DDLANSGQVG
EPPFGSKVRE
AQCVAERFSE

LGVAISVIII
NENTELLPIE
HENILQFLTA
LHSDHTPCGR
TARYMAPEVL
HPCVESMKDN
LEHLDRLSGR

FYCYRVNRQQ
LDTLVGKGRF
EERKTELGKQ
PKMPIVHRDL
ESRMNLENVE
VLRDRGRPEI
SCSEEKIPED

KLSSTWETGK
AEBEVYKAKLKQ
YWLITAFHAK
KSSNILVKND
SFRQTDVYSM
PSFWLNHQGI
GSLNTTK

TRKLMEFSEH
NTSEQFETVA
GNLQEYLTRH
LTCCLCDFGL
ALVLWEMTSR
QMVCETLTEC

VKI FP

{ltalic — Extracellular domain of Transforming growth factor beta Receptor 1B (TGFB RIIB)]
[Underlined = TGFB RIIB Extracellular domain (ECD) region that binds TGF-B)]

2.

RIIB comprising the Extracellular domain (ECD) region that binds TGF-B

{i) TGF-B R-Il (AC terminus): TGFB RIl lacking the last 38 amino acids from the C-terminus
(SEQ ID NO: 81):

MGRGLLRGLW
CDNQKSCMSN

PLHIVLWTRI
CSITSICEKP

ASTIFPPHVQK
QEVCVAVWRK

SVNNDMIVTD
NDENITLETV

NNGAVKFPQOL

CKFCDVREST

CHDPKLPYHD

FILEDAASPK

CIMKEKKKPG

ETFFMCSCSS

DECNDNIIFS

EEYNTSNPDL

SVIIIFYCYR
LLPIELDTLV
HENILQFLTA
LHSDHTPCGR
TARYMAPEVL
HPCVESMKDN

VNRQQKLSST
GKGRFAEVYK
EERKTELGKQ
PEMPIVHRDL
ESRMNLENVE
VLRDRGRPEI

WETGKTRKLM
AKLKONTSEQ
YWLITAFHAK
KSSNILVKND
SFROTDVYSM
PSFWLNHQGT

EFSEHCAIIL
FETVAVKIFP
GNLQEYLTRH
LTCCLCDFGL
ALVLWEMTSR
QMVCETLTEC

Fig. 1A

LLVIFQVTGI
EDDRSDISST
YEEYASWKTE
VISWEDLRKL
SLRLDPTLSV
CNAVGEVKDY
WDHDPEARL

SLLPPLGVAI
CANNINHNTE
KDIFSDINLK
GSSLARGIAH
DDLANSGQVG
EPPFGSKVRE

Truncated mutants of Transforming growth factor beta Receptor 1l (TGF-B-RI1) or TGF-B-
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TGF-B8 R-IIB {AC terminus). TGFB RIIB lacking the last 38 aa from the C-terminus (SEQ ID NO: 82):
MGRGLLRGLW PLHIVLWTRI ASTIPFPHVQK SDVEMEAQKD EIICPSCNRT AHPLRHINND

MIVTDNNGAV
TLETVCHDFK

KFPQLCKEFCD

VRESTCDNQK

SCMSNCSITS

ICEKPQEVCV

AVWRKNDENT

LPYHDFILED

AASPKCIMKE

KKKPGETFFM

CSCSSDECND

NIIFSEEYNT

SNPDLLLVIF
CAIILEDDRS
YEEYASWKTE
VISWEDLRKL
SLRLDPTLSV
CNAVGEVKDY
WDHDPEARL

OVTGISLLEP
DISSTCANNI
KDIFSDINLK
GSSLARGIAH
DDLANSGQVG
EPPFGSKVRE

LGVAISVIII
NHNTELLPIE
HENILQFLTA
LHSDHTPCGR
TARYMAPEVL
HPCVESMKDN

FYCYRVNRQQ
LDTLVGKGRF
EERKTELGKQ
PKMPIVHRDL
ESRMNLENVE
VLRDRGRPET

KLSSTWETGK
AEVYKAKLKQ
YWLITAFHAK
KSSNILVEND
SFKQTDVYEM
PSFWLNHQGI

TRKLMEFSEH
NTSEQFETVA
GNLQEYLTRH
LTCCLCDFGL
ALVLWEMTSR
QMVCETLTEC

VKI Fp

(i) TGF-BR-IT (Acyt): TGFRRII facking the kinase domain & juxtamembrane region (SEQ ID NO: 83);

MGRGLLRGLW PLHIVLWIRI ASTIPPHVQK
CDNQKSCMSN CSITSICEKP (EVCVAVWRK

SVNNDMIVTD NNGAVKFPQL CKFCDVRFST

NDENITLETV CHDPKLPYHD FILEDAASPK

CIMKEKKKPG ETFFMCSCSS DECNDNIIFS

EEYNTSNFPDL LLVIFQVTGI SLLPPLGVAIL

SVIIIFYCYR

VNRQQKLSE

TGF-BR-IIB (Acyt). TGFBRIIB lacking the kinase domain & juxtamembrane region (SEQ ID NO: 84):

SDVEMEAQKD EIICPSCNRT AHPLRHINND
SCMENCSITS ICEKPQEVCV AVWRKNDENT

MGRGLLRGLW
MIVTDNNGAV
TLETVCHDPK

PLHIVLWTRI
KFPQLCKFCD

ASTIPPHVOK
VRESTCDNQK

LPYHDFILED

AASPKCIMKE

KKKPGETFFM CSCSSDECND NIIFSEEYNT

QVTGISLLPP

LGVAISVIII

FYCYRVNRQQ

KLSS

{iil) TGF-B R-lf containing the N-terminus region including the extracellular domain (SEQ ID NO: 85):

MGRGLLRGLW PLHIVLWITRI ASTIPPHVQK SVNNDMIVTD NNGAVKFPQL CKFCDVRFST
CDNQKSCMSN CSITSICEKP QEVCVAVWRK NDENITLETV CHDPKLPYHD FILEDAASPK
CIMKEKKKPG ETFFMCSCSS DECNDNIIFS EEYNTSNPDL LLVIFQ

TGF-B R-1IB containing the N-terminus region including the extraceliutar domain (SEQ ID NO: 86):

PLHIVLWIRI ASTIPPHVOK SDVEMEAQKD EIICPSCNRT AHPLRHINND
KFPQLCKFCD VRFSTCDNQK SCMSNCSITS ICEKPQEVCY AVWRKNDENI
LPYHDFILED AASPKCIMKE KKKPGETFFM CSCSSDECND NIIFSEEYNT
-
9

MGRGLLRGLW
MIVTDNNGAV
TLETVCHDPK
SNPDLLLVIF

{iv) TGF-B R-ll containing the extracellular domain that binds TGF-B (SEQ ID NO: 87):

TIPPHVQK SVNNDMIVTD NNGAVKFPQL CKFCDVRFST CDNQKSCMSN CSITSICEKP
QEVCVAVWRK NDENITLETV CHDPKLPYHD FILEDAASPK CIMKEKKKPG ETFFMCSCSS
DECNDNIIFS EEYNTSNPD

TGF-B R-IIB containing the extraceliular domain that binds TGF-B (SEQ ID NO: 88):

TIPPHVQK SDVEMEAQKD EIICPSCNRT AHPLRHINND MIVTDNNGAV KFPQLCKFCD
VRFSTCDNQK SCMSNCSITS ICEKPQEVCV AVWRKNDENI TLETVCHDPK LPYHDFILED
AASPKCIMKE KEKKPGETFFM CSCSSDECND NIIFSEEYNT SNED

(v} TGF-B R-Il containing the region of the extraceliular domain that binds TGF-B (SEQ 1D NO: 89):

PQOIL CKFCDVRFST CDNQKSCMSN CSITSICEKP QEVCVAVWRE NDENITLETV CHDPKLPYHD
FILEDAASPK CIMKEKKKPG ETFFMCSCSS DECNDNIIFS EEYNTSNPD

Fig. 1B
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3. Kinase-deficient mutants, deletion mutants, or point mutants of Transforming growth factor

beta Receptor I {TGFB-RI) or TGFB-RIIB or a fragment thereof which hinds TGF-8

(i Transforming growth factor beta Receptor lI containing point mutations:

Amino acid sequence of TGF-B Rl (K277R) contains a point mutation in its ATP-binding site and
is inactive as a kinase (SEQ ID NO: 90):

MGRGLLRGLW
CDNQKSCMSN

PLHIVLWTRI
CSITSICEKP

ASTIPPHVQOK
QEVCVAVWRK

SVNNDMIVTD NNGAVKFPQL

CKFPCDVRFEFST

NDENITLETV CHDPKLPYHD

FILEDAASPE

CIMKEKKKPG

ETFFMCSCSE

DECNDNIIFS

EEYNTSNPDL LLVIFQVTGI

SVITIIFYCYR
LLPIELDTLY
HENILOFLTA
LHSDHTPCGR
TARYMAPEVL
LEHLDRLSGR

(i) Transforming growth factor beta Receptor Il containing deletions in the amino acid

VNRQQKLSST
GRGRFAEVYK
EERKTELGKQ
PRMPIVHRDIL
ESRMNLENVE
SCSEEKIPED

WETGKTRKLM
AKLKONTSEQ
YWLITAFHAK
KSSNILVEND
SFRQTDVYSM
GSLNTTK

EFSEHCAIIL EDDRSDISST
FETVAVRIFP YEEYASWKTE
GNLQEYLTRH VISWEDLRKL
LTCCLCDFGL SLRLDPTLSV
ALVLWEMTSR CNAVGEVEDY

SLLPPLGVAI
CANNINHNTE
KDIFSDINLK
GSSLARGIAH
DDLANSGQVG
EPPFGSKVRE

sequence (deletion mutants): Transforming growth factor beta Receptor Il {Ai)

TGF-B R-ll (Ai2) contains a deletion of amino acids 498 {o 508 and is inactive as a kinase

(SEQ ID NO: 91):

MGRGLLRGLW
CDNQXKSCMEN

PLEIVLWIRI
CSITSICEKP

ASTIPPHVQK
QEVCVAVWRK

SVNNDMIVTD NNGAVKFPQL

CKFCDVRFST

NDENITLETYV CHDPKLPYHD

FPILEDAASPK

CIMKEKKKPG

ETFFMCSCSES

DECNDNITFS

EEYNTSNPDL LLVIFQVTGI

SVIIIFYCYR
LLPIELDTLV
HENILQFLTA
LHSDHTPCGR
TARYMAPEVL
HPCVESMKDA
PEDGSLNTTK

VNRQQORLSST
GKGRFAEVYR
EERKTELGKQ
PRMPIVHRDL
ESREMNLENVE
SGIQMVCETL

WETGKTRKLM
AKLKQNTSEQ
YWLITAFHAK
RSSNILVRKND
SFKQTDVYSM
TECWDHDPEA

EFSEHCATIIL
FETVAVKIFP
GNLQEYLTRH
LTCCLCDFGL
ALVLWEMTSR
RILTAQCVAER

EDDRSDISST
YEEYASWKTE
VISWEDLREKL
SLRLDPTLSV
CNAVGEVKDY
FSELEHLDRL

SLLPPLGVAI
CANNINHNTE
KDIFSDINLK
GSSLARGIAH
DDLANSGQVG
EPPFGSKVRE
SGRSCSEEKI

4, Amino acid sequences of transforming growth factor beta receptor type Il (TGF-3-RI) or

or a fragment thereof.
5. Hybrid or fusion proteins containing amino acid sequences of transforming growth factor

beta receptor type I} (TGF-B-RIf) and TGF-3-RIll.

8. Hybrid or fusion proteins containing amino acid sequences of transforming growth factor

beta receptor type B {TGF-B-RIIB) and TGF-B3-RIl.

Linker sequence used in fusion proteins (SEQ ID NO: 104):
ceielellelelelelleleleler]

Fig. 1C
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Fusion proteins comprising Anti-HER2/neu antibody and Transforming growth
factor-beta receptor Il {(TGF_-Rll) Extracellular domain (ECD).

Anti-HER2/neu heavy chain + TGFB-RIl ECD fusion amino acid sequence
(SEQ ID NO: 1):
EVQLVESGGGLVQPGGSLRLSCAASGFNIKDTY IHWVRQAPGKGLEWVARIYPTNGYTRYADSVKG

RETISADTSKNTAYLOMNSLRAEDTAVYYCSRWGGDGFYAMDYWGQGTLVTVSSASTKGPSVEPLA

PESKSTSGCTAALCCLVKDYFPEPVIVSWNSGALTSGVHTFPAVLQSSGLYSLSSVVTVPSSSLGT
QTYICNVNHKPSNTKVDKKVEPKSCDRTHTCPPCPAPELLGGPSVFLFPPKPKDTLMISRTREVTC
VVVDVSHEDPEVKFNWYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHODWLNGKEYKCKVENKA
LPAPIERKTISKAKGQPREPQVYTLPPSREEMTKNQVSLTCLVKGFPYPSDIAVEWESNGOPENNYKT
TPPVLDSDGSFFLYSKLTVDKSRWQOGNVFSCSVMHEALHNHYTQKSLSLSPGK
GGGGSGGGGSGGGEES TIFPPHVOK SVNNDMIVID NNGAVKFPQL CKFCDVRFST
CDNQKSCMSN CSITSICEKP QEVCVAVWRK NDENITLETV CHDPKLPYHD FILEDAASPK
CIMKEKKKPG ETFFMCSCSS DECNDNIIFS EEYNTSNPD

Anti-HER2/neu light chain amino acid sequence (SEQ ID NO: 70):
DIOMTQOSPSSLSASVEDRVTITCRASQDVNTAVAWYQOKPGKAPKLLIYSASFLYSGVPSRFSGSR

SGTDFTLTISSLOPEDFATYYCQOHYTTPPTFGQGTKVEIKRTVAAPSVFIFPPSDEQLKSGTASY

VCLLNNFYPREAKVOWKVDNALQSGNSQESVTEQDSKDSTYSLSSTLTLSKADYEKHRKVYACEVTH
QGLSSPVTKSFNRGEC

Underlined: Anti-HERZ2 antibody variable region

Plain: Anti-HERZ2 antibody constant region
italic: Linker
Bold: TGFBRIl ectodomain

Fig. 2
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Fusion proteins comprising Anti-EGFR1 antibody and Transforming growth factor-
beta receptor Il (TGFB-RII) Extracellular domain (ECD).

Anti-EGFR1 heavy chain + TGFB-RII ECD fusion amino acid sequence
(SEQ ID NO: 2):
QVOLKQSGPGLVQPSQOSLSITCTVSGFSLTNYGVHWVROS PGKGLEWLGVIWSGGNTDYNTPFTSR

LEINKDNSKSQVFFKMNSLOSNDTATIYYCARALTYYDYEFAYWGQGTLVTVSAASTKGPSVFPLAP

SSKSTSGGTAALGCLVKDYFPEPVIVEWNSGALTSGVHTFPAVLOSSCGLYSLSSVVIVPSSSLGTQ
TYICNVNHKPSNTKVDKRVEPKSCDKTHTCPPCPAPELLGGPSVFLFPPKPKDTLMISRTPEVTCV
VVDVSHEDPEVKFNWYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHQDWLNGKEYKCKVSNKAL
PAPIEKTISKAKGOPREPQVYTLPPSRDELTRKNQVSLTCLVKGFYPSDIAVEWESNGQPENNYKTT
PPVLDSDGSFFLYSKLTVDKSRWOQGNVESCSVMHEALHNHY TOQKSLSLSPGK
GGGGESGGEEESGEEGS TIPPHVQK SVNNDMIVTD NNGAVKFPQL CKFCDVRFEST
CDNQRSCMEN CSITSICEKP QEVCVAVWRK NDENITLETV CHDPKLPYHD FILEDAASPK
CIMKERKKKPG ETFFMCSCSS DECNDNIIFS EEYNTSNPD

Anti-EGFR1 light chain amino acid sequence (SEQ ID NO: 71):
DILLTQSPVILSVSPGERVSFSCRASQSIGTNIHWYQORTNGSPRLLIKYASESISGIPSRFSGSEG

SGTDFTLSINSVESEDIADYYCQONNNWPTTFGAGTKLELKRTVAAPSVFIFPPSDEQLKSGTASV

VCLLNNFYPREAKVOWKVDNALQSGNSQESVTEQDSKDSTYSLSSTLTLSKADYERKHKVYACEVTH
QGLSSPVTKSFNRGEC

Underlined: Anti-EGFR antibody variable region

Plain: Anti-EGFR antibody constant region
italic: Linker

Bold: TGFBRII ectodomain

Fig. 3
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Fusion proteins comprising Anti-CD20 antibody and Transforming growth factor-
beta receptor Il (TGFB-RIl) Extracellular domain (ECD).

Anti-CD20 heavy chain+ TGFB-RII ECD fusion amino acid sequence
(SEQ ID NO: 3):
QVOLQQPGAELVKPGASVKMSCKASGYTFTSYNMHWVKQTPGRGLEWIGAT YPGNGDTSYNQKFKG

KATLTADKSSSTAYMOLSSLTSEDSAVYYCARSTYYGGDWYFNVWGAGTTVIVSAASTKGPSVFPL

APSSKSTSGGTAALGCLVKDYFPEPVTVSWNSGALTSGVHTFPAVLOSSGLYSLSSVVTVPSSSLG
TQTYICNVNHKPSNTKVDKKAEPKSCDKTHTCPPCPAPELLGGPSVFLFPPKPKDTLMISRTPEVT
CVVVDVSHEDPEVKFNWYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHODWLNGKEYKCKVSNK
ALPAPIEKTISKAKGQPREPQVYTLPPSRDELTKNQVSLTCLVKGFYPSDIAVEWESNGOPENNYK
TTPPVLDSDGSFFLYSKLTVDKSRWQQGNVFSCSVMHEALHNHY TQKSLSLSPGK
GGGGSGGEGSGGEGS TIPPHVQK SVNNDMIVTD NNGAVKFPQL CKFCDVRFEST
CDNQKSCMSEN CSITSICEKP QEVCVAVWRK NDENITLETV CHDPKLPYHD FILEDAASPK
CIMKERKKKPG ETFFMCSCSS DECNDNIIFS EEYNTSNPD

Anti-CD20 light chain amino acid sequence (SEQ ID NO: 72);
QIVLSQSPAILSASPGEKVTMTCRASSSVSYIHWFQQKPGSSPRPWIYATSNLASGVPVRFSGSGES

GTSYSLTISRVEAEDAATYYCQQWTSNPPTFGGGTKLEIKRTVAAPSVFIFPPSDEQLKSGTASVV

CLLNNFYPREAKVOWKVDNALQSGNSQESVTEQDSKDSTYSLSSTLTLSKADYEKHKVYACEVTHQ
GLSSPVTKSFNRGEC

Underlined: Anti-CD20 antibody variable region

Plain: Anti-CD20 antibody constant region
ltalic: Linker
Bold: TGFBRIl ectodomain

Fig. 4
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Fusion proteins comprising anti-VEGF antibody and Transforming growth factor-
beta receptor I {(TGFp-RIl} Extracellular domain (ECD).

Anti-VEGF heavy chain+ TGFB-RHI ECD fusion amino acid sequence
(SEQ ID NO: 4):
EVQLVESGGGLVQOPGGSLRLSCAASGY TFINYGMNWVRQAPGKGLEWVGWINTYTGEPTYAADFKR

REFTFSLDTSKSTAYLOMNSLRAEDTAVYYCAKYPHYYGSSHWYFDVWGOGTLVIVSSASTRKGPSVE

PLAPSSKSTSGGTAALGCLVRDYFPEPVIVSWNSGALTSGVHTFPAVLOSSGLYSLSSVVTVPSSS
LGTOTYICNVNHKPSNTKVDKKVEPKSCDKTHTCPPCPAPELLGGPSVFLFPPKPKDTLMISRTPE
VTCVVVDVSHEDPEVKFNWYVDGVEVHNAKTKPREEQYNSTYRVVSVLIVLHQDWLNGKEYKCKVS
NKALPARPIEKTISKAKGQPREPQVYTLPPSREEMTKNQVSLTCLVKGFYPSDIAVEWESNGQPENN
YKTTPPVLDSDGSFFLYSKLTVDKSRWQOGNVFSCSVMHEALHNHYTQKSLSLSPGK
GGGGSGEGESGGEGES TIPPHVQR SVNNDMIVTD NNGAVKFPQL CKFCDVRFST
CDNQRSCMSN CSITSICEKP QEVCVAVWRK NDENITLETV CHDPKLPYHD FILEDAASPK
CIMKEKKKPG ETFFMCSCSS DECNDNIIFS EEYNTSNPD

Anti-VEGF Light chain sequence (SEQ ID NO: 73):
DIQMTQOSPSSLSASVGDRVTITCSASQODISNYLNWYQOKPGKAPKVLIYFTSSLHSGVPSRESGSG

SGTDFTLTISSLOPEDFATYYCQQYSTVPWTFPGQRGTKVEIKRTVAAPSVFIFPPSDEQLKSGTASY

VCLLNNFYPREAKVOWKVDNALQSGNSQESVTEQDSKDSTYSLSSTLTLSKADYEKHKVYACEVTH
QGLSSPVTRKSFNRGEC

Underlined: Anti-VEGF antibody variable region

Plain: Anti-VEGF antibody constant region
ltalic: Linker
Bold: TGFBRIH ectodomain

Fig. 5
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Fusion proteins comprising anti-human CTLA-4 antibody and Transforming growth
factor-beta receptor Il (TGFB-RIl) Extracellular domain (ECD).

Anti-CTLA-4 heavy chain + TGFB-RIl Extracellular domain fusion amino acid sequence
(SEQ ID NO: 5):
VVQPGRSLRL SCAASGETFS SYTMHWVRQA PGKGLEWVTE ISYDGNNKYY

QVQLVESGGG

ADSVKGRFTI

SRDNSKNTLY LOMNSLRAED TAIYYCARTG WLGPFDYWGQ GTLVIVSSAS

TKGPSVFPLA
YSLSSVVTVPR
VFLFPPKPKD
YRVVSVLTIVL
KNQVSLTCLV
GNVFSCSVMH
NNGAVKFPQL
CHDPKLPYHD

PSSKSTSGGT
SSSLGTQTYI

AALGCLVKDY FPEPVTIVSWN SGALTSGVHT FPAVLQSSGL

CNVNHKPSNT KVDKRVEPKS CDKTHTCPPC PAPELLGGES

TLMISRTPEV TCVVVDVSHE DPEVKFNWYV DGVEVHNAKT KPREEQYNST

HODWLNGKEY
KGFYPSDIAV

KCKVSNKALP APIEKTISKA KGQOPREPQVY
EWESNGQPEN NYKTTPPVLD

TLPPSRDELT
SDGSFFLYSK LTVDKSRWQQ

EALHNHYTQK SLELSPGK GGGGSGGGGSGEGGS TIPPHVQK SVNNDMIVTD

CKFCDVRFEST
FILEDAASPK

CDNQKSCMSN CSITSICEKP QEVCVAVWRK NDENITLETV

CIMKEKKKPG ETFFMCSCSS DECNDNIIFS EEYNTSNPD

Anti-CTLA-4 light chain (SEQ ID NO: 74):

EIVLTQSPGT LSLSPGERAT LSCRASQSVG SSYLAWYOQK PGRAPRLLIY GAFSRATGIP

DRPSGSGSGT DFTLTISRLE PEDFAVYYCQ QYGSSPWTIFG QGTKVEIKRT VAAPSVPIFP
PSDEQLKSGT ASVVCLLNNF YPREAKVQWK VDNALQSGNS QESVTEQDSK DSTYSLSSTL
TLSKADYEKH KVYACEVTHQ GLSSPVTKSEF NRGEC

Underlined: Anti-CTLA-4 antibody heavy chain variable region

Plain: Anti-CTLA-4 antibody heavy chain constant region

italic: Linker
Bold: TGFBRII ectodomain

Fig. 6
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Fusion proteins comprising IL-2, Fc, and Transforming growth factor-beta receptor
Il (TGFB-RIl) Extracellular domain (ECD).

IL-2 + Fc + TGFB-RII Extracellular domain (SEQ ID NO: 6):
APTSSSTKKTOLOLEHLLLDLOMILNGINNYKNPKLTRMLTFKFYMPKKATELKHLQCLEEELKPL

EEVLNLAQSKNFHLRPRDLISNINVIVLELKGSETTFMCEYADETATIVEFLNRWITFCQSIISTL

T GCGGSGGGGSGGGEGEE
THTCPPCPAPELLGGPSVFLFPPKPKDTLMISRTPEVTICVVVDVSHEDPEVKFNWYVDGVEVHNAK
TKPREEQYNSTYRVVSVLTVLHQDWLNGKEYKCKVSNKALPAPIEKTISKAKGQPREPQVYTLPPS
REEMTKNQVSLTCLVKGFYPSDIAVEWESNGOQPENNYKTTPPVLDSDGSFFLYSKLTVDKSRWQOG
NVFSCSVMHEALHNHYTQKSLSLSPGK GGGGSGGGGSGGGGS TIPPHVQK SVNNDMIVTD
NNGAVKFPQL CKFCDVRFST CDNQKSCMSN CSITSICEKP QEVCVAVWRK NDENITLETV
CHDPKLPYHD FILEDAASPK CIMKEKKKPG ETFFMCSCSS DECNDNIIFSEEYNTSNPD

TGFB-RI Extraceliular domain + Fc + I1L-2 (SEQ ID NO: 7):
TIPPHVQK SVNNDMIVTD NNGAVKFPQL CKFCDVRFST CDNQKSCMSN CSITSICEKP

QEVCVAVWRK NDENITLETV CHDPKLPYHD FILEDAASPK CIMKEKKKPG ETFFMCSCSS
DECNDNIIFS EEYNTSNPD GGGGSGGGGSGGGGS
THTCPPCPAPELLGGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVKFNWYVDGVEVHNAK
TKPREEQYNSTYRVVSVLITVLHODWLNGKEYKCKVSNKALPAPTEKTTISKAKGQPREPQVYTLPPS
REEMTKNQVSLTCLVKGFYPSDIAVEWESNGQPENNYKTTPPVLDSDGSFPLYSKLTVDKSRWQQG
NVFSCSVMHEALHNHYTQKSLSLSPGK GGGGSGGGGSGGGES
APTSSSTKKTQLOLEHLLLDLOMILNGINNYKNPKLTRMLTFKFYMPKKATELKHLOCLEEELKPL

EEVLNLAQSKNFHLRPRDLISNINVIVLELKGSETTFMCEYADETATIVEFLNRWITFCQSIISTL
T

Bold: TGFBRIl ectodomain

Italic: Linker (Optional; other linker sequences)

Plain; Fc

Underlined: 1L.-2 fragment

{Note: Can replace linker GGGG5GGGEsGEGESs SEQ ID NO: 104 with
EPkSCDK SEQ ID NO: 105)

(Note: Can replace underlined aa in Fc: E with D and M with L in Fc)

Fig. 7
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Fusion proteins comprising anti-CD25 antibody and Transforming growth factor-
beta receptor Il (TGFB-RIl) Extracellular domain (ECD).

Anti-CD25 (Daclizumab) heavy chain and TGF-RII Extraceliular domain
(SEQ ID NO: 8):

QVOLVQOSGAE
NQKFEDKATI
GPSVFPLAPS
LSSVVTVPSS
LFPPKPKDTL
VVSVLTVLHQ
QVSLTCLVKG
VFSCSVMHEA
NNGAVKFPQL
CHDPRLPYHD

VKKPGSSVKV
TADESTNTAY
SKSTSGGTAA
SLETQTYICN
MISRTPEVTC
DWLNGKEYKC
FYPSDIAVEW
LHNHYTQKSL
CKFCDVRFST
FILEDAASPK

SCKASGYTFET
MELSSLRSED
LGCLVKDYFP
VNHKPSNTKV
VVVDVSHEDP
KVSNKALPAP
ESNGQPENNY

SYRMHWVRQA
TAVYYCARGG
EPVTVSWNSG
DKKVEPKSCD
EVKFNWYVDG
IEKTISKAKG
KTTFPVLDSD

PGQGLEWIGY
GVFDYWGQGT
ALTSGVHTFP
KTHTCPPCPA
VEVHNAKTKP
QPREPQVYTL
GSFFLYSKLT

INPSTGYTEY
LVITVSSASTK
AVLQSSGLYS
PELLGGPSVF
REEQYNSTYR
PPSRDELTKN
VDKSRWOQGN

SLSPGK GGGGSGGGGSGGGGES TIPPHVQK SVNNDMIVTD

CDNQRSCMSN CSITSICEKP QEVCVAVWRK NDENITLETV

CIMRKEKKKPG ETFFMCSCSS DECNDNIIFS EEYNTSNPD

Anti-CD25 (Daclizumab) light chain (SEQ ID NO: 75):

DIOQMTQSPST
FSGSGSGTEF
DEQLKSGTAS
SKADYEKHKVY

Plain: Anti-CD25 antibody

LSASVGDRVT ITCSASSSIS YMHWYQQKPG KAPKLLIYTT SNLASGVPAR

TLTISSLOPD DFATYYCHQR STYPLTFGQG TKVEVKRTVA APSVFIFFPPS

VVCLLNNFYP REAKVOWKVD NALQSGNSQE SVTEQDSKDS TYSLSSTLTL

YACEVTHQGL SSPVTIKSFNR GEC

Italic: Linker
Bold: TGFBRII ectodomain

Fig. 8A
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Anti-CD25 (Basiliximab) heavy chain and TGFB-RII Extracellular domain
(SEQ 1D NO: 9):

QLOQOSGTVLA
KFEGKAKLTA
PSVFPLAPSS
SSVVTIVRPSSS
FPPKPKDTLM
VSVLTVLHQD
VSLTCLVKGE
FSCSVMHEAL
NNGAVKFPQL
CHDPKLPYHD

RPGASVRKMSC
VTSASTAYME
KSTSGGTAAL
LGTQTYICNV
ISRTPEVTCV
WLNGKEYKCK
YPSDIAVEWE
HNHYTQKSLS
CKFCDVRFST
FILEDAASPK

KASGYSFTRY
LSSLTHEDSA
GCLVKDYFPE
NHKPSNTKVD
VVDVSHEDPE
VSNKALPAPI
SNGOQPENNYK

WMHWIKQORPG
VYYCSRDYGY
PVTVSWNSGA
KRVEPKSCDK
VKFNWYVDGV
BKTISKAKGQ
TTPPVLDSDG

LSPGK GGGGSGGGGSGGGEGES

CDNQESCMSN
CIMKERKKKPG

CSITSICERP
ETFFMCSCSS

Anti-CD25 (Basiliximab) light chain (SEQ 1D NO: 76):

QIVSTQSPAT
FSGEGSGTSY
QLKSGTASVV
ADYEKHRVYA

Plain: Anti-CD25 antibody

MSASPGERVT
SLTISSMEAE
CLLNNFYPRE
CEVTHQGLSS

ltalic: Linker
Bold: TGFBRIl ectodomain

MTCSASSSRS
DAATYYCHQR
AKVQWKVDNA

YMOWYQOKPG
SSYTFGGGTK
LOSGNSQESVY

PVTKSFNRGEC

Fig. 8B

QGLEWIGATIY
YEFDFWGQGTT
LTSGVHTFPA
THTCPPCPAP
EVHNAKTKPR
PREPQVYTLP
SFFLYSKLTV

PGNSDTSYNQ
LTVSSASTKG
VLQSSGLYSL
ELLGGPSVFL
EEQYNSTYRV
PSRDELTKNQ
DESRWQQGNV

TIPPHVQK SVNNDMIVTD

QEVCVAVWRK
DECNDNIIFS

TSPKRWIYDT
LEIXKRTVAAP
TEQDSKDSTY

NDENITLETV
EEYNTSNPD

SKLASGVPAR
SVFIFPPSDE
SLESTLTLSK
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Fusion proteins comprising anti-CD4 antibody and Transforming growth factor-beta
receptor Il (TGFp-RH) Extraceliular domain (ECD).

Anti-CD4 heavy chain and TGFB-RIl Extracellular domain (SEQ ID NO: 10):

Heavy chain fusion protein:

QVOLOQEAGPGLVKPSETLSLTCSVSGGSISGDYYWFWIRQSPGKGLEWIGY IYGSGGGTNYNEFSLN

NRVSISIDTSKNLFSLKLRSVTAADTAVYYCASNILKYLHWLLYWGOGVLVTVSSASTKGRPSVFPL

APSSKSTSGGETAALGCLVKDYFRPEPVTVSWNSGALTIGVHTFPAVLOSSGLYSLSSVVTVPSSSLG
TQTYICNVNHKPSNTKVDKRVEPKSCDRKTHTCPPCPAPELLGGPSVFLFPPKPKDTLMISRTPEVT
CVVVDVSHEDPEVKFNWYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHODWLNGKEYKCKVSNK
ALPAPIEKTISKAKGQPREPQVYTLPPSRDELTKNQVSLTCLVKGFYPSDIAVEWESNGQPENNYK
TTPPVLDSDGSFFLYSKLTVDKSRWQQGNVFSCSVMHEALHNHY TQKSLSLSPGK
GGGGSEGGGEESGEGEEES TIPPHVQRKSVNNDMIVTDNNGAVKFPQLCKFCDVRF
STCDNQKSCMSNCSITSICEKPQEVCVAVWRKNDENI TLETVCHDPRLPYHDFILEDAASPKCIME
EXKKKPGETFFMCSCSSDECNDNIIFSEEYNTSNPD

Anti-CD4 light chain (SEQ ID NO: 77):
Light chain:

SYELSQPRSVSVSPCOTAGFTCGGDNVGRKSVQWYQOKPPOQAPVLVIYADSERPSGIPARFSGSNS

GNTATLTISGVEAGDEADYYCQVWDSTADHWVEFGGGTRLTVLGRTVAAPSVEFIFPPSDEQLKSGTA

SVVCLLNNFYPREAKVQWKVDNALQSGNSCESVTEQDSKDSTYSLSSTLTLSKADYEKHKVYACEV
THQGLSSPVTKSFNRGEC

Plain: Anti-CD4 antibody (variable region — underlined)
italic: Linker

Bold: TGFBRIl ectodomain
Fig. 9
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Fusion proteins comprising PD-1 Ectodomain, Fc, and Transforming growth factor-
beta receptor Il {TGFp-RIl) Extracellular domain (ectodomain).

PD-1 ectodomain + Fc + TGFBRII ectodomain (SEQ ID NQO: 11):
PGWFLDSPDRPWNPPTFPSPALLVVTEGDNATFTCSFSNTSESFVLNWYRMSPSNQTDKLAAFPEDR

SQPGODCRFRVTQLPNGRDFHMSVVRARRNDSGTYLCGAISLAPKAQIKESLRAELRVTERRAEVP

TAHPSPSPRPAGQFQOTLV GGGGSGGGGSGGGGS

THTCPPCPAPELLGGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVKFNWYVDGVEVHNAK
TKPREEQYNSTYRVVSVLTVLHODWLNGKEYKCKVSNKALPAPTEKTISKAKGQPREPQVYTLPPS
REEMTENQVSLTCLVKCGFYPSDIAVEWESNGOPENNYKTTPPVLDSDGSFFLY SKLTVDKSRWQOG
NVFSCSVMHEALHNHYTQKSLSLSPGK GGGGSGEGGSGGGEES

TIPPHEVQKSVNNDMIVTDNNGAVKFPQLCKFCDVRFSTCDNQRSCMSNCSITSICERPQEVCVAVW
RENDENITLETVCHDPKLPYHDFILEDAASPKCIMKEKKKPGETFFMCSCSSDECNDNIIFSEEYN

TSNPD

TGFBRIl ectodomain + Fc + PD-1 ectodomain (SEQ ID NO: 12):

TIPPHVOKSVNNDMIVTDNNGAVKFPQLCKFCDVRFSTCDNQKSCMSNCSITSICERPQEVCVAVW
REKNDENITLETVCHDPRLPYHDFILEDAASPKCIMKEKKKPGETFFMCSCSSDECNDNIIFSEEYN
TSNPD GGGGSGGGGSGGEGGS
THTCPPCPAPELLGGPSVFLFPPKPKDTLMISRTPEVICVVVDVSHEDPEVKFNWYVDGVEVHNAK
TRPREEQYNSTYRVVSVLTVLHODWLNGKEYKCKVSNKALPAPIEKTISKAKGQPREPQVYTLPPS
REEMTKNQVSLTCLVEGFYPSDIAVEWESNGQPENNYKTTPPVLDSDGSFFLYSKLTVDKSRWQOG
NVFSCSVMHEALHNHYTQKSLELSPGK GGGGSGGGGSGGGGES
PGWFLDSPDRPWNPPTFSPALLVVTEGDNATFTCSFSNTSESFVLNWYRMS PSNQTDKLAAFPEDR

SQPGODCRFRVTOLPNGRDFHMSVVRARRNDSGTYLCGATISLAPKAQIKESLRAELRVTERRAEVP

TAHPSPSPRPAGQFQTLYV

Underlined: PD-1 ectodomain

ftalic: Linkers
Plain: IgG1 Fe
Boeld: TGFBRII ectodomain

(Note: The first linker sequence GGGGSGEGGSGGGGS 1is optional and may be
replaced with EPKSCDK SEQ ID NO: 105 or deleted)

Fig. 10
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Fusion proteins comprising Transforming growth factor-beta receptor il (TGFB-RH)
ectodomain, Fc, and Receptor activator of nuclear factor-xB (RANK) Ectodomain:

TGFRRII ectodomain — Fc - RANK ectodomain (SEQ. ID. NO: 13):

TIPPHVQRSVNNDMIVITDNNGAVKFPQLCRKFCDVRFSTCDNQRSCMSNCSITSICERPQREVCVAVW
RENDENITLETVCHDPRLPYHDFILEDAASPKCIMKEKRKKPGETFFMCSCSSDECNDNIIFSERYN
TONPDCGGGSGEGGSGGGESTHTCPPCPAPELLGGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSH
EDPEVKIFNWYVDGVEVENAKTKPREEQYNSTYRVVSVLTVLHODWENGKEYRKCKVSNKALPAPIEK
TISKAKGOPREPQVYTLPPSREEMTKNQVSLTCLVRKGFYPSDIAVEWESNGOPENNYKTTPRPVLDS
DGSFFLYSKLTVDKSRWQQGNVFSCSVMHEALHNHYTOQKSLSLSPGK GGGGSGGEGSGGGGS Q1

APPCTSERHY EHLGRCCNKC EPGKYMSSKC TTTSDSVCLP CGPDEYLDSW  NEEDKCLLHK

VCDTGKALVA  VVAGNSTTPR  RCACTAGYHW  SODCECCRRN TECAPGLGAQ HPLOLNKDTV

CKPCLAGYFS DAFSSTDKCR PWINCTFLGK RVEHHGTEKS DAVCSSSLPA RKPPNEPRPHVY LPG

RANK ectodomain — Fc - TGFBRH ectodomain (SEQ. iD. NO: 14):

QI APPCTSEKHY EHLGRCCNKC EPGKYMSSKC TTTSDSVCLP CGEPDEYLDSW NEEDXKCLLHK
VCDTCKALVA  VVAGNSTTPR RCACTAGYHW SQDCECCRRN TECAPGLGAQ HPLOLNKDTV
CKPCLAGYFS DAFPSSTDKCR PWINCTFLGK RVEHHGTEKS DAVCSSSLPA RKPEPNEPHVY LPG
GGGGS5GGGGSGGGESTHTCPPCPAPELLGGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSHEDPEYV
KFNWYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHODWLNGKEYKCKVSNKALPAPIEKTISKA
KGOPREPQVYTLPPSREEMTKNQVSLTCLVKGFYPSDIAVEWESNGQPENNYKTTPPVLDSDGSFF
LYSKLTVDKSRWOQOGNVFSCSVMHEALHNHYTQKSLSLSPGKGGGGSGEGGSGEGGSTIPPHVQKS
VNNDMIVIDNNGAVRKFPQLCKFCDVRFSTCDNQRSCMSENCSITSICEKPQEVCVAVWREKNDENITL
ETVCHDPRLPYHDFILEDAASPRCIMKEKRKPGETFFMCSCSSDECNDNIIFSEEYNTSNPD

Bold: TGFpBRil ectodomain

Plain: IgG1 Fc

ltafics: Linker

Underlined: RANK ectodomain

{optional linker 1 may be deleted or replaced with anocther linker such as IEGRDMD (SEQ. ID.
NQ:108) or EPKSCDK {SEQ.ID. NO: 105))

Fig. 11
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Full-length PD-1 or fragment thereof (SEQ ID NO: 92):

MQIPQAPWEV VWAVLQLGWR PGWFLDSPDR

PWNPPTFSPA LLVVTEGDNA TFTCSFSNTS

ESFVLNWYRM SPSNQTDKLA AFPEDRSQPG

QDCRFRVTQL PNGRDFHMSV VRARRNDSGT

121

YLCGAISLAP KAQIKESLRA ELRVTERRAE

VPTAHPSPSP RPAGQFQTLYV VGVVGGLLGS

181
241

(i

PGWFLDSPFDR PWNPPTFSPA LLVVTEGDNA TFTCSFSNTS

LVLLVWVLAV ICSRAARGTI GARRTGQPLK
CVPEQTEYAT IVFPSGMGTS SPARRGSADG

ltalic: PD-1 ectodomain

EDPSAVPVFS VDYGELDFQW REKTPEPPVP
PRSAQPLRPE DGHCSWPL

Underlined Italic: ligand-binding domain

PD-1 extracellular domain (ectodomain) or fragment thereof
(SEQ ID NO: 93):

ESFVLNWYRM SPSNQTDKLA

AFPEDRSQPG QDCRFRVTQL PNGRDFHMSV VRARRNDSGT YLCGAISLAP KAQIKESLRA

BLRVTERRAE VPTAHPSPSP RPAGQFQTILV

(iif)

PD-1 extracellular domain (ectodomain) ligand-binding region

(SEQ ID NO: 94):

DSPDR PWNPPTFSPA LLVVTEGDNA TFTCSFSNTS ESFVLNWYRM SPSNQTDKLA

ATFPEDRSQPG QDCRFRVTQL PNGRDFHMSV VRARRNDSGT YLCGAISLAP KAQIKESLRA

ELRVTERRAE VPTAHPSPSP RPAGQFQ

(iv).

Mutant of PD-1 or a fragment thereof which binds Programmed Death-1 ligand

[PD-L1 (B7-H1) or PD-L2 (B7-DC)]

Fig. 12

Bicara Ex. 1017

Bicara v. JHU - PGR2026-00025



WO 2011/109789 PCT/US2011/027317

16775

Fusion proteins comprising Anti-HER2/neu antibody and PD-1 Ectodomain.

Anti-HERZ/neu heavy chain + PD-1 ectodomain fusion amino acid sequence
(SEQ ID NO: 15):
EVQLVESGGCLVQPGGSLRLSCAASGFNIKDTYIHWVRQAPGKGLEWVARI Y PTNGYTRYADSVKG

RPTISADTSKNTAYLOMNSLRAEDTAVYYCSRWGGDGFYAMDYWGQGTLVTVSSASTKGPSVEPLA

PSSKSTSGETAALGCLVKDYFPEPVTVSWNSGALTSGVHTFPAVLQSSCGLYSLSSVVTIVRPSSSLGT
OTYICNVNHKPSNTKVDKKVEPKSCDKTHTCPPCPAPELLGGPSVFLFPPKPKDTLMISRTRPEVTC
VVVDVSHEDPEVKFNWYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHODWLNGKEYKCKVSNKA
LPAPTEKTISKAKGQFREPQVYTLPPSREEMTKNQVSLTCLVKGFYPSDIAVEWESNGOPENNYKT
TPPVLDSDGSFFLYSKLTVDKSRWQQGNVFSCSVMHEALHNHY TQKSLSLSPGK
GGGGSGGGESEGGES PGWFLDSPDR PWNPPTFSPA LLVVTEGDNA TFTCSFSNTS
ESFVLNWYRM SPSNQTDKLA AFPEDRSQPG QDCRFRVTQL PNGRDFHMSV VRARRNDSGT
YLCGAISLAP KAQIKESLRA ELRVTERRAE VPTAHPSPSP RPAGQFQTLV

Anti-HER2/neu light chain amino acid sequence (SEQ ID NO: 70):
DIOMTQSPSSLSASVGORVIITCRASQDVNTAVAWYQQKPGKAPKLLIYSASFLYSGVPSRFSGSR

SGTDFTLTISSLOPEDFATYYCOOHYTTPPTFGQGTKVEIKRTVAAPSVFIFPPSDEQLKSGTASY

VCLLNNFYPREAKVOWKVDNALQSGNSQESVTEQDSKDSTYSLSSTLTLSKADYEKHKVYACEVTH
QGLSSPVTKSFNRGEC

Underlined: Anti-HER2/neu Variable region
Plain: Anti-HERZ2/neu Constant region

ltalic, Linker
Bold: PD-1 ectodomain

Fig. 13
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Fusion proteins comprising Anti-EGFR1 antibody and PD-1 Ectodomain.

Anti-EGFR heavy chain + PD-1 ectodomain fusion amino acid sequence
(SEQ 1D NO: 16):
QUQLKQSGPGLVQOPSQSLSITCTVSGFSLTNYGVHNVROS PGRKGLEWLGVIWSGENTDYNTPFTSR

LSINKDNSKSQVFFKMNSLOQSNDTATIYYCARALTYYDYEFAYWGQGTLVTVSAASTKGPSVFPLAP

SSKSTSGGTAALGCLVKDYFPEPVTVSWNSGALTSGVHTFPAVLOSSGLYSLSSVVTVPSSSLGTQ
TYICNVNHKPSNTKVDKRVEPKSCDKTHTCPPCPAPELLGGPSVFLFPPKPKDTLMISRTPEVTCV
VVDVSHEDPEVKFNWYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHODWLNGKEYRKCKVSNKAL
PAPIERTISKAKGOPREPQVYTLPPSRDELTRKNOVSLTCLVKGFYPSDIAVEWESNGOPENNYKTT
PPVLDSDGSFFLYSKLTVDKSRWOQGNVFEFSCSVMHEALHNHYTQKSLSLSPGK
GGGGSGGEGGSGGEGEGES PGWFLDSPDR PWNPPTFSPA LLVVTEGDNA TFTCSFSNTS
ESFVLNWYRM SPSNQTDKLA AFPEDRSQPG QDCRFRVTQL PNGRDFHMSV VRARRNDSGT
YLCGAISLAP KAQIKESLRA ELRVTERRAE VPTAHPSPSP RPAGQFQTLV

Anti-EGFR light chain amino acid sequence (SEQ 1D NO: 71):
DILLTQSPVILSVSPGERVSFSCRASQSICTNIHWYQQORTNGSPRLLIKYASESISGIPSRFSGSG
SGTDFTLSINSVESEDIADYYCQONNNWPTTFGAGTKLELKRTVAAPSVFIFPPSDEQLKSGTASY

VCLLNNFYPREAKVOWKVDNALOSGNSQESVTEQDSKDSTYSLSSTLTLSKADYEKHKVYACEVTH
QGLSSPVTKSFNRGEC

Underlined: Anti-EGFR Variable region
Plain: Anti-EGFR Constant region
ltalic: Linker

Bold: PD-1 ectodomain

Fig. 14
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Fusion proteins comprising Anti-CD20 antibody and PD-1 Ectodomain.

Anti-CD20 heavy chain + PD-1 ectodomain fusion amino acid sequence

(SEQ ID NO: 17):
QVOLQOPGAELVEPGASVKMSCKASGYTFTS YNMHWVKQTPGRGLEWIGAIYPGNGDTSYNQKFKG

KATLTADKSSSTAYMOLSSLTSEDSAVYYCARSTYYGGDWYFNVWGAGTTVIVSAASTKGPSVEPL

APSSKSTSGGTAALGCLVKDYFPEPVIVSWNSGALTSGVHTFPAVLQSSGLYSLSSVVTVRPSSSLG
TOTYICNVNHKPSNTKVDKKAEPKSCDKTHTCPPCPAPELLGGPSVFLFPPKPKDTLMISRTPEVT
CVVVDVSHEDPEVKFNWYVDGVEVHNAKTRKPREEQYNSTYRVVSVLTVLHQDWLNGKEYKCKVSNK
ALPAPIEKTISKAKGQPREPQVYTLPPSRDELTKNQVSLTCLVKGFYPSDIAVEWESNGQPENNYK
TTPPVLDSDGSFFLYSKLTVDKSRWQOGNVFSCSVMHEALHNHYTQKSLSLSPGK
GGGGESGGGEGSGGGGS PGWFLDSPDR PWNPPTFSPA LLVVTEGDNA TFTCSFSNTS
ESFVLNWYRM SPSNQTDKLA AFPEDRSQPG QDCRFRVTQL PNGRDFHMSV VRARRNDSGT
YLCGAISLAP KAQIKESLRA ELRVTERRAE VPTAHPSPSP RPAGQRFQTLV

Anti-CD20 light chain amino acid sequence (SEQ ID NO: 72):
QIVLSQSPAILSASPGEKVIMTCRASSSVSYTHWFQQKPGSSPRKPWIVATSNLASGVPVRESGSGS

GTSYSLTISRVEAEDAATYYCQOQWISNPPTPGGGTKLEIKRTVAAPSVFIFPPSDEQLKSGTASVV

CLLNNFYPREAKVOWKVDNALQSGNSQESVTEQDSKDSTYSLSSTLTLSKADYEKHKVYACEVTHQ
GLSSPVTKSFNRGEC

Underlined: Anti-CD20 Variable region
Plain: Anti-CD20 Constant region
ltalic: Linker

Bold: PD-1 ectodomain

Fig. 15
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Fusion proteins comprising Anti-VEGF antibody and PD-1 Ectodomain.

Anti-VEGF heavy chain + PD-1 ectodomain fusion amino acid sequence
(SEQ ID NO: 18):
EVQLVESGGGLVQPGGSLRLSCAASGYTFTNYGMNWVRQAPGRGLEWVGWINTYTGEPTYAADFKR

RFTFSLDTSKSTAYLOMNSLRAEDTAVYYCAKYPHYYGSSHWYFDVWCQGTLVIVSSASTKGPSVE

PLAPSSKSTSGGTAALGCLVKDYFPEPVTVSWNSGALTSGVHTFPAVLOSSGLYSLSSVVTVPSSS
LGTQTY ICNVNHKPSNTKVDKKVEPKSCDKTHTCPPCPAPELLGGPSVFLFPPKPRKDTLMISRTPE
VICVVVDVSHEDPEVKFNWYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHODWLNGKEYKCKVS
NKALPAPIEKTISKAKGOPREPQVYTLPPSREEMTKNQVSLTCLVKGFYPSDIAVEWESNGQPENN
YKTTPPVLDSDGSFFLYSKLIVDKSRWQQGNVEFSCSVMHEALHENHYTQKSLSLSPGK
GGGGEGGGEESGGGES PGWFLDSPDR PWNPPTFSPA LLVVTEGDNA TFTCSFSNTS
ESFVLNWYRM SPSNQTDKLA AFPEDRSQPG QDCRFRVTQL PNGRDFHMSV VRARRNDSGT
YLCGAISLAP KAQIKESLRA ELRVTERRAE VPTAHPSPSP RPAGQFQTLV

Anti-VEGF Light chain sequence (SEQ ID NO: 73):
DIOMTQSPSSLSASVEDRVTITCSASQDISNYLNWYQOKPGKAPKVLIYFTSSLHSGVPSRPSGSG

SGTDFTLTISSLOPEDFATYYCQQYSTVPWTFGQGTKVEIKRTVAAPSVFIFPPSDEQLKSGTASY

VCLLNNFYPREAKVOWKVDNALQSGNSQESVIEQDSKDSTYSLSSTLTLSKADYEKHKVYACEVTH
QGLSSPVTKSFNRGEC

Underlined: Anti-VEGF Variable region
Plain: Anti-VEGF Constant region
Italic: Linker

Bold: PD-1 ectodomain

Fig. 16
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Fusion proteins comprising anti-human CTLA-4 antibody and PD-1 Ectodomain.

Anti-(human CTLA-4) (human y1-chain)-PD-1 ectodomain fusion protein, disulfide with

human x-chain, dimer

Anti-CTLA-4 heavy chain + PD-1 ectodomain fusion amino acid sequence
(SEQ ID NO: 19):

QVOQLVESGGG

VVOPGRSLRL SCAASGFTFS SYTMHWVRQA PGKGLEWVTFE ISYDGNNKYY

ADSVKGRFTI

SRDNSKNTLY LOMNSLRAED TAIYYCARTG WLGPEFDYWGQ GTLVTVSSAS

TRKGPSVFPLA
YSLSSVVIVP
VFLFPPKPKD
YRVVSVLTVL
KNOQVSLTCLV
GNVEFSCSVMH
PWNPPTFSPA
QDCRFRVTQL
VPTAHPSPSP

PSSKSTSGGT AALGCLVKDY
SSSLGTQTYI
TLMISRTPEV TCVVVDVSHE DPEVKFNWYV DGVEVHNAKT KPREEQYNST

FPEPVTVSWN SGALTSGVHT FPAVLQSSGL
CNVNHKPSNT KVDKRVEPKS CDKTHTCPPC PAPELLGGPS
HODWLNGKEY KCKVSNKALP APIEKTISKA KGQPREPQVY TLPPSRDELT
KGFYPSDIAV EWESNGOPEN NYKTTPPVLD SDGSFFLYSK LTVDKSRWQQ
EALHNHYTQKSLSLSPGK GGGGSGGGGSGGGGS PGWFLDSPDR
LLVVTEGDNA TFTCSFSNTS ESFVLNWYRM SPSNQTDKLA AFPEDRSQPG
PNGRDFHMSV VRARRNDSGT YLCGAISLAP KAQIKESLRA ELRVTERRAE
RPAGQFQTLV

Anti-CTLA-4 light chain (SEQ ID NO: 74):

EIVLTQSPGT

LSLSPGERAT LSCRASQSVG SSYLAWYQQK PGQAPRLLIY GAFSRATGIP

DRFSGSGSGT

DFTLTISRLE PEDFAVYYCQ QYGSSPWTFG QGTKVEIKRT VAAPSVFIFP

PSDEQLKSGT
TLSKADYEKH

ASVVCLLNNF YPREAKVQWK VDNALQSGNS QESVTEQDSK DSTYSLSSTL
KVYACEVTHQ GLSSPVTKSF NRGEC

Underlined: Anti-CTLA-4 Variable region

Plain: Anti-CTLA-4 Constant region
ftalic: Linker
Bold: PD-1 ectodomain

Fig. 17
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Fusion proteins comprising anti-CD25 antibody and PD-1 Ectodomain.

Anti-CD25 (Daclizumab) heavy chain and PD-1 ectodomain (SEQ ID NO: 20);

QVQLVQSGAE
NQKFKDKATI
GPSVFPLAPS
LSSVVTVPSS
LFPPKPKDTL
VVSVLTVLHQ
QVSLTCLVKG
VFSCSVMHEAR

VRKKPGSSVKV
TADESTNTAY
SKSTSGGTAA
SLGTQTYICN
MISRTPEVTC
DWLNGKEYKC
FYPSDIAVEW
LHNHYTQKSL

SCKASGYTFT
MELSSLRSED
LGCLVKDYFP
VNHKPSNTKV
VVVDVSHEDP
KVSNKALPAP
ESNGQPENNY

SYRMHWVRQA
TAVYYCARGG
EPVTVSWNSG
DKRVEPKSCD
EVKFNWYVDG
IEKTISKAKG
KTTPPVLDSD

PGQGLEWIGY
GVFDYWGQGT
ALTSGVHTFFP
KTHTCPPCPA
VEVHNAKTKP
QPREPQVYTL
GSFFLYSKLT

SLSPGK GGGGSGGGGSGGGGS
PGWFLDSPDRPWNPPTFSPALLVVTEGDNATFTCSEFSNT

INPSTGYTEY
LVTVSSASTK
AVLQSSGLYS
PELLGGPSVF
REEQYNSTYR
PPSRDELTKN
VDKSRWQQGN

SESFVLNWYRMSPSNQTDKLAAFPEDRSQPGQDCRFRVTQLPNGRDFHMSVVRAR

RNDSGTYLCGAISLAPKAQIKESLRAELRVIERRAEVPTAHPSPSPRPAGQFQTLV

Anti-CD25 (Daclizumab) light chain (SEQ ID NO: 75):
DIOMTQSPST LSASVGDRVT ITCSASSSIS YMHWYQQKPG KAPKLLIYTT SNLASGVPAR

FSGSGSGTEF TLTISSLOPD DFATYYCHQR STYPLTFGQG TKVEVKRTVA APSVFIFPPS

DEQLKSGTAS VVCLLNNFYP REAKVQWKVD NALOSGNSQE SVTEQDSKDS TYSLSSTLTL

SKADYEKHKV YACEVTHQGL SSPVTKSFNR GEC

Plain: Anti-CD25 antibody

itafic: Linker
Bold: PD-1 ectodomain

Fig.
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Anti-CD25 (Basiliximab) heavy chain and PD-1 ectodomain (SEQ ID NO: 21):

QLOOSGTVLA
KFEGKAKLTA
PSVFPLAPSS
SSVVIVPSSS
FPPKPKDTLM
VEVLTVLHQD
VSLTCLVKGF

FSCSVMHEAL

RPGASVKMSC
VTSASTAYME
KSTSGGTAAL
LGTQTYICNV
ISRTPEVTCV
WLNGKEYKCK
YPSDIAVEWE
HNHYTQKSLS

KASGYSFTRY
LSSLTHEDSA
GCLVKDYFPE
NHEPSNTKVD
VVDVSHEDFPE
VSNKALPAPI

SNGQPENNYK

WMHWIKQRPG
VYYCSRDYGY
PVTVSWNSGA
KRVEPKSCDK
VKFNWYVDGV
EKTISKAKGQ
TTPPVLDSDG

LSPGK GGGGSGGGGSGGGGS

PGWFLDSPDRPWNPPTFSPALLVVTEGDNATFTCSFSNT

QGLEWIGATY
YFDFWGQGTT
LTSGVHTFPA
THTCPPCPAP
EVHNAKTKPR
PREPQVYTLP
SFFLYSKLTV

PGNSDTSYNQ
LTVSSASTKG
VLQSSGLYSL
ELLGGPSVFL
BEEQYNSTYRV
PSRDELTKNQ
DKSRWQQGNV

SESFVLNWYRMSPSNQTDKLAAFPEDRSQPGQRDCRFRVTQLPNGRDFHMSVVRAR

RNDSGTYLCGAISLAPKAQIKESLRAELRVTIERRAEVPTAHPSPSPRPAGQFQTLV

Anti-CD25 (Basiliximab) light chain (SEQ ID NO: 76):
QIVSTQSPAI MSASPGERVT MTCSASSSRS YMOWYQQKPG TSPRKRWIYDT SKLASGVPAR

FSGSGSGTSY SLTISSMEAE DAATYYCHQR SSYTFCGGGTK LEIKRTVAAP SVFIFPPSDE

QLKSGTASVV CLLNNFYPRE AKVQWKVDNA LOSGNSQESV TEQDSKDSTY SLSSTLTLSK

ADYEKHRVYA CEVTHQGLSS PVTKSFNRGEC

Plain: Anti-CD25 antibody

ltafic: Linker
Bold: PD-1 ectodomain

Fig.

18B
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Fusion proteins comprising IL-2, Fc, and PD-1 ectodomain.

IL-2 + Fc + PD-1 ectodomain (SEQ ID NO: 16):
APTSSSTKKTQLOLEHLLLDLOMILNGINNYKNPKLTRMLTFKFYMPKKATELKHLOQCLEEELKPL

EEVLNLAQSKNFHLRPRDLI SNINVIVLELKGSETTFMCEYADETATIVEFLNRWITFCQSIISTL

T GGGGSGGEGSGGGGS
THTCPPCPAPELLGGPSVFLFPPKPKDTLMISRTPEVITCVVVDVSHEDPEVKFNWY VDGVEVHNAK
TKPREEQYNSTYRVVSVLTVLHODWLNGKEYKCKVSNKALPAPTEKTISKAKGOPREPQVYTLPPS
REEMTKNQVSLTCLVKGFYPSDIAVEWESNGQPENNYKTTPPVLDSDGSFFLYSKLTVDKSRWOQG
NVFSCSVMHEALHNHYTQKSLSLSPGK GGGGSGGGGSGGEGS
PGWFLDSPDRPWNPPTFSPALLVVTEGDNATFTCSFSNTSESFVLNWYRMSPSNQTDKLAAFPEDR
SQPGRDCRFRVTOLPNGRDFHMSVVRARRNDSGTYLCGAISLAPKAQIKESLRAELRVTERRAEVP
TAHPSPSPRPAGQFQTLV

PD-1 ectodomain + Fc + IL-2 (SEQ ID NO: 23):
PGWFLDSPDRPWNPPTFSPALLVVIEGDNATFTCSFSNTSESFVLNWYRMSPSNQTDKLAAFPEDR
SQPGODCRFRVTQLPNGRDFHMSVVRARRNDSGTYLCGATI SLAPKAQIKESLRAELRVTERRAEVP
TAHPSPSPRPAGQFQTLV GGGGSGGGGSGGGGS
THTCPPCPAPELLGGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVKFNWYVDGVEVHNAK
TRPREEQYNSTYRVVSVLTVLHODWLNGKEYKCKVSNKALPAPIEKTISKAKGQPREPOVYTLPPS
REEMTKNQVSLTCLVKGFYPSDIAVEWESNGOPENNYKTTPPVLDSDGSFFLYSKLTVDKSRWQQG
NVFSCSVMHEALHNHYTQKSLSLSPGK GGGGSGGGGSGGGEGES
APTSSSTKKTQLQLEHLLLDLOMILNGINNYKNPKLTRMLTFKFYMPKKATELKHLOCLEEELKPL

EEVLNLAQSKNFHLRPRDLISNINVIVLELKGSETTFMCEYADETATIVEFLNRWITFCQOSIISTL

T

Underlined: IL-2 fragment

ltalic. Linker

Plain: Fc

Bold: human PD-1 ectodomain

{Note: Can replace optional linker 1 GGGGSGGEEGSGGGES SEQ 1D NO: 104 with
EPKSCDK SEQ ID NO: 105)

(Note: Can replace underlined aa in Fc: E with D and M with L)

Fig. 19
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Fusion proteins comprising anti-CD4 antibody and PD-1 Extracellular domain

Anti-CD4 heavy chain and PD-1 Extracellular domain (SEQ ID NO: 24):

Heavy chain fusion protein:

QVOLOEAGPGLVKPSETLSLTCSVSGGSISGDYYWFWIRQSPGRKGLEWIGYIVYGSCCETNYNPSLN

NRVSISIDTSKNLFSLEKLRSVTAADTAVYYCASNILKYLHWLLYWGQGVLVTVSSASTKGPSVEPL

APSSKSTSGGTAALGCLVKDYFPEPVTVSWNSGALTSGVHTFPAVLYSSCLYSLESVVTVPSSSLG
TOTYICNVNHKPSNTRVDKRVEFPKSCDKTHTCPPCPAPELLGGPSVFLFPPKPKDTLMISRTPEVT
CVVVDVSHEDPEVKFNWYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHQDWLNGKEYKCRVSNK
ALPAPIEKTISKAKGQPREPQVYTLPPSRDELTKNQVSLTCLVKGFYPSDIAVEWESNGQPENNYK
TTPPVLDSDGSFFLYSKLTVDKSRWOQGNVFSCSVMHEALHNHYTOKSLSLSPGK
GGGGSGGGGSGEEES
PGWFLDSPDRPWNPPTFSPALLVVTEGDNATFTCSFSNTSESFVLNWYRMSPSNQTDKLAAFPEDR
SQPGQDCRFRVTQLPNGRDFHMSVVRARRNDSGTYLCGAISLAPKAQIKESLRARLRVTERRAEVP
TAHPSPSPRPAGQFQTLV

Anti-CD4 light chain (SEQ ID NO: 77):
Light chain:

SYELSQPRSVSVSPGOTAGFTCGEDNVERKSVOWYQOKPPQAPVLVIYADSERPSGIPARFSGSNS

GNTATLTISGVEAGDEADYYCQVWDSTADHWVFGGGTRLTVLGRTVAAPSVFIFPPSDEQLKSGTA

SVVCLLNNFYPREAKVOWKVDNALQSGNSQESVTECDSKDSTYSLSSTLTLSKADYEKHKVYACEV
THQGLSSPVTKSFNRGEC

Plain: Anti-CD4 antibody (Variable region — underlined)
Italic: Linker
Bold. PD-1 ectodomain

Fig. 20
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Fusion proteins comprising PD-1 Ectodomain, Fc, and Receptor activator of nuclear factor~
kB (RANK) Extracellular domain (ectodomain):

RANK ectodomain — F¢ - PD-1 ectodomain (SEQ. ID. NO: 25):

QI APPCTSEKHY EHLGRCCNKC EPGKYMSSKC TTTSDSVCLP CGPDEYLDSW NEEDKCLLHK
VCDTGKALVA VVAGNSTTPR RCACTAGYHW SQDCECCRRN TECAPGLGAQ HPLOLNKDTV
CRKPCLAGYFS DAFSSTDKCR PWTNCTFLGK RVEHHGTEKS DAVCSSSLPA RKPPNEPHVY LPG
GGGGSGGGGEGGGGES
THTCPPCPAPELLGGPSVFLFPPRPKDTLMISRTPEVTCVVVDVSHEDPEVKFNWYVDGVEVHNAK
TKPREEQYNSTYRVVSVLTVLHODWLNGKEYKCKVSNKALPAPTEKTISKAKGQPREPQVYTLRPPS
REEMTRKNQVSLTCLVKGFYPSDIAVEWESNGQPENNYKTTPPVLDSDGSFFLY SKLTVDKSRWQQG
NVFSCSVMHEALHENHYTQKSLSLSPGK GGGGSGGGGSCGGGES
PGWFLDSPDRPWNPPTFSPALLVVTEGDNATFTCSFSNTSESFVLNWYRMSPSNQTDRLAAFPEDR
SQPGODCRFRVTQLPNGRDFHMSVVRARRNDSGTYLCGAISLAPKAQIKESLRAELRVTERRAEVP
TAHPSPSPRPAGQFQTLV

PD-1 ectodomain — Fc - RANK ectodomain (SEQ. ID. NO: 26):

PGWFLDSPDRPWNPPTFSPALLVVIEGDNATFTCSFSNTSESFVLNWYRMSPSNQTDKLAAFPEDR
SQPGODCRFRVTQLPNGRDFHMSVVRARRNDSGTYLCGAISLAPRAQIRESLRAELRVTERRAEVP
TAHPSPSPRPAGQFQTLVGGGGSGGGGSGGEGS

THTCPPCPAPELLGGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVKFNWYVDGVEVHNAK
TKPREEQYNSTYRVVSVLTVLHODWLNGKEYKCKVSNKALPAPTEKTISKAKGQPREPQVYTLRPPS
REEMTKNQVSLTCLVKGFYPSDIAVEWESNGQPENNYKTTPPVLDSDGSFFLY SKLTVDKSRWQOG

NVFSCSVMHEALHNHYTQKSLSLSPGK GGGGSGGGGSGGGEGS QI APPCTSEKHY EHLGRCCNKC

EPGKYMSSKC TTTSDSVCLP CGPDEYLDSW NEEDKCLLHK VCDTGKALVA VVAGNSTTFER

RCACTAGYHW SQDCECCRRN TECAPGLGAQ HPLQLNKDTV CKPCLAGYFS DAFSSTDKCR

PWTNCTFLGK RVEHHGTEKS DAVCSSSLPA RKPPNEPHVY LPG

Bold: PD-1 ectodomain

Italics: Linker (optional: may delete linker 1 or replace with IEGRDMD or EPKSCDK)
Plain: gG1 Fe

Underlined: RANK ectodomain

Fig. 21
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Moieties that bind Receptor activator of nuclear factor-xB (RANK) ligand

@@

1
61
121
181
241
301
361
421

481

541
o0l

(i)

Full-length RANK (TNFRSF11A) or fragment thereof (SEQ. ID. NO: §5):

MAPRARRRRPE
TTTSDSVCLP
SQDCECCRRN
RVEHHGTEKS
ALTANLWHWI
YPDQGGVCQGE
LFLTEPGSKS
YLQKEVDSGH
EEEASRTEAR
NFKGDIIVVY
PEKASRPVQE

LFALLLLCAL
CGPDEYLDSW
TECAPGLGAQ
DAVCSSSLPA
NEACGRLSGD
TCUGGEPYAQ
TPPFSEPLEV
CPHWAASPSP
DQPEDGADGR
VSQTSQREGAR
QGGAKA

LARLQVALQT
NEEDKCLLHK
HPLOQLNEDTV
RXPPNEPHVY
KESSGDSCVS
GEDARMLSLV
GENDSLSQCF
NWADVCTGCR
LPSSARAGAG
AAAEPMGRPV

APPCTSEKHY
VCDTGRALVA
CRPCLAGYFS
LPGLIILLLF
THTANFGQQG
SKTEIEEDSF
TGTQSTVGSE
NPPGEDCEPL
SGSSPGGQSP
QEETLARRDS

EHLGRCCNKC
VVAGNSTTPR
DAFSSTDRCR
ASVALVAATT
ACEGVLLLTL
ROMPTEDEYM
SCNCTEPLCR
VGSPEKRGPLP
ASGNVTGNSN
FAGNGPRFFD

Bold: RANK extracellular domain (RANK ligand-binding domain)

EPGKYMSSKC
RCACTAGYHW
PWINCTFLGK
FGVCYRKKGK
EEKTFRPEDMC
DRPSQPTDQL
TDWTPMSSEN
QCAYGMGLPP
STFISSGQVM
PCGGPEGLRE

RANK extracellutar domain (ectodomain) or fragment thereof (SEQ. ID. NO: 96):

QI APPCTSEKHY EHLGRCCNKC EPGKYMSSKC TTTSDSVCLP CGPDEYLDSW NEEDKCLLHK VCDTGKALVA

VVAGNSTTPR RCACTAGYHW SQDCECCRRN TECAPGLGAQ HPLOLNKDTV CKPCLAGYFS DAFSSTDKCR

PWINCIFLGK RVEHHGTEKS DAVCSSSLPA RKPPNEPHVY LPG

(iif)

Peptide sequences in RANKL binding domains of RANK or peptides containing key RANKL-binding

residues of RANK (SEQ. ID. NO: 97):

MAPRARRRRP LFALLLLCAL LARLOVALQI APPCTSEKHY EHLGRCCNEC EPGRYMSSKC

61 TTTSDSVCLP CGPDEYLDSW NEEDKCLLHEK VCDTGKALVA VVAGNSTTPR RCACTAGYHW
121 SQDCECCRRN TECAPGLGAQ HPLQLNRDTV CKPCLAGYFS DAFSSTDKCR PWINCTFLGK
181 RVEHHGTEKS DAVCSSSLPA RKPPNEPHVY LEG

Bold: RANK extraceliular domain {(RANK ligand-binding domain)

RANK peptlide sequences (Underlined) and residues (ltalics} involved in binding RANKL.
(iv). Mutant of RANK ar a fragment thereof which binds Receptor activator of nuclear factor—xB (RANK)

ligand (RANKL)
(V) Full-length Osteoprotegerin {OPG, TNFRSF11B) or fragment thereof (SEQ. ID. NO: 98):
1 MNKLLCCALV FLDISTEWTT QETFPPKYLH YDEETSHQLL CDECPPGTYL KQHCTAKWKT
61 VCAPCPDHYY TDSWHTSDEC LYCSPVCKEL QYVKQECKNRT HNRVCECKEG RYLEIEFCLK
121 HRSCPPGFGV VQAGTPERNT VCKRCPDGFF SNETSSKAPC RKHINCSVFE LLLTQKGNAT
181 HDNICSGNSE STQKCGIDVT LCEEAFFRFA VPTKFTPNWL SVLVDNLPGT KVNAESVERT
241 KRQHSSQEQT PQLLKLWKHQ NKAQDIVKKI IQDIDLCENS VQRHIGHANL TFEQLRSLME
301 SLPGKKVGAE DIEKTIKACK PSDOILKLLS LWRIKNGDQD TLKGLMHALK HSKTYHFPKT
361 VTQSLKKTIR FLHSFTMYKL YQKLFLEMIG NQVQSVKISC L

Bold: RANK ligand-binding domain

Fig. 22
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Fusion proteins comprising Anti-HER2/neu antibody and Receptor activator of nuclear
factor-xB (RANK) Extracellular domain (ECD).

Anti-HERZ2/neu heavy chain+ RANK ECD fusion amino acid sequence (SEQ. ID. NO: 27):

EVOLVESGGGLVOPGGSLRLSCAASGENIKDTY IHWVROAPGKGLEWVARIYPTNGYTRYADSVKGRFTISA

DTSKNTAYLOMNSLRAEDTAVYYCSRWGGDGFYAMDYWGQGTLVTVSSASTKGPSVFPLAPSSKSTSGGTAA

LGCLVKDYFPERPVIVSWNSGALTSGVHTFPAVLQSSGLYSLESVVIVPSSSLEGTOTYICNVNHRPSNTKVDK
KVEPKSCDXTHTCPPCPAPELLGGPSVFLFPPKPKDTLMISRTPEVICVVVDVSHEDPEVEFNWYVDGVEVH
NAKTKPREEQYNSTYRVVSVLTVLHODWLNGKEYKCKVSNKALPAPIEKTISKAKGOPREPQVYTLPPSREE
MTKNQVSLTCLVKGFYPSDIAVEWESNGOPENNYKTTPPVLDSDGSFFLY SKLTVDKSRWQQGNVFSCSVMH
EATHNHYTQKSLSLSPGK GGGGSGGGGESGGGGS QI APPCTSEKHY EHLGRCCNKC EPGKYMSSKC
TTTSDSVCLP CGPDEYLDSW NEEDKCLLHK VCDTGKALVA VVAGNSTTPR RCACTAGYHW
SQDCECCRRN TECAPGLGAQ HPLOLNKDTV CRKPCLAGYFS DAFSSTDKCR PWTNCTFLGK

RVEHHGTEKS DAVCSSSLPA RKPPNEPHVY LPG

Anti-HER2/neu light chain amino acid sequence (SEQ. ID. NO: 70):

DIQMTQSPSSLSASVGDRVTITCRASQODVNTAVAWYQQKPGKAPKLLIYSASFLYSGVPSRFSGSREGTDFT

LTISSLQPEDFATYYCOOHYTTPPTFGQOGTKVELIKRTVAAPSVFIFPPSDEQLKSGTASVVCLLNNFYPREA

KVOWRVDNALQSGNSQESVTEQDSKDSTYSLSSTLTLSKADYEKHKVYACEVTHQGLSSPVTKSFNRGEC

Underlined: Anti-HER2 antibody variable region

Plain: Anti-HER?2 antibody ¢onstant region
ltalics: Linker
Bold: RANK ectodomain

Fig. 23
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Fusion proteins comprising Anti-EGFR1 antibody and Receptor activator of nuclear factor—
kB (RANK) Extracellular domain (ECD).

Anti-EGFR1 heavy chain + RANK ECD fusion amino acid sequence (SEQ. ID. NO: 28):

QVOLROSGPGLVOPSQSLSITCTVSGFSLTNYGVHWVROS PCGKGLEWLGVIWSGGNTDYNTPFTSRLSINKD

NSKSQVFFEMNSLOSNDTAIYYCARALTYYDYEFAYWGQGTLVIVSAASTKGRPSVFPLAPSSKSTSGETAAL

GCLVKDYFPEPVTVSWNSGALTSGVHTFPAVLOSSGLYSLSSVVTIVPSSSLETQTY ICNVNHKPSNTKVDKR
VEPKSCDKTHTCPPCPAPELLGGPSVFLFPPKPRDTLMISRTPEVICVVVDVSHEDPEVKFNWYVDGVEVHN
AKTKPREEQYNETYRVVSVLTVLHODWLNGRKEYKCKVSNKALPAPIEKTISKAKGQPREPQVYTLPPSRDEL
TENQVSLTCLVKGFYPSDIAVEWESNGOPENNYKTTPPVLDSDGSFFLY SKLTVDKSRWQQGNVFSCSVMHEE
ALHNHYTQRSLSLSPGK GGGGSGGGGSGGGGES QI APPCTSEKHY EHLGRCCNKC EPGKYMSSKC
TTTSDSVCLP CGPDEYLDSW NEEDKCLLHK VCDTGKALVA VVAGNSTTPR RCACTAGYHW
SQDCECCRRN TECAPGLGAQ HPLQLNKDTV CKPCLAGYFS DAFSSTDKCR PWTNCTFLGK

RVEHHGTEKS DAVCSSSLPA RKPPNEPHVY LPG

Anti-EGFR1 light chain amino acid sequence (SEQ. ID. NO: 71):

DILLTQSPVILSVSPGERVSFSCRASQSIGTNIHWYQORTNGSPRLLIKYASESISGIPSRFSGSGSGTDFT

LSINSVESEDIADY YCOONNNWPTTFGAGTKLELKRTVAAPSVFIFPPSDEQLKSGTASVVCLLNNFYPREA

KVOWKVDNALQSGNSQESVTEQDSKDSTYSLSSTLTLSKADYEKHKVYACEVTHQGLS SPVTKSFNRGEC

Underlined: Anti-EGFR antibody variable region

Plain: Anti-EGFR antibody constant region
ltalics: Linker
Bold: RANK ectodomain

Fig. 24
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Fusion proteins comprising Anti-CD20 antibody and Receptor activator of nuclear factor~
kB (RANK) Extraceliular domain (ECD).

Anti-CD20 heavy chain+ RANK ECD fusion amino acid sequence (SEQ. ID. NO: 29):

QVOLOQPGAELVEPGASVKMSCKASGY TFTSYNMHWVKQTPGRGLEWIGAI YPANGDTSYNQRKFRGKATLTA

DKSSSTAYMQLSS LTSERSAVYYCARSTYYGGDWY FNVWGAGTTVIVSAASTRGPSVFPLAPSSKSTSGETA

ALGCLVEDYFPEPVIVSWNSGALTSGVHTFPAVLOSSGLYSLESVVTVRESSLETOTY ICNVNEKPSNTRVD
KKAEPKSCDRKTHTCPPCPAPELLGGEPSVFLFPPKPKDTLMISRTPEVTCVVVDVSHED PEVEFNWYVDGVEY
HNAKTKPREEQYNSTYRVVSVLTVLHQDWLNGKEYKCKVSNKALPAPIEKTISKAKGOPREPQVYTLPPSRD
ELTRNQVSLTCLVKGFYPSDIAVEWESNGOPENNYKTTPPVLDSDGSFFLY SKLTVDKSRWQOGNVEFSCSVM
HEALHNHYTQKSLSLSPGK GGGGSGGGEGSGGGES QI APPCTSEKHY EHLGRCCNKC EPGKYMSSKC
TTTSDSVCLP CGPDEYLDSW NEEDKCLLHK VCDTGKALVA VVAGNSTTPR RCACTAGYHW
SQDCECCRRN TECAPGLGAQ HPLQLNKDTV CKPCLAGYFS DAFSSTDKCR PWINCTFLGK
RVEHHGTEKS DAVCSSSLPA RKPPNEPHVY LPG

Anti-CD20 light chain amino acid sequence (SEQ. ID. NO: 72):

QIVLSQSPATILSASPCGEKVIMTCRASSSVSY IHWFQOKPESSPKPWIYATSNLASGVPVRFSGSGSGTSYSL

TISRVEAEDAATYYCOOWTSNPPTFGGEGTKLEIKRTVAAPSVFIFPRPSDEQLEKSGTASVVCLLNNFYPREAK

VOWRKVDNALQSGNSQESVTEQDSKDSTYSLSSTLTLSKADYEKHKVYACEVTHOGLSSPVTKSFNRGEC

Underlined: Anti-CD20 antibody variable region

Plain: Anti-CD20 antibody constant region
ltalics: Linker
Bold: RANK ectodomain

Fig. 25
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Fusion proteins comprising anti-VEGF antibody and Receptor activator of nuclear factor-
kB (RANK) Extracellular domain (ECD).

Anti-VEGF heavy chain+ RANK ECD fusion amino acid sequence (SEQ. ID. NO: 30):

EVOLVESGGGLYQPGGSLRLSCAASGYTFINYGMNWVROQAPGKGLEWVGWINTYTGEPTYAADF
KRRETFSLDTSKSTAYLOMNSLRAEDTAVYYCAKYPHYYGSSHWYFDVWGQGTLVTVSSASTKG
PSVFPLAPSSKSTSGGTAALGCLVKDYFPEPVTVSWNSGALTSGVHTFPAVLQSSGLYSLSSYVTVP
SSSLGTQTYICNVNHKPSNTKVDKKVEPKSCDKTHTCPPCPAPELLGGPSVFLFPPKPKDTLMISRTP
EVICVVVDVSHEDPEVKFNWYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHODWLNGKEYK
CKVSNKALPAPIEKTISKAKGQPREPQVYTLPPSREEMTKNQVSLTCLVKGFYPSDIAVEWESNGQP
ENNYKTTPPVLDSDGSFFLY SKLTVDKSRWQOQGNVFSCSVMHEALHNHYTQKSLSLSPGK
GGGGSGEGGSGGEGS QI APPCTSEKHY EHLGRCONKC EPGKYMSSKC TTTSDSVCLP

CGPDEYLDSW NEEDKCLLHK VCDTGKALVA VVAGNSTTPR RCACTAGYHW SQDCECCRRN
TECAPGLGAQ HPLQLNKDTV CKPCLAGYFS DAFSSTDKCR PWINCTFLGK RVEHHGTEKS

DAVCSSSLPA RKPPNEPHVY LPG

Anti-VEGF Light chain sequence (SEQ. ID. NO: 73):

DIOMTQSPSSLSASVGDRVTITCSASODISNY LNWYQOKPGKAPKVLIYFTSSLHSGVPSRESGSGSG
TDFTITIS SLQPEDFATYYCOOYSTVPWTFGQGTKVEIKRTVAAPSVFIF PPSDEQLKSGTASVVCLL

NNFYPREAKVQWKVDNALQSGNSQESVTEQDSKDSTYSLSSTLTLSKADYEKHKVYACEVTHQGL
SSPVTKSFNRGEC

Underlined: Anti-VEGF antibody variable region

Plain: Anti-VEGF antibody constant region
ltalics: Linker
Bold: RANK ectodomain

Fig. 26
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Fusion proteins comprising anti-human CTLA-4 antibody and Receptor activator of nuclear
factor-xB (RANK) Extracellular domain (ECD).

Anti-CTLA-4 heavy chain + RANK ECD fusion sequence (SEQ. ID. NO: 31):

QVQLVESGGG

VVOPGRSLRL

SCAASGFTES

SYTMHWVRQA

PGKGLEWVTF

ISYDGNNKYY

ADSVEGRFTI

SRDNSKNTLY

LOMNSLRAED

TAIYYCARTG

WLGPFDYWGEQ

GTLVTVSSAS

TKGPSVFPLA
YSLSSVVTVPR
VFLFPPXPKD
YRVVSVLTVL
KNQVSLTCLV
GNVFSCSVMH
EPGKYMSSKC
RCACTAGYHW
PWITNCTFLGK

PSSKSTSGGET
S8SLGTQTYI
TLMISRTPEV
HODWLNGKEY
RGFYPSDIAV
EALHNHYTQK
TTTSDSVCLP
SQDCECCRRN
RVEHHGTEKS

AALGCLVKDY
CNVNHEKPSNT
TCVVVDVSHE
KCKVSNKALP

EWESNGQOPEN

FPEPVTVSWN
KVDKRVEPKS
DPEVKFNWYV
APIEKTISKA

NYRKTTPPVLD

SGALTSGVHT
CDKTHTCPPC
DGVEVHNAKT
KGOPREFPQVY
SDGSFFLYSK

FPAVLQSSGL
PAPELLGGPS
KPREEQYNST
TLPPSRDELT
LTVDKSRWGQ

SLSLSPCK GGGGSGGGGSGGGGS QI APPCTSEKHY EHLGRCCNKC

CGPDEYLDSW NEEDKCLLHK VCDTGKALVA VVAGNSTTPR

TECAPGLGAQ HPLQLNKDTV CKPCLAGYFS DAFSSTDKCR

DAVCSSSLPA REKFPPNEPHVY LPG

Anti-CTLA-4 light chain (SEQ. ID. NO: 74):

EIVLTQC3IPGT

LELSPGERAT LSCRASQSVG SSYLAWYQQOR PGOAPRLLIY GAFSRATGIP

DRFSGSGSGT

DFTLTISRLE PEDFAVYYCQ QYGSSPWTFG QGTXVEIKRT VAAPSVFIFP

PSDEQLKSGT
TLSKADYEKH

ASVVCLLNNEF YPREAKVQWK VDNALQSGNS QESVTEQDSK DSTYSLSSTL

KVYACEVTHQ GLSSPVTKSF NRGEC

Underlined: Anti-CTLA-4 antibody variable region

Plain: Anti-CTLA-4 antibody constant region

ltalics: Linker

Bold: RANK ectodomain

Fig. 27
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Fusion proteins comprising anti-CD25 antibody and Receptor activator of nuclear factor-
kB (RANK) Extracellular domain (ECD).

Anti-CD25 and RANK ectodomain - Heavy chain (SEQ. ID. NO: 32):

QVOLVQSGAE
NQKFKDKATI
GPSVFPLAPS
LSSVVTVPSS
LFPPKPKDTL
VVSVLTVLHQ
QVSLTCLVKG
VFSCSVMHEA
EPGKYMSSKC
RCACTAGYHW

PWTNCTFLGK

VERPGSSVKV
TADESTNTAY
SKSTSGGTAA
SLGTOTYICN
MISRTFEVTC
DWILNGKEYKC
FYPSDIAVEW
LHNHYTQKSL
TTTSDSVCLP
SQODCECCRRN

RVEHHGTEKS

SCRASGYTFT
MELSSLRSED
LGCLVEDYFP
VNHKPSNTKV
VVVDVSHEDP
KVSNKALPAP
ESNGQPENNY

SLSPGK GGGGSGGGGSGGGGS QI APPCTSEKHY EHLGRCCNKC

CGPDEYLDSW
TECAPGLGAQ

DAVCSSSLPA

SYRMHWVRQA
TAVYYCARGG
EPVIVSWNSG
DKKVEPKSCD
EVKFNWYVDG
IEKTISKAKG

KTTPPVLDSD

NEEDKCLLHK
HPLOLNEDTV

RKPPNEPHVY

Anti-CD25 - Light chain (SEQ. ID. NO. 75):

DIOMTQSPST LSASVGDRVT ITUSASSSIS YMHWYQQOKPG

FSGSGSGTEF TLTISSLOPD DFATYYCHQR STYPLTFGQG

DEQLKSGTAS VVCLLNNFYP REAKVOWKVD NALQSGNSQE

SKADYEKHRKV YACEVTHQGL SSPVTKSFNR GEC

Piain: Anti-CD25 antibody

ltalics: Linker

Bold: RANK ectodomain

Fig. 28A

PGQGLEWIGY
GVFDYWGQGT
ALTSGVHTFP
KTHTCPPCPA
VEVHNAKTKP
QPREPQVYTL
GSFFLYSKLT

VCDTGKALVA
CKPCLAGYFS
LPG

KAPKLLIYTT
TKVEVKRTVA

SVTEQDSKDS

INPSTGYTEY
LVITVSSASTK
AVLOSSGLYS
PELLGGPSVF
REEQYNSTYR
PPSRDELTKN
VDKSRWQQGN

VVAGNSTTPR

DAFSSTDKCR

SNLASGVPAR
APSVFIFPPS

TYSLSSTLTL
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Fusion proteins comprising anti-CD25 antibody and Receptor activator of nuclear factor—
kB (RANK) Extracellular domain (ECD).

Anti-CD25 and RANK ectodomain - Heavy chain (SEQ. ID. NO: 33):

QLOQSGTVLA
- KFEGKAKLTA
PSVFPLAPSS
SSVVIVPSSS
FPPKPEDTLM
VSVLTVLHQD
VSLTCLVKGF
FSCSVMHEAL
EPGKYMSSKC
RCACTAGYHW

PWITNCTFLGK

RPGASVKMEC
VTSASTRAYME
KSTSGGTAAL
LGTQTYICNV
ISRTPEVTICV
WLNGKEYKCK
YPSDIAVEWE
HNHYTQKSLS
TTTSDSVCLP
SQDCECCRRN

RVEHHGTEKS

KASGYSFTRY
LSSLTHEDSA
GCLVEDYFPE
NHEPSNTRVD
VVDVSHEDPE
VSNKALPAPTL

SNGQPENNYK

WMHWIKQRPG
VYYCSRDYGY
PVTVSWNSGA
KRVEPKSCDK
VKFNWYVDGV
EXTISKAKGD
TTPPVLDSDG

LSPGK GGGGSGGGEGSGGGGS

CGPDEYLDSW
TECAPGLGAQ

DAVCSSSLPA

NEEDKCLLHK
HPLQLNEKDTV

RKPPNEPHVY

Anti-CD25 — Light chain (SEQ. ID. NO: 76):

QIVSTQSPAL MSASPGEKVT MTCSASSSRS

F8GSGSGTSY SLTISSMEAE DAATYYCHQR

QLKSGTASVV CLLNNFYPRE AKVQWKVDNA

YMOWYQOKPG
SSYTFGGGTK
LOSGNSQESY

ADYEKHKVYA CEVTHQGLSS PVTKSFNRGEC

Plain: Anti-CD25 antibody

ltalics: Linker

Bold: RANK ectodomain

Fig. 28B

QGLEWIGATLY
YFDFWGQGTT
LTSGVHTFPA
THTCPPCPAP
EVHNAKTKPR
PREPQVYTLP
SFFLYSKLTV

QY APPCTSERHY EHLGRCCNKC

VCDTGKALVA
CRKPCLAGYFS

LPG

TSPRKRWIYDT
LEIKRTVAAP
TEQDSKDSTY

PGNSDTSYNQ
LTVSSASTKG
VLOSSGLYSL
ELLGGPSVFL
EEQYNSTYRV
PSRDELTKNQ
DKSRWQQGNV

VVAGNSTTPR

DAFSSTDKCR

SKLASGVPAR
SVFIFPPSDE

SLSSTLTLSK
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Fusion proteins comprising IL-2, F¢, and Receptor activator of nuclear factor-xB {(RANK)
Extracellular domain (ECD).

L2 — Fc — RANK ECD (SEQ. ID. NO: 34):

APTSSSTRKTQLOLEALLLDLOMIINGINNYKNPEKLTRMLTFKFYMPKKATELKHELQCLEEELKPLEEVLNL

AQSKNFHLRPRDLISNINVIVLELKGSETTPMCEYADETATIVEFLNRWITFCOSIISTLTGGGGSGGGGSE

GGGSTHTCPPCPAPELLGGEPSVFLFPPKPEDTLMISRTPEVTCVVVDVSHEDPEVKFNWYVDGVEVHNAKTK
PREEQYNSTYRVVSVLTVLHODWLNGKEYKCKVSNKALPAPTERTISKAKGQPREPQVYTLPPSREEMTRNQ
VSLTCLVKGFYPSDIAVEWESNGOPENNYKTTPPVLDSDGSFFLYSKLTVDRKSRWOQQGNVFSCEVMHEALHN
HYTQKSLSLSPGK GGGGSGGGGSGEGGS QI APBPCTSEKHY EHLGRCCNKC EPGKYMSSKC
TTTSDSVCLP CGPDEYLDSW NEEDKCLLHK VCDTGKALVA VVAGNSTTPR RCACTAGYHW
SQDCECCRRN TECAPGLGAQ HPLQLNKDTV CKPCLAGYFS DAFSSTDRKCR PWINCTFLGK

RVEHHGTEKS DAVCSSSLPA RKFPNEPHVY LPG

RANK ECD — Fc - IL-2 (SEQ. ID. NO: 35).
QI APPCTSEKHY EHLGRCCNKC EPGKYMSSKC TTTSDSVCLP CGPDEYLDSW NEEDKCLLHK

VCDTGKALVA VVAGNSTTPR RCACTAGYHW SQDCECCERN TECAPGLGAQ HPLQLNKDTV
CKPCLAGYFS DAFSSTDKCR PWINCTFLGK RVEHHGTEKS DAVCSSSLPA RKPPNEPHVY LPG
GGGGSGGEGSGEEESTHTCPPCPAPELLGGRPSVFLFPPKPRKDTLMISRTPEVTCVVVDV SHEDPEVKEFNWYV
GVEVHNAKTKPREEQYNSTYRVVSVLTVLHQDWLNGKEYKCRVSNKALPAPIEKTISKAKGQPREPQVYTL
PPSREEMTENQVSLTCLVKGFYPSDIAVEWESNGQPENNYKTTPPVLDSDGSFFLY SKLTVDKSRWQOGNVE
SCSVMHEALHNHYTQKSLSLSPGKGGGGSGGEECSGEGEESAPTSSSTKKTQLOLEHLLLDLOMI LNGTINNY KN

PKLIRMLIFKFYMPKKATELKHLQCLEEELKPLEEVLNLAQSKNFHLRPRDLI SNINVIVLELKGSETTFMC

EYADETATIVEFLNRWITFCQSIISTLT

Bold: RANK ectodomain

ftalics: Linker (Optional; any linker sequence)
Plain: Fe

Underlined: 1L2 fragment that binds CD25 (IL-2Ra)

(Can replace finker 1 with EPKSCDK or IEGRDMD)
{Can replace underlined aa in Fc: E with D and M with L)

Fig. 29
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Fusion protein comprising anti-CD4 antibody and Receptor activator of nuclear factor-«xB
{RANK) Extracellular domain (ECD)

Anti-CD4 heavy chain and RANK Extraceliular domain (SEQ ID NO: 36):

Heavy chain fusion protein:

QVOLOEAGPGLVKPSETLSLTCEVSGGS ISGDYYWFWIRQSPGKGLEWIGY IYGSGGGTNYNPSLN

NRVSISIDTSKNLFSLKLRSVTAADTAVYYCASNILKYLHWLLYWGQGVLVTVSSASTKGPSVFPL

APSSKSTSGETAALGCLVKDYFPEPVTVSWNSGALTSGVHTFPAVLOSSGLYSLSSVVTVPSSSLG
TOQTYICNVNHKPSNTKVDKRVEPKSCDKTHTCPPCPAPELLGGPSVFLFPPKPKDTLMISRTPEVT
CVVVDVSHEDPEVKFNWYVDGVEVHNAKTKPREEQYNSTYRVVSVLIVLHQDWLNGKEYKCKVSNK
ALPAPIEKTISKAKGQPREPQVYTLPPSRDELTENQVSLTCLVKGFYPSDIAVEWESNGQPENNYK
TTPPVLDSDGSFFLYSKLTVDKSRWQQOGNVFSCSVMHEALHNHY TQRSLSLSPGK
CGGGSGEEGSGEGGS QI APPCTSEKHY EHLGRCCNKC EPGKYMSSKC TTTSDSVCLP
CGPDRYLDSW NEEDKCLLHK VCDTGKALVA VVAGNSTTPR RCACTAGYHW SQDCECCRRN
TECAPGLGAQ HPLQLNKDTV CKPCLAGYFS DAFSSTDKCR PWINCTFLGK RVEHHGTEKS
DAVCSSSLPA RKPPNEPHVY LPG

Anti-CD4 light chain (SEQ ID NO: 77):
Light chain:

SYBLSQPRSVSVSPGOTAGFTCGEGDNVGRKSVOQWYQQKPPOAPVLVIYADSERPSGIPARFSGSNS

GNTATLTISGVEAGDEADYYCQVWDSTADHWVFGGGTRLIVLGRTVAAPSVFIFPPSDEQLKSGTA

SVVCLLNNFYPREAKVQWKVDNALQSGNSQESVTEQDSKDSTYSLSSTLTLSKADYERHKVYACEV
THQGLSSPVTKSFNRGEC

Underlined: Anti-CD4 antibody variable region

Plain: Anti-CD4 antibody constant region
ftalic: Linker
Bold: PD-1 ectodomain
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i Full-length human PD-1 ligand 1 (B7-H1; PDCD1L1; PDL1; CD274) protein or a

fragment thereof (SEQ ID NO: 99):
MRIFAVFIFM TYWHLLNAFT VTVPKDLYVV EYGSNMTIEC KFPVEKQLDL AALIVYWEME

DENIIQFVHG EEDLKVQHSS YRQRARLLEKD QLSLGNAALQ ITDVELQDAG VYRCMISYGG

ADYKRITVKV NAPYNKINQR ILVVDPVTSE HELTCQAEGY PKAEVIWTSS DHQVLSGKTT

TTNSKREEKL FNVISTLRIN TTTNEIFYCT FRRLDPEENH TAELVIPELP LAHPPNERTH

LVILGAILLC LGVALTFIFR LRKGRMMDVK KCGIQDTNSK KQSDTHLEET

(i) PD-L1 extracellular binding domain (ectodomain) or fragment thereof

(SEQ ID NO: 100):
APT VTVPKDLYVV EYGSNMTIEC KFPVEKQLDL AALIVYWEME DRNIIQFVHG

EEDLKVQHSS YRORARLLKD QLSLGNAALQ ITDVRLODAG VYRCMISYGG ADYRRITVRV

NAPYNKINQR ILVVDPVTSE HELTCQAEGY PKAEVIWTSS DHOQVLSGKTT TTNSKREEKL

FNVITSTLRIN TTTNEIFYCT FRRLDPEENH TAELVI

(i  Human PD-1 ligand 2 [PD-L2 (B7-DC)] or a fragment thereof.

(iv).  Mutant of Programmed Death-1 ligand [PD-L1 (B7-H1) or PD-L2 (B7-DC)] or a
fragment thereof which binds Programmed Death-1 (PD-1).

Sequence used in fusion proteins (SEQ ID NO: 101):
RIFAVFIFM TYWHLLNAFT VTVPKDLYVV EYGSNMTIEC KFPVEKQLDL AALIVYWEME

DENIIQFVHG EEDLKVQHSS YRQRARLLKD QLSLGNAALQ ITDVKLODAG VYRCMISYGG

ADYRRITVKV NAPYNKINQR ILVVDPVTEE HELTCQAEGY PKAEVIWTSS DHQVLSGKTT

TTNSKREEKL FNVTSTLRIN TTTNEIFYCT FRRLDPEENH TAELVIPELP LAHPPNERTH

LVILGAILLC LGVALTFIFR LRKGRMMDVK KCGIQDTNSK KQSDTHLEET

Bold: PD-L1 extracellular domain (ectodomain)

Underlined Bold: Ligand Binding domain

Fig. 31
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Fusion proteins comprising anti-tumor necrosis factor {TNF¢) antibody and PD-1
ligand 1 or PD-1 ligand 2

Anti-TNFo heavy chain + PD-L1 (SEQ ID NO: 37):
EVQLVESGGCLVQPGRSLRLSCAASGFTFDDYAMEWVROAPGKGLEWVSAI TWNSGHIDYADSVEG

RETISRDNAKNSLYLOMNSLRAEDTAVYYCALVSYLSTASSLDYWGQGTLVIVSSASTKGPSVEPL

APSSKSTSGGTAALGCLVKDYFPEPVTVSWNSGALTSGVHTFPAVLOSSGLYSLSSVVTVPSSSLG
TQTYICNVNHKPSNTKVDRKKAEPKSCDKTHTCPPCPAPELLGGPSVFLFPPKPKDTLMISRTPEVT
CVVVDVSHEDPEVKFNWYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHQDWLNGKEYKCKVSNK
ALPAPIEKTISKAKGQPREPQVYTLPPSRDELTKNQVSLTCLVKGFYPSDIAVEWESNGOPENNYK
TTPPVLDSDGSFFLYSKLTVDKSRWQQGNVEFSCSVMHEALHNHY TOQRSLSLSPGK
GGGGEGGGEGESGGEGES
RIFAVFPIFMTYWHLLNAFTVIVPRDLYVVEYGSNMTIECKFPVERQLDLAALIVYWEMEDKNITQF
VHGEEDLKVQHSSYRQRARLLKDQLSLGNAALQITDVKLQDAGVYRCMISYGGADYKRITVEVNAP
YNKINQRILVVDPVTSEHELTCQAEGYPKAEVIWTSSDHOVLSGKTTTTNSKREEKLFNVTSTLRI
NTTTNEIFYCTFRRLDPEENHTAELVIPELPLAHPPNERTHLVILGAILLCLGVALTFIFRLRKGR
MMDVKKCGIQDTNSKRKQSDTHLEET

Anti-TNFq light chain (SEQ ID NO: 78):
DIOMTQOSPSSLSASVGDRVTITCRASQGIRNYLAWYQQLPGKAPKLLIYAASTLOSGVRPSRESGSG

SGTDFTLTISSLOPEDVATYYCORYNRAPYTFGRGTKVEIKRTVAAPSVEFIFPPSDEQLKSGTASY

VCLLNNFYPREAKVOWKVDNALQSGNSQESVTEQDSKDSTYSLSSTLTLSKADYERKHKVYACEVTH
QGLSSPVTKSFNRGEC

Underlined: anti-TNFa antibody variable region

Plain: anti-TNFa antibody constant region

italic: Linker

Bold: human PD-1 ligand 1 (PD-L1)

(Note: Fc region KKAE SEQ ID NO: 106 can be replaced with KRVE SEQ ID NO: 107
or KKVE SEQ ID NO: 108)

Fig. 32
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Fusion proteins comprising TNFR2 Extracellular ligand binding domain, Fc, and
PD-1 ligand: (TNFR2 ECD +igG Cy1 + PD-L1)

TNFR2 ECD + IgG Cy1 + PD-L1 (SEQ ID NO: 38):

LPAQVAFTPYAPEPGSTCRLREYYDOTAQMCCSKCSPCGOHAKVEFCTKTSDTVCDSCEDSTY TQLWN
WVPECLSCGSRCSSDQVETQACTREQNRICTCRPGWYCALSKORGCRLCAPLRKCRPGFGVARPGT
ETSDVVCKPCAPGTEFSNTTSSTDICRPHQICNVVAIPCNASMDAVCTSTSPTRESMAPGAVELPQPV
STREQHTQPTPEPSTAPSTSFLLPMGPSPPAEGSTGD EPKSCDK
THTCPPCPAPELLGGPSVFLFPPKPKDTLMISRTPEVICVVVDVSHEDPEVKFNWYVDGVEVHNAK
TKPREEQYNSTYRVVSVLTVLHODWLNGKEYRCKVSNKALPAPIEKTISKAKGQPREPQVYTLPES
REEMTKNQVSLTCLVKGFYPSDIAVEWESNGQPENNYKTTPPVLDSDGSFFLYSKLTVDKSRWQQG
NVFSCSVMHEALHNHYTQKSLSLSPGK GGGGESGEGGSGGGGS
RIFAVFIFMTYWHLLNAFTVTVPKDLYVVEYGSNMIIECKFPVEKQLDLAALIVYWEMEDKNIIQF
VHGEEDLKVQHSSYRQRARLLKDQLSLGNAALQITDVKLQDAGVYRCMISYGGADYRRITVEVNAP
YNKINQRILVVDPVTSEHELTCQAEGY PKAEVIWTSSDHQVLSGKTTTTNSKREEKLFNVTSTLRI
NTTTNEIFYCTFRRLDPEENHTAELVIPELPLAHPPNERTHLVILGATILLCLGVALTFIFRLRKGR
MMDVRKCGIQDTNSKKQSDTHLEET

Fusion proteins comprising PD-1 ligand, Fc, and TNFR2 Extracellular ligand binding
domain: (PD-L1 + IgG Cy1 + TNFR2 ECD)

PD-L1 + IgG Cy1 + TNFR2 ECD (SEQ ID NO: 39):

MRIFAVFIFMTYWHLLNAFTVIVPKDLYVVEYGSNMTIECKFPVERQLDLAALIVYWEMEDKNIIQ
FVHGEEDLXKVQHSSYRQRARLLXDQLSLGNAALQITDVKLODAGVYRCMISYGGADYKRITVKVNA
PYNKINQRILVVDPVISEHELTCQAEGYPKAEVIWTSSDHQVLSGKTTTTNSKREEKLFNVTSTLR
INTTTNEIFYCTFRRLDPEENHTAELVIPELPLAHPPNERTHLVILGAILLCLGVALTFIFR
LRKGRMMDVEKCGIQDTNSKKQSDTHLEET GGGGSGGGGSGGGGS EPKSCDK
THTCPPCPAPELLCGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVKFNWYVDGVEVHNAK
TKPREEQYNSTYRVVSVLTVLHODWLNGKEYKCKVSNKALPAPIEKTISKAKGOPREPQVYTLPPS
REEMTKNQVSLTCLVKGFYPSDIAVEWESNGOPENNYKTTPPVLDSDGSFFLYSKLTVDKSRWQOG
NVEPSCSVMHEALHNHYTQKSLSLSPGK GGGGSGGEGGSEGEES
LPAQVAFTPYAPEPGSTCRLREYYDOQTAQMCCSKCSPGQHAKVECTRKTSDTVCDSCEDSTYTQLWN
WVPECLSCGSRCSSDOVETQACTREQNRICTCRPGWY CALSKQEGCRLCAPLRKCRPGFGVARPGT
ETSDVVCKPCAPGTFSNTTSSTDICRPHQICNVVAIPGNASMDAVCTSTSPTRSMAPGAVHLPOPV
STRSQHTQPTPEPSTAPSTSPFLLPMGPSPPAEGSTGD

Underlined: TNFR2 ligand-binding domain

Plain: human IgG1 heavy chain constant region (lgG Cy1 domain = H, CH2, CH3)
ltalic: Linker (Linker 1 is optional and may be replaced with another linker such as
EPKSCDK or GGGGSGGGESGGEES)

Bold: human PD-1 ligand 1 or extracellular binding domain of PD-L1
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Fusion proteins comprising anti-CD20 antibody and PD-1 ligand 1 (PD-L1).

Anti-CD20 heavy chain + PD-L1 sequence (SEQ ID NO: 40):
QVOLQQPGAELVKPCASVEMSCKASGYTFITSYNMHWVKQTPGRGLEWIGATYPGNGD TS YNQKFKG

KATLTADKSSSTAYMOLSSLTSEDSAVYYCARSTY YGGDWYFNVWGAGTTVIVSAASTKGPSVFPL

APSSKSTSGGTAALGCLVKDYFPEPVTVSWNSGALTSGVHTFPAVLQSSGLYSLSSVVIVPSSESLG
TOTYICNVNHKPSNTKVDKKAEPKSCDKTHTCPPCPAPELLGGPSVFLFPPKPKDTLMISRTPEVT
CVVVDVSHEDPEVKFNWYVDGVEVHNARTKPREEQYNSTYRVVSVLTVLHQDWLNGKEYKCKVSNK
ALPAPIEKTISKAKGOPREPQVYTLPPSRDELTKNQVSLTCLVKGFYPSDIAVEWESNGOPENNYK
TTPPVLDSDGSFFLYSKLTVDKSRWQQOGNVFSCSVMHEALENHY TQKSLSLSPGK
GGGGSGGEGEGSGEGEGES
RIFAVFIFMTYWHLLNAFTVIVPRDLYVVEYGSNMTIECKFPVERQLDLAALIVYWEMEDKNIIQF
VHGEEDLKVQHSSYRQRARLLKDQLSLGNAALQITDVKLODAGVYRCMISYGGADYKRITVKVNAP
YNKINQRILVVDPVTSEHELTCQAEGYPRAEVIWTSSDHQVLSGKTTTINSKREEKLFNVTSTLRI
NTTTNEIFYCTFRRLDPEENHTAELVIPELPLAHPPNERTHLVILGAILLCLGVALTFIFRLRKGR

MMDVEKCGIQDTNSKKQSDTHLEET

Anti-CD20 light chain sequence (SEQ ID NO: 72):
QIVLSQSPAILSASPGEKVIMTCRASSSVSYIHWFQOKPGSSPKPWIYATSNLASGVPVRFSGSGS

GTSYSLTISRVEAEDAATYYCQOWTSNPPTFGGGTKLEIKRTVAAPSVFIFPPSDEQLKSGTASVV

CLLNNFYPREARKVQWKVDNALQSGNSQESVTEQDSKDSTYSLSSTLTLSKADYEKHKVYACEVTHQ
GLSSPVTKSFNRGEC

Underlined: anti-CD20 antibody variable region

Plain: anti-CD20 antibody constant region
ltalic: Linker

Bold: human PD-1 ligand 1 or extracellular binding domain of PD-L1
Fig. 34
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Fusion proteins comprising anti-CD25 antibody and PD-1 ligand 1 (PD-L1).

PCT/US2011/027317

Anti-CD25 (Daclizumab) heavy chain ande’D~L1 (SEQ ID NO: 41):

QVQLVOSGAE
NQKFKDKATI
GPSVFPLAFPS
LSSVVTVPSS
LFPPKPKDTL
VVSVLTVLHQ
QVSLTCLVKG
VFSCSVMHEA

VKKPGSSVKV SCKASGYTFT
TADESTNTAY MELSSLRSED
SKSTSGGTAA LGCLVKDYFP
SLGTQTYICN VNHKPSNTKV
MISRTPEVTC VVVDVSHEDP
DWLNGKEYKC KVSNKALPAP
FYPSDIAVEW ESNGQPENNY

SYRMHWVRQA
TAVYYCARGG
EPVTVSWNSG
DKKVEPKSCD
EVKFNWYVDG
IEKTISKARG
KTTPPVLDSD

PGOGLEWIGY
GVFDYWGOGT
ALTSGVHTFP
KTHTCPPCPA
VEVHNAKTKP
QPREPQVYTL
GSFFLYSKLT

LHNHYTQKSL SLSPGK GGGGSGGGGSGGGGS
RIFAVFIFMTYWHLLNAFTVTVPKDLYVVEYGSNMTIECK

INPSTGYTEY
LVITVSSASTK
AVLQSSGLYS
PELLGGPSVF
REEQYNSTYR
PPSRDELTEN
VDKSRWQOGHN

FPVEKQLDLAALIVYWEMEDKNI IQFVHGEEDLKVQOHSSYRQRARLLKDQLSLGNA

ALQITDVKLODAGVYRCMISYGGADYKRITVKVNAPYNKINQRILVVDPVISEHEL

TCQAEGYPKAEVIWTSSDHQVLSGKTTTTNSKREREKLFNVTSTLRINTTTNEIFYC

TFRRLDPEENHTAELVIPELPLAHPPNERTHLVILGAILLCLGVALTFIFRLRKGR

MMDVEKCGIQDTNSKKQSDTHLEET

Anti-CD25 (Daclizumab) light chain (SEQ ID NO: 75):

DIOQMTQSPST LSASVGDRVT ITCSASSSIS YMHWYQQOKPG KAPKLLIYTT SNLASGVEAR

FSGSGSGTEF TLTISSLOPD DFATYYCHQR STYPLTFGQG TKVEVKRTVA APSVFIFFPS

DEQLKSGTAS VVCLLNNFYP REAKVQWKVD NALQSGNSQE SVTEQDSKDS TYSLSSTLTL

SKADYEKHKV YACEVTHQGL SSPVTKSFNR GEC

Plain: anti-CD25 antibody

Italic: Linker (optional and may be replaced)

Bold: human PD-1 ligand 1 or extracellular binding domain of PD-L1 (underlined)

Fig. 35A
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Anti-CD25 (Basiliximab) heavy chain and PD-1 ectodomain (SEQ ID NO: 42)

QLOQSGTVLA
KFEGKAKLTA
PSVFPLAPSS
S8VVTVRSSES
FPPKPKDTLM
VSVLTVLRQD
VSLTCLVKGF

FSCSVMHEAL

RPGASVEMSC
VISASTAYME
KSTSGGTAAL
LGTQTYICNV
ISRTPEVTCV
WLNGKEYKCK
YPSDIAVEWE

HNHYTQKSLS

41/75

KASGYSFTRY
LSSLTHEDSA
GCLVKDYFPE
NHKPSNTRKVD
VVDVSHEDPE
VENKALPAPI
SNGQPENNYK

WMHWIKORPG
VYYCSRDYGY
PVIVSWNSGA
KRVEPKSCDK
VKFNWYVDGV
EKTISKAKGQ

TTPPVLDSDG

LSPGK GGGGSGGGGSGGGGES

RIFAVFIFMTYWHLLNAFTVTVPKDLYVVEYGSNMTIECK

PCT/US2011/027317

QGLEWIGAIY
YFDFWGQGTT
LTSGVHTFPA
THTCPPCPAP
EVHNAKTKPR
PREPQVYTLP

SFFLYSKLTV

PGNSDTSYNQ
LTVSSASTKG
VLQSSGLYSL
ELLGGPSVFL
EEQYNSTYRV
PSRDELTKNQ
DESRWQQGNV

FPVEKQLDLAALIVYWEMEDKNIIQFVHGEEDLKVQHSSYRQRARLLKDQOLSLGNA

ALQITDVKLODAGVYRCMISYGGADYKRITVKVNAPYNKINQRILVVDPVTSEHEL

TCOAEGYPKAEVIWTSSDHQVLSGKTTTINSKREEKLFNVTSTLRINTTTNEIFYC

TFRRLDPEENHTAELVIPELPLAHPPNERTHLVILGAILLCLGVALTFIFRLRKGR

MMDVKRCGIQDTNSKKQSDTHLEET

Anti-CD25 (Basiliximab) light chain (SEQ 1D NO: 786):
QIVSTQSPAI MSASPGEKVT MTCSASSSRS

FSGSGSGTSY SLTISSMEAE DAATYYCHQOR

YMOWYQQKPG TSPKRWIYDT SKLASGVPAR

SSYTFGGGTK LEIKRTVAAP SVFIFPPSDE

QLKSGTASVV CLLNNFYPRE AKVOWKVDNA LQOSGNSQESV TEQDSKDSTY SLSSTLTLSK

ADYEKHKVYA CEVTHQGLSS PVTKSFNRGE

Plain: anti-CD25 antibody
Italic: Linker

Bold: human PD-1 ligand 1 or extracellular binding domain of PD-L1 (underlined)
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Fusion proteins comprising IL-2, Fc, and PD-1 ligand 1 (PD-L1)
Fusion protein: hPD-1 ligand 1 + Fc + IL-2 (SEQ ID NQ: 43):
MRIFAVFIFMTYWHLLNAFTVTVPKDLYVVEYGSNMTIECKFPVERKQLDLAALIVYWEMEDKNI IQFVHGEE

DLRVQHSSYRORARLLRDQLSLGNAALQITDVRKLQODAGVYRCMISYGGADYKRITVRKV

NAPYNKINQRILVVDPVISEHELTICQAEGYPKAEVIWTSSDHOVLSGRTTTTNSKREEKLFNVISTLRINTT

TNEIFYCTFRRLDPEENHTAELVIPELPLAHPPNERTHLVILGAILLCLGVALTFIFR

LREGRMMDVERKCGIQDTNSKKQSDTHLEET GGGGSGGGGSGGGEGES
THTCPPCPAPELLGGPSVFLFPPKPKDTLMISRTPEVICVVVDVSHEDPEVKFNWYVDGVEVHNAKTKPREE
QYNSTYRVVSVLTVLHQDWLNGKEYKCKVSNKALPAPIEKTISKAKGQPREPQVYTLPPSREEETKNQVSLT
CLVKGFYPSDIAVEWESNGQPENNYKTTPPVLDSDGSFFLYSKLTVDKSRWQQGNVFSCSVMHEALENHY T(
KSLSLSPGK GGGGSGEGESGGEGES

APTSSSTRKKTQLOLEHLLLDLOMI LNGINNYKNPKLTRMLTFKFYMPKKATELKHLOCLEEELKPLEEVLNL

AQSKNFHLRPRDLISNINVIVLELKGSETTFMCEYADETATIVEFILNRWITFCQISIISTLT

Fusion protein: IL-2 + Fc + PD-1 ligand 1 (SEQ ID NO: 44):
APTSSSTRKTOLOLEHLLLDLOMI LNGINNYKNPKLTRMLTFKFYMPKKATELKHLOCLEEELKPLEEVLNL

AQSKNFHLRPRDLISNINVIVLELKGSETTFMCEYADETATIVEFLNRWITFPCOSTIISTLT
GGGGSGGGECESGGEES
THTCPPCPAPELLGGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVKFNWYVDGVEVHNARTKPREE
QYNSTYRVVSVLTVLHQDWLNGKEYKCKVSNKALPAPIEKTISKAKGQPREPQVYTLPPSREE@TKNQVSLT

CLVKGFYPSDIAVEWESNGQPENNYKTTPPVLDSDGSFFLYSKLTVDKSRWQQGNVEFSCSVMHEALENHYTO
KSLSLSPGK GGGGSGCGGSGGGGES
RIFAVEIFMTYWHLLNAFTVTVPRKDLYVVEYGSNMT TECKFPVERQLDLAALIVYWEMEDRNIIQFVHGEED

LEKVOHSSYRQRARLLKDQLSLGNAALQITDVKLODAGVYRCMISYGGADYRRITVKVNAPYNKINQRILVVD

PVISEHELTCQAEGYPKAEVIWTSSDHQVLSGKTTTINSKREERLFNVTSTLRINTTTNEIFYCTFRRLDPE

ENHTAELVIPELPLAHPPNERTHLVILGAILLCLGVALTFIFRLRKGRMMDVKKCGIQDTNSKKQSDTHLER
T

Underlined: }L-2 fragment

ltalic: Linker (optional)

Plain: F¢

Bold: human PD-1 ligand 1 or extracellular binding domain of PD-1L (underlined)
(Note: Can replace linker 1 GGGGSEGEEGSEGEGS SEQ ID NO: 104 with

EPKSCcDK SEQ ID NO: 105)

(Note: Can replace underlined aa in Fc: E with D and M with L)

Fig. 36
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Fusion protein comprising anti-CD4 antibody and PD-1 ligand 1 (PD-L1)

Anti-CD4 heavy chain and PD-1 ligand 1 (SEQ ID NO: 45)

Heavy chain fusion protein:

QVOLOEAGPGLVKPSETLSLTCSVSGGSISCGDYYWEFWIRQSPCGKGLEWIGYIVGSGGETNYNPSLN

NRVSISIDTSKNLFSLKLRSVIAADTAVYYCASNILRKYLHWLLYWGQGVLVTVSSASTKGPSVEPL

APSSKSTSGGTAALGCLVKDYFPEPVTIVSWNSGALTSGVHTFPAVLOSSGLYSLSSVVTVPSSSLG
TQTYICNVNHEKPSNTKVDKRVEPKSCDKTHTCPPCPAPELLGGPSVFLFPPRKPRDTLMISRTPEVT
CVVVDVSHEDPEVKFNWYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHODWLNGKEYKCKVSNK
ALFPAPIERTISKAKGOPREPQVYTLPPSRDELTKNQVSLTCLVKGFYPSDIAVEWESNGQPENNYK
TTPPVLDSDGSFFLYSKLTVDKSRWQQGNVESCSVMHEALHNHY TQKSLSLSPGK
GGGGEGGECESECEES

RIFAVFIFMTYWHLLNAFTVTVPKDLYVVEYGSNMT IECKFPVERQLDLAALIVYWEMEDKNIIQF

VHGEEDLKVQHSSYRQRARLLKDQLSLGNAALQITDVKLODAGVYRCMI SYGGADYRKRITVKVNAP

YNKINQRILVVDPVISEHELTCQAEGYPRAEVIWTSSDHQVLSGKTTTINSKREEKLFNVTSTLRI

NITINEIFYCTFRRLDPEENHTAELVIPELPLAHPPNERTHLVILGAILLCLGVALTFIFRLRKGR

MMDVEKKCGIQDTNSKRKQSDTHLEET

Anti-CD4 light chain (SEQ ID NO: 77)
Light chain:

SYELSQPRSVESVSPGQTAGFTCGCGDNVGRKSVOWYQQKPPQAPVLVIYADSERPSGIPARFSGSNS

GNTATLTISGVEAGDEADYYCQVWDSTADHWVFGGGTRLTVLGRTVAAPSVFIFPPSDEQLKSGTA

SVVCLLNNFYPREAKVOWKVDNALOSGNSQESVTEQDSKDSTYSLSSTLTLSKADYEKHKVYACEV
THQGLSSPVTKSFNRGEC

Underlined: Anti-CD4 antibody variable region

Plain: Anti-CD4 antibody constant region
Italic: Linker

Bold: human PD-1 ligand 1 or extracellular binding domain of PD-1L (underlined)

Fig. 37
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Fusion proteins comprising the extracellular domain of CTLA-4, Immunoglobulin Fc
(lgG Cy1), and a sequence from PD-1 ligand (PD-L1)

Oncostatin M signal peptide + CTLA-4 ECD + IgG Cy1 + PD-L1 (SEQ ID NO: 46):

MGVLLITQRTLLSLVLALLFPSMASMAMHVAQPAVVLASSRGIASFVCEYASPGKATEVRVTVLRQOA
DSQVTEVCAATYMMGNELTFLDDSICTGTSSGNQVNLTIQGLRAMDTGLYICKVELMYPPPYYLGT
GNGTQIYVIDPEPCPDSD QEPKSCDKTHTCPPCPAPELLGGPSVFLFPPKPKDTLM
ISRTPEVTCVVVDVSHEDPEVKEFNWYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHQDWLNGKE
YKCKVSNKALPAPTEKRTISKAKGOPREPQVYTLPPSRDELTKNQVSLTCLVKGFYPSDIAVEWESN
GQPENNYKTTPPVLDSDGSFFLYSKLTVDKSRWQOCGNVESCSVMHEALHNHYTQKSLSLSPGK
GGGGSGGEGGSGGEEES
RIFAVFIFMTYWHLLNAFTVIVPKDLYVVEYGSNMTIECKFPVEKQLDLAALIVYWEMEDKNIIQF
VHGEEDLRVQHSSYRORARLLKDQLSLGNAALQITDVKLODAGVYRCMISYGGADYKRITVKVNAP
YNKINQRILVVDPVISEHELTCQAEGYPKAEVIWTSSDHQVLSGKTTTTNSKREEKLFNVTSTLRI
NTTINEIFYCTFRRLDPEENHTAELVIPELPLAHPPNERTHLVILGATILLCLGVALTFIFRLRKGR
MMDVEKCGIQDTNSKKQSDTHLEET

Fusion proteins comprising the extracellular domain of PD-1 ligand (PD-L1),
Immunoglobulin Fc (IgG Cy1), and a sequence from the extracellular domain of
CTLA-4.

PD-L1 +1gG Cy1 + CTLA-4 ECD (SEQ ID NO: 47):

MRIFAVFIFMTYWHLLNAFTVIVPKDLYVVEYGSNMTIECKFPVEKQLDLAALIVYWEMEDKNIIQ
FVHGEEDLKVQHSSYROQRARLLKDQLSLGNAALQITDVKLODAGVYRCMI SYGGADYKRITVEVNA
PYNKINQRILVVDPVITSEHELTCQAEGYPKAEVIWTSSDHQVLSGKTTTTNSKREEKLFNVTSTLR
INTTTNEIFYCTFRRLDPEENHTAELVIPELPLAHPPNERTHLVILGATILLCLGVALTFIFR
LRRKGRMMDVEKCGIQDTNSKKQSDTHLEET GGGGSGGGGSGGGGS
QEPKSCDKTHTCPPCPAPELLGGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVKFNWYVD
GVEVHNAKTKPREEQYNSTYRVVSVLTVLHQDWLNGKEYKCKVSNKALPAPIEKTISKAKGQPREP
QVYTLPPSRDELTKNQVSLTCLVKGFYPSDIAVEWESNGQPENNYKTTPPVLDSDGSFFLYSKLTV
DKSRWOQGNVFSCSVMHEALHNHY TQKSLSLSPGK GGGGSGGGGSGGGGES
AMHVAQPAVVLASSRGIASFVCEYASPGKATEVRVIVLROADSQVTEVCAATYMMGNELTFLDDS T
CTGTSSGNQVNLTIQGLRAMDTGLY ICKVELMYPPPYYLGIGNGTQIYVIDPERPCPDSD

Underlined Italic. Oncostatin M Signal Peptide (-25 to -1)

Underlined: CTLA-4 extracellular domain (1-125)

Plain: human IgG1 heavy chain constant region (IlgG Cy1 domain = H, CH2, CH3)
ftalic: Linker (optional)

Bold: human PD-1 ligand 1 (PD-1L) or extracellular binding domain of PD-1L
{underlined)

(Note: Optional C to S conversion in IgG sequence (bold underlined))

(Note: The linker QEPKSCDK SEQ ID NO: 110 can be replaced with EPKSCDK SEQ
D NO: 105 or another linker sequence)
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Fusion proteins comprising a sequence of transforming growth factor-g (TGF-p),
Immunoglobulin Fc (IgG Cp1), and a sequence of PD-1 ligand (PD-L.1)

TGFp-1 + Fc + PD-L1 (SEQ ID NO: 48):
ALDTNYCPSSTEKNCCVROLYIDFRKDLGWKWIHEPKGYHANFCLGPCPYIWSLDTQYSKVLALYN
QHNPGASAAPCCVPQALEPLPIVYYVGRKPKVEQLSNMIVRSCKCS GGGGCSGGEESGEEES
THTCPPCPAPELLGGPSVFLFPPKPKDTLMISRTPEVICVVVDVSHEDPEVKFNWYVDEVEVHNAK
TKPREEQYNSTYRVVSVLTVLHODWLNGKEYKCKVSNKALPAPIEKTISKAKGQPREPQVYTLPES
REEMTKNQVSLTCLVKGFYPSDIAVEWESNGQPENNYKTTPPVLDSDGSFFLYSKLTVDKSRWQQG
NVFSCSVMHEALHNHYTQRKSLSLSPGK GGGEGSGGGESGEREGS
RIFAVFIFMTYWHLLNAFTVIVPKDLYVVEYGSNMTIECKFPVEKQLDLAALIVYWEMEDKNI IQF
VHGEEDLRKVQHSSYRQRARLLEDQLSLGNAALQITDVKLQODAGVYRCMISYGGADYKRITVKVNAP
YNRKINQRILVVDPVTSEHELTCQAECYPRKARVIWTSSDHQVLSGKTTTTNSKREERLFNVTSTLRI
NTTTNEIFYCTFRRLDPEENHTAELVIPELPLAHPPNERTHLVILGATLLCLGVALTFIFRLRKGR
MMDVEKCGIQDTNSKKQSDTHLEET

Fusion protein comprising a sequence of PD-1 ligand (PD-L1), Immunoglobulin Fc
{lgG Cy1), and a sequence of Transforming growth factor beta (TGF- B)

PD-L1 + Fc + TGFB-1 (SEQ ID NO: 49):
MRIFAVFIFMIYWHLLNAFTVIVPRKDLYVVEYGSNMTIECKFPVERQLDLAALIVYWEMEDKNIIQ
FVHGEEDLRVOHSSYRORARLLKDQLSLGNAALQITDVKLODAGVYRCMISYGGADYKRITVKVNA
PYNKINQRILVVDPVTSEHELTCQAEGYPKAEVIWTSSDHQVLSGRKTTTTNSKREEKLFPNVTSTLR
INTTINEIFYCTFRRLDPEENHTAELVIPELPLAHPPNERTHLVILGAILLCLGVALTFIFRLRKG
RMMDVEKCGIQDTNSKKQSDTHLEET GGGGSGGGGSGGGGS
THTCPPCPAPELLGGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVKFNWYVDGVEVHNAK
TKPREEQYNSTYRVVSVLTVLHQDWLNGKEYKCKVSNKALPAPTEKTISKAKGQPREPQVYTLPPS
REEMTENQVSLTCLVKGFYPSDIAVEWESNGOPENNYKTTPPVLDSDGSFFLYSKLTVDKSRWQQG
NVESCSVMHEALHNHYTQOKSLSLSPGK GGGGSGGGGSGGGGS

ALDTNYCFSSTEKNCCVRQLY IDFRKDLGWKWIHEPKGYHANFCLGPCPYTIWSLDTQYSKVLALYN
QHNPGASAAPCCVPOALEPLPIVYYVGRKPKVEQLSNMIVRSCKCS

Underlined: TGF3-1

Italic: Linker (optional)

Plain: Fc

Bold: human PD-1 ligand 1 or extracellular binding domain of PD-1L (underlined)
(Note: Can replace linker ceeesceeesceaes SEQ ID NO: 104 with

EPKSCDK SEQ ID NO: 105)
(Note: Can replace underlined aa in Fc: E with D and M with L)
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(i Transforming growth factor-beta (TGF-1, TGF-p2, or TGF-B3 or a fragment

thereof;

TGF-pB1 full sequence (SEQ ID NO: 102):
1 MPPSGLRLLP LLLPLLRLLV
61 SPPSQGEVPP VPLPEAVLAIL
121 YEKVKKSPHS IVMLFNTSEL
181 YLSNRLLAPS DTPEWLSFDV
241 SSRRGDLATI HGMNRPFLLL
301 DFREDLGWKW THEPKGYHAN

LTPGRPAAGL
YNSTRDRVAG
REAVPEPVLL
TGVVRQWLSH
MATPLERAQH
FCLGPCPYIW

STCKTIDMEL
ESAEPEPEPE
SRAELRLLRL
GGEVEGFRLS
LHSSRQRRAL

VKRKRIEAIR
ADYYAKEVTR
KLKAEQHVEL
AHCSCDSKDN
DINYCFSSTE

GQILSKLRLS
VLMVENTNKI
YOKYSNDSWR
TLQVDINGFS
KNCCVRQLYT

SLDTQYSKVL

ALYNQHNPGA

SAAPCCVPQA

361 LEPLPIVYYV GRKPKVEQLS

NMIVRSCKCS

Underlined: Mature (active) TGF-B1 sequence (Ala 279 — Ser 390: 112 aa).

(i) Mature (active) TGF-B1 sequence (Ala 279 — Ser 390; 112 aa)

(SEQ ID NO: 103):

AL DINYCFSSTE KNCCVRQLYI DFRKDLGWKW IHEPKGYHAN FCLGPCPYIW

SLDTQYSKVL ALYNQHNPGA SAAPCCVPQA LEPLPIVYYV GRKPKVEQLS NMIVRSCKCS

Fig. 40
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Fusion proteins comprising an antibody that binds TNF-¢, and a sequence of
transforming growth factor-g (TGF-B).

Anti-TNFq heavy chain + TGF-p1 (SEQ ID NO: 50):
EVQLVESGGGLVQPGRSLRLSCAASGFTFDDYAMHWVRQAPGKGLEWVSATITWNSGHIDYADSVEG

RFTISRDNARKNSLYLOMNSLRAEDTAVYYCALVSYLSTASSLDYWEQGTLVTVSSASTRGPSVEPL

APSSKSTSGGTAALGCLVKDYFPEPVTVSWNSGALTSGVHTFPAVLOSSCGLYSLESVVTVPSSSLE
TQTYICNVNHKPSNTKVDRKAEPKSCDKTHTCPPCPAPELLGGPSVFLFPPKPRKDTLMISRTPEVT
CVVVDVSHEDPEVKFNWYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHQODWLNGKEYRKCKVSNK
ALPAPIEKTISKAKGOPREPQVYTLPPSRDELTKNQVSLTCLVKGFYPSDIAVEWESNGQPENNYK
TTPPVLDSDGSFFLYSKLTVDKSRWOOGNVFSCSVMHEALHENHY TOKSLSLSPCK
GGGGEGEEGSEGGGS

ALDTNYCFSSTERNCCVRQLY IDFRKDLGWKWIHEPKGYHANFCLGPCPYIWSLDTQYSKVLALYN

QHNPGASAAPCCVPQALEPLPIVYYVGRKPKVEQLSNMIVRSCKCS

Anti-TNFa light chain (SEQ 1D NO: 77):
DIQMTQSPSSLSASVGDRVTITCRASQGIRNYLAWYQOLPGKAPKLLIVYAASTLOSGVPSRFSGSE

SGTDFTLTISSLOPEDVATYYCORYNRAPYTFGQGTKVEIKRTVAAPSVFIFPPESDEQLKSCGTASY

VCLLNNFYPREAKVOWKVDNALQSGNSQESVTEQDSKDSTYSLSSTLTLSKADYEKHKVYACEVTH
QGLSSPVTKSFNRGEC

Underlined: anti-TNFa antibody variable region

Plain: anti-TNFe antibody constant region

Italic: Linker

Bold: Mature (active) human TGF-1

(Note: KKAE SEQ ID NO: 107 can be replaced with KRVE SEQ ID NO: 108 or KKVE
SEQ ID NO: 109)
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Fusion proteins comprising TNFR2 Extraceliular ligand binding domain, F¢, and a
sequence from transforming growth factor-p (TGF-B)

TNFR2 ECD + IgG Cy1 + TGF-1 (SEQ ID NO: 51):

LPAQVAFTPYAPEPGSTCRLREYYDOTAQMCCSKCSPGQHAKVFCTKTSDTVCDSCEDSTY TOLWN
WVPECLSCGSRCSSDQVETQACTREQNRICTCRPCGWYCALSKQEGCRLCAPLRKCRPGFGVARPGT
ETSDVVCKPCAPGTFSNTTSSTDICRPHQICNVVAIPCNASMDAVCTSTSPTRSMAPGAVHLPQPV
STREQHTQRPTPEPSTAPSTSFLLPMGPSPPAEGSTGD EPKSCDK
THTCPPCPAPELLGGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVKFNWYVDGVEVHNAK
TKPREEQYNSTYRVVSVLTVLHQODWLNGKEYKCKVSNKALPAPTEKTISKAKGQPREPQVYTLRPS
REEMTRKNQVSLTCLVKGFYPSDIAVEWESNGOPENNYKTTPPVLDSDESFFLYSKLTVDKSRWQQG
NVFSCSVMHEALHNHYTQKSLSLSPGK GGGGSCGGGSGGGGES
ALDTNYCFSSTEKNCCVRQLYIDFRKDLGWKWIHEPKGYHANFCLGPCPYIWSLDTQYSKVLALYN
QHNPGASAAPCCVPQALEPLPIVYYVGRKPKVEQLSNMIVRSCKRCS

Fusion proteins comprising a sequence from transforming growth factor-§ (TGF-§),
Fc, and TNFR2 Extracellular ligand binding domain:

TGF-B1 + 1gG Cy1 + TNFR2 ECD (SEQ ID NO: 52):

ALDTNYCFSSTEXKNCCVRQLYIDFREDLGWKWIHEPKGYHANFCLGPCPYIWSLDTQYSKVLALYN
QHNPGASAAPCCVPQALEPLPIVYYVGRKPKVEQLSNMIVRSCRCS GGGGSGGCGICGEGGS
THTCPPCPAPELLGGPSVFLFPPKPKDTLMISRTPEVICVVVDVSHE
DPEVKFNWYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHODWLNGKEYKCKVSNKALPAPIERT
ISKAKGQPREPQVYTLPPSREEMTKNQVSLTCLVKGFYPSDIAVEWESNGOPENNYKTTPPVLDSD
GSFPLYSKLTVDKSRWQQGNVFSCSVMHEALHNHYTQKSLSLSPGK GGGGSGEGGSEGEGEES
LPAQVAFTPYAPEPGSTCRLREYYDOTAQMCCSKCSPGQHAKVEFCTKTSDTVCDSCEDSTY TOLWN
WVPECLSCGSRCSSDQVETOACTREQNRICTCRPGWY CALSKQEGCRLCAPLRKCRPGFGVARPGT
ETSDVVCKPCAPGTFSNTTSSTDICRPHOICNVVAIPGNASMDAVCTSTSPTRSMAPGAVHLPOPY
STRSQHTQPTPEPSTAPSTSFLLPMGPSPPAEGSTGD

Underlined: TNFR2 ligand-binding domain
Plain: human IgG1 heavy chain constant region (IgG Cy1 domain = H, CH2, CH3)

Italic: Linker
Bold: Mature {(active) human TGF-p1

(Note: Can replace linker 1 with ceeeseaeeseceas SEQ ID NO: 104 or
EPKSCDK SEQ ID NO: 105)
(Note: Can replace underlined aa in Fc: E with D and M with L)
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Fusion proteins comprising anti-CD20 antibody and a sequence from transforming
growth factor-p (TGF-§)

Anti-CD20 heavy chain + mature TGFB1 sequence (SEQ ID NO: 53):
QVQLOQOPGAELVKPGASVKMSCKASGYTFTSYNMHWVKQTPGRGLEWIGATYPGNGDTSYNQKFKG

KATLTADKSSSTAYMOLSSLTSEDSAVYYCARSTYYGGDWYFNVWGAGTTVTVSAASTRKGRPSVEFPL

APSSKSTSGGTAALGCLVKDYFPEPVTVSWNSGALTSGVHTFPAVLOSSGLYSLESVVTVPSSSLG
TQTYICNVNHKPSNTKVDKKAEPKSCDKTHTCPPCPAPELLGGPSVFLFPPKPKDTLMISRTPEVT
CVVVDVSHEDPEVKFNWYVDGVEVHNAKTKPREEQYNSTYRVVSVLITVLHODWLNGKEYKCKVSNK
ALPAPIEKTISKAKGQPREPQVYTLPPSRDELTKNQVSLTCLVKGFYPSDIAVEWESNGOPENNYK
TTPPVLDSDGSFFLYSKLTVDKSRWQOGNVFSCSVMHEALHNHY TQKSLSLSPGK
GGGGSGGGGSGGGGES

ALDTINYCFSSTERNCCVRQLY IDFRKDLGWKWIHEPKGYHANFCLGPCPYIWSLDTOYSKVLALYN
QHNPGASAAPCCVPQALEPLPIVYYVGRKPKVEQLSNMIVRSCKCS

Anti-CD20 light chain sequence (SEQ ID NO: 72):
QIVLSQSPAILSASPGEKVIMTCRASSSVSY THWFQQKPGSSPKPWIVATSNLASGVPVRFSGSGS

GTSYSLTISRVEAEDAATYYCOOWTSNPPTFGCGGTKLEIKRTVAAPSVFIFPPSDEQLKSETASVV

CLLNNFYPREAKVOWKVDNALQSGNSQESVTEQDSKDSTYSLSSTLTLSKADYEKHKVYACEVTHQ
GLSSPVTKSFNRGEC

Underlined: anti-CD20 antibody variable region

Plain: anti-CD20 antibody constant region
ftalic: Linker
Bold: Mature (active) human TGF-§1
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Fusion proteins comprising anti-CD25 antibody and a sequence from transforming
growth factor-f§ (TGF-§).

Anti-CD25 (Daclizumab) heavy chain and TGF-B1 (SEQ ID NO: 54);

QVQLVQSGAE
NQKFKDKATI
GPSVFPLAPS
LSSVVTVPSS
LFPPKPKDTL
VVSVLTVLHQ
QVSLTCLVKG
VESCSVMHEA

VEKPGSSVKV
TADESTNTAY
SKSTSGGTAA
SLGTQTYICN
MISRTPEVTC
DWLNGKEYKC
FYPSDIAVEW

LHNHYTQKSL

SCKASGYTFT
MELSSLRSED
LGCLVKDYFP
VNHKPSNTKV
VVVDVSHEDP
KVSNKALPAP
ESNGQPENNY

SYRMHWVROA
TAVYYCARGG
EPVTVSWNSG
DKKVEPKSCD
EVKFNWYVDG
IEKTISKAKG

KTTPPVLDSD

PGOGLEWIGY
GVFDYWGQGT
ALTSGVHTFP
KTHTCPPCPA
VEVHNAKTKP
QPREPQVYTL

GSFFLYSKLT

INPSTGYTEY
LVTVSSASTK
AVLQSSGLYS
PELLGGPSVF
REEQYNSTYR
PPSRDELTEN

VDKSRWQQGN

SLSPGK GGGGSGGGGSGGGEES ALDTNYCFSSTEKNCCVRQLY

IDFRKDLGWKWIHEPKGYHANFCLGPCPYIWSLDTQYSKVLALYNQHNPGASAAPCCVPQALEPLP

IVYYVGRRKPKVEQLSNMIVRSCKCS

Anti-CD25 (Daclizumab) light chain (SEQ ID NO: 75):
ITCSASSSIS YMHWYQQOKPG KAPKLLIYTT SNLASGVPAR

DIOMTQSPST
FSGSGSGTEF
DEQLKSGTAS

SKADYEKHKV

Plain: anti-CD25 antibody

LSASVGDRVT
TLTISSLOPD
VVCLLNNFYP
YACEVTHQGL

italic: Linker
Bold: Mature (active) human TGF-$1

DFATYYCHQR STYPLTFGQG TKVEVKRTVA APSVFIFPPS

REAKVOQWKVD NALQSGNSQE SVTEQDSKDS TYSLSSTLTL

SSPVTKSFNR

GEC
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Anti-CD25 (Basiliximab) heavy chain and TGF-B1 (SEQ ID NQ: 55):

QLOOSGTVLA
KFEGKAKLTA
PSVFPLAPSS
SSVVTVPSSS
FPPKPKDTLM
VSVLTVLHQOD
VSLTCLVKGF

FSCSVMHEAL

RPGASVEMSC
VISASTAYME
KSTSGGTAAL
LGTQTYICNV
ISRTPEVTCV
WLNGKEYKCK
YPSDIAVEWE

HNHYTQKSLS

KASGYSFTRY
LSSLTHEDSA
GCLVKDYFPE
NHKPSNTKVD
VVDVSHEDPE
VSNKALPAPT
SNGQPENNYK

WMHWIKQRPG
VYYCSRDYGY
PVTVSWNSGA
KRVEPKSCDK
VKEFNWYVDGV
EXTISKAKGY

TTPPVLDSDG

LEPGK GGGGSGGGGSGGGGS

ALDTNYCFSSTEKNCCVRQLY IDFRRKDLGWKWIHEPKGYHAN

QGLEWIGAIY
YFDFWGQGTT
LTSGVHTTPA
THTCPPCPAP
EVHNAKTKPR
PREPQVYTLP

SFFLYSKLTV

PGNSDTSYNQ
LTV3S5ASTKG
VLOSSGLYSL
ELLGGPSVFL
EEQYNSTYRV
PSRDELTKNQ
DKSRWQOGNV

FPCLGPCPYIWSLDTQY SKVLALYNQHNPGASAAPCCVPQALEPLPIVYYVGRKPKVEQ

LENMIVRSCKCS

Anti-CD25 (Basiliximab) light chain (SEQ ID NO: 76):

QIVSTQSPAI MSASPGEKVT MTCSASSSRS YMQWYQQKPG TSPKRWIYDT SKLASGVPAR
FSGSGSGTSY SLTISSMEAR DAATYYCHQR SSYTFGGGTK LEIRRTVAAP SVFIFPPSDE
QLKSGTASVV CLLNNFYPRE AKVOWKVDNA LOSGNSQESV TEQDSKDSTY SLSSTLTLSK
ADYEKHKVYA CEVTHQGLSS PVTKSFNRGEC

Plain: anti-CD25 antibody
ftalic: Linker
Bold: Mature (active) human TGF-$1
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Fusion proteins comprising IL-2, Fe, and a sequence from transforming growth
factor-§ (TGF-p).

TGF-B1 + Fo + IL-2 (SEQ ID NO: 56):
ALDTNYCFSSTEKNCCVRQLYIDFRRDLGWKWIHEPKGYHANFCLGPCPYIWSLDTQYSKVLALYN
QHNPGASAAPCCVPQALEPLPIVYYVGRKPKVEQLSNMIVRSCKCS GGGGESGGGESEGEES
THTCPPCPAPELLGGPSVFLFPPKPKDTLMISRTRPEVTCVVVDVSHED PEVKEFNWYVDGVEVHNAK
TKPREEQYNSTYRVVSVLTVLHQDWLNGKEYKCKVSNKALPAPIEKTISKAKGQPREPQVYTLPPS
RgEgTKNQVSLTCLVKGFYPSDIAVEWESNGQPENNYKTTPPVLDSDGSFFLYSKLTVDKSRWQQG
NVFSCSVMHEALHNHYTQKSLSLSPGK GGGGESGGEGESGGGES
APTSSSTRKKTOLOLEHLLLDLOMILNGINNYKNPKLTRMLTFKFYMPKKATELKHLQCLEEELKPIL,

EREVLNLAQSKNFHLRPRDLISNINVIVLELKGSETTPMCEYADETATIVEFLNRWITFCQSIISTL

T

IL-2 + Fc + TGF-B1 (SEQ ID NO: 57): |
APTSSSTRKTOLQLEHLLLDLOMILNGINNYKNPKLTRMLTFKFYMPKKATELKHLOCLEEELKPL

EEVLNLAQSKNFHLRPRDLISNINVIVLELKGSETTFMCEYADETATIVEFLNRWITFCQSIISTL

T GGGGSGGGGS5GGGGS
THTCPPCPAPELLGGPSVFLFPPKPKDTLMISRTPEVITCVVVDVSHEDPEVKFNWYVDGVEVHNAK
TKPREEQYNSTYRVVSVLTVLHQDWLNGKEYKCKVSNKALPAPIEKTISKAKGOPREPOVYTLPES
REEMTKNQVSLTCLVKGFYPSDIAVEWESNGQPENNYKTTPPVLDSDGSFFLY SKLTVDKSRWOQG
NVFSCSVMHEALHNHYTQKSLSLSPGK GGCGSGEGGSEEEES

ALDTNYCFSSTERNCCVROLY IDFRKDLGWKWIHEPKGYHANFCLGPCPYIWSLDTQYSKVLALYN
QHNPGASAAPCCVPQALEPLPIVYYVGRKPKVEQLSNMIVRSCKCS

Underlined: IL-2 fragment

Italic: Linker (optional)

Plain: Fe

Bold: Mature (active)} human TGF-$1

(Note: Can replace linker 1 GGGeseEEE3EE66S SEQ ID NO: 104 with
EPKSCDK SEQ ID NO: 105)

(Note: Can replace underlined aa in Fc: E with D and M with L)
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Fusion protein comprising anti-CD4 antibody and a sequence from transforming
growth factor-g (TGF-§).

Anti-CD4 heavy chain and TGF-B1 (SEQ ID NO: 58)

Heavy chain fusion protein:

QVOLOEAGPGLVKPSETLSLTCSVSGGSISGDYYWFWIRQSPGKGLENIGYIVYGSGRGTNYNPSLN

NRVSISIDTSKNLFSLKLRSVTAADTAVYYCASNILKYLHWLLYWGQGVLVTVSSASTRKGPSVEPL

APSSKSTSGGCTAALGCLVKDYFPEPVTIVSWNSGALTSGVHTFPAVLOSSCGLYSLSSVVTVPESSLG
TQTYICNVNHKPSNTKVDKRVEPKSCDKTHTCPPCPAPELLGGPSVFLFPPKPRKDTLMISRTPEVT
CVVVDVSHEDPEVKFNWYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHODWLNGKEYKCKVSNK
ALPAPIEKTISKAKGQPREPQVYTLPPSRDELTKNQVSLTCLVKGFYPSDIAVEWESNGOPENNYK
TTPPVLDSDGSFFLYSKLTVDKSRWOQGNVFSCSVMHEALENHY TOKSLSLSPGK
GGGGSGCEGGESGGEGES
ALDTNYCFSSTEKNCCVRQLYIDFREKDLGWKWIHEPKGYHANFCLGPCPYIWSLDTQYSKVLALYN
QENPGASAAPCCVPQALEPLPIVYYVGRKPRVEQLSNMIVRSCKCS

Anti-CD4 light chain (SEQ ID NO: 77)
Light chain:

SYELSQPREVSVEPGOTAGFTCGGDNVGRKESVOWYQOKPPOAPVLVIVADSERPSGIPARFSGSNS

GNTATLTISGVEAGDEADYYCOVWDSTADHWVFGGGTRLTVLGRTVAAPSVFIFPPSDEQLKSGTA

SVVCLLNNFYPREAKVQWKVDNALQSGNSQESVIEQDSKDSTYSLSSTLTLSKADYEKHKVYACEV
THRGLSSPVTKSFNRGEC

Underlined: Anti-CD4 antibody variable region

Plain: Anti-CD4 antibody constant region
ltalic. Linker
Bold: Mature (active) human TGF-$1
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Fusion proteins comprising the extracellular domain of CTLA-4, Immunoglobulin Fc
(IgG Cy1), and a sequence from a sequence from transforming growth factor-p
(TGF-p)

Oncostatin M signal peptide + CTLA-4 ECD + IgG Cy1 + TGF-p1 (SEQ ID NO: 59):

MGVLLTQRTLLSLVLALLFPSMASMAMEVAQPAVVLASSRGIASFVCEYASPGKATEVRVIVLROA
DSQVTEVCAATYMMGNELTFLDDSICTGTSSGNQVNLTIQGLRAMDTGLY ICKVELMYPPPYYLGT
GNGTQIYVIDPEPCPDSDQOEPKSCDK THTCPPCPAPELLGGPSVFLFPPKPKDTLM
ISRTPEVTCVVVDVSHEDPEVKFNWYVDGVEVHNAKTKPREEQYNSTYRVVEVL TVLHODWLNGKE
YKCKVSNKALPAPIEKTISKAKGQOPREPQVYTLPPSRDELTKNQVSLTCLVKGFPYPSDIAVEWESN
GQPENNYKTTPPVLDSDGSFFLYSKLTVDKSRWOQGNVFSCSVMHEALRNHYTQKSLSLSPGK
GGGGSGGGGSGGGES
ALDTNYCFSSTERNCCVRQLYIDFRKDLGWKWIHEPKGYHANFCLGPCPYIWSLDTQYSKVLALYN
QHNPGASAAPCCVPQALEPLPIVYYVGRKPRKVEQLSNMIVRSCRCS

Fusion proteins comprising a sequence from transforming growth factor-p (TGF-p),
Immunoglobulin Fec (igG Cy1), and a sequence from the extracellular domain of
CTLA-4

TGF-B1 + 1gG Cy1 + CTLA-4 ECD (SEQ ID NO: 60):

ALDTNYCFSSTEKNCCVRQLY IDFRRDLGWKWIHEPKGYHANFCLGPCPYIWSLDTQYSKVLALYN
QHNPGASAAPCCVPQALEPLPIVYYVGRKPKVEQLSNMIVRECKCS EPKSCDK
THTCPPCPAPELLGGPSVFLFPPKPKDTLMI SRTPEVTCVVVDVSHEDPEVKFNWYVDGVEVHNAK
TKPREEQYNSTYRVVSVLTVLHODWLNGKEYKCKVSNKALPAPIEKTISKAKGOPREPQVYTLPPS
RDELTRKNQVSLTCLVKGFYPSDIAVEWESNGOPENNYKTTPPVLDSDGSFFLYSKLTVDKSRWOOG
NVFSCSVMHEALHNHYTQKSLSLSPGK GGGGSGGGEGESGEEES
AMHVAQPAVVLASSRGIASFVCEYASPGKATEVRVTVLRQADSQVTEVCAATYMMGNELTFLDDST
CTGTSSGNQVNLTIQGLRAMDTGLY ICKVELMYPPPYYLGIGNGTQIYVIDPEPCPDSD

Underlined ltalic: Oncostatin M Signal Peptide {-25 to -1)

Underlined: CTLA-4 extracellular domain (1-125)

Plain: human IgG1 heavy chain constant region (IgG Cy1 domain = H, CH2, CH3)
ftalic: Linker (optional)

Bold: Mature (active) human TGF-p1

(Note: Optional C to S conversion in 1gG sequence (bold underlined))

(Note: The linker QEPKSCDK SEQ ID NO: 110 can be replaced with EPKSCDK SEQ
ID NO: 105 or another linker sequence)
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Fusion proteins comprising an antibody that binds TNF-«, and a RANKL-binding
sequence of receptor activator of nuclear factor-kB (RANK)

Anti-TNFa heavy chain + RANK ectodomain (SEQ ID NO: 61):
EVOLVESGGGLVQPGRSLRLSCAASGFTFDDYAMHWVRQAPGKGLEWVSAITWNSGHIDYADSVEG

RFTISRDNARKNSLYLOMNSLRAEDTAVYYCALVSYLSTASSLDYWGQGTLVIVSSASTKGPSVEPL

APSSKSTSGGTAALGCLVKDYFPEPVTVSWNSGALTSGVHTFPAVLOSSGLYSLSSVVTVPSSSLG
TQTYICNVNHKPSNTKVDRKEAEPKSCDKTHTCPPCPAPELLGGRPSVFLFPPKPKDTLMISRTRPEVT
CVVVDVSHEDPEVKFNWYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHQDWLNGREYKCKVENK
ALPAPIEKTISKAKGQPREPQVYTLPPSRDELTKNQVSLTCLVKGFYPSDIAVEWESNGQPENNYK
TTPPVLDSDGSFFLYSKLTVDKSRWQOGNVEFSCSVMHEALHNHY TOQKSLSLSPGK
GGGEEGGGEGSGGGGS QI APPCTSEKHY EHLGRCCNKC EPGKYMSSKC TTTSDSVCLP
CGPDEYLDSW NEEDKCLLHK VCDTGKALVA VVAGNSTTPR RCACTAGYHW SQDCECCRRN
TECAPGLGAQ HPLQLNKDTV CKPCLAGYFS DAFSSTDKCR PWINCTFLGK RVEHHGTEKS

DAVCSSSLPA RKPPNEPHVY LPG

Anti-TNFa light chain (SEQ ID NO: 78):
DIOMTOSPSSLSASVGDRVTITCRASQGIRNYLAWYQQLPGKAPKLLIYAASTLOSGVPSRFSGSE

SGTDFTLTISSLOPEDVATYYCORYNRAPYTFGQGTKVEIKRTVAAPSVFIFPPSDEQLKSGTASY

VCLLNNFYPREAKVOWKVONALQSGNSQESVTEQDSKDSTY SLSSTLTLSKADYEKHKVYACEVTH
QGLSSPVTKSFNRGEC

Underlined: anti-TNFe antibody variable region

Plain: anti-TNFa antibody constant region

[talic: Linker

Bold: RANK ectodomain

(Note: KKAE SEQ ID NO: 107 can be replaced with KRVE SEQ ID NO: 108 or KKVE
SEQ ID NO: 109)
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Fusion proteins comprising TNFR2 Extracellular ligand binding domain, Fc, and a
RANKL-binding sequence of receptor activator of nuclear factor-kB (RANK)
TNFR2 ECD + IgG Cy1 + RANK ectodomain (SEQ 1D NO: 62):

LPAQVAFTPYAPEPGSTCRLREYYDQTAQMCCSKCSPCGQHAKVEFCTKTSDTVCDSCEDSTYTOLWN
WVPECLSCGSRCSSDOVETQOACTREQNRICTCRPGWYCALSKQEGCRLCAPLRKCRPGFGVARPGT
ETSDVVCKPCAPCTFSNTTSSTDICRPHRICNVVAIPGNASMDAVCTSTSPTRSMAPGAVHLPQPYV
STRSQHTQPTPEPSTAPSTSFLLPMGPSPPAEGSTGD EPKSCDK
THTCPPCPAPELLGGPSVFLFPPRKPKDTLMISRTPEVTCVVVDVSHEDPEVKFNWYVDGVEVHNAK
TKPREEQYNSTYRVVSVLTVLHODWLNGKEYKCKVSNKALPAPTIEKTISKAKGQPREPQVYTLPPS
REEMTKNQVSLTCLVRGFYPSDIAVEWESNGQPENNYKTTPPVLDSDGSFFLYSKLTVDKSRWQQG
NVFSCSVMHEALHNHYTQKSLSLSPGK GGGGSGGGGSGGGES QI APPCTSEKHY
EHLGRCCNKC EPGKYMSSKC TTTSDSVCLP CGPDEYLDSW NEEDKCLLHK VCDTGKALVA
VVAGNSTTPR RCACTAGYHW SQDCECCRRN TECAPGLGAQ HPLQLNKDTV CKPCLAGYFS
DAFSSTDKCR PWINCTFLGK RVEHHGTEKS DAVCSSSLPA RKPPNEPHVY LPG

Fusion proteins comprising a RANKL-binding sequence of receptor activator of
nuclear factor-kB (RANK), Fc, and TNFR2 Extracellular ligand binding domain:
RANK ectodomain + IgG Cy1 + TNFR2 ECD (SEQ ID NO: 63):

QI APPCTSEKHY EHLGRCCNKC EPGKYMSSKC TTTSDSVCLP CGPDEYLDSW
NEEDKCLLHK VCDTGKALVA VVAGNSTTPR RCACTAGYHW SQDCECCRRN TECAPGLGAQ
HPLQLNKDTV CKPCLAGYFS DAFSSTDKCR PWTNCTFLGK RVEHHGTEKS DAVCSSSLPA
RKPPNEPHVY LPG

GGGGESGEGGSGEEGS THTCPPCPAPELLGGPSVFLFPPKPRDTLMISRTPEVTCVVVDVSHE
DPEVKFNWYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHQODWLNGKEYKCKVSNKALPAPIEKT
ISKAKGQOPREPQVYTLPPSREEMTKNQVSLTCLVKGFYPSDIAVEWESNGQPENNYKTTPPVLDSD
GSFFLYSKLTVDKSRWQQGNVFSCSVMHEALHNHYTQKSLILSPGK GGGGISGECGSGEGEES
LPAQVAFTPYAPEPGSTCRLREYYDQTAQMCCSKCSPEQHAKVECTKTSDTVCDSCEDSTY TOLWN
WVPECLSCGSRCSSDOVETQACTREQNRICTCRPGRY CALSKQEGCRLCAPLRKCRPGFGVARPET
ETSDVVCKPCAPGTFSNTTSSTDICRPHOICNVVAIPGNASMDAVCTSTSPTRSMAPGAVHLPQPV
STRSQHTQPTPEPSTAPSTSFLLPMGPSPPAEGSTGD

Underlined: TNFR2 ligand-binding domain
Plain: human IgG1 heavy chain constant region (IgG Cy1 domain = H, CH2, CH3)

ftalic: Linker
Bold: RANK ectodomain

(Note: Can replace linker 1 with GGGGsaGEEEsGEEESs SEQ ID NO: 104 or
EPKSCDK SEQ ID NO: 105)
(Note: Can replace underlined aa in Fc: E with D and M with L)
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Fusion proteins comprising the extracellular domain of CTLA-4, Immunoglobulin Fc
{(lgG Cy1), and a RANKL-binding sequence of receptor activator of nuclear factor-kB
(RANK)

Oncostatin M signal peptide + CTLA-4 ECD + IgG Cy1 + RANK ectodomain (SEQ ID NO:
64):
MGVLLTQRTLLSLVLALLFPSMASMAMHVAQPAVVLASSRGIASFVCEYASPGKATEVRVTVLROA
DSQVTEVCAATYMMGNELTFLDDS ICTGTSSGNQVNLTIQGLRAMDTGLY ICKVELMYPPPYYLGT
GNGTQIYVIDPEPCPDSDOEFPKSCDK THTCPPCPAPELLGGPSVFLFPEFKPKDTLM
ISRTPEVTCVVVDVSHEDPEVKFNWYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHODWLNGKE
YKCKVSNKALPAPIEKTISKAKGOPREPQVYTLPPSRDELTKNOVSLTCLVKGFYPSDIAVEWESN
GOPENNYKTTPPVLDSDGSFFLYSKLTVDKSRWOQGNVESCSVMEEALHNHY TOKSLSLSPGK
GGGGSGGGGSGEEES QI APPCTSEKHY EHLGRCCNKC EPGKYMSSKC TTTSDSVCLP
CGPDEYLDSW NEEDKCLLHK VCDTGKALVA VVAGNSTTPR RCACTAGYHW SQODCECCRRN
TECAPGLGAQ HPLQLNKDTV CKPCLAGYFS DAFSSTDKCR PWTINCTFLGK RVEHHGTEKS
DAVCSSSLPA RKPPNEPHVY LPG

Fusion proteins comprising a RANKL-binding sequence of receptor activator of
nuclear factor-kB (RANK), Immunoglobulin Fc (IgG Cy1), and a sequence from the
extracellular domain of CTLA-4

RANK ectodomain + IgG Cy1 + CTLA-4 ECD (SEQ ID NO: 65):

QI APPCTSEKHY EHLGRCCNKC EPGKYMSSKC TTTSDSVCLP CGPDEYLDSW
NEEDKCLLHK VCDTGKALVA VVAGNSTTPR RCACTAGYHW SQDCECCRRN TECAPGLGAQ
HPLQLNKDTV CKPCLAGYFS DAFSSTDKCR PWINCTFLGK RVEHHGTEKS DAVCSSSLPA
RKPPNEPHVY LPG EPKSCDK
THTCPPCPAPELLGGPSVFLFPPRKPKDTIMISRTPEVICVVVDVSHEDPEVKFNWYVDGVEVHNAK
TKPREEQYNSTYRVVSVLTVLHQDWLNGKEYKCKVSNKALPAPTEKTISKAKGOPREPOVYTLEPS
RDELTKNQVSLICLVKGFYPSDIAVEWESNGOPENNYKTTPPVLDSDGSFFLYSKLTVDKSRWOQG
NVFSCSVMHEALHNHYTQKSLSLSPGK GGGGSEGGESEEGEES
AMHVAQPAVVLASSRGIASFVCEYASPGRATEVRVTVLROADSQVTEVCAATYMMGNELTFLDDST
CTGTSSGNQVNLTIQGLRAMDTGLY ICKVELMYPPPYYLGIGNGTQIYVIDPEPCEDSD

Underlined Italic. Oncostatin M Signal Peptide {-25 to -1)

Underlined: CTLA-4 extracellular domain (1-125)

Plain: human IgG1 heavy chain constant region (IgG Cy1 domain = H, CH2, CH3)
ftalic: Linker (optional)

Bold: RANK ectodomain

(Note: Optional C to S conversion in igG sequence (bold underlined))

(Note: The linker QEPKSCDK SEQ ID NO: 110 can be replaced with EPKSCDK SEQ
ID NO: 105 or another linker sequence)
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Fusion proteins comprising a RANKL-binding sequence of receptor activator of
nuclear factor-kB (RANK), Fc, and a sequence from transforming growth factor-§
(TGF-B).

TGF-p1 + Fc + RANK ectodomain (SEQ ID NO: 66):

ALDTNYCFSSTEKNCCVRQLY IDFRKDLGWKWIHEPKGYHANFCLGPCPYIWSLDTQYSKVLALYN

QHNPGASAAPCCVPOALEPLPIVYYVGRKPKVEQLSNMIVRECKCS GGEESGEEESGERES

THTCPPCPAPELLGGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVKENWYVDGVEVHNAK
TKPREEQYNSTYRVVSVLTVLHQDWLNGKEYKCKVSNKALPAPIEKTISKAKGQPREPQVYTLPPS
REEMTKNQVSLTCLVKGFYPSDIAVEWESNGOPENNYKTTPPVLDSDGSFFLY SKLTVDKSRWQOG
NVFSCSVMHEALHNHYTQKSLSLSPGK GGGGSGGGGSGEGEGS QI APPCTSEKHY
EHLGRCCNKC EPGKYMSSKC TTTSDSVCLP CGPDEYLDSW NEEDKCLLHER VCDTGKALVA
VVAGNSTTPR RCACTAGYHW SQDCECCRRN TECAPGLGAQ HPLQLNKDTV CKPCLAGYFS
DAFSSTDKCR PWINCTFLGK RVEHHGTEKS DAVCSSSLPA RKPPNEPHVY LPG

RANK ectodomain + Fc + TGF-B1 (SEQ ID NO: 67):

QI APPCTSEKHY EHLGRCCNKC EPGKYMSSKC TTTSDSVCLP CGPDEYLDSW
NEEDRCLLHK VCDTGKALVA VVAGNSTTPR RCACTAGYHW SQDCECCRRN TECAPGLGAQ
HPLQLNRDTV CKPCLAGYFS DAFSSTDKCR PWINCTFLGK RVEHHGTEKS DAVCSSSLPA
REPPNEPHVY LPG GGGGSGGCGSGGGGS
THTCPPCPAPELLGGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVKFNWYVDEVEVHNAK
TKPREEQYNSTYRVVSVLTVLHODWLNGKEYKCKVSNKALPAPIEKTISKAKGQPREPQUYTLPPS
REEMTKNQVSLTCLVKGPYPSDIAVEWESNGQPENNYKTTPPVLDSDGSFFLYSKLTVDKERWQQG
NVFSCSVMHEALHNHYTQKSLSLSPGK GGGGSGGGGSGGEGS

ALDTNYCFSSTEKNCCVROLY IDFRKDLGWKWIHEPKGYHANFCLGPCPYIWSLDTQYSKVLALYN
OHNPGASAAPCCVPQALEPLPIVYYVGRKPKVEQLSNMIVRSCKCS

Underlined: Mature (active) human TGF-$1

ltalic: Linker (optional)

Plain: Fc

Bold: RANK ectodomain

(Note: Can replace linker 1 GGGGSEEEESGGGGS SEQ ID NO: 104 with
EPKSCDK SEQ ID NO: 105)

(Note: Can replace underlined aa in Fc: E with D and M with L)
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Fusion proteins comprising a RANKL-binding sequence of receptor activator of
nuclear factor-kB (RANK), Fc, and a sequence from PD-1 ligand 1

PD-1L1 + Fe + RANK ectodomain (SEQ ID NO: 68):
RIFAVFIFMTYWHLLNAFTVIVPKDLYVVEYGSNMTIECKFPVEKQLDLAALIVYWEMEDENI IQFVHGEED

LKVQHSSYRORARLLKDQLSLGNAALQITDVRKLODAGVYRCMI SYGEADYRRITVKVNAPYNK INQRILVVD

PVISEHELTCQAEGYPRAEVIWISSDHQVLSGKTTTTNSKREEKLFNVTSTLRINTTTNEI FYCTFRRLDPE

ENHTAELVIPELPLAHPPNERTHLVILGAILLCLGVALTFIFRLRKGRMMDVKKCGIQDTNSKKQSDTHLEE
T GGGGSGEGGSGEEGES

THTCPPCPAPELLGGPSVFLFPPKPKDTLMI SRTPEVTCVVVDVSHED PEVKFNWYVDAVEVHNAKTKPREE
QYNSTYRVVSVLTVLHODWLNGKEYKCKVSNKALPAPTEKT I SKAKGQPREPQVY TLEPSREEMTKNQVSLT

CLVKGFYPSDIAVEWESNGQOPENNYKTTPPVLDSDGSFFLY SKLTVDKSRWQQCNVFEFSCSVMHEALHNHYTO
KSLSLSPGK GGGGSGGGGSGEGGES QT APPCTSEKHY FHLGRCCNKC EPGKYMSSKC TTTEDSVCOLP

CGPDEYLDEW NEEDKCLLHK VCDTGKALVA VVAGNSTTPR RCACTAGYHW SQDCECCRRN

TECAPGLGAQ HPLOLNKDTV CKPCLAGYFS DAFSSTDKCR PWINCTFLGEK RVEHHCGTEKS

DAVCSSSLPA RKEPNEPHVY LPG

RANK ectodomain + Fe + PD-1L1 (SEQ ID NO: 69):
QI APPCTSEKHY EHLGRCCNKC EPGKYMSSKC TTTSDSVCLP CGPDEYLDSW NEEDKCLLHK

VCDTGKALVA VVAGNSTTPR RCACTAGYHW SQDCECCRRN TECAPGLGAQ HPLOLNKDTV

CKPCLAGYFS DAFSSTDKCR PWINCTFLGK RVEHHGTEKS DAVCSSSLPA RKPPNEPHVY LPG

GGGGSGGEEGSGGEES
THTCPPCPAPELLGGPSVFLFPPRKPKDTLMISRTPEVTCVVVDVSHEDPEVKFNWYVDGVEVENARTKPRER
QYNSTYRVVSVLTVLHQDWLNGKEYKCKVSNKALPAPIEKTISKAKGQPREPQVYTLPPSREEMTKNQVSLT
CLVKGFYPSDIAVEWESNGQPENNYKTTPPVLDSDGSFFLYSKLTVDKSRWQQGNVFSCSVMHEALHNHYTQ
KSLSLEPGK GGGGSGGGEGSGGGGS
RIFAVFIFMTYWHLLNAFTVTVPKDLYVVEYGSNMTIECKFPVEKQLDLAALIVYWEMEDKNIIQFVHGEED
LEVOHS SYRQRARLLRDOLSLGNAALQITDVKLODAGVYRCMI SYGGADYKRI TVRVNAPYNR INQRILVVD
PVISEHELTCOAEGYPRAEVIWTSSDHOVLSGKTTTTNSKREEKLFNVTSTLRINTTTNEIFYCTPRRLDPE

ENHTAELVIPELPLAHPPNERTHLVILGAILLCLGVALTFIFRLRKGRMMDVKKCGIQDTNSKKQSDTHLEE
T

Bold: PD-1L1 (May use PD-1L1 extracellular domain — underlined)
ltalic: Linker (optional)

Plain: Fc

Underlined: RANK ectodomain

(Note: Can replace linker 1 GGeGSGEEE56GEES SEQ ID NO: 104 with
EPKSCDK SEQ ID NO: 105)

(Note: Can replace underlined aa in Fc: E with D and M with L)

Fig. 52

Bicara Ex. 1017
Bicara v. JHU - PGR2026-00025



WO 2011/109789

PCT/US2011/027317

60/75
A
SWY80 human cancer cells , MB49 murine cancer cells
! ' 1 |
Control - untreated - Control - untreated ‘
oF ; 83 =
B ] 4
£ -
= ‘I3
= 3 3
p 83 D _;:5
& . it o b
i whooon LA S T L s LI 1 GO S o
3 Doxorubicin 10uM - 4h o~  Doxorubicin 10uM - 4h
N3 T 93.6% 1 o« L T976% My
£ 2 1ge1_, crRT &
2 C 3 control
O 8 5,
1 100 10! 1w w0 1ot
PE PE
B
20
150 -
o
=
o
o
2
> 180 -
=
u.
5

MB49

MB49 + MB49 +
Doxorubicin Doxorubicin
{Ex vivo) {In vivo, day 10)

Fig. 53 A & B

Bicara Ex. 1017
Bicara v. JHU - PGR2026-00025



WO 2011/109789 PCT/US2011/027317

61775
C Pre-treatment

~{~ Maone
—~&— MB46.-Dox Vaccing {d, -7}

%

~SF— MB48-Doy Vaccine + anti-C08 Ab {d, -7}
2500 T
s ‘,./'"‘
“E 2000 e
£ g
L 4500
E
=
)
i 000
o
5
= 500 )
-:»’-"-:(:-i:/
0 4 o A
7 14 35
Time after live MBA48 inoculation (days)
Trealment
D wang 4 O Unueated Control
ol Daxorobicm (d3)
g | T Dosorubicn (47}
~~ Daoxorubicin {410}
o 1000 -
&
é £00
®
g""
=800 -
L
>
g ."Tn
g 40
3
!....
00
@ 4 T T
o 7 14 21 28

Time (days after fumor inoculation)

Fig. 53 C & D

Bicara Ex. 1017
Bicara v. JHU - PGR2026-00025



WO 2011/109789 PCT/US2011/027317

62/75

70 - Days after tumor challenge

-
|
!
H
|
|
i
|
|

CD4+CD25%FoxP3* (% of CD4™)

DLN SPL Tumor

Medium
: HA peptide
B vB49 lysate

IFN-y (pg/mi)

MB48-Dox MB49-Dox +
CD44CD25+ T celis

Fig. 53 E & F

Bicara Ex. 1017
Bicara v. JHU - PGR2026-00025



WO 2011/109789 PCT/US2011/027317

63/75

Dox-MB49
B Dox-MB49 + anti-CD8 Ab

E Dox-MB49 + CD4*CD25% T cells

100+
_ . 7/8 mice
g 2
m 80
=
o= 0
L e et
< 2 R
& ¢
22 40 3/8 mice
(4 m_
5 7 .
10 0/7 mice
Fig. 53G

Bicara Ex. 1017
Bicara v. JHU - PGR2026-00025



WO 2011/109789 PCT/US2011/027317

64/75
A
10000 .
= &m:
E
a
N’ m
e
i;_ o
O
o4
£
o
©
¢ A0
g - .
No Tumor d14 d28
Tumor-bearing
B

i Treells (normal mice)

S

B 7cens {tumor-bearing mice)

B8 Tumor celis tumor-bearing mice)
1000

TGF-B (pg/ml)
8

Fig. 54 A&B

Bicara Ex. 1017
Bicara v. JHU - PGR2026-00025



WO 2011/109789

PCT/US2011/027317

65/75
C
350
w6
T
E [N
D 20 .
= \'7&\
Y N
@ ¥ ‘\"\
o
\‘»H
0
%.
0 ‘ < - *
0 100 200 400
TGFERII-Fe (ng/mi)
D
Control
1 FOXP3
CD25 1 TGFBRII-Fc
1
109 10 102 10% 104

CD4

Fig. 54 C &D

Bicara Ex. 1017

Bicara v. JHU - PGR2026-00025



WO 2011/109789

&

CD4*CD25%FoxP3* Tregs
(% of total tumor celis)

Tumor volume (mm>)

s 8 W

=]

[}

PCT/US2011/027317

66/75

| Untreated Control
Bl poxorubicin

. TGFPRI-Fe + Doxorubicin

T

~&- Unireated Contral

¥ TGFERI-Fe

- Doxorubloin

-{»- Doxorubicin + TGFaRINFe

100 @
80 P
o y A

/// /i
400 ? <

[

10 17 25
Time (days)

Fig. 54 E&F

Bicara Ex. 1017

Bicara v. JHU - PGR2026-00025



WO 2011/109789

PCT/US2011/027317

6717175

-]

<
dann <
o) -
&=
8
8¢
s .
3
©
@ (o)
R frocs
ras g
>
e
<>

Anti-CD4 antibody
(CD4-depletion)

30

% of Mononuclear cells (Blood day 7)

Forvard Seatter

CD8+ T cells
CD4+ T cells

-1 CD4+CD25+FoxP3+ T cells (Tregs)

g

CD4 FITC vs CD25 PE
gated on CD4+ FoxP3 gated on CD4+CD25+
-
a
1, 1
‘; $ k. lsabygx
3 Controt
1 k ‘
3 23 . N
¥ ¥ tond TR )
0 woe 10 107 3@ o
Forward Scatter e AL
3 vu e h
y 3 3
k R3
¥
1
o 5
o B s
3006 i

% 10" 102 108 10t
FITC

A At e s

O0FD X3 13 34 35 16 17 I8 19 20 21 22 23 24 25 26 27 28 29 30 31 32
i i _ 1

Untreated Control

Chemotherapy Chemotherapy + Chematherapy +
anti-CD4 antibody anti-CD8 antibody

Fig. 55 A & B

Bicara Ex. 1017
Bicara v. JHU - PGR2026-00025



WO 2011/109789

~B- Untreated Control v
P Doxorubicin v
2000 -~ Doxorubicin +anti-CD4 Ab St
- Doxorubicin +anfi-CD8 Ab /‘“
150G -
E
@
E
-a 000 4
>
B
o]
S
- ]
0- :
Time (Days} 7
Treatment A

68 /75
CD8+ T cells (% IFN-h

o
o«
& Untreated Control
<
Ry
50
Se3d
P |
'» RN S S §
= R e
10 10% 104
N
&84 Doxorubion
3 lsulype
§§ 3 Contral
D - e 3
2 o 3 Ry
324
w3
< .
K 304
m -
& Digxorubicin +
@ < anti-Coq antibody
w3
Sel
Wy
foacd s 338 s » X : 4.‘:
160 10! 102 199 104

PCT/US2011/027317

T celt depletion  __ * A

Fig. 55 C & D

Bicara Ex. 1017
Bicara v. JHU - PGR2026-00025



WO 2011/109789 PCT/US2011/027317

69/75
fon]
= Cisplatin
@ -
g tentype
5 Cm’);f{x%
]
¥ n%"‘i‘wﬂ'g ¥ Bfim
100 o' 102 10 10?
O
g -
‘ Cisplatin +
g Gemcitabine
=3
[
© — CRT
3 £ 4 :ixﬂﬁ; ) knxm
109 10t 102 1% 0%
PE
Untreated Control
C1g P
X ¥
3

Counis

Cisplatin +
anti-CD4 Ab

Counts .
0 5101520253, 0 5 101520253C, O 5 1015202530

10° 10° 104

Fig. 56 A & B

Bicara Ex. 1017
Bicara v. JHU - PGR2026-00025



WO 2011/109789 PCT/US2011/027317

70/75
C CD4APC cps PE
Vs v
CD62L FITC ¢D62L FITC

FITC

Untreated
Control

By

10

vrRws)

s -
840t 102 10% 10
APC

&

Cisplatin
10?10t
- PE
Cisplatin
+
anti-CD4 Ab
{CD4 depleted) o ,
| ggé 108 10% 700 101 102 108 104
: PE
D 2w 4 @ Untreated Control
~4-~ Cisplatin
. —{_}~ Cisplatin + anti-CD4 Ab
mE 007 —xp— Cisplatin + anti-CD8 Ab
E
g 1500 1
=
S "
~ o0 v
O S
:Ej /f/ e
= 20 | /./ g
" = 4 e d
s e
| S L
D - 7 ¥ ¥
Time (Days} 7 14 21 28 35

Treatment A A

T cell deplation

Fig. 56 C & D

Bicara Ex. 1017

Bicara v. JHU - PGR2026-00025



WO 2011/109789 PCT/US2011/027317

71175
E
| & Untreated Control
30 ol Clsplatin [
-}~ Cispiatin + ant-CD4 Ab , _
00 | g Cisplatin + Gemcitabine
- ~{~ Cisplatin + Gemcifabine + anti-CD4 Ab |
m ZEDE . e ,’{ §
£ 6 /!
g fi / v
o 2000 A /1
E '/‘ .“.! I
=2 z"! - / z"':
£ 150 / /
§ Ers\’/ ) // L /”:
E 1000 i
50 ) hd
O T
Time (Days) 7 21 28 35 42 45

14 28
Treatment ’* ’!‘ * i A
T call depietion i__._J

F

Tumor-free at d50 (%)

100
&}»
a}_
40-
mn
o e ‘ i B
Cisplatin Cisplatin + Cisplatin Cisplatin +
Gemcitabine Gemcitabine

+ anti-CD4 Ab
Fig. 56 E & F

Bicara Ex. 1017
Bicara v. JHU - PGR2026-00025



WO 2011/109789

PCT/US2011/027317

72775
A ~4- Untreated Cuntrol
—&— binntecan
g fringtecan + 008 depletion
3} lrinotecan + CDA dapletion
2000~ lrinotecan + CDA/COR depletion
o S
é 3 ‘,-’/ /@ -
= /
E ‘T‘,,,‘/ %/ e
3 1000 &
o VAl
Z i
3 // ‘, o
= it =
> : R o
50& P -
0~ ., : .
Time (Days} i 14 21 28
Trestment & ; A
T cell deplstion M
B Spleen
- Bl Draining Lymph Node
> 18
22 s
£g .
o
oy 2
oS
-
i <
g ¢
N Q 61
OE
g ¢
v S
- 2
(& o ,
Irinotecan: - + + + +
antiCD4 Ab: - - + - +
antiCD8 Ab: - - + +

Fig. 57 A& B

Bicara Ex. 1017

Bicara v. JHU - PGR2026-00025



CcD8

WO 2011/109789 PCT/US2011/027317

73175

Non specific ;
Media HA peptide CT286 !ysate

Q.

0.29%

¥

Untreated Control

sy
o
1

irinotecan

H

1.

i

IFNy+ CD38+ T cells {% total CD$)
o5 SR 75 B S : BEE = 2 TN S = s S £ o

o
:

CT26 HA peplide Medium
tumor lysate (no peptide)

Fig. 57 C & D

Bicara Ex. 1017
Bicara v. JHU - PGR2026-00025



WO 2011/109789 PCT/US2011/027317

74175

E
CT 26 colon cancer
Rae1 |
Tim&{h) 0 1 2 4 8 1216 24 36 48
frinotecan
Rael |
Time(h) 0 2 4 8 16 24 48 (&
Oxaliplatin
F
frinotecan
s !
® 7T
hE (,fi S,
-;g ;’)\j \,
< £ ?
2z~ !
3
g 3 - Mﬁ“‘!
o yd
o 3 ff . ¥ 3
0 2 4 8 16 24 48 72

Time (h)

Fig. 57 E&F

Bicara Ex. 1017

Bicara v. JHU - PGR2026-00025



WO 2011/109789

Tumor volume (mm3)
- 8588888838

75175

Expression sTBIT A8 oa HOTHI S cally

g
Irinetecan %

& ks K “i})g
g3
iringtecan
S

1

)

e

»%;Mx;gs,\;,/,“;y;t s

ft

Untreated Control

| —— Jrinotecan

-~ lrinotecan + NKG2D Ab

PCT/US2011/027317

5 10 15

i

20

Time (days after tumor inoculation)

Fig. 57 G & H

Bicara Ex. 1017
Bicara v. JHU - PGR2026-00025





