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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 imumunomodulatory
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

[0002] 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

[8003] The present invention is based on the seminal discovery that targeted
immunomodulatory antibodies and fusion proteins can counteract or reverse immmune 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
tmmunosuppressive 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.

[6004] 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 immunomedulatory moiety specifically binds one of the following
molecules: (i) Transforming growth factor-beta (TGF-B); (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-$R); (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 coraponent 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, CID30, CD33, or CD40.

[6006] 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; IL-
2aR}; {iii) 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-
L2); (ix) Receptor activator of nuclear factor-xB (RANK); or (x) Receptor activator of nuclear
factor-xB (RANK) ligand (RANKL).
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[0007] In one aspect, the immunomodulatory moiety specifically binds one of the following
molecules: (i) Transforming growth factor-beta (TGF-B); (ii) Programmed death-1 ligand (PD-
L1 or PD-L2); or (iii) Receptor activator of nuclear factor-kB (RANK) ligand (RANKL).

[6008] In one aspect, the immunomaodulatory moiety includes a molecule that binds TGF-.
In another aspect, the immunomodulatory moiety includes an extracellular ligand-binding
domiain of Transforming growth factor-beta receptor TGF-BRII, TGF-BRIIb, or TGF-BRIIL. In
another aspect, the immunomodulatory moiety includes an extracellular ligand-binding
domain of TGF-BRIIL In an additional aspect, the immunomodulatory moiety inhibits the

activity or function of TGF-B.

[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-20. receptor; IL-2aR),
or CD4. In an additional aspect, the immunomodulatory moiety includes an extracellular
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,%0r 10

[0018]  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 Programimed 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-BRIL In another aspect, the molecule includes PD-1
ectodomain, immunoglobulin Fe 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-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 TGF-BRII. In another aspect, the molecule includes
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RANK ectodomain, immunoglobulin Fe region, and TGFBRII ectodomain. In another aspect,

the molecule includes an amino acid sequence corresponding to SEQ IDNO: 13 or 14.

[0012]  In one 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, EGFR 1, 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.

[6614]  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-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 ectodemain, 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-xB (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), CD25 (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.

[0818]  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 Programimed death-1 ligand 2 (PD-L2). In an additional aspect, the
targeting moiety includes an antibody that binds TNF-a, 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 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 ID NO: 38 or 39.

[0019]  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

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 Cy1), 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-§ (TGF-8)
and immunoglobulin Fc region (IgG Cy1), and the immunomeodulatory 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 molecule includes an amino acid sequence corresponding to

SEQ 1D NO: 48 or 49.

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

activates the signaling function of transforming growth factor- (VGF-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-a), 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-a, 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-2a receptor; 1L-2aR), or CD4, and the
immunomodulatory moiety includes a sequence from transforming growth factor-§ (TGF-§).
In an additional aspect, the molecule includes an amino acid sequence corresponding to SEQ
1D NO: 53, 54, 55, 56, 57 or 58.
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[0025]  In one aspect, the targeting moiety includes an extracellular domain of CTL.A-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 oneaspect, the targeting moiety includes an antibody, antibody fragment, or
polypeptide that specifically binds to Tumor Necrosis Factor-a (TNF-0), and the
mmmunomodulatory 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-a, 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 tumor
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 demain 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 includes an extracellular domain of CTLA-4 and
immunoglobulin Fe region (IgG Cy1), and the immunomodulatory moiety includes an
extraceliular RANKI-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 1D NO: 64 or65.

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

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

an amino acid sequence corresponding to SEQ 1D 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 Cy1), and the immunomodulatory

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

WEST\223275855.1
331323-000500

Bicara Ex. 1016, Page 7 of 182
Bicara v. JHU - PGR2026-00025



PATENT
JHU3260-4W0O

of nuclear factor-kB (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] Inanother 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 ionizing 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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[60635] 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
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 thereofa

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

[0037]  Inanother 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 autoinunune 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 I (TGF-B-RII) or TGF-B-RIIB or a fragment thereof, including (i)
Transforming growth factor beta receptor type H (TGF-B-RID) (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--RIIB including the Extracellular domain (ECD)
region that binds TGF-B, including (i) TGF-f R-II (AC terminus): TGFp R1I lacking the last
38 amino acids from the C-terminus (SEQ ID NO: 81) and TGF-$ R-IIB (AC terminus): TGFR
RIIB lacking the last 38 aa from the C-terminus (SEQ ID NO: 82); (il) TGF-BR-H (Acyt):
TGFBRII lacking the kinase domain & juxtamembrane region (SEQ ID NO: 83) and TGF-BR-
B (Acyt): TGFBRIIB lacking the kinase domain & juxtamembrane region (SEQ 1D NO: 84);
(it} 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-B R-II containing the extracellular domain that binds
TGF-B (SEQ ID NO: 87) and TGF-$ R-IIB containing the extracellular domain that binds
TGF-B (SEQ 1D NO: 88); and (v) TGF-B R-1II containing the region of the extracellular
demain that binds TGF-f (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 [ {TGFB-RII) or
TGFB-RIIB or a fragment thereof which binds TGF-B, including (i) Transforming growth
factor beta Receptor II 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 (ii) Transforming growth factor beta Receptor II containing deletions in the
amino acid sequence (deletion mutants) - Transforming growth factor beta Receptor 11 (Ai) -
TGF- R-1 (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 II (TGFB-RII) 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 chain amino acid sequence (SEQ 1D 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-RI 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 II (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]  Figure 5 shows exemplary fusion proteins including anti-VEGF antibody and
Transforming growth factor-beta receptor IT (TGFB-RII) Extracellular domain (ECD),
including anti-VEGF heavy chain+ TGFB-RII ECD fusion amino acid sequence (SEQ ID NQ:
4) 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 I (TGFB-RII) Extracellular domain (ECD),
including Anti-CTLA-4 heavy chain + TGFB-RII Extraceliular 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 Il (TGFB-R1I) Extracellular domain (ECD), including IL-2 + Fc +
TGFB-RII Extracellular domain (SEQ 1D NO: 6) and TGF-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-CID25 antibody and
Transforming growth factor-beta receptor I (TGFB-RIT} Extracellular domain (ECD),
including anti-CD25 (Daclizumab) heavy chain and TGFB-RI Extracellular domain (SEQ 1D
NO: 8) and anti-CD235 (Daclizumab) light chain (SEQ 1D NO: 73) (Figure 8A); and anti-CD25
(Basiliximab) heavy chain and TGFB-RII Extracellular domain (SEQ ID NO: 9) and anti-
CD25 (Basiliximab) 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 (TGF-RII) Extracellular domain (ECD),
including anti-CD4 heavy chain and TGFj-RII Extracellular domain (SEQ ID NO: 10) and
anti-CD4 light chain (SEQ ID NO: 77)

{00501  Figure 10 shows exemplary fusion proteins including Programmed Death-1 (PD-1)
Ectodomain, Fe, and Transforming growth factor-beta receptor II (TGFB-RII) Extracellular
domain (ectodomain), including PD-1 ectodomain + Fc + TGFBRIT 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 II (TGFf-~
RIT) Extracellular domain (ectodomain), including RANK ectodomain + Fe + TGFBRII
ectodomain (SEQ ID NO: 13) and TGFPRII ectodomain + F¢ + RANK ectodomain (SEQ 1D
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 1D 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).

[6053]  Figure 13 shows exemplary fusion proteins including anti-HER2/neu antibody and
PD-1 Ectodormain, 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
NQO: 70).

[0054]  Figure 14 shows exemplary fusion proteins including anti-EGFR1 antibody and PD-
1 Betodomain, including anti-EGFR heavy chain + PD-1 ectodomain fusion amino acid

sequence (SEQ ID NO: 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 1D NO: 72).

[0656]  Figure 16 shows exemplary fusion proteins including anti-VEGF antibody and PD-1
Eetodomain, including anti-VEGF heavy chain + PD-1 ectodomain fusion amino acid

sequence (SEQ ID NO: 18) and anti-VEGF Light chdin sequence {SEQ ID 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-CD25 (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 D NO: 21) and anti-CD25
(Basiliximab) light chain (SEQ ID NO: 76) (Figure 18B).

[0059]  Figure 19 shows exemplary fusion proteins including IL-2, Fc, and PD-1
ectodomain, including 11L.-2 + Fe + PD-1 ectodomain (SEQ ID NO: 22) and PD-1 ectodomain
+ Fe+1L-2 (SEQ 1D NO: 23). The linker GGGGSGGGGSGGGGS SEQ ID NO: 104 15
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.

[00660]  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 + Fc
+ PD-1 ectodomain (SEQ 1D NO: 25) and PD-1 ectodomain + Fc + RANK ectodomain (SEQ
ID NO: 26). The linker sequence EPKSCDK (SEQ 1D 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-fength RANK or
fragment thereof (SEQ 1D NO: 95), extracellular ligand-binding domain or ectoedomain of
RANK (SEQ ID NO: 96), RANKL-binding sequences or residues of RANK (SEQ ID NO:
93). or RANKL-binding sequences of Osteoprotegerin (OPG) (SEQ ID NO: 98).

[0063]  Figure 23 shows exemplary fusion proteins including anti-HER2/neu antibody and
RANK Ectodomain, including anti-HERZ2/neu heavy chain + RANK ectodomain fusion amino
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 ID
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 Ectodomain, including anti-VEGF heavy chain + RANK ectodomain fusion amino
acid sequence (SEQ ID NO: 30) and anti-VEGF Light chain sequence (SEQ 1D 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 I NO: 31) and anti-CTLA-4 light chain (SEQ ID NO: 74).

[0068]  Figure 28 shows exemplary fusion proteins including anti-CD25 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 1L-2 + F¢ + RANK ectodomain (SEQ ID NO: 34) and RANK
ectodomain + Fec + 1L-2 (SEQ ID NO: 35). The linker GGGGSGGGGSGGGGS SEQ ID NO:
104 is optional and can be replaced with EPKSCDK SEQ 1D NOQ: 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 NO: 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-L.1 or B7-H1) or PD-1 ligand 2 (PD-L2 or B7-
DC) or a fragment thereof (for example, SEQ ID NO: 101), full-length human PD-1 ligand 1
(B7-H1; PDCDI1LI; PD-L1; 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
(TNFu) antibody and PD-1 ligand, including 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).

[B073]  Figure 33 shows exemplary fusion proteins including TNFR2 Extracellular ligand
binding domain, Fc, and PD-1 ligand, including TNFR2 ECD + 1gG Cyl +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
higand 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-CD235 (Daclizumab) heavy chain and PD-L1 (SEQ ID NO:
41) and anti-CD25 (Daclizumab) light chain (SEQ ID NQ: 75) (Figure 354A), and anti-CD25
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(Basiliximab) heavy chain and PD-1 ectodomain (SEQ ID NO: 42) and anti-CD235
(Basiliximab) light chain (SEQ ID 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 + Fc + IL-2 (SEQ ID NQ: 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 amino acid sequences can be replaced in Fc,

including underlined E with D and underlined M with L.

[6077]  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 NOQO:
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-L1) including
Oncostatin M signal peptide + CTLA-4 ECD + Ig(G Cyl + PD-L1 (SEQ 1D NO: 46) and PD-
IL1 +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 s
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-B (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 known in the art.
Certain amino acid sequences can be replaced in Fe, including underlined E with D and

underlined M with L.

[0080]  TFigure 40 shows exemplary immunomodulatory moiety that binds Transforming
growth factor-beta receptor (TGF-BR) including Transforming growth factor-beta (TGF-$1,
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 1D NO: 103).

WEST\223275855.1
331323-000900

Bicara Ex. 1016, Page 16 of 182
Bicara v. JHU - PGR2026-00025



PATENT
JHU3260-4WO

17

[0081]  Figure 41 shows exemplary fusion proteins including an antibody that binds TNF-«,
and a sequence of transforming growth factor-B (TGF-B), including anti-TNFa heavy chain +
TGE-B1 (SEQ I3 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-p (TGF-8) including TNFR2 ECD + 1gG Cy1 + TGF-B1 (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-p (TGF-f), including anti-CD20 heavy chain +
mature TGFB1 sequence (SEQ ID NO: 53) and anti-CD20 light chain sequence (SEQ ID NO:
72).

[0084]  Figure 44 shows exemplary fusion proteins including anti-CD23 antibody and a
sequence from transforming growth factor-B (TGF-B), including anti-CD25 (Daclizumab)
heavy chain and TGF-$1 (SEQ ID NO: 54) and anti-CD235 (Daclizumab) light chain (SEQ ID
NO: 75) (Figure 44A), and anti-CD25 (Basiliximab) heavy chain and TGF-$1 (SEQ 1D NO;
55) and anti-CD2S5 (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-f (TGF-), including TGF-$1 + Fc + IL-2 (SEQ ID NO: 56) and
IL-2 + Fc + TGF-B1 (SEQ ID NO: 57). The linker GGGGSGGGGSGGGGS SEQ 1D 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 underiined M with L.

[0086]  Figure 46 shows exemplary fusion proteins including anti-CD4 antibody and a
sequence from transforming growth factor-f (TGF-8), including anti-CD4 heavy chain and
TGF-B (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 transformirig growth factor-f
{(TGF-B) including Oncostatin M signal peptide + CTLA-4 ECD + 1gG Cy1 + TGF-B1 (SEQ
ID NO: 59), and TGF-p1 + 1gG Cyl + CTLA-4 ECD (SEQ ID NO: 60). 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 anocther

linker sequence.

[0088] Figure 48 shows exemplary fusion proteins including an antibody that binds TNF-q,
and a sequence of RANK ectodomain, including anti-TNFa heavy chain + RANK ectodomain
(SEQ 1D NO: 61) and anti-TNF« 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 (JgG Cyl), and a sequence from RANK
ectodomain including TNFR2 ECD + [gG Cyl + RANK ectodomain {SEQ ID NO: 62), and
RANK ectodomain + IgG Cyl + TNFR2 ECD (SEQ ID NO: 63).

[00908]  Figure 50 shows exemplary Fusion proteins including the extracellular domain of
CTLA-4, Immunoglobulin Fe (IgG Cy1), and a sequence from RANK ectodomain including
Oncostatin M signal peptide + CTLA-4 ECD + IgG Cyl + RANK ectodomain (SEQ ID NO:
64), and RANK ectodomain + IgG Cyl + CTLA-4 ECD (SEQ ID 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 NQO: 105 or another

linker sequence.

[6091]  Figure 51 shows exemplary fusion proteins including a sequence from transforming
growth factor-p (TGF-B), immunoglobulin Fe (IgG Cy1), and a sequence from RANK
ectodomain including TGF-B+ IgG Cyl + RANK ectodomain (SEQ ID NO: 66), and RANK
ectodomain + IgG Cyl + TGF-B (SEQ 1D 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-L1 (SEQ ID NO: 69).

[0693]  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 pM) 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 doxorubicin (10 M) for 4h were injected into one flank of syngeneic
immunocompetent CS7BL/6 mice. Alternatively, C57BL/6 mice were injected with 5x10° live
MB49 tumor cells and then administered intratumoral doxorubicin (10 pug) at 10d following
tumor inoculatio™ 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 iz vitro with doxorubicin (10 uM) for 4h were injected
subcutaneously into one flank of syngeneic immunocompetens C57BL/6 mice. Naive or '
vaccinated mice were challenged with untreated live MB49 tumor cells injected into the
opposite flank with or without pre-treatment with an anti-CD$8 antibody (Clone GK2.43)(5 ug
x 2 doses, iv) to deplete CD&" 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 pg) at d3, d7, or d10 foll”™'ng tumor inoculation. (¢) Tumors
foster the accurnulation of CD4"CD25 FoxP3" cells (Tregs) in their microenvironment. Flow
cytometric analyses of the percentage of CD4*CD25 Fox"3" ¢°ils (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 CS7BL/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 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 urrelevant peptide (Hemagglutinin-HA), or
medium alone. (g} Tregs infiltrating the tumor microenvironment suppress the activation of
adaptive antitumor 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 tumor growth upon challenge with untreated live MB49 tumor

cells injected into the opposite flank.

[0094]  Figure 54 shows iphibition of TGF-§ in the tumor microenvironment reduces
‘adaptive’ FoxP3" regulatory T cells and enhances the antitumor efficacy chemotherapy. (a)
Tumer growth results in a progressive increase in the level of seram TGF-f. Levels of TGF-
in serum of mice at d0, d14, and d28 following inoculation of 5x10° live MB49 tumor cells
were evaluated utilizing ELISA. (b) Tumeor 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 vive in serum-free medium for 24h and the amount of TGF-B/10° cells in
supernatants was measured by ELISA. (¢} TGFBRII:Fe sequesters TGF-B in supernatants of
MB49 wmor cells in a concentration-dependent manner. MB49 tumor cells were cultured in
the presence of graded concentrations of TGFBRIL:Fc (0-400 ng/m!) for 24h followed by
measurement of TGF-B (pg/ml/10° cells) in supernatants via ELISA. (d) TGF-8 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, )
Sequestration of intratumoral TGF-B with TGFBRII:Fc reduces CD4'CD25 FoxP3" Tregs in
tumor tissu¢ 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 cyvtometry (), and tumor volume was
monitored to determine the effect of counteracting tumor-induced TGF-f-mediated immune

tolerance on the s vive 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 vive 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 CD&™ 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. CS7BL/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 vitre stimulation with MB49 cell lysates. (d)

WEST\22327358535.1
331323-000900

Bicara Ex. 1016, Page 21 of 182
Bicara v. JHU - PGR2026-00025



PATENT
JHU3260-4WO

22

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 § 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 GK1.5) 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 (DLN)
in response to in vitro stimulation with MB49 cell lysates (b). The percentage of effector
memory Ty cells was determined by flow cytometric analyses of CD8 CD62L" cells (c).
(d,e.,f) Depletion of CD4 " regulatory T cells augments the i# 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 either cisplatin (0.5mg/kg) or the
combination of cisplatin and gemcitabine (i.p. weekly x 4) beginning at 47 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 chemotherapy 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 (235 pg/ml) or oxaliplatin (10 pwg/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-
CATCAGTGACAGTTACTTCTITCACCTTCTACACAGAGA-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 p33-proficient (p53™) 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 7n vivo. Immunocompetent Balb/C mice
injected s.c. with 2 x10° syngeneic CT26 tumor cells were treated with irinotecan (50 me/kg
i.p weekly x 3) beginning at d5 following tumor inoculation, with or without. pre-treatment
with an NKG2D blocking antibody (CX35, 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 in vivo antitumor efficacy of irinotecan. (g) [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 (530 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.

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.r(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-CD8 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 ir vivo antitumor

efficacy of irinotecan.
DETAILED DESCRIPTION OF THE INVENTION

[0098]  Targeted immunostimulatory antibodies and/or fusion proteins for preveniion ar
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 treatment.

{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:

(1) 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 sifu 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 antibodics
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 to create a tolerogenic environment that allows them to
suppress the activation of a T cell-mediated antitumor immune response. The tumor-targeted
immunostimulatory antibodies and/or fusion proteins of the invention are designed to
overcome such immune tolerance in the tumor microenvironment and activate robust levels of
T cell responses for effective cancer immunotherapy or chemo-immurnotherapy. Accordingly,
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.

[0102] 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 simultaneously 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 celi- or DC-based
vaccines in at least one of the following aspects: (i} There is no @ priori requirement to define,
clene and purify individual tumor antigens, since the patient’s tumor itseif is the in vive source
of antigens; (i) 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
tandern 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 (1i1) To serve as immune adjuvants or Vacclines for prophylaxis of diverse cancers

or infectious diseases.

[0104] The targeted immunostimulatory antibodies and/or fusion proteins of the invention
provide the ability to disrupt immunosuppressive networks in the tumor microenvironment.
Tumors employ a wide array of regulatory mechanisms 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 immunosuppréssive cytokines and ligands produced by
tumor cells include the following: (1) Transforming growth factor-beta (TGF-§); (i)
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 a-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 vifre and in vive. The accumulation of Treg cells in the
tumor microenvironment re-inforces tumor immune tolerance and facilitates tumor
progression and metastases. The increased expression of immunosuppressive cytokines (TGF-
B; PD-L1) and tumoriinﬁltrating ‘regs 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 myeloid 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-lymphocyte associated protein 4 (CTLA-4; CD1352), 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. (iii) 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-v} 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 1I; (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 promnotes 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 tumor 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 a 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 immunomodulatory 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 immunomeodulatory 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-8); (i) Programmed death-1 ligand 1
(PD-L.1) or Programmmed 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 nuclear 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 (EGFRI1, 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; (il) CD25 (IL-2a receptor; 1L-
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2aR); (iii) cytotoxic T-lymphocyte antigen-4 (CTLA-4; CD1352); (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); (viil) Programmed death-~1 ligand (PD-L1 or PD-
1.2); (ix) Recepior activator of nuclear factor-xB (RANK); (%) Receptor activator of nuclear
factor-kB (RANK) ligand (RANKLY; (xi) LAG-3; or (xi1) glucocorticoid-induced tumor
necrosis factor receptor family-related gene (GITR; TNFRSF18).

[6111] In one aspect, the immunomodulatory moiety specifically binds one of the following
molecules: (i) Transforming growth factor-beta (TGF-f); (ii) Programmed death-1 ligand (PD-
L1 or PD-L2); (iii) Receptor activator of nuclear factor-xB (RANK) ligand (RANKL): or (iv)
vascular endothelial growth factor (VEGF).

[0112] 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-BRIL In
another aspect, the immunomodulatory moiety inclades an extracellular ligand-binding
domain of TGF-BRIL. 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-.

[0113] 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-2u receptor; IL-2aR),
or CD4. In an additional aspect, the immunomodulatory moiety includes an extracellular
ligand-binding domain of TGF-BRIL In another aspect, the molecule includes an amino acid
sequence corresponding to SEQ IDNO:1,2,3,4,5,6,7,8,9or 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-BRIL In another aspect, the molecule includes PD-1
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molecule includes an amino acid sequence corresponding to SEQ IDNO: 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). 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
an extracellular ligand-binding domain of TGF-BRII. 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 immunomedulatory moiety includes an extracellular 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), CD25 (JL-2¢ 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 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-kB 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
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.

[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: 95, 96, 97, or 98. In an
additional aspect, the immunomodulatory moiety inhibits the activity or function of Receptor

activator of nuclear factor-«B 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-2q receptor; IL-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 niyeloid DCs. These targeted immunosuppressive molecules of the
invention are designed to suppress unwanted or excessive immune or inflammatory responses
in order to treat antoimmune or inflammatory diseases or prevent the rejection of a

transplanted cell, tissue, or organ.

[0122] Targeted immunosuppressive antibodies and/or 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 I 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 least one of the following aspects: (i) The molecules of the
invention enable targeted delivery of immunosuppressive molecules to immune cells or pro-
nflammatory molecules in the milieu of the affected cell, tissue or organ; (il) The meolecules
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 mmvention can provide a mechanism of simultancously 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.

[6125] In one aspect, the immunomodulatory moiety includes a sequence from Programmed
death-1 ligand 1 (PD-I.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 NQO: 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-o
(TNF-u), 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-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 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 ID NO: 38 or 39.

[0127} In one aspect, the targeting moiety includes an antibody or antibody fragment that
specifically binds to CD20, CD25, 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.

[0128] In one aspect, the targeting moiety includes the extracellular domain of CTLA-4 and
immunoglobulin Fc region (IgG Cy1), 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-p (TGF-f) and
immunoglobulin Fc region (IgG Cy1), and the immunomedulatory 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 molecule includes an amino acid sequence corresponding to SEQ ID

NO: 48 or 49.

[6130] In one aspect, the immunomodulatory moiety includes a sequence from transforming
growth factor-f (TGF-f). 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-B (TGF-B) receptor.
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[0131] In one aspect, the targeting moiety includes an antibody, antibody fragment, or
polypeptide that specifically binds to Tumor Necrosis Factor-o (TNF-a), 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-a, 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 Fe 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, CD235 (JL-2« receptor; IL-20R), or CD4, and the
immunomodulatory moiety includes a sequence from transforming growth factor-B (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.

{0133] 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-g (TGF-f3). 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-o. (TNF-a), and the
immunomodulatory moiety includes an extracellular RANKL-binding domain or ectodomain
of Receptor activator of nuclear factor-kB (RANK) or Osteoprotegerin (OPG). In an
additional aspect, the targeting moiety includes an antibody that binds TNF-a, 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 tumor necrosis factor receptor 2 (TNFR2). In another

aspect, the molecule includes TNFR2 Extracellular ligand binding domain, immunoglobulin
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Fc 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 Cy1), and the immunomodulatory moiety includes an
extracellular RANKL-binding domain or ectodomain of Receptor activator of nuclear factor-
¥B (RANK) or Osteoprotegerin (OPG). In another aspect, the molecule includes an amino

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

[0136] In one aspect, the targeting moiety includes includes a sequence from transforming
growth factor-f (TGF-B) and immunoglobulin Fc 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.

[6137] In one aspect, the targeting moiety includes a sequence from Programmed death-1
ligand 1 (PD-L1) 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 1D 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-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 cytoioxic agent, anti-
angiogenic agent or any combination thereof. In another aspect, the cytotoxic anticancer
therapy includes ionizing radiation, ultraviolet radiation, cryoablation, thermal ablation, or

radiofrequency 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, 0X-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-
. 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.

[6144] In one aspect the chemotherapeutic agent is a topoisomerase-interacting agent,
anthracycline, doxorubicin, mitoxantrone, 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 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.
In one aspect, the vaccine 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
(pDOM1). Inone 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 vive or in vitre 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.

[0130] 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 commonly 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

(DC), antigen presenting cells (APC).

[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 Tocalize
and bind to a specific molecule or cellular component. The targeting moiety can be an
antibody, antibody fragment, scFv, Fc-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, EGFRI1, 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)
tamily, 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 (L'TK) 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-or), TGF-¢¢ réceptor;
Transforming growth factor-beta (TGF-§), TGF-B receptor; Interfeukin 13 receptor alpha2
chain (1I.13Ralpha2), Interleukin-6 (IL-6), 1L-6 receptor, Interleukin-4, IL-4 receptor,
Cytokine receptors, Class 1 (hematopoietin family) and Class II (interferon/l1L.-10 family)
receptors, tumor necrosis 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-5), caspase-8 (CASP-8),
beta-catenin (CTNNB1), cell division cycle 27 (CDC27), cyclin-dependent kinase 4 (CDK4),
CDKN2ZA, 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, OS-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-acety| 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-AB, MAGE-A9, MAGE-A10. MAGE-A11, MAGE-A12, MAGE-3, MAGE-B1,
MAGE-B2, MAGE-BS5. MAGE-B6, MAGE-C1, MAGE-C2, mucin 1 (MUCI), MART-
1/Melan-A (MLANA), gp100, gp100/Pmel17 (S1LV), tyrosinase (TYR), TRP-1, HAGE, NA-
88, NY-ESO-1, NY-ESO-VLAGE-2, SAGE, Sp17, $S§X-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,
p33 (TPS53), PBF, FRAME, PSMA, RAGE-1, RNF43, RU2AS, SOX10, STEAP1, survivin
(BIRCS), human telomerase reverse transcriptase (hTERT), telomerase, Wilms® tumor gene
(WT1), SYCP1, BRDT, SPANX, XAGE, ADAM2, PAGE-5, LIP1, CTAGE-1, CSAGE,
MMAI, 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, CD25, 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 (CLCAZ2), 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, CDR30, 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)y; MDX-210 (humanized anti—HER~2 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); Ofaturnumab (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 VEGFR1 and
VEGFR2 fused to IgG1 Fc); AMG386 (angiopoietin-1 and -2 binding peptide fused to 1gG1
Fc); Dalotuzumab (anti-IGF-1R mAb); Gemtuzumab ozogamicin (anti-CD33 mAb);
Alemtuzumab (anti-Campath-1/CD52 mAb); Brentuximab vedotin (anti-CD30 mAb);
Catumaxomab (bispecific mAb that targets epithelial cell adhesion molecule and CD3);
Naptumomab (anti-5T4 mAb); Girentutimab (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
US5736167, US7060808, 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-2a receptor; IL.-
2aR); cytotoxic T-lymphocyte antigen-4 (CTLA-4; CD152); Interleukin-10 (IL-10);
Transforming growth factor-beta receptor (TGF-R); 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-o. (TNF-
o); 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); OX40
ligand (OX40L; CD40; CD40 ligand (CD40L); CTLA-4; Programmed death-1 (PD-1); PD-1
higand 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 (TLR)YTLR 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, Fc-
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 Fc-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 (JL-10); Transforming growth factor-beta receptor (TGF-
fiR); 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-xB
(RANK); Receptor activator of nuclear factor-xB (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-a); tumor necrosis factor receptor {TNFR) superfamily; Interleukin-12
(IL-12); IL-12 receptor; 4-1BB (CD137); 4-1BB ligand (4-1BBL; CDI137L); OX40 (CD134;
TNR4); 0X40 ligand (0X40L; CD40; CD40 ligand (CD40L); CTLA-4; B7 family; B7-1
(CDR0); 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-B
antibody); metelimumab/CAT-192 (anti- TGF-$ antibody); lerdelimumab/CAT-152 (anti-
TGF-f antibody); ID11 (anti- TGF-8 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); Certolizamab (humanized Fab anti-TNF); Golimumab (anti-TNF); Etanercept
(Extracellular domain of TNFR fused to 1gG1 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); REGNS8 (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-CID11a 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-inhibitery 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-xB (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 (OX40L); 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-o);
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 immunomodulatory 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 (TGE-BRIL, TGF-BRIIb, or TGF-BRII); 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; [L-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); OX40 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-Fc-X, wherein X is the
targeting moiety, and Y is the immunomodulatory mojety. 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-
PRI1b, 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,
tumor vasculature, 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); [L-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-BRII, TGF-BRIlb, or TGF-BRII);
Programmed Death-1 (PD-1); Receptor activator of nuclear factor-xB (RANK); or IL-10R. In
another aspect, the immunomeodulatory moiety comprises one or more of the following ligands
or getive ligand fragments: 4-1BB ligand (4-1BBL; CD137L); 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 (IL-2a receptor; IL-2aR); cytotoxic T-lymphocyte antigen—4 (CTLA-4; CD152):
Interleukin-10 (1L-10); Transforming growth factor-beta (TGF-§): 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] In 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 differemnt 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-BRII); Programmed Death-1 (PD-1);
Receptor activator of nuclear factor-«B (RANK); or [L-10R; or (ii) Fc-containing polypeptide
or ligand that binds one of the following: CTLA-4; 4-1BB (CD137); OX40 (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-3, CTLA-4, PD-1, 4-1BB (CD137), OX40
(CD134; TNR4), CD40; IL-12R, or GITR/AITR (TNFRSF18), or Toll-like receptor (TLR); an
extracellular domain or ligand-binding sequence of Transforming growti} factor-beta receptor
(TGF-fRII, TGF-BRIIb, or TGF-BRIII), 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

immunomodulatory moiety.
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[8173] In another aspect, the targeting moiety includes an antibody, antibody fragment, scFv,
Fc-containing polypeptide that binds one of the following molecules: CD4; CD25 (IL-2a
receptor; IL-2aR); or CD20; and the immunomedulatory 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-ct (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-), PD-1 ligand 1 (PD-L1), or IL-10; or (ii) an extracellular domain or
ligand-binding fragment of RANK, 4-1BB (CD137), OX40 (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 Fc, and the immunomodulatory moiety comprises one of the
following: (i) ligands or active ligand fragmenﬁ 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, 11.-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-o (TNF-@), 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 I[L-10; or CTLA-4-Fc. In one aspect, the fusion molecule is
represented by X-Fc-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,

WEST\223275855.1
331323-000900

Bicara Ex. 1016, Page 49 of 182
Bicara v. JHU - PGR2026-00025



PATENT
JHU3260-4WO

50

multispecific, human, humanized or chimeric antibodies, single chain antibodies, Fab
fragments. F(ab’) fragments, fragments produced by a Fab expression library, anti-idiotypic
(anti-1d) 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, IgM, IgD, IgA, and
IgY), class (e.g., IgGl, 1gG2, IgG3, 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 antibody 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.chimerijc 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 polvpeptide is linked or fused to an
immunormodulatory 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 1D 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 Fc-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 corresponding 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 Fc 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 Fc 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, IsG2, 1gC3, IgG4, IgA, and IgA2. The heavy-chain
constant domains (hat correspond to the different classes of antibodies are called alpha («),
delta (8), epsilon (g), gamma (y), 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
maoiety 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, timor 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
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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
EGFR 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 cellular 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

WEST\223275855.1
331323-000900

Bicara Ex. 1016, Page 55 of 182
Bicara v. JHU - PGR2026-00025



PATENT
JHU3260-4WO

56

treatment of one or more of the pathologies/indications described herein (e.g., cancer,
pathogenic infectious agents, associated conditions thereof). The pharmaceutical
compeositions 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 /n Vive 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 viveo 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 TFN-y
secretion by DLN cells was observed following in vifro 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. 1¢). 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 in vivo treatment with chemotherapeutic agents can
activate CD8" T cell-mediated immune responses in mice with pre-established tumors,
C57BL/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
vaccination of naive mice with doxorubicin-killed MB49 cells. in vivo treatment of mice with
established MB49 tumors at d10 following tumor inoculation failed to indace a corresponding
increase in IFN-v 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 doxorubicin 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. Ta

investigate whether FoxP3" Tregs are involved in enforcing immune tolerance in the tumor
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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. 1e). 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 C57BL/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 in vivo vaccination with doxorubicin-treated MB49 tumor cells to increase
production of IFN-y by draining lymph node (DLN) cells in response to iz 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
resuls 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-f in the tumor microenvironment reduces tumor-infiltrating FoxP3”
regulatory T cells and enhances the antitumor efficacy chemotherapy. TGF-§ 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-J3 and acguire 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-§ in tumor-bearing mice, the total amount of TGF-§ 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-B/10° cells
showed that tumor cells were the dominant source of the increased level of TGF-§ 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 (TGFBRII:Fc). This fusion protein
interferes with the binding of TGF-f to endogenous TGFBRII and functions as a stable TGF-p
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
CD47CD25 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 (3mg/kg i.p. weekly x 3) with or without
twice weekly treatment with TGFBRIL:Fe (1pg intratumoral). In contrast to treatment with
either doxorubicin or TGFBRIL:F¢ 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- 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 antitamor
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-CD8§
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-
CD8 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
CD47CD25"FoxP3" T cells in the peripheral blood as well as among tumor-infilirating cells
(Fig. 3a, b). To determine whether antibody-mediated depletion of CD47CD25"FoxP3”" cells
facilitates chemotherapy-induced activation of tumor-reactive CD8" T cells in the tumor
microenvironment, we evaluated the expression of IEN-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 & vifro re-
challenge with MB49 cell lysates (Fig. 3¢). Whereas IFN-y'CD8&" T cells became evident 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 tumor 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. 13), 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
CDS8" T cells in response to iz vitro 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 (F ig.
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 tumor cells cooperates with
depletion of CD* regulatory T cells to stimulate CD*" T cell-mediated tumor regression.
NKGZD (NK group 2, member D) is a lectin-like type Il transmembrane stimulatory receptor
used by NK cells, y5-TC*" T cells and atB-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 Racl 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-CDS8 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-Y"CD®" T cells in irinotecan-treated animals (Fig. 5¢).
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 antitamor 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 CD*' T cell-depleted mice (Fi g. 5f).

[0209] These data provide the following insights: (i) activation of tumor-reactive CD8" T cells
in response to immunogenic 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
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(iii) 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

f0211] 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 Wéll 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-f8). SEQ ID NO: 1 provides a fusion protein including
anti-HER2/neu antibody and Transforming growth factor-beta receptor 11 (TGFB-RII)
Extracellular domain (ECD) (Figure 2). SEQ ID NO: 2 provides a fusion protein including
anti-EGFR1 antibody and Transforming growth factor-beta receptor II (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 Il (TGFB-RII) Extracellular
domain (ECD) (Figure 4). SEQ ID NO: 4 provides a fusion protein including anti-VEGF

antibody and Transforming growth factor-beta receptor Il (TGFB-R1I) 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 II (TGFB-RII) Extracellular domain
(ECD) (Figure 6). SEQ ID NO: 6 provides a fusien protein including IL-2, Fe, and
Transforming growth factor-beta receptor I (TGFB-RII) Extracellular domain (ECD) (Figure
7). SEQ ID NO: 7 provides a fusion protein including Transforming growth factor-beta
receptor II (TGFpB-RII) Extracellular domain (ECD), Fc, and IL-2 (Figure 7). SEQ ID NQO: 8
provides a fusion protein including anti-CD25 antibody and Transforming growth factor-beta
receptor II (TGFB-RII) Extracellular domain (ECD) (Figure 8A). SEQ ID NO: 9 provides a
fusion protein including anti-CD2$5 antibody and Transforming growth factor-beta receptor IT
(TGFB-RI) Extracellular domain (ECD) (Figure 8B). SEQ ID NO: 10 provides a fusion
protein including anti-CD4 antibody and Transforming growth factor-beta receptor I (TGFB-
RII) 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-RII)
Extracellular domain (ectodomain) (PD-~1 ectodomain + Fc + TGFBRII ectodomain; Figure
10). SEQ ID NO: 12 provides a fusion protein including Transforming growth factor-beta
receptor I {(TGFB-R1l) 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, Fc, 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 (TGFB-RII) Extraceilular domain (ectodomain), Fc, and RANK
Ectodomain (TGFBRII ectodomain + F¢ + 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 Progranuned Death-
1 ligand 2 (PD-L2 or B7-DC). SEQ ID NO: 15 provides a fusion protein including anti-
HER2/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 (JL-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 + Fc + 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 + Fc¢ + 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 NQ: 34 provides a fusion protein including IL-2,
Fe, and RANK ectodomain (IL-2 + Fe + RANK ectodomain; Figure 29). SEQ D NO: 35
provides a fusion protein including RANK ectodomain, Fc, and IL-2 (RANK ectodomain + Fc
+1L.-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] 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 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, Fc, 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 Extraceltular 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 ID 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-L.1), Fe, and IL-2 (PD-L1 — Fe — IL2; Figure 36). SEQ ID NO: 44 provides a
fusion protein including IL-2, Fe, and PD-1 ligand 1 (PD-L1) (IL-2 — Fc — 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 Fc (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-f), immunoglobulin Fc (IgG Cy1), and a
sequence from PD-1 ligand 1 (PD-L1) (TGFB-1 + Fc + PD-L1; Figure 39). SEQ ID NO: 49
provides a fusion protein including a sequence from FD-1 ligand 1 (PD-L1), immunoglobulin
Fe (IgG Cy1), and Transforming growth factor beta (TGF-B) (PD-L1 -+ Fc + TGFB-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-p (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),
Fc, and TNFR2 Extracellular ligand binding domain: (TGF-f + 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 1D
NO: 56 provides a fusion protein including a sequence from Transforming growth factor-$
(TGF-P), Fe, and IL-2 (TGF-P + Fc + IL-2; Figure 45). SEQ ID NO: 57 provides a fusion
protein including I1L-2, Fe, and Transforming growth factor-f (TGF-BYIL-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-B (TGF-B) (Figure 46). SEQ ID NO: 59 provides a
tusion protein including the extracellular domain of CTLA-4, immunoglobulin Fe (IgG Cy1),
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-p (TGF-B),
immunoglobulin Fe (IgG Cy1), and a sequence from the extracellular domain of CTLA-4:
(TGF-B1 + IgG 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-«, 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 1D NO: 64 provides
a fusion protein including the extracellular domain of CTLA-4, immunoglobulin Fe¢ (IgG
Cy1), and a sequence from a sequence from RANK Ectodomain (Oncostatin M signal peptide
+ CTLA-4 ECD + 1gG Cyl + RANK Ectodomain; Figure 50). SEQ ID NO: 65 provides a
fusion protein including a sequence from RANK FEctodomain. immunoglobulin Fc (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 + [gG Cy1 +
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 +1gG Cyl + RANK Ectodomain; Figure 52). SEQ ID NO: 69 provides a
fusion protein including a sequence from RANK Ectodomain, immunoglobulin Fe (IgG Cy1),
and a sequence from Programmed death-1 ligand 1 (PD-L1): (RANK Ectodomain + 12G Cyt
+ 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,
p el b= g ty & y
wherein:
(a) the targeting moiety specifically binds a target molecule, and

(b) the immunomodulatory moiety specifically binds to a molecule selected from:

0] Transforming growth factor-beta (TGF-B); Transforming growth factor-
beta receptor (TGF-fR); Programmed 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-xB (RANK); and

{ii) 4-1BB (CD137); 4-1BB ligand (4-1BBL; CD137L); OX40 (CD134;
TINR4); 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 melecule of claim 3, wherein the immunomodulatory moiety comprises an
extracellular ligand-binding domain of Transforming growth factor-beta receptor TGF-
BRIL, TGF-PRIIb, or TGF-BRIIL

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

extracellular ligand-binding domain of TGF-BRII.
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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-2ua receptor; IL-2aR), 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 polypeptidc 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-xB (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 (1L-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-xkB (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 Fc 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 immunomodulatory 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), CD25 (IL-2a receptor; IL-2aR), or CD4.

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

corresponding to SEQ ID NO: 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, 0X40, 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),
glucecorticoid-induced tumor necrosis factor receptor family-related gene (GITR;

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

The molecule of claim 1, wherein the targeting moiety specifically binds to Tumor
Necrosis Factor-a (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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34.

35.

36.

37.

39.

40.

The molecule of claim [, wherein the targeting moiety comprises an antibody,
antibody fragment, or a peptide that specifically binds to CD20, CD25, 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 NQO: 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 Cy1), and the
immunomodulatory moiety comprises a sequence from Programmed death-1 ligand 1
(PD-L.1) or Programmed death-1 ligand 2 (PD-L2).

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

coitesponding to SEQ ID NO: 46 or 47.

The molecule of claim 1, wherein the targeting moiety comprises transforming growth
factor-p (TGF-PB) and immunoglobulin Fc¢ region (IgG Cy1), 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 NQ: 48 or 49.

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

sequence from transforming growth factor-f3 (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
(TNF-a), CD20, CD25 (IL.-2a receptor; IL-2aR), or CD4, and the mmmunomodulatory

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.
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The molecule of claim 39, wherein the targeting moiety comprises an extracellular
domain of CTLA-4 and immunoglobulin Fe region (IgG Cy1), and the
immunomodulatory moiety comprises a sequence from transforming growth factor-f

(TGE-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-0), 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 1D NO: 61, 62, or 63.

The molecule of claim 25, wherein the targeting moiety comprises an extracellular
domain of CTLA-4 and immunoglobulin Fe region (IgG Cy1), 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 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-B (TGF-B) and iinmunoglobulin Fe region (IgG Cyl), and
the immunomedulatory moiety comprises comprises an extracellular ligand-binding

domain or ectodomain of Receptor activator of nuclear factor-xB (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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50. The molecule of claim 25, wherein the targeting moiety comprises a sequence from
Programmed death-1 ligand 1 (PD-L1) 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-xB (RANK).

- 51. The molecule of claim 50, wherein the molecule comprises an amino acid sequence
corresponding to SEQ ID NO: 68 or 69.

52. The molecule of claim 1, wherein the molecule is fused or directly linked to one or
more antigen, antigenic determinant, or epitope.

S3. A composition comprising the molecule of claim 1 and a cell, wherein the cell is a
tumor cell, immune cell, or dendritic cell.

54, A method of counteracting or overcoming immune tolerance comprising:
administering to a subject in need thereof one or more molecule of claims 1-29.

55. A method of preventing or treating a neoplastic disease comprising:
administration to a subject in need thereof one or more molecule of claims 1-29.

56. The method of claim 55, wherein the subject is administered in combination with
another anticancer therapy.

57. The method of claim 535, 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.

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

59, The method of claim 55, wherein the subject is human.

60, A method for treating immune cells wherein the cells are contacted ex vivo or in vitro
with a molecule of claims 1-29.

WEST\223275855 1

331323-000900

Bicara Ex. 1016, Page 75 of 182
Bicara v. JHU - PGR2026-00025



PATENT
JHU3260-4WO

61.

62.

64.

65.

66.

76

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:

(1) an immunostimulatory molecule;

(i1 a tumor-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-1L2; 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-B (YGF-B).

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, tumot 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 ienizing radiation.
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67. A method of preventing or treating an autoimmune or inflammatory disease
comprising:

administering to a subject in need thereof one or more molecule of claims 30-51.
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COMPOSITIONS AND METHODS FOR TARGETED IMMUNOMODULATORY
ANTIBODIES AND FUSION PROTEINS

ABSTRACT

The present invention is based on the seminal discovery that targeted
immunomodulatory antobodies and fusion proteins can counter act or reverse immune
tolerance of cancer cells. Cancer cells are able to escape elimination by chemotherapeutic
agents or tumor-targeted antobodies via specific immunosuppressive mechanisms in the tumor
microenvironment and such ablity of cancer cells is recognized as immune tolerance. Such
immunosuppressive mechanisms include immunosuppressive cytokines (for example,
Transforming growth factor beta (TGF-$3)) and regulatory T cells and/or immunosuppressive
myeloid dendritic cells (DCs). By conteracting tumor-induced immune tolerance, the present
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.
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1. Amino acid sequences of transforming growth factor beta receptor type I (TGF-B-RII) or
TGF-B-RIIB or a fragment thereof:

(i) Transforming growth factor beta receptor type Il (TGF-B-RII) (SEQ ID NO: 79):

MGRGLLRGLW
CDNQKSCMSN

PLHIVLWTRI
CEITSICERP

ASTIPPHVQK
CEVCVAVWRK

SVNNDMIVTD
NDENITLETV

NNGAVKEFPQL

CKEFPCDVRFST

CHDPKLPYHD

FILEDAASPK

CIMKEKKKPG

ETFFMCSCSS

DECNDNIIFS

EEYNTSNPDL

SVIIIFYCYR
LLPIELDTLV
HENILOFLTA
LHSDHTPCGR
TARYMAPEVL
HPCVESMKDN
LEHLDRI.SGR

VNRQQKLSST
GKGRFAEVYK
EERKTELGKQ
PKMPIVHRDL
ESRMNLENVE
VLRDRGRPETL
SCSEEKIPED

WETGKTRKLM
AXKTKONTSEQ
YWLITAFHAK
KSSNILVKND
SFKQTDVYSM
PSFWLNHQGT
GSLNTTK

EFSEHCAIIL
FETVAVKIFP
GNLQEYLTRH
LTCCLCDFGL
ALVLWEMTSER
OMVCETLTEC

LLVIFOVTGT
EDDRSDISST
YEEYASWKTE
VISWEDLRKL
SLRLDPTLSV
CNAVGEVKDY
WDHDPEARLT

SLLPPLGVAT
CANNINHNTE
KDIFSDINLK
GSSLARGIAH
DDLANSGQVG
EPPFGESKVRE
AQCVAERFSE

[ltalic — Extracellular domain of Transforming growth factor beta Receptor Il (TGFB Ril)]
[Underlined = TGFB Rl Extraceliular domain (ECD) region that binds TGF-8)]

(i) Transforming growth factor beta receptor type IIB (TGF-B-RIB) (SEQ 1D NO: 80):

MGRGLLRGLW
MIVTDNNGAV
TLETVCHDPK

PLHIVLWTRI
KFPQLCKFCD

ASTIPPHVQK
VRESTCDNQK

SDVEMEAQKD
SCMSNCSEITS

EITYCPSCNRT
ICEKPQEVCV

AHPLRHINND
AVWRKNDENT

LPYHDFILED

AASPKCIMKE

KKKPGETEFFM

CSCSSDECND

NIIFSEREYNT

SNPDLLLVIF
CAIILEDDRS
YEEYASWKTE
VISWEDLRKL
SLRLDPTLSV
CNAVGEVRKDY
WDHDPEARLT

CVTGISLLPP
DISSTCANNI
KDIFSDINLK
GSSLARGIAH
DDLANSGQVG
EPPFGSKVRE
AQUVAERFSE

LGVATISVIII
NENTELLPIE
HENILQFLTA
LHSDHTPCGR
TARYMAPEVL
HPCVESMKDN
LEHLDRLSGR

FYCYRVNRQO
LDTLVGKGRF
EERKTELGKQ
PKMPIVHRDL
ESRMNLENVE
VLRDRGRPEI
SCSEEKIPED

KLSSTWETGK
ABVYKAKLKQ
YWLITAFHAK
RSSNILTVRKND
SFKQTDVYSM
PSFWLNHOQOGI
GSLNTTK

TRKLMEFSEH
NTSEQFETVA
GNLQEYLTRH
LTCCLCDFGL
ALVLWEMTSR
OMVCETLTEC

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.

RHB comprising the Extraceliutar 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

PLHIVLWTIRI
CSITSICEKP

ASTIPPHVQK
QEVCVAVWRK

SVNNDMIVTD
NDENITLETV

NNGAVEFPQL

CKFCDVRFST

CHDPKLPYHD

FILEDAASPK

CIMKERKKPG

ETFFMCS5CSS

DECNDNIIFS

EEYNTSNPDL

SVIITFYCYR
LLPIELDTLV
HENILQFLTA
LHSDHTPCGR
TARYMAPEVL
HPCVESMKDN

VNRQOQKLSST
GKGRFAEVYK
EERKTELGKQ
PKMPIVHRDL:
ESRMNLENVE
VLRDRGRPETI

WETGKTRKLM
AKLKQNTSEQ
YWLITAFHAK
KSSNILVKND
SFKQTDVYSM
PSFWLNHQGI

EFSEHCAIIL
FETVAVKIFP
GNLQEYLTRH
LTCCLCDFGL
ALVLWEMTSR
QMVCETLTEC

Fig. 1A

LLVIFQUVTGT
EDDRSDISST
YEEYASWKTE
VISWEDLRKL
SLRLDPTLSV
CNAVGEVKDY
WDHDPEARL

SLLPPLGVAL
CANNINHNTE
KDIFSDINLK
GSSLARGIAH
DDLANSGQVG
EPPFGSKVRE
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TGF-8 R-II1B (AC terminus). TGFB RIIB facking the last 38 aa from the C-terminus (SEQ 1D NO: 82):

MGRGLLRGLW PLHIVLWTRI ASTIPRPHVQK SDVEMEAQKD EIICPSCNRT AHPLRHINND
MIVTDNNGAV KFPQLCKFCD VREFSTCDNQK SCMSNCSITS ICEKPQEVCV AVWRKNDENI
TLETVCHDPK LPYHDFILED AASPKCIMKE KKKPGETFFM CSCSSDECND NIIFSEEYNT
SNPDLLLVIF QVTGISLLPP LGVAISVIII FYCYRVNRQQ KLSSTWETGK TRKLMEFSEH
CATIILEDDRS DISSTCANNI NHNTELLPIE LDTLVGKGRF AEVYKAKLKQ NTSEQFETVA VKI FP
YEEYASWKTE KDIFSDINLK HENILQFLTA EERKTELGKQ YWLITAFHAK GNLQEYLTRH
VISWEDLRKL GSSLARGIAH LHSDHTPCGR PKMPIVHRDL KSSNILVEKND LTCCLCDFGL
SLRLDPTLSV DDLANSGQVG TARYMAPEVI, ESRMNLENVE SFKQTDVYSM ALVLWEMTSR
CNAVGEVKDY EPPFGSKVRE HPCVESMKDN VLRDRGRPEI PSFWLNHQGI QMVCETLTEC
WDHDPEARL

(iiy TGF-BR-I (Acyt): TGFRRI lacking the kinase domain & juxtamembrane region (SEQ ID NO: 83):

MGRGLLRGLW PLHIVLWIRI ASTIPPHVQK SVNNDMIVTD NNGAVKFPQL CEKFCDVRFST
CDNQKSCMSN CSITSICEKP (QEVCVAVWRK NDENITLETV CHDPKLPYHD FILEDAASPK
CIMKEKKKPG ETFFMCSCSSE DECNDNIIFS FEYNTSNPDL, LLVIFOQVTGL SLLPPLGVAIL
SVIIIFYCYR VNRQQKLSS

TGF-BR-IB {Acyt): TGFBRIB lacking the kinase domain & juxtamembrane region (SEQ 1D NO: 84):

MGRGLLRGLW PLHIVLWIRI ASTIPPHVQOK SDVEMEAQRD EIICPSCNRT AHPLRHINND
MIVTDNNGAV KFPQLCKFCD VRFSTCDNQK SCMSNCSITS ICEKPQEVCV AVWRKNDENT
TLETVCHDPK LPYHDFILED AASPKCIMKE KKKPGETFFNM CSCSSDECND NIIFSEEYNT
SNEDLLLVIF QVIGISLLPP LGVAISVIII FYCYRVNRQQ KLSS

{ili) TGF-B R- containing the N-terminus region including the extraceliular domain {SEQ ID NO: 85):

MGRGLLRGLW PLHIVLWTRI ASTIPPHVQK SVNNDMIVTD NNGAVKFPQL CKFCDVRFST
CDNQKSCMSN CSITSICEKP QEVCVAVWRK NDENITLETV CHDPKLPYHD FILEDAASPK
CIMRKEKKKPG ETFFMCSCSS DECNDNIIFS EEYNTSNPDL LLVIEFQ

TGF-B R-1iB containing the N-terminus region including the extracellular domain (SEQ 1D NO: 86):

MGRGLLRGLW PLHIVLWIRI ASTIPPHVQOK SDVEMEAQRD EIICPSCNRT AHPLRHINND
MIVTPDNNGAYV KFPQLCKFCD VRFSTCDNQK SCMSNCSITS ICEKPQREVCV AVWREKNDENI
TLETVCHDPK LPYHDFILED AASPKCIMKE KKKPGETFFM CSCSSDECND NIIFSEEYNT
SNPDLLLVIF

{(iv) TGF-B R-l 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 EBEYNTSNPD

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

TIPPHVQK SDVEMEAQRKD EIICPSCNRT AHPLRHINND MIVTDNNGAV KFPQLCKFCD
VRFESTCDNQK SCMSNCSITS ICEKPQEVCV AVWREKNDENI TLETVCHDPK LPYHDFILED
AASPKCIMKE KKKPGETFFM CSCSSDECND NIIFSEEYNT SNED

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

POL CKFCDVRFST CDNQKSCMSN CSITSICEKP QEVCVAVWREK NDENITLETV CHDPKLFPYHD
FILEDAASPK CIMKEKKKPG ETFFMCSCSS DECNDNIIFS EEYNTSNPD

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

beta Receptor | (TGFB-RH) or TGFB-RIB or a fragment thereof which binds TGF-3
(i Transforming growth factor beta Receptor Il containing point mutations:
Amino acid sequence of TGF-B R-ll (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
EVCVAVIWRK

SVNNDMIVTD
NDENITLETV

NNGAVKEFPQL

CKFCDVRFEST

CHDPXLPYHD

FILEDAASPE

CIMKEKKKPG

ETFFMCSCSE

DECNDNIIFS

EEYNTSNEDL

SVIITIFYCYR
LLPIELDTLV
HENILQFLTA
LHSDHTPCGR
TARYMAPEVL
LEHLDRLSGR

(i)

VNRQOKLSST
GKGRFAEVYK
EERKXTELGKQ
PRKMPIVHRDL
ESRMNLENVE
SCSEEKIPED

WETGKTRKLM
ARLEONTSEQ
YWLITAFHAK
KSSNILVEND
SFRQTDVYSM
GSLNTTK

EFSEHCAIIL
FETVAVRIFPR
GNLQEYLTRH
LTCCLCDFGL
ALVLWEMTSR

LLVIFQVTGI
EDDRSDISST
YEEYASWKTE
VISWEDLRKL
SLRLDPTLSV
CNAVGEVEDY

SLLPPLGVAI
CANNINHNTE
KDIFSDINLK
GSESLARGIAH
DDLANSGQVG
EPPFGSKVRE

Transforming growth factor beta Receptor ll containing deletions in the amino acid

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
CDNQKSCMSEN

PLHIVLWIRI
CSITSICREKP

ASTIPPHVOK
QEVCVAVWRK

SVNNDMIVTD
NDENITLETV

NNGAVEFPOL

CKFCDVRFST

CHDPRKLPYHD

FPILEDAASPK

CIMKERKEKPG

BETFFMCSCSES

DECNDNITES

EEYNTSNPDL

SVIIIFYCYR
LLPIELDTLV
HENILQFLTA
LHSDHTPCGR
TARYMAPEVL
HPCVESMKDA
PEDGSLNTTK

VNRQQKLSST
GKGRFAEVYK
EERKTELGKQ
PEKMPIVHRDL
ESRMNLENVE
SGIQMVCETL

WETGKTRKLM
AKLKQNTSEQ
YWLITAFHAK
KSSENILVKND
SFKQTDVYSM
TECWDHDPEA

BEFSEHCAITL
FETVAVKIFP
GNLQEYLTRH
LTCCLCDFGL
ALVLWEMTSR
RLTAQCVAER

LLVIFQVTGI
EDDRSDISST
YEEYASWKTE
VISWEDLREKL
SLRLDPTLSV
CNAVGEVKDY
FSELEHLDRL

SLLPPLGVAT
CANNINHNTE
KDIFSDINLK
GSSLARGIAH
DDLANSGQVG
EPPFGSKVRE
SGRSCSEEKI

4, Amino acid sequences of transforming growth factor beta receptor type il (TGF-B-RII) or

or a fragment thereof.

5. Hybrid or fusion proteins containing amino acid sequences of transforming growth factor
beta receptor type Il (TGF-B-RIl) and TGF-B-RIH.
8. Hybrid or fusion proteins containing amino acid sequences of transforming growth factor

beta receptor type HB (TGF-B-RIIB) and TGF-B-RIIl.
Linker sequence used in fusion proteins (SEQ ID NO: 104):
lelelelelslelelelellelelelerst

Fig. 1C
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Fusion proteins comprising Anti-HER2/neu antibody and Transforming growth
factor-beta receptor If (TGFB-RIl) Extracellular domain (ECD).

Anti-HERZ2/neu heavy chain + TGFB-RIl ECD fusion amino acid sequence
(SEQ ID NO: 1):
EVQLVESGGGLVOPGGSLRLSCAASGFNIKDTY IHWVRQAPGKGLEWVARIYPTNGYTRYADSVKG

REFTISADTSKNTAYLOMNSLRAEDTAVYYCSRWGGDGFYAMDYWGOGTLVTVSSASTKGPSVEFPLA

PSSKETSGGTAALGCLVKDYFPEPVIVSWNSGALTSGVHTFPAVLOSSCGLYSLSSVVTVRPSSSLGT
QTYILCNVNEKPSNTKVDKRVEPKSCDKTHTCPPCPAPELLGGPSVFLFPPKPKDTLMISRTREVTC
VVVDVSHEDPEVKFNWYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHQDWLNGKEYKCKVSNKA
LPAPIEKTISKAKGRPREPQVYTLPPSREEMTKNQVSLTCLVKGFYPSDIAVEWESNGQPENNYKT
TPPVLDSDGSFFLYSKLTVDKSRWOQOGNVFSCSVMHEATHNHYTQKSLSLSFPGK
GGECEGSGEEGESGEGGEGES TIPPHVQK SVNNDMIVTD NNGAVKFPQL CKFCDVRFST
CDNQKSCMSN CSITSICEKP QEVCVAVWRK NDENITLETV CHDPKLPYHD FILEDAASPK
CIMRKEKKRKPG ETFFMCSCSS DECNDNIIFS EEYNTSNPD

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

SGTDFTLTISSLOPEDFATYYCOQHYTTPPTFGOQGTKVEIKRTVAAPSVFIFPPSDEQLKSGTASV

VCLLNNFYPREAKVOWKVDNALQSGNSQESVTEQDSKDSTYSLSSTLTLSKADYEKHKVYACEVTH
QCLSSPVTKSFNRGEC

Underlined: Anti-HERZ2 antibody variable region

Plain: Anti-HER2 antibody constant region
Italic: Linker
Bold: TGFBRI ectodomain

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

Anti-EGFR1 heavy chain + TGFp-RHI ECD fusion amino acid sequence

(SEQ ID NO: 2):
QVOLKQSGPGLVQPSQSLSITCTVSGFPSLTNYGVHWVROSPGKGLEWLGVIWSGGNTDYNTPFTSR
LSINKDNSKSQVFFKMNSLOSNDTAIYYCARALTYYDYEFAYWGQGTLVTVSAASTKGPSVFPLAP

SSKETSGGTAALGCLVKDYFPEPVTVEWNSGALTSGVHTFPAVLOSSCLY SLESVVITVPSSSLGTQ
TYICNVNHKPSNTKVDKRVEPKSCDKTHTCPPCPAPELLGGPSVEFLFPPRKPKDTLMISRTPEVTCV
VVDVSHEDPEVKFNWYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHQDWLNGKEYKCKVSNKAL
PAPIEKTISKAKGOPREPQVYTLPPSRDELTKNQVSLTCLVKGFYPSDIAVEWESNGQPENNYKTT
PPVLDSDGSFFLYSKLTVDKSRWOOGNVESCSVMHEALHNHYTOKSLSLSPGK
GGGGESCGEESGEGGS TIPPHVQK SVNNDMIVTD NNGAVKFPQL CKFCDVRFST
CDNQRKSCMSEN CSITSICERKP QEVCVAVWRK NDENITLETV CHDPRKLPYHD FILEDAASPK
CIMKERKKPG ETFFMCSCSS DECNDNIIFS EEYNTSNPD

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

SGTDFITLSINSVESEDIADYYCQONNNWPTTPGAGTKLELKRTVAAPSVFIFPPSDEQLKSGTASY

VCLLNNFYPREAKVOWKVDNALQSGNSQOESVTEQDSKDSTYSLSSTLTLSKADYERHKVYACEVTH
QGLSSPVTESFNRGEC

Underlined: Anti-EGFR antibody variable region

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

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

Anti-CD20 heavy chain+ TGFB-RIl ECD fusion amino acid sequence
(SEQ ID NO: 3):
QVOLOQPGAELVKPGASVKMSCKASGYTFTSYNMHWVKQTPGRCGLEWIGAT YPGNGDTS YNQKFKG

KATLTADKSSSTAYMOLSSLTSEDSAVYYCARSTYYGGDWYFNVWGAGTTVIVSAASTRKGPSVEPL

APSSKSTSGGTAALGCLVKDYFPEPVITVSWNSGALTSGVHTFPAVLOSSGLYSLSSVVTVPSSSLG
TOQTY ICNVNHKPSNTKVDKKAEPKSCDKTHTCPPCPAPELLGGPSVFLFPPKPKDTLMISRTPEVT
CVVVDVSHEDPEVEKFNWYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHODWLNGKEYKCKVSNK
ALPAPIEBKTISKAKGQPREPQVYTLPPSRDELTKNQVSLTCLVKGFYPSDIAVEWESNGOPENNYK
TTPPVLDSDGSFFLYSKLTVDKSRWQQGNVFSCSVMHEALHNHY TQESLSLSPGK
GGGGESGGEGESGGGEGES TIPPHVQOK SVNNDMIVTID NNGAVKFPQL CKFCDVRFEST
CDNQKSCMSEN CSITSICEKP QEVCVAVWRK NDENITLETV CHDPKLPYHD FILEDAASPK
CIMKERKKPG ETFFMCSCSS DECNDNIIFS EEYNTSNPD

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

GTSYSLTISRVEAEDAATYYCQOWITSNPPTFGGGTKLEIKRTVAAPSVFIFPRPSDEQLKSGTASVV

CLLNNFYPREAKVOWKVDNALQSGNSQESVITEQDSKDSTYSLSSTLTLSKADYEKHKVYACEVTHQ
GLSSPVTKSFNRGEC

Underlined: Anti-CD20 antibody variable region

Plain: Anti-CD20 antibody constant region
Italic: Linker
Bold: TGFBRH ectodomain

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

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

RETFSLDTSKSTAYLOMNSLRAEDTAVYYCAKYPHYYGSSHWYFDVWGRCGTLVIVSSASTRKGPSVE

PLAPSSKSTSGGTAALGCLVEDYFPEPVTVSWNSGALTSGVHTFPAVLOSSGLYSLSSVVTVPSSS
LGTQTYICNVNHKPSNTKVDKKVEPKSCDKTHTCPPCPAPELLGGPSVFLFPPKPKDTLMISRTPE
VTCVVVDVSHEDPEVKFNWYVDGVEVHNAKTKPREEQYNSTYRVVSVLIVLHQDWLNGKEYKCKVS
NKALPAPIEKTISKAKGQPREPQVYTLPPSREEMTKNQVSLTCLVKGFYPSDIAVEWESNGOPENN
YKTTPPVLDSDGSFFLYSKLTVDKSRWQOGNVFSCSVMHEALHNHYTOKSLSLSPGK
GGEGGESGEEGESCGEES TIPPHVQK SVNNDMIVTD NNGAVKFFQL CRFCDVRFEFST
CDNQRSCMSN CSITSICEKP QEVCVAVWRK NDENITLETV CHDPKLPYHD FILEDAASPK
CIMKEKRKKPG ETFFMCSCSS DECNDNIIFS EEYNTSNPD

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

SGTDFTLTISSLOPEDFATYYCQOYSTVPWTFPGQGTKVEIKRTVAAPSVEFIFPPSDEQLKSGTASY

VCLLNNFYPREAKVOWKVDNALQSGNSQESVTEQDSKDSTYSLSSTLTLSKADYERKHKVYACEVTH
OGLSSPVTKSFNRGEC

Underlined: Anti-VEGF antibody variable region

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

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

Anti-CTLA-4 heavy chain + TGFp-RIl Extracellular domain fusion amino acid sequence
(SEQ ID NO: 5):

QVQLVESGGG VVQPGRSIRL SCAASGFTFS SYTMHWVRQA PGKCGLEWVTF ISYDGNNKYY
ADSVKGRFTI SRDNSKNTLY LOMNSLRAED TATIYYCARTG WLGPFDYWGQ GTLVTVSSAS
TKGPSVFPLA PSSKSTSGGET AALGCLVKDY FPEPVTVSWN SGALTSGVHT FPAVLOSSGL

YSLSSVVTVP SSSLGTQRTYI CNVNHKPSNT KVDKRVEPKS CDKTHTCPPC PAPELLGGES
VFLFPPKPKD TLMISRTPEV TCVVVDVSHE DPEVKFNWYV DGVEVHNAKT KPREEQYNST
YRVVSVLTVL HODWLNGKEY KCKVSNKALP APIEKTISKA KGQPREPQOVY TLPPSRDELT
KNQVSLTCLV KGFYPSDIAV EWESNGQPEN NYKTTPPVLD SDGSFFLYSK LTVDKSRWQQ
GNVFSCSVMH EALHNHYTQK SLSLSPGK GGGGSGGGGSGEGGS TIPPHVQK SVNNDMIVTD
NNGAVEKFPQL CEKFCDVRFST CDNQKSCMSN CSITSICEKP QEVCVAVWRK NDENITLETV
CHDPRLPYHD FILEDAASPRK CIMKEKKKPG ETFFMCSCSS DECNDNIIFS EEYNTSNPD

Anti-CTLA-4 light chain (SEQ ID NO: 74):
EIVLTQSPGT LSLSPGERAT LSCRASQSVGE SSYLAWYQQK PGRAPRLLIY GAFSRATGIP

DRFSGSGSGT DEFTLTISRLE PEDFAVYYCQ QYGSSPWIFG QGTKVEIKRT VAAPSVEPIFP

PSDEQLKSGT ASVVCLLNNF YPREAKVQWK VDNALQOSGNS 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: TGFBRIl ectodomain

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

IL.-2 + Fc + TGFR-RII Extracellular domain (SEQ 1D NO: 6):
APTSSSTRKKTOLOLEHLLLDLOMILNGINNYKNPKLTRMLTFKFYMPKKATELKHLOCLEEELKPL

EEVLNLAQSKNFHLRPRDLISNINVIVLELKGSETTFMCEYADETATIVEFLNRWITFCQSIISTL

T GGGGSGGGGSGGGGSE
THTCPPCPAPELLGGPSVFLEPPKPKDTLMISRTPEVTCVVVDVSHEDPEVKFNWYVDGVEVHNAK
TKPREEQYNSTYRVVSVLTVLHODWLNGKEYKCKVSNKALPAPIEKTISKAKGOPREPQVYTLPPS
REEMTEKNQVSLTCLVKGFYPSDIAVEWESNGOPENNYKTTPPVLDSDGSFFLYSKLTVDKSRWQOG
NVEFSCSVMHEALHNHYTQKSLSLSPGK GGGGSGGGEGSGEGGS TIPPHVQK SVNNDMIVTD
NNGAVKFPQL CKFCDVRFST CDNQKSCMSN CSITSICEKP QEVCVAVWRK NDENITLETV
CHDPKLPYHD FILEDAASPK CIMKEKKKFPG ETFFMCSCSS DECNDNIIFSEEYNTSNPD

TGFB-RH Extraceliular domain + Fc + IL-2 (SEQ ID NO: 7):

TIPPHVQK SVNNDMIVTD NNGAVKFPQL CKFCDVRFST CDNQKSCMSN CSITSICEKP
QEVCVAVWRK NDENITLETV CHDPKLPYHD FILEDAASPK CIMKEKKKPG ETFFMCSCSS
DECNDNIIFS EEYNTSNPD GGGGSGGGGSGGGGS
THTCPPCPAPELLGGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVKFNWYVDGVEVHNAK
TKPREEQYNSTYRVVSVLTVLHODWLNGKEYKCRKVSNKALPAPTEKTISKAKGQPREPQVYTLPPS
REEMTKNQVSLTCLVKGFYPSDIAVEWESNGQPENNYKTTPPVLDSDGSFFLYSKLTVDKSRWQOQG
NVFSCSVMHEALHNHYTQKSLSLSPGK GGGGSGGGGSGGGGS
APTSSSTKKTQLOLEHLLLDLOMILNGINNYKNPKLTRMLTFKFYMPKKATELKHLQCLEEELKPL

EEVLNLAQSKNFHLRPRDLISNINVIVLELKGSETTFMCEYADETATIVEFLNRWITFCOSIISTL

T

Bold: TGFBRIl ectodomain

Italic: Linker (Optional, other linker sequences)

Plain; Fc

Underlined: 1L-2 fragment

{Note: Can replace linker GeeGseGeEEsGeEes SEQ ID NO: 104 with
EPKSCDK SEQ 1D 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-RH) Extracellular domain (ECD).

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

QVOLVQSGAE
NQKFXDKATI
GPSVFPLAPS
LSSVVTVPESS
LFPPKPKDTL
VVSVLTVLHQ
QVSLTCLVKG
VFSCSVMHEA
NNGAVKFPQL
CHDPKLPYHD

VKKPGSSVKV
TADESTNTAY
SKSTSGGTAA
SLGTQTYICN
MISRTPEVTC
DWLNGKEYKC
FYPSDIAVEW
LHNHYTQKSL
CKFCDVRFET
FILEDAASPK

SCKASGYTFT
MELSSLRSED
LGCLVKDYFP
VNHKPSNTXV
VVVDVSHEDP
KVSNKALPAP
ESNGQPENNY

SYRMHWVRQA
TAVYYCARGG
EPVTVSWNSG
DKKVEPKSCD
EVKFNWYVDG
IEKTISKAKG
KTTPPVLDED

PCQGLEWIGY
GVFDYWGQGT
ALTSGVHTFEP
KTHTCPPCPA
VEVHNAKTKP
QPREPOVYTL
GSFFLYSKLT

INPSTGYTEY
LVTVSSASTK
AVILOSSGLYS
PELLGGPSVE
REEQYNSTYR
PPSRDELTKN
VDKSRWQQGN

SLSPGK GGGGSGGGEGSGGEGGS TIPPHVQK SVNNDMIVTD

CDNQRSCMSN
CIMKEKXKPG

CSITSICEKP
ETFFMCSCSS

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

DIOMTQSPST
FSGSGSGTEF
DEQLKSGTAS
SKADYEKHKVY

Plain: Anti-CD25 antibody

QEVCVAVWRK
DECNDNIIFS

NDENITLETV
EEYNTSNPD

TLTISSLOPD DFATYYCHQR STYPLTFGQG TKVEVKRTVA APSVEFIFPPS

VVCLLNNFYP REAKVQWKVD NALQSGNSQE

YACEVTHQGL SSPVTKSFNR GEC

ltalic: Linker
Bold: TGFBRIlI ectodomain

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

QLOQDSGTVLA
KEFEGKAKLTA
PSVEPLAPSS
SSVVIVPESS
FPPKPKDTLM
VSVLTVLHQD
VSLTCLVKGF
FSCSVMHEAL
NNGAVKFPQL
CHDPKLPYHD

RPGASVRKMSC
VTSASTAYME
KSTSGGTAAL
LGTQTYICNV
ISRTPEVTCV
WLNGKEYKCK
YPSDIAVEWE
HNHYTQKSLS
CKFCDVRFST
FILEDAASPK

KASGYSFTRY
LSSLTHEDSA
GCLVKDYFPE
NHKPSNTKVD
VVDVSHEDPE
VSNKALPAPI
SNGOPENNYK

WMHWIKORPG
VYYCSRDYGY
PVTVSWNSGA
KRVEPKSCDK
VKFNWYVDGV
BKTISKAKGQ
TTPPVLDSDG

LSPGK GGGGESGGGESGEEGES

CDNQESCMSN
CIMKERKKPG

CSITSICEKP
ETFFMCSCSS

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

QIVSTQSPAT
FSGEGSGETSY
QLKSGTASVV

MSASPGERVT
SLTISSMEAE
CLLNNFYPRE

MTCSASSSRS
DAATYYCHQR
AKVOWKVDNA

YMOWYQOKPG
SSYTPGGGETK
LOSGNSQESV

QCLEWIGATIY
YFDFWGQGTT
LTSGVHTFPA
THTCPPCPAP
EVHNAKTKPR
PREPOVYTLP
SFFLYSKLTV

PGNSDTSYNQ
LTVESASTKG
VLOSSGLYSL
ELLGGPSVFEFL
EEQYNSTYRV
PSRDELTENQ
DKSRWQOGNV

TIPPHVQK SVNNDMIVTD

QEVCVAVWRK
DECNDNIIFS

TSPKRWIYDT
LEIKRTVAAP
TEQDSKDSTY

NDENITLETV
EEYNTSNPD

SKLASGVPAR
SVFIFPPSDE
SLSSTLTLSK

ADYEKHKVYA CEVTHQGLSS PVTKSFNRGEC

Plain: Anti-CD25 antibody
ltalic. Linker
Bold: TGFBRH ectodomain

Fig. 8B
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Fusion proteins comprising anti-CD4 antibody and Transforming growth factor-beta
receptor il {(TGFpB-RH) Extraceliular domain (ECD).

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

Heavy chain fusion protein:

QVOLOQEAGPGLVKPSETLSLTCESVSGGSISGRYYWEFWIRQSPGKGLEWIGY IYGSGGGTNYNRESLN

NRVSISIDTSKNLFSLKLRSVIAADTAVYYCASNILKYLHWLLYWGQGVLVTVSSASTKGPSVFFRL

APSSKSTSGETAALGCLVKDYFRPEPVTVSWNSCALTSGVHTFPAVLOSSGLYSLSSVVTVPSSSLG
TQTYICNVNHKPSNTKVDKRVERPKSCDRKTHTCPPCPAPELLGGPSVFLFPPKPKDTLMISRTPEVT
CVVVDVSHEDPEVKFNWYVDGEVEVHNAKTKPREEQYNSTYRVVSVLTVLHODWLNGKEYKCKVSNK
ALPAPIEKTISKAKGQPREPQVYTLPPSRDELTKNQVSLTCLVKGFYPSDIAVEWESNGQPENNYK
TTPPVLDSDGSFFLYSKLIVDKSRWQQGNVESCSVMHEALHNHY TQKSLSLSPGK
GGGGSGGGGSGEGGEGES TIPPHVQRKSVNNDMIVTDNNGAVKFPQLCKFCDVREF
STCDNQKSCMSNCSITSICERKPQEVCVAVWRRNDENITLETVCHDPRLPYHDFILEDAASPRKCIMK
EKKKPGETFFMCSCSSDECNDNIIFSERYNTSNED

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

SYELSQPRSVEVSEPGOTAGFTCGGDNVGRKSVOWYQQOKPPOQAPVLVIYADSERPSGIPARFSGSNS

GNTATLTISGVEAGDEADYYCQVWDSTADHWVFGGGTRLTVLGRTVAAPSVEFIFPPSDEQLKSGTA

SVVCLLNNFYPREAKVQWKVDNALQSGNSQESVTEQDSKDSTYSLSSTLTLSKADYEKHKVYACEY
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, F¢, and Transforming growth factor-
beta receptor Il (TGFB-RIl) Extraceliular domain (ectodomain).

PD-1 ectodomain + Fc + TGFBRII ectodomain (SEQ ID NO: 11):
PGWEFLDSPDRPWNPPTFSPALLVVTEGDNATFTCSEFSNTSESFVLNWYRMSPSNQTDKLAAFPEDR

SQPGODCRFRVTQLPNGRDFHMSVVRARRNDSGTYLCCGAISLAPKAQIKESLRAELRVTERRAEVP

TAHPSPSPRPAGQFQTLV GGGGSGGEGGSGEGGES

THTCPPCPAPELLGGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVKFNWYVDGVEVHNAK
TEPREEQYNSTYRVVSVLTVLHQDWLNGKEYKCKVSNKALPAPTEKTISKAKGQPREPQVYTLEPS
REEMTENQVSLTCLVKGFYPSDIAVEWESNGQPENNYKTTPPVLDSDGSFFLYSKLTVDKSRWQOG
NVFSCSVMHEALHNHYTQKSLSLSPGK GGEGGSGCGGEGGEGS

TIPPEVQKSVNNDMIVTDNNGAVKFPQLCKFCDVRESTCDNQRSCMENCSITSICEKRPQEVCVAVW
REKNDENITLETVCHDPKLPYHDFILEDAASPKCIMKEKKKPCETFFMCSCSSDECNDNIIFSEEYN

TSNPD

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

TIPPHVQKSVNNDMIVTDNNGAVKFPQLCKFCDVRFSTCDNQKSCMSNCSITSICEKPQEVCVAVW
REKNDENITLETVCHDPRLPYHDFILEDAASPKCIMKEKKKPGETFFMCSCSSDECNDNIIFSEEYN
TSNPD GGGGSGGGGSGGGEGES
THTCPPCPAPELLGGPSVFLFPPRKPKDTLMISRTPEVICVVVDVSHEDPEVKFNWYVDGVEVHNAK
TKPREEQYNSTYRVVSVLTVLHODWLNGKEYKCKVSNKALPAPIEKTISKAKGQPREPQVYTLPPS
REEMTKNQVSLTCLVKGFYPSDIAVEWESNGQPENNYKTTPPVLDSDGSFFLY SKLTVDKSRWQQG
NVFSCSVMHEALHNHYTQKSLSLSPGK GGGGSGGGGSCGGGGEE
PGWFLDSPDRPWNPPTFSPALLVVTEGDNATFTCESFINTSESFVLNWYRMSPSNQTDKLAAFPEDR

SQPGRDCRFRVTQLPNGRDFHMSVVRARRNDSGTYLCGATISLAPKAQIKESLRAELRVTERRAEVP

TAHPSPSPRPAGQFQTLYV

Underlined: PD-1 ectodomain

ltalic: Linkers
Plain: 1gG1 Fc
Bold: TGFpBRIl ectodomain

(Note: The first linker sequence GGGESGGGESGGEGS is 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 it (TGFB-RH)
ectodomain, Fc, and Receptor activator of nuclear factor—xB (RANK) Ectodomain:

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

TIPPHVQKSVNNDMIVIDNNGAVKFPQLCKFCDVRFSTCDNQRKSCMSNCSITSICEKPQEVCVAVW
REKNDENITLETVCHDPRLPYHDFILEDAASPKCIMKEKKKPGETFFMCSCSSDECNDNIIFSEEYN
TSNPDCGEGSGEGEGSGGGCSTHTCPPCPAPELLGCGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSH
EDPEVKFNWYVDGVEVHEHNAKTKPREEQYNSTYRVVSVLTVLHODWLNGKEYKCKVSNKALPAPIEK
TISKAKGQPREPQVYTLPPSREEMTKNQVSLTCLVKGFYPSDIAVEWESNGOPENNYKTTPPVLDS
DGESFFLYSKLTVDKSRWQQCGNVESCSVMHEALHNHYTQKSLSLSPGK GGGGSGGEGEGSGGEGS QI

APPCTSEXKHY EHLGRCCNKC EPGKYMSSKC TTTSDSVCLP CGPDEYLDSW  NEEDKCLLHK

VCDTGKALVA  VVAGNSTTPR  RCACTAGYHW SQDCECCRRN TECAPGLGAQ HPLOLNKDTV

CKPCLAGYFES DAFSSTDKCR PWINCTFLGK RVEHHGTEKS DAVCSSSLPA RKPPNEPHVY LPG

RANK ectodomain — Fc - TGFBRIH ectodomain (SEQ. ID. NO: 14):

QI APPCTSEKHY EHLGRCCNKC EPGKYMSSKC TTTSDSVCLP CGPDEYLDSW NEEDXKCLLHK
VCDTGKALVA VVAGNSTTPR RCACTAGYHW SQDCECCRRN TECAPGLGAQ HPLOLNKDTV
CKPCLAGYFS DAFSSTDKCR PWINCTFLGK RVEHHGTEKS DAVCSSSLPA RKPENEPHVY LPG
GGGGEGEGGEGEESGEGESTHTCPPCPAPELLGGPSVELFPPKPKDTLMISRTPEVTCVVVDVSHEDPEY
KFNWYVDGVEVHNAKTKPREEQYNSTYRVVSVLIVLHODWLNGKEYKCKVSNKALPAPIEKTISKA
KGOPREPQVYTLPPSREEMTKNQVSLTCLVKGFYPSDIAVEWESNGQPENNYKTTRPPVLDSDGSFF
LYSKLTVDKSRWQQOGNVFSCSVMHEALHNHYTQKSLSLSPGKGGGESGEGGSGEEGSTIPPHVQKS
VNNDMIVIDNNGAVKFPQLCKFCDVRFSTCDNQRKSCMSNCSITSICEKPQEVCVAVWRKNDENITL
ETVCHDPRLPYHDFILEDAASPRCIMKEKRRKPGETFFMCSCSSDECNDNIIFSEEYNTSNPD

Bold: TGFBRIl ectodomain

Plaini 1gG1 Fc

Itatics: Linker

Underlined: RANK ectodomain

{optional linker 1 may be deleted or replaced with another linker such as IEGRDMD (SEQ. ID.
NQ:108) or EPKSCDK (SEQ.I1D. NO: 105))

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

1 MQIPQAPWEFV VWAVLQLGWR PGWFLDSPDR PWNFPPTFSPA LLVVTEGDNA TFTCSFSNTS

61 EBSEFVLNWYRM SPSNQTDKLA AFPEDRSQPG QDCRFRVTQL PNGRDFHMSYV VRARRNDSGT

121 YLCGAISLAP KAQIKESLRA EFLRVTERRAE VPTAHPSPSP RPAGQFQTLV VGEVVGEGLLGS

181 LVLLVWVLAV ICSRAARGTI GARRTGQPLK EDPSAVPVFEFS VDYGELDFQW REKTPEPPVP
241 CVPEQTEYAT IVFPSGMGTS SPARRGSADG PRSAQPLRPE DGHCSWPL

ltalic: PD-1 ectodomain
Underlined Iltalic: ligand-binding domain

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

PGWFLDSPDR PWNPPTFSPA LLVVTEGDNA TFTCSFSNTS ESEFVLNWYRM SPSNQTDKLA

AFPEDRSQPG QDCRFRVTQL PNGRDFHMSV VRARRNDSGT YLCGAISLAP KAQIKESLRA

ELRVTERRAE VPTAHPSPSP RPAGQFQTLV

(i) PD-1 extracellular domain (ectodomain) ligand-binding region
(SEQ ID NO: 94):

DSPDR PWNPPTFSPA LLVVTEGDNA TFTCSFSNTS ESFVLNWYRM SPSNQTDKLA

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

Anti-HER2/neu heavy chain + PD-1 ectodomain fusion amino acid sequence

(SEQ ID NO: 15):
EVQLVESGGGLVQPGGSLRLSCAASGFNIKDTYIHWVROAPGKGLEWVARIYPTNGYTRYADSVKG
RPTISADTSKNTAYLOMNSLRAEDTAVYYCSRWGGDGFYAMDYWGQGTLVTVSSASTKGPSVFPLA
PSSKSTSGGTAALGCLVKDYFPEPVTVSWNSGALTSGVHTFPAVLOSSCLYSLESVVTVPSSSLGT

OTYICNVNHKPSNTKVDRKEVEPKSCDKTHTCPPCPAPELLGGPSVFLFPPKPKDTLMISRTPEVTC
VVVDVSHEDPEVKENWYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHODWLNGKEYKCKVSNKA
LPAPTEKTISKAKGOPREPQVYTLPPSREEMTKNQVSLTCLVKGFYPSDIAVEWESNGOQPENNYKT
TPPVLDSDGSFFLYSKLTVDKSRWQOGNVEFSCSVMHEALHNHY TQKSLSLSPGK
GGGGESEGGEEGEGSEGGES PGWFLDSPDR PWNPPTFSPA LLVVTEGDNA TFTCSFSNTS
ESFVLNWYRM SPSNQTDKLA AFPEDRSQPG QDCRFRVTQL PNGRDFHMSV VRARRNDSGT
YLCGAISLAP KAQIKESLRA ELRVTERRAE VPTAHPSPSP RPAGQFQTLV

Anti-HERZ2/neu light chain amino acid sequence (SEQ ID NO: 70):
DIOMTOSPSSLSASVGDRVITITCRASQDVNTAVAWYQOKPGKAPKLLIVSASFLYSGVPSRFSGSR

SCGTDFTLTISSLOPEDFATYYCOQHYTTPPTFGQGTKVEIKRTVAAPSVFIFPPSDEQLKSGTASY

VCLLNNFYPREAKVOWKVDNALQSGNSQESVTEQDSKDSTYSLSSTLTLSKADYEKHKVYACEVTH
QGLSSPVTKSFNRGEC

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

{talic: 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):
OVQLKQSGPGLVQFPSQSLSITCTVSGFSLTNYGVHWVRQSPGKGLEWLGVIWSGEGNTRDYNTPFTSR

LSINKDNSKSQVFFKMNSLOQSNDTAIYYCARALTYYDYEFAYWGQGTLVIVSAASTKGPSVEFPLAP

SSKSTSCGGTAALGCLVKDYFPEPVTVSWNSGALTSGVHTFPAVLOSSGLYSLSSVVITVPSSSLETQ
TYICNVNHEKPSNTKVDKRVEPKSCDKTHTCPPCPAPELLGGPSVFLFPPKPKDTLMISRTPEVTCV
VVDVSHEDPEVKFNWYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHQDWLNGKEYKCKVSNKAL
PAPIERTISKAKGOPREPQVYTLPPSRDELTKNQVSLTCLVKGFYPSDIAVEWESNGOPENNYXKTT
PPVLDSDGSFFLYSKLTVDKSRWOQGNVEFSCSVMHEALHNHY TQKSLSLSPGK
GGGGSGGGGSGGGEGES PGWFLDSPDR PWNPPTEFSPA LLVVTEGDNA TFTCSFSNTS
ESFVLNWYRM SPSNQTDKLA AFPEDRSQPG QDCRFRVTQL PNGRDFHMSV VRARRNDSGT
YLCGAISLAP KAQIKESLRA ELRVTERRAE VPTAHPSPSP RPAGQFQTLV

Anti-EGFR light chain amino acid sequence (SEQ ID NO: 71):
DILLTQSPVILSVSPGERVISFSCRASQSIGTNIHWYQQORTNGSPRLLIKYASESISGIPSRFSGSG

SGTDFTLSINSVESEDIADYYCQONNNWPTTFGAGTKLELKRTVAAPSVFIFPPSDEQLKSGTASV

VCLLNNFYPREARVOWKVDNALOSGNSQESVTEQDSKDSTYSLESTLTLSKADYEKHKVYACEVTH
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):
QVOLOQOPGAELVKPGASVKMSCKASGYTFTSYNMHWVKQTPGRGLEWIGAIYPGNGDTSYNQKFKG

KATLTADKSSSTAYMOLESSLTSEDSAVYYCARSTYYCGDWYFNVWGAGTIVIVSAASTREPSVFPL

APSSKSTSCGGTAALGCLVKDYFPERPVIVSWNSGALTSGVHTFPAVLOSSGLYSLSSVVTVRSSSLG
TOTYICNVNHKPSNTKVDKKAEPKSCDKTHTCPPCPAPELLGGPSVFLFPPKPKDTLMISRTPEVT
CVVVDVSHEDPEVKFNWYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHODWLNGKEYKCKVSNK
ALPAPIEKTISKAKGOPREPQVYTLPPSRDELTKNQVSLTCLVKGFYPSDIAVEWESNGQPENNYK
TTPPVLDSDGSFFLYSKLTVDRSRWOOGNVESCSVMHEALHNHYTQOKSLSLSPGK
GGGESGGGEEGSGEGGES PGWFLDSPDR PWNPPTFSPA LLVVTEGDNA TFTCSFSNTS
ESFVLNWYRM SPSNQTDKLA AFPEDRSQPG QDCRFRVTQL PNGRDFHMSV VRARRNDSGT
YLCGAISLAP KAQIKESLRA ELRVTERRAE VPTAHPSPSP RPAGQFQTLV

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

GTSYSLTISRVEAEDAATYYCQOWTSNPPTPGGGTKLEIKRTVAAPSVFIFPPSDEQLKSGTASVV

CLLNNFYPREAKVOWKVDNALQSGNSQESVTEQDSKDSTYSLSSTLTLSKADYERKHKVYACEVTHQ
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):
EVQLVESGGGLVQPGGSLRLSCAASGYTFTNYGMNWVRQAPGKGLEWVGWINTYTGEPTYAADFKR

REFTFSLDTEKSTAYLOMNSLRAEDTAVYYCAKYPHYYGSSHWY FDVWGQGTLVIVSSASTKGPSVE

PLAPSSKSTSGGTAALGCLVKDYFPEPVTVSWNSGALTSGVHTFPAVLOSSGLYSLSSVVIVPSSS
LGTQTYICNVNHRKPSNTKVDKKVEPKSCDKTHTCPPCPAPELLGGPSVFLFPPKPRKDTLMISRTPE
VICVVVDVEHEDPEVKFNWYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHQDWLNGKEYKCKVS
NKALPAPIEKTISKAKGOPREPQVYTLPPSREEMTKNQVSLTCLVKGFYPSDIAVEWESNGQOPENN
YKTTPPVLDSDGSFFPLYSKLITVDKSRWQQOGNVEFSCSVMHEALHNHYTQKSLSLSPGK
GGGGSGGGESGGEGEES PGWFLDSPDR PWNPPTFSFPA LLVVTEGDNA THFTCSFSNTS
ESFVLNWYRM SPSNQTDKLA AFPEDRSQPG QDCRFRVTQL PNGRDFHMSV VRARRNDSGT
YLCGAISLAP KAQIKESLRA ELRVTERRAE VPTAHPSPSP RPAGQFQTLV

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

SCTDFTLTISSLOPEDFATYVYCQOYSTVEWTFGQGTKVEIKRITVAAPSVFIFPPSDEQLKSGTASY

VCLLNNFYPREAKVQWKVDNALQSGNSQESVIEQDSKDSTYSLSSTLTLSKADYEKHKVYACEVTH
QGLSSPVTKSFNRGEC

Underlined: Anti-VEGF Variable region
Plain: Anti-VEGF Constant region
ltalic: 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):

QVQLVESGGG VVQPGRSLRL SCAASGFTFS SYTMHWVRQA PGKGLEWVTF ISYDGNNKYY

ADSVKGRFTI SRDNSKNTLY LOMNSLRAED TAIYYCARTG WLGPFDYWGQ GTLVTVSSAS
TRGPSVFPLA PSSKSTSGGT AALGCLVEDY FPEPVTVSWN SGALTSGVHT FPAVLQSSGL

YSLSSVVIVP S8SLGTQTYI CNVNHKPSNT KVDKRVEPKS CDKTHTCPPC PAPELLGGPRS
VEFLFPPKPKD TLMISRTPEV TCVVVDVSHE DPEVKFNWYV DGVEVHNAKT KPREEQYNST
YRVVSVLTVL HQDWLNGKEY KCKVSNKALP APIEKTISKA KGQPREPQVY TLPPSRDELT
KNOQVELTCLY KGFYPSDIAV EWESNGQPEN NYKTTPPVLD SDGSFFLYSK LTVDKSRWQQ
GNVEFSCSVMH EALHNHYTQKSLSLSPGK GGGGSGGGGSGGGGS PGWFLDSPDR
PWNPPTFSPA LLVVTEGDNA TFTCSFSNTS ESFVLNWYRM SPSNQTDKLA AFPEDRSQPG
QDCRFRVTQL PNGRDFHMSV VRARRNDSGT YLCGAISLAP KAQIKESLRA ELRVTERRAE
VPTAHPSPSF RPAGQFQTLV

Anti-CTLA-4 light chain (SEQ ID NO: 74):
EIVLTQSPGET LSLSPGERAT LSCRASQSVG SSYLAWYQOQK PGQRAPRLLIY GAFSRATGIP

DRFSGSGSGT DFTLTISRLE PEDFAVYYCQ QYGSSPWTFG QGTKVEIKRT VAAPSVFIFP

PSDEQLKSGT ASVVCLLNNF YPREAKVQWK VDNALQSGNS QESVTEQDSK DSTYSLSSTL
TLSKADYEKH 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
NQKFKDEATT
GPSVFPLAPS
LESVVTVPSS
LFPPKPKDTL
VVSVLTVLHQ
QVSLTCLVKG
VFSCSVMHEA

VEKKPGSSVKV
TADESTNTAY
SKSTSGGTAA
SLGTQTYICN
MISRTFPEVTC
DWLNGKEYKC
FYPSDIAVEW
LHNHYTQKSL

SCKASGYTFT
MELSSLRSED
LGCLVKDYFP
VNHKPSNTKV
VVVDVSHEDP
KVSNKALPAP
ESNGQPENNY

SYRMHWVRQA
TAVYYCARGG
EPVTVSWNSG
DKKVEPKSCD
EVKFNWYVDG
IEKTISKAKRG
KTTPPVLDSD

PGQGLEWIGY
GVFDYWGQGT
ALTSGVHTFP
KTHTCPPCPA
VEVHNAKTKP
QPREPQVYTL
GSFFLYSKLT

SLSPGK GGGGSGGGGESGGGGES
PGWFLDSPDRPWNPPTFSPALLVVTEGDNATFTCSFSNT

INPSTGYTEY
LVTVSSASTK
AVLQSSCLYS
PELLGGPSVF
REEQYNETYR
PPSRDELTKN
VDKSRWQQGN

SESPVLNWYRMSPSNQTDKLAAFPEDRSQPGODCRFRVTQLPNGRDFHMSVVRAR

RNDSGTYLCGAISLAPKAQIKESLRAELRVTERRAEVPTAHPSPSPRPAGQFQTLY

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

FSGSGSGTEF TLTISSLOPD DFATYYCHQR STYPLTFGQG TKVEVKRTVA APSVPIFPPS

DEQLKSGTAS VVCLLNNFYP REAKVOWKVD NALQOSGNSQE SVTEQDSKDS TYSLSSTLTL

SKADYEKHKV YACEVTHQGL SSPVTKSFNR GEC

Plain: Anti-CD25 antibody

italic: Linker
Bold: PD-1 ectodomain

Fig. 18A
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Anti-CD25 (Basiliximab) heavy chain and PD-1 ectodomain (SEQ 1D NO: 21):

QLOQSGTVLA
KFEGKAKLTA
PSVFPLAPSS
SSVVIVPSSS
FPPKPKDTLM
VSVLITVLHQD
VSLTCLVKGEF

FSCSVMHEAL

RPGASVKMSC
VTSASTAYME
KETSGGTAAL
LGTQTYICNV
ISRTPEVTCV
WLNGKEYKCK
YPSDIAVEWE

HNHYTQKSLS

KASGYSFTRY
LSSLTHEDSA
GCLVKDYFPE
NHKPSNTKVD
VVDVSHEDEPE
VENKALPAPT

SNGQPENNYK

WMHWIKQRPG
VYYCSRDYGY
PVTVSWNSGA
KRVEPKSCDK
VKFNWYVDGV
EXKTISKAKGQ
TTPPVLDSDG

LSPGK GGGGSGGGGSGGGEGS

PGWFLDSPDRPWNPPTFSPALLVVTEGDNATFTCSFSNT

QGLEWIGATIY
YFDFWGQGTT
LTSGVHTFPA
THTCEPCPAP
EVHNAKTKPR
PREPQVYTLP

SFFLYSKLTV

PGNSDTSYNQ
LTVSSASTKG
VLOSSGLYSL
ELLGGPSVFL
EEQYNSTYRV
PSRDELTKNQ
DKSRWQOGNV

SESFVLNWYRMSPSNQTDKLAAFPEDRSQPGQODCRFRVITQLPNGRDFHMSVVRAR

RNDSGTYLCGAISLAPKAQIKESLRAELRVTERRAEVPTAHPSPSPRPAGQFQTLV

Anti-CD25 (Basiliximab) light chain (SEQ ID NO: 78):
QIVSTQSPAT MSASPGEKVT MTCSASSSRS YMOWYQQKPG TSPRRWIYDT SKLASGVPAR

PSGSGSGTSY

SLTISSMEAE

DAATYYCHQR SSYTFCGGGTK LEIKRTVAAP

SVFIFPPSDE

QLKSGTASVV CLLNNFYPRE AKVQOWKVDNA LOSGNSQESV TEQDSKDSTY SLSSTLTLSK

ADYEKHKVYA CEVTHQGLSS PVITKSFNRGEC

Plain: Anti-CD25 antibody

ltalic: 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

EEVLNLAQSKNFHLRPRDLISNINVIVLELKGSETTFMCEYADETATIVEFLNRWITFCQSIISTL

T GGGGSGGEGSGGEGGS
THTCPPCPAPELLGGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVKENWYVDGVEVHNAR
TKPREEQYNSTYRVVSVLTVLHODWLNGKEYKCKVSNKALPAPIEKTISKAKGOPREPQVYTLPPS
REEMTKNQVSLTCLVKGFYPSDIAVEWESNGOQPENNYKTTPPVLDSDGSFFLYSKLTVDKSRWOQG
NVFSCSVMHEALHNHYTQKSLSLSPGK GGGGSGGGGSGGGGS
PGWFLDSPDRPWNPPTFSPALLVVTEGDNATFTCSFSNTSESFVLNWYRMSPSNOTDKLAAFPEDR
SQPGODCRFRVIQLPNGRDFHMSVVRARRNDSGTYLCGAISLAPKAQIKESLRAELRVTERRAEVP
TAHPSPSPRPAGQFQTLV

PD-1 ectodomain + Fc + 1L-2 (SEQ ID NO: 23):
PGWFLDSPDRPWNPPTFSPALLVVIEGDNATFTCSFSNTSESFVLNWYRMSPSNQTDKLAAFPEDR
SQPGODCRFRVTQLPNGRDFHMSVVRARRNDSGTYLCGAISLAPKAQIKESLRAELRVTERRAEVE
TAHPSPSPRPAGQRFQTLV GGGGSGGGGSGGGGS
THTCPPCPAPELLGGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVKFNWYVDGVEVHNAK
TRPREEQYNSTYRVVSVLTVLHODWLNGKEYKCKVSNKALPAPIEKTISKAKGOPREPQVYTLPPS
REEMTKNQVSLTCLVKGFYPSDIAVEWESNGQPENNYKTTPPVLDSDGSFFLYSKLTVDKSRWQQG
NVFSCSVMHEALHNHYTQKRKSLSLSPGK GGGGSGGGGSGGEGS
APTSSSTKKTQLQLEHLLLDLOMILNGINNYKNPKLTRMLTFKFYMPKKATELKHLQCLEERLKPL

EEVLNLAQSKNFHLRPRDLISNINVIVLELKGSETTFMCEYADETATIVEFLNRWITFCQSIISTL

T

Underlined: IL-2 fragment

ltalic: Linker

Plain: Fe¢

Bold: human PD-1 ectodomain

(Note: Can replace optional linker 1 GGGGSGEGESGEGES 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. 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:

QVOLOEAGPGLVKPSETLSLTCSVSGGSISGDYYWFWIRQSPGKGLEWIGYIYGSGGETNYNPSLN

NRVSISIDTSKNLFSLKLRSVTAADTAVYYCASNILKYLHWLLYWGQGVLVTVISASTKGPSVFPL

APSSKSTSGGTAALGCLVKDYFPEPVIVSWNSGALTSGVHTFPAVLYSSCLYSLESVVTVRPSSSLG
TOQTYICNVNHKPSNTRVDKRVEFPKSCDKTHTCPPCPAPELLGGPSVFLFPPKPKDTLMISRTPEVT
CVVVDVSHEDPEVEFNWYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHODWLNGKEYKCEVSNK
ALPAPIEKTISKAKGQPREPQVYTLPPSRDELTKNQVSLTCLVKGFYPSDIAVEWESNGQPENNYK
TTPPVLDSDGSFFLYSKLTVDKSRWOQGNVFSCSVMHEALHNHYTOKSLSLSPGK
elelelesleelees]eelees
PGWFLDSPDRPWNPPTFSPALLVVTEGDNATFTCSFSNTSESFVLNWYRMSPSNQTDKLAAFPEDR
SQPGQDCRFRVTQLPNGRDFHMSVVRARRNDSGTYLCGAISLAPKAQIKESLRAELRVTERRAEVP
TAHPSPSPRPAGQFQTLV

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

SYELSQPRSVSVSPGOTAGFTCGEDNVGRKSVOWYQQKPPQAPVLVIVADSERPSGIPARFSGSNS

GNTATLTISGVEAGDEADYYCQVWDSTADHWVEFGGGTRLTVLGRTVAAPSVFIFPPSDEQLKSGTA

SVVCLLNNFYPREAKVOWKVDNALQSGNSQESVTEQDSKDSTYSLESSTLTLSKADYEKHKVYACEV
THQGLSSPVTKSFNRGEC

Plain: Anti-CD4 antibody (Variable region — underlined)
ftalic. 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 — Fc - PD-1 ectodomain (SEQ. ID. NO: 25):

QI APPCTSEKHY EHLGRCCNKC EPGKYMSSKC TTTSDSVCLP CGPDEYLDSW NEEDKCLLHK
VCDTGKALVA VVAGNSTTPR RCACTAGYHW SQDCECCRRN TECAPGLGAQ HPLOQLNKDTV
CKPCLAGYFS DAFSSTDKCR PWTNCTFLGK RVEHHGTEKS DAVCSSSLPA REKPPNEPHVY LPG
GGGGSEGEGEEGEGGES
THTCPPCPAPELLGGPSVFLFPPRPKDTLMISRTPEVICVVVDVSHEDPEVKFNWYVDGVEVHNAK
TKPREEQYNSTYRVVSVLTVLHODWLNGKEYKCKVSNKALPAPIEKTISKAKGQPREPQVYTLPPS
REEMTKNQVSLTCLVKGFYPSDIAVEWESNGOPENNYKTTPPVLDSDGSFFLY SKLTVDKSRWQQG
NVFSCSVMHEALENHYTQKSLSLSPGK GGGGSGGGGSGGEGGES
PGWFLDSPDREFWNPPTFSPALLVVTEGDNATFTICSFSNTSESFVLNWYRMSPSNQTDRLAAFPEDR
SQPGQDCRFRVTQLPNGRDFHMSVVRARRNDSGTYLCGAISLAPKAQIKESLRAELRVIERRAEVP
TAHPSPSPRPAGQFQTLV

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

POGWFLDSPDRPWNPPTFSPALLVVIEGDNATFTCSFSNTSESFVLNWYRMSPSNQTDKLAAFPEDR
SQPGRDCRFRVTQLPNGRDFHMSVVRARRNDSGTYLCGAISLAPKAQIKESLRAELRVTERRAEVP
TAHPSPSPRPAGQRFQTLVGGGGSGGGGEGSGEEGES

THTCPPCPAPELLGGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVKFPNWY VDGVEVHNAK
TKPREEQYNSTYRVVSVLIVLHODWLNGKEYKCKVSNKALPAPTEKTISKAKGQPREPQVYTLPPS
REEMTKNQVSLTCLVKGFYPSDIAVEWESNGOPENNYKTTPPVLDSDGSFFLYSKLTVDKSRWOQG

NVFSCSVMHEALHNHYTQKSLSLSPGK GGGGSGGGGSGGGGES QI APPCTSEKHY EHLGRCCNKC

EPGKYMSSKC TTTSDSVCLP CGPDEYLDSW NEEDKCLLHK VCDTGKALVA VVAGNSTIPR

RCACTAGYHW SODCECCRRN TECAPGLGAQ HPLOLNKDTV CKPCLAGYFS DAFSSTDKCR

PWTNCTFLGK RVEHHGTEKS DAVCSSSLPA RKPENEPHVY LPG

Bold: PD-1 ectodomain

ltalics: Linker {optional: may delete linker 1 or replace with IEGRDMD or EFKSCDK)
Plain: igG1 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
601

(i)

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

MAPRARRRRP
TITTSDSVCLP
SQDCECCRRN
RVEHHGTEKS
ALTANLWHWI
YPDQGGVCOG
LEFLTEPGSKS
YLOQKEVDSGH
EEEASRTEAR
NFKGDIIVVY
PEKASRPVQE

LFALLLLCAL
CGPDEYLDSW
TECAPGLGAQ
DAVCSSSLPA
NEACGRLSGD
TCVGGGPYAQ
TPPFSEPLEV
CPHWAASPSP
DOPEDGADGR
VEQTSQEGAA
QGGAKA

LARLQVALQIL
NEEDKCLLHK
HPLOQLNEKDTV
RKPPNEPHVY
KESSGDSCVS
GEDARMLSLV
GENDSLSQCF
NWADVCTGCR
LPSSARAGAG
AAAEPMGRPV

APPCTSEKHY
VCDTGRALVA
CEPCLAGYFS
LPGLIILLLF
THTANFGQQG
SKTEIEEDSF
TGTQSTVGESE
NPPGEDCEPL
SGESSPGEEQSE
QEETLAREDS

EHLGRCCONXC
VVAGNSTTPR
DAFSSTDRCR
ASVALVAATT
ACEGVLLLTL
RQMPTEDEYM
SCNCTEPLCR
VGSPKRGPLP
ASGNVTGNSN
FAGNGPRFFPD

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

EPGKYMSSKC
RCACTAGYEW
PWINCTFLGK
FGVCYRKKGK
EEKTFPEDMC
DRPSQPTDQL
TDWTPMSSEN
QCAYGMGLPP
STFISSGQVM
PCGGPEGLRE

RANK extracellular domain (ectodomain) or fragment thereof (SEQ. ID. NO: 86):

QT APPCTSEKHY EHLGRCCNKC EPGKYMSSKC TTITSDSVCLP CGPDEYLDSW NEEDRCLLHK VCDTGKALVA
VVAGNSTTPR RCACTAGYHW SQDCECCRRN TECAPGLGAQ HPLOLNKDTV CKPCLAGYFS DAFSSTDKCR
PWINCTFLGK RVEHHGTEKS DAVCSSSLPA RKPPNEPHVY LPG

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

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

1 MAPRARRRRP

LFALLLLCAL LARLOVALQT APPCTSEKHY EHLGRCCNEC EPGEYMSSKC

61 TTTSDSVCLF CGPDEYLDSW NEEDKCLLHK VCDTGKALVA VVAGNSTTPR RCACTAGYHW
121 SQDCECCRRN TECAPGLGAQ HPLQLNKDTV CKPCLAGYFS DAFSSTDKCR PWTNCTFLGK
181 RVEHHGTEKS DAVCSSSLPA RKPPNEFPHVY LPFG

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

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

ligand (RANKL)
(V) Full-lenagth Osteoprotegerin (CPG, TNFRSF11B) or fragment thereof (SEQ. ID. NO:; 98):
1 MNKLLCCALV FLDISIKWTT QETFPPXYLH YDEETSHQLL CDECPPGTYL KQHCTAKWKT
§1 VCAPCPDHYY TDSWHTSDEC LYCSPVCKEL QYVKQECKNRT HNRVCECKEG RYLEIEFCLK
121 HRSCPPGFGV VQAGTPERNT VCKRCPDGFF SNETSSKAPC RKHTINCSVFE LLLTQOKGCNAT
181 HDNICSGNSE STOKCGIDVT LCEEAFFRFA VPTKFTPNWL SVLVDNLPGT KVNAESVERI
241 KRQHSSQEQT FQLLKLWKHQ NKAQDIVKKI IQDIDLCENS VQORHIGHANL TFEQLRSLME
301 SLPGKKVGAE DIEKTIKACK PSDQILKLLS 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):

EVQLVESGGELVOPCGGSLRLSCAASCGFNIKDTY IHWVRQAPCKGLEWVARIYPTNGY TRYADSVKGRFTISA

DTSKNTAYLOMNSLRAEDTAVY YCSRWGGDGFYAMDYWGEGQGTLVTVSSASTRGPSVFPLAFPSSKSTSGGTAA

LEGCLVKDYFPEPVIVSWNSGALTSGVHTFPAVLQSSCGLYSLSSVVIVPSSSLGTQTYICNVNHKPSNTKVDK
KVEPKSCDXKTHTCPPCPAPELLGGPSVFLFPPKPKDTLMISRTPEVTICVVVDVSHEDPEVKFNWYVDGVEVH
NAKTKPREEQYNSTYRVVSVLTVLHODWILNGKEYKCKVSNKALPAPTEKTISKAKGOPREPQVYTLPPSREE
MTEKNQVSLTCLVKGFYPSDIAVEWESNGQPENNYKTTPPVLDSDGSFPLY SKLTVDKSRWQQGNVFSCSVMH
BEALHNHYTQKSLSLSPGK GGGESGGGGESGGGEGS QI APPCTSEKHY EHLGRCCNKC EPGKYMSSKC
TTTSDSVCLP CGPDEYLDSW NEEDRCLLHK VCDTGKALVA VVAGNSTTPR RCACTAGYHW
SQDCECCERN TECAPGLGAQ HPLOQLNKDTV CRPCLAGYFS DAFSSTDRCR PWTNCTFLGK
RVEHHGTEKS DAVCSSSLPA RKPPNEPHVY LPG

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

DIQMTOSPSSLSASVGDRVTITCRASQDVNTAVAWYQQKPGKAPKLLIYSASFLYSGVPSRFSGSREGTDEFT

LTISSLOPEDFATYYCOQOHYTTPPTFGOGTRKVEIKRTVAAPSVFIFPPESDEQLKSGTASVVCLLNNFYPREA

KVOWKVDNALQSGNSQESVTEQDSKDSTYSLSSTLTLSKADY EKHRKVYACEVTHQGLSSPVTKSFNRGEC

Underlined: Anti-HERZ2 antibody variable region

Plain: Anti-HERZ2 antibody constant 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 PCKGLEWLGVIWSGEGNTDYNTPFTSRLS INKD

NSKSQVFFEMNSLOSNDTAIYYCARALTYYDYEFAYWGQCTLVIVSAASTKGPSVFPLAPSSKSTSGETAAL

GCLVEKDYFPEPVIVSWNSGALTSGVHTFPAVLOSSGLYSLSSVVTVPSSSLETQTY ICNVNHKPSNTKVDRR
VEPKSCDKTHTCPPCPAPELLGGPSVFLFPPKPRDTLMISRTPEVTCVVVDVSHEDPEVKFNWY VDGV EVHN
AKTKPREEQYNETYRVVSVLTVLHODWLNGKEYKCRKVSNKALPAPIEKTISKAKGQPREPQVYTLPPSRDEL
TEKNQVSLTCLVKGFYPSDIAVEWESNGOPENNYKTTPPVLDSDGSFFLY SKLTVDRKSRWQQGNVEFSCSVMHE
ALHNHYTQRKSLSLSPGK GGGGSGGGGSGGGGES QI APPCTSEKHY EHLGRCCNKC EPGKYMSSKC
TTTSDSVCLP CGPDEYLDSW NEEDKCLLHK VCDTGKALVA VVAGNSTTPR RCACTAGYHW
SQDCECCRRN TECAPGLGAQ HPLQLNKDTV CRKPCLAGYFS DAFSSTDKCR PWTNCTFLGEK
RVEHHGTEKS DAVCSSSLPA RKPPNEPHVY LPG

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

DILLTOSPVILSVSPGERVSFSCRASQOSIGTNIHWYQQORTNGSPRLLIKYASESISGIPSRFSGSGSGTDFT

LESINSVESEDIADYYCQONNNWPTTFGAGTKLELKRTVAAPSVFIFPPSDEQLKSGTASVVCLLNNFYPREA

KVQWEVDNALOSGNSQESVTEQDSKDSTYSLSSTLTLSKADYEKHKVYACEVTHQGLSSPVTKSFNRCGEC

Underlined: Anti-EGFR antibody variable region

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

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

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

QVOLOQPGAELVKPGASVKMSCKASGYTFTSYNMHWVKQTPGRGLEWIGAIYPONGDTSYNQKFKGKATLTA

DKSSSTAYMQLSSLTSEDSAVYYCARSTYYGGCDWY FNVWGAGTTVTVSAASTRKGPSVFPLAPSSKETIGETA

ALGCLVKDYFPEPVIVSWNSGALTSGVHTFPAVLOSSGLYSLSSVVTVPSSSLATQTY ICNVNHEPSNTRVD
KKAEPKSCDRKTHTCPPCPAPELLGGESVFLFPPKPKDTLMISRTPEVICVVVDVSHEDPEVKFNWYVDGVEY
HNAKTKPREEQYNSTYRVVSVLTVLHODWLNGKEYKCKVSNKALPAPIEKTISKAKGOPREPQVYTLPPSRD
ELTRKNQVSLTCLVKGFYPSDIAVEWESNGOPENNYKTTPPVLDSDGSFFLYSKLTVDKSRWQOGNVFSCSVM
HEALHNHYTQKSLSLSPGK GGGGSGEGGGSGGGGS QI APPCTSEKHY EHLGRCCNKC EPGKYMSSKC
TTTSDSVCLP CGPDEYLDSW NEEDKCLLHK VCDTGKALVA VVAGNSTTPR RCACTAGYHW
BQDCECCRRN TECAPGLGAQ HPLQLNKDTV CKPCLAGYFS DAFSSTDKCR PWINCTFLGK
RVEHHGTEKS DAVCSSSLPA RKPPNEPHVY LPG

Anti-CD20 light chain amine acid sequence (SEQ. I1D. NO: 72):

QIVLSOSPATLSASPGERKVTIMTCRASSSVSY IHWFQOKPGSSPKPWIYATSNLASGVPVRFSGSGSGTSYSL

TISRVEAEDAATYYCQOWTSNPPTFGGGTKLEIKRTVAAPSVFIFPPSDEQLKSGTASVVCLLNNFYPREAK

VOWKVDNALQSGNSQESVTEQDSKDSTYSLSSTLTLSKADYEKHKVYACEVTHRGLSSPVTKSFNRGEC

Underlined: Anti-CD20 antibody variable region

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

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

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

EVOLVESGGGLVOPGGSLRLSCAASGYTFINYGMNWVROAPGKGLEWVGWINTYTGEPTYAADFE
KRRFTFSLDTSKSTAYLOMNSLRAEDTAVYYCAKYPHYYGSSHWYFDVWGOGTLVTVSSASTKG
PSVFPLAPSSKSTSGGTAALGCLVKDYFPEPVTVSWNSGALTSGVHTFPAVLQSSGLYSLSSVVTVP
SSSLGTQTYICNVNHKPSNTKVDKKVEPKSCDKTHTCPPCPAPELLGGPSVFLFPPKPKDTLMISRTP
EVICVVVDVSHEDPEVKFNWYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHODWLNGKEYK
CKVSNKALPAPIEKTISKAKGQPREPQVYTLPPSREEMTKNQVSLTCLVKGFYPSDIAVEWESNGQP
ENNYKTTPPVLDSDGSFFLYSKLTVDKSRWQOGNVFSCSVMHEALHNHYTQKSLSLSPGK
GGGGSGGEGGESGGEES QI APPCTSEKHY EHLGRCCONKC EPGKYMSSKC TITTSDSVCLP

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

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

DIOMTOSPSSL.SASVGDRVTITCSASODISNY LNWYQOKPGKAPKVLIYFTSSLHSGVPSRESGSGSG

TOFTLTISSLOQPEDF ATYYCOOYSTVPWTFGQGTKVEIKRTVAAPSVFIFPPSDEQLKSGTASVVCLL

NNFYPREAKVQWKVDNALQSGNSQESVTEQDSKDSTYSLSSTLTLSKADYEKHKVYACEVTHQGL
SSPVTKSFNRGEC

Underlined: Anti-VEGF antibody variable region

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

Fig. 26
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Fusion proteins comprising anti-human CTLA-4 antibody and Receptor activator of nuclear

31775

factor—«xB (RANK) Extracellular domain (ECD).

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

QVQLVESGGG

VVOPGRSLRL

SCAASGFTFS

SYTMHWVRQA

PCGKGLEWVTF

ISYDGNNKYY

ADSVEGRFTI

SRDNSKNTLY

LOMNSLRAED

TALYYCARTG

WLGPFDYWEQ

GTLVTVSSAS

TRGPSVFPLA
YSLSSVVTVP
VFLEFPPXPKD
YRVVSVLTVI,
KNQVSLTCLV
GNVFSCSVMH
EPGKYMSSKC
RCACTAGYHW

PWITNCTFLGK

PSSKSTSGGET
SSSLGTQTYI
TLMISRTPEV
HODWLNGKEY
KGFYPSDIAV
EALHNHYTQK
TTITSDSVCLP
SQDCECCRRN

RVEHHGTEKS

AALGCLVEDY
CNVNHKPSNT
TCVVVDVSHE
KCKVENKALP

EWESNGQPEN

SLSLSPCGK GGGGSGGGGSGEGGES QI APPCTSEKHY EHLGRCCNKC

CGPDEYLDSW
TECAPGLGAQ

FPEPVTVSWN
KVDKRVEPKS
DREVKFNWYV
APIEKTISKA
NYKTTPPVLD

NEEDKCLLHK

HPLQLNRDTV

DAVCSSSLPA RKPPNEPHVY

Anti-CTLA-4 light chain (SEQ. 1D. NO: 74):

EIVLTOSPGT

LELSPGERAT

LSCRASQSVG

SSYLAWYQOK

SGALTSGVHT
CDKTHTCPPC
DGVEVHNAKT
KGOPREPQVY
SDGSFFLYSK

VCDTGKALVA
CKPCLAGYFS
LPG

PGOAPRLLIY

FPAVLQSSGL
PAPELLGGPS
KPREEQYNST
TLPPSRDELT
LTVDESRWQQ

VVAGNSTTPR
DAFSSTDKCR

GAFSRATGIP

DRFSGSGSGT

DFTLTISRLE

PEDFAVYYCQ

QYGSSPWTEG

QGTKVEIXKRT

PSDEQLKSGT
TLSKADYEKH

ASVVCLLNNE
KVYACEVTHQ

YPREAKVQWEK

GLSSPVTKSF

VDNALQSGNS

NRGEC

Underlined: Anti-CTLA-4 antibody variable region

Plain: Anti-CTLA-4 antibody constant region

ltalics: Linker

Bold: RANK ectodomain

QESVTEQDSK

VAAPSVFEIFP
DSTYSLSSTL

Fig. 27
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Fusion proteins comprising anti-CD25 antibody and Receptor activator of nuclear factor-

kB (RANK) Extraceliular domain (ECD).

32/75

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

QVQLVQSGAE
NQKFEDKATI
GPSVFPLAPRS
LSSVVTVPSS
LFPPKPKDTL
VVSVLTVLHQ
QVSLTCLVKG
VFSCSVMHEA
EPGKYMSSKC
RCACTAGYHW

PWITNCTFLGK

VEKPGSSVKY
TADESTNTAY
SKSTSGGTAA
SLGTOTYICN
MISRTRPEVTC
DWLNGKEYKC
FPYPSDIAVEW
LEHNHYTQKSL
TTTSDSVCLP
SQDCECCRRN

RVEHHGTEKS

SCRKASGYTFT
MELSSLRSED
LGCLVEKDYFP
VNHEKPSNTEV
VVVDVSHEDP
KVSNKALPAP
ESNGQPENNY

SLSPGK GGGGSGGGEGSGGEGEGS QI APPCTSEKHY EHLGRCCNKC

CGPDEYLDSW
TECAPGLGAQ
DAVCSESLPA

SYRMHWVRQA
TAVYYCARGG
EPVITVSWNSG
DKKVEPKSCD
EVKFNWYVDG
IEKTISKAKG
KTTPPVLDSD

NEEDKCLLHK
HPLQLNKDTV
RKPPNEPHVY

Anti-CD25 - Light chain (SEQ. ID. NQ. 75):

DIOMTOQSPST
FSGSGSGTEF
DEQLKSGTAS

SKADYEKHKV

LSASVGDRVT
TLTISSLOPD
VVCLLNNFYP

YACEVTHQGL

Plain: Anti-CD25 antibody

ftalics: Linker

Bold: RANK sctodomain

ITCSASSSIS
DFATYYCHOQR
REAKVQWKVD

SSPVTKSFNR

YMHWYQOKPG
STYPLTFGQG
NALOSGNSQE

GEC

Fig. 28A

PGQGLEWIGY
GVFDYWGQGT
ALTSGVHTFP
KTHTCPPCPA
VEVHNAKTKP
QPREFPQVYTL
GSFFLYSKLT

VCDTGKALVA
CKPCLAGYFS
LPG

KAPKLLIYTT
TEKVEVEKRTVA

SVTEQDSKDS

INPSTGYTEY
LVTVSSASTK
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
SSVVTVPSSS
FPPKPKDTLM
VSVLTVLHQD
VSLTCLVKGF
FSCSVMHEAL
EPGKYMSSKC
RCACTAGYHW
PWINCTFLGK

Anti-CD25 —

QIVSTQSPAT
FSGSGSGTSY
QLKSGTASVV

ADYEKHKVYA

RPGASVKMSESC
VTSASTAYME
RSTSGGTAAL
LGTQTYICNV
ISRTPEVTICV
WLNGKEYKCK
YPSDIAVEWE
HNHYTQKSLS
TTTSDSVILEP
SQDCECCRRN

RVEHHGTEKS

KASGYSFTIRY
LSSLTHEDSA
GCLVEKDYFPE
NHEKPSNTKVD
VVDVSHEDPE
VSNKALPAPTL

SNGQPENNYK

33/75

WMHWIKQRPG
VYYCSRDYGY
PVTVSWNSGA
KRVEPKSCDK
VRKFNWYVDGV
EXTISKAKGO
TTPPVLDSDG

LSPGK GGGGSGGGEGSGGGGS

CGPDEYLDSW
TECAPGLGAQ

DAVCSSSLPA

NEEDKCLLHX
HPLQLNEDTV

RXPPNEPHVY

Light chain (SEQ. ID. NO: 76):

MSASPGERVT MTCSASSSRS YMQWYQOKPG

SLTISSMEAE DAATYYCHQR SSYTFGGGTK

CLLNNFYPRE AKVOWKVDNA LQOSGNSQESV

CEVTHQGLSS PVTKSFNRGEC

Plain: Anti-CD25 antibody

Halics: Linker

Bold: RANK ectodomain

Fig. 28B

QGLEWIGATIY
YFDFWGQGTT
LTSGVHTFPA
THTCPPCPAP
EVHNAKTKPR
PREPQVYTLP

SFFLYSKLTV

QY APPCTSEKHY EHLGRCCNKC

VCDTGKALVA
CRPCLAGYFS

LPG

TSPRKRWIYDT
LEIRKRTVAAP

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):

APTSSSTRKKITQLOLEHLLLDLOMILNGINNYKNPKLTRMLTFKFYMPKKATELKHLQCLEEELKPLEEVLNL,

AQSKNFHLRPRDLISNINVIVLELKGSETTFMCEYADETATIVEFLNRWITFCOSTIISTLTGGGEGSGEGEGESE

GGGSTHTCPPCPAPELLGGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVRKFNWYVDGVEVHNAKTK
PREEQYNSTYRVVSVLTVLHODWLNGKEYKCKVSNKALPAPIEKTISKAKGQRPREPQVYTLFPSREEMTRNQ
VSLTCLVKGFYPSDIAVEWESNGQOPENNYKTTPPVLDSDGSFFLY SKLTVDKSRWQOGNVFSCSVMHEALHN
HYTQKSLSLSPGR GGGEGSGGGGSGEGES QI APPCTSEKHY 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
GCEGSGGEGSGEGEGSTHTCPPCPAPELLGGPSVFLFPPRKPKDTLMISRTPEVTCVVVDVSHEDPEVKENWYV
GVEVHNAKTKPREEQYNSTYRVVSVLTVLHQDWLNGKEYKCKVSNKALPAPIEKTISKAKGQPREPQVYTL
PPSREEMTKNQVSLTCLVKGFYPSDIAVEWESNGQPENNYKTTPPVLDSDGSFFLYSKLTVDKSRWQQGNVE
SCSVMHEALHNHYTQKSLSLSPGKEGEGEGGGGESGGEGGSAPTSSSTRKKTQLOLEHLLLDLOMT LNGTNNY KN

PRKLTRMLTFKFYMPKKATELKEHLOCLEEELKPLEEVLNLAQSKNFHLRPRDLISNINVIVLELRKGSETTFMC

EYADETATIVEFLNRWITFCQSIISTLT

Bold: RANK ectodomain

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

Underlined: IL2 fragment that binds CD25 (IL-2Ra)

(Can replace linker 1 with EPKSCDKX _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 Extracellular domain (SEQ ID NO: 36):

Heavy chain fusion protein;

QVQLOEAGPCGLVKPSETLSLTCSVSGGSISGDYYWFWIRQOSPGKGLEWIGYIYGSGGGTNYNPSLN

NRVSISIDTSKNLFSLKLRSVTAADTAVYYCASNILKYLHWLLYWGQGVLVTVSSASTKGPSVFPL

APSSKSTSGCTAALGCLVKDY FPEPVITVSWNSGALTSGVHTFPAVLOSSGLYSLSSVVTVPSSSLG
TQTYICNVNHKPSNTKVDRRVEPKSCDKTHT CPPCPAPELLGGPSVFLFPPKPKDTLMISRTPEVT
CVVVDVSHEDPEVKFNWYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHODWLNGKEYKCKVSNK
ALPAPIEKTISKAKGQPREPQVYTLPPSRDELTKNQVSLTCLVKGFYPSDIAVEWESNGQPENNYK
TTPPVLDSDGSFFPLYSKLTVDKSRWQOGNVFSCSVMHEALHNHY TQKSLELSPGK
GGGGSGGGEGSGGEGGS QI APPCTSEKHY BHLCGRCCNKC EPGKYMSSKC TTTSDSVCLP
CGPDRYLDSW NEEDKCLLHK VCDTGKALVA VVAGNSTTPR RCACTAGYHW SQDCECCRRN
TECAPGLGAQ HPLQLNKDTV CKPCLAGYFS DAFSSTDRCR PWINCTFLGK RVEHHGTEKS
DAVCSSSLPA RKPFNEPHVY LPG

Anti-CD4 light chain (SEQ 1D NO: 77):
Light chain:

SYBELSQPRSVSVSPEQTAGFTCGGDNVGRKSVOWYQQKPPQAPVLVIYADSERPSGIPARFSGSNS

GNTATLTISGVEAGDEADYYCQVWDSTADHWVEFGGETRLIVLGRTVAAPSVFIFPPSDEQLKSGTA

VVCLLNNFYPREAKVOWKVDNALQSGNSQESVTEQDSKDSTYSLSSTLTLSKADYEKHKVYACEV
THQGLSSPVTKSFNRGEC

Underlined: Anti-CD4 antibody variable region

Piain: Anti-CD4 antibody constant region
ftalic: Linker
Bold: PD-1 ectodomain

Fig. 30
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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):

MRIPAVFIFM TYWHLLNAFT

VIVPEDLYVV

EYGSNMTIEC KFPVEKQLDL

AALIVYWEME

DRNIIQFVHG EEDLKVQHSS

YRQRARLLKD

QLESLGNAALQ ITDVKLQDAG

VYRCMISYGG

ADYKRITVKV NAPYNKINQR

ILVVDPVTSE

HELTCQAEGY PKAEVIWTSS

DHQVLSGKTT

TTNSKREEKL FNVTSTLRIN

TTTNEIFYCT

FRRLDPEENH TAELVIPELP

LVILGAILLC LGVALTFIFR

LRKGRMMDVK

KCGIQDTNSK KQSDTHLEET

LAHPPNERTH

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

(SEQ ID NO: 100):

APT VTVPKDLYVV EYGSNMTIEC XKFPVEKQLDL AALIVYWEME DRNIIQFVHG

EEDLKVQHSS YROQRARLLEKD QLSLGNAALQ ITDVRELODAG VYRCMISYGG ADYRRITVERV

NAPYNKINQOR ILVVDPVISE HELTCQAEGY PKAEVIWITSS DHQVLSGKTT TTNSKREEKL

FNVITSTLRIN TTTNBIFYCT 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 VIVPKDLYVV EYGCSNMTIEC KFPVEKQLDL AALIVYWEME

DENIIQFVHG EEDLKVQHSS YRQRARLLEKD QLSLGNAALQ ITDVKLQODAG

VYRCMISYGG

ADYRKRITVKV NAPYNKINQR ILVVDPVTEE HELTCQAEGY PKAEVIWISS

DHQVLSGKTT

TTNSKREEKL FNVTSTLRIN TTTNEIFYCT FRRLDPEENH TAELVIPELP

IVILGAILLC LGVALTFIFR LREKGRMMDVK 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 {TNFa) antibody and PD-1
ligand 1 or PD-1 ligand 2

Anti-TNF« heavy chain + PD-L1 (SEQ ID NO: 37):
EVQLVESGGGLVQPCGRSLRLSCAASGFTFDDYAMHWVROAPGKGLEWVSAITWNSGHIDYADSVEG

RETISRDNAKNSLYLOMNSLRAEDTAVYYCALVSYLSTASSLRDYWGQGTLVTVSSASTKGPSVEPL

APSSKSTSGCTAALGCLVKDYFPEPVTVSWNSGALTSGVHTFPAVLOSSGLYSLSSVVTVPESSLG
TOTYICNVNHKPSNTKVDKKAEPKSCDKTHTCPPCPAPELLGGPSVFLFPPKPKDTIMISRTPEVT
CVVVDVSHEDPEVKENWYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHQDWLNGKEYKCKVSNK
ALPAPIEKTISKAKGQPREPQVYTLPPSRDELTKNQVSLTCLVKGFYPSDIAVEWESNGQPENNYK
TTPPVLDSDGSFFLYSKLTVDKSRWQQGNVEFSCSVMHEALHNHY TOKSLSLSPGK
GGGGEGGGESGEGES
RIFAVFPIFMTYWHLLNAFTVIVPKDLYVVEYGSNMTIECKFPVERQLDLAALIVYWEMEDKNITIQF
VHGEEDLKVQHSSYRQRARLLKDQLSLGNAALQITDVKLODAGVYRCMISYGGADYKRITVEKVNAP
YNKINQRILVVDPVTSEHELTCQAEGYPRAEVIWTSSDHOVLSGKTTTTNSKREEKLFNVTSTLRI
NTTTNEIFYCTFRRLDPEENHTAELVIPELPLAHPPNERTHLVILGAILLCLGVALTFIFRLRKGR
MMDVKRKCGIQDTNSKKQSDTHLEET

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

SETDFTL TISSLOPEDVATYYCORYNRAPYTFGOGTKVEIKRTVAAPSVFIFPPSDEQLKSGTASV

VCLLNNFYPREAKVOWKVDNALOSGNSOESVTEQDSKDSTYSLSSTLTLSKADYEKHKVYACEVTH
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 1D 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):

LPAQVAPTPYAPEPGSTCRLREYYDOTAQMCCSKCSPGRHAKVIFCTKTSDTVCDSCEDSTYTQLWN
WVPECLSCGSRCSSDQVETQACTREQNRICTCRPGWYCALSKQEGCRLCAPLRKCRPGFGVARPGT
ETSDVVCKPCAPGTFSNTTSSTDICRPHQICNVVAIPGNASMDAVCTSTSPTREMAPGAVHLPQPV
STRESQHTQPTPEPSTAPSTSFLLPMGPSPPAEGSTGD EPKSCDK
THTCPPCPAPELLGGPSVFLFPPKPKDTLMISRTPEVICVVVDVSHEDPEVKEFNWYVDGVEVHNAK
TKPREEQYNSTYRVVSVLITVLHODWLNGKEYKCKVSENKALPAPIEKTISKAKGQPREPQVYTLPRES
REEMTKNQVSLTCLVKGFYPSDIAVEWESNGOPENNYKTTPPVLDSDGSFFLYSKLTVDKSRWQOQG
NVFSCSVMHEALHNHYTQKSLSLSPGK GGGGSGEGGSGGEGES
RIFAVFIFMTYWHLLNAFTVTVPKDLYVVEYGSNMTIECKFPVEKQLDLAALIVYWEMEDRKNIIQF
VHGEEDLKVQHSSYRQRARLLKDQLSLGNAALQITDVKLODAGVYRCMISYGGADYRKRITVREVNAP
YNKINQRILVVDPVTSEHELTCQAEGYPKAEVIWTSSDHQVLSGKTTTTNSKREEKLFNVTSTLRI
NTTTNEIFYCTFRRLDPEENHTAELVIPELPLAHPPNERTHLVILGAILLCLGVALTFIFRLRKGR
MMDVRKKCGIQDTNSKKQOSDTHLEET

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):

MRIFAVFIFMTYWHLLNAFTVIVPKDLYVVEYGSNMTIECKFPVERQLDLAALIVYWEMEDRKNIIQ
FVHGEEDLKVQHSSYRQRARLLEDQLSLGNAALQITDVRKLODAGVYRCMISYGGADYRRITVKVNA
PYNKINQRILVVDPVISEHELTCQAEGYPKAEVIWTSSDHQVLSGRKTTTTNSKREEKLFNVTSTLR
INTTTNEIFYCTFRRLDPEENHTAELVIPELPLAHPPNERTHLVILGATLLCLGVALTFIFR
LRKGRMMDVEKCGIQDTNSKKQSDTHLEET GGGGSGGEGGESGGEGES EPKSCDK
THTCPPCPAPELLGGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVKFNWYVDGVEVHNAK
TRKPREEQYNSTYRVVSVLTVLHODWLNGKEYKCKVSNKALPAPIEKTISKAKGOPREPQVYTLPFS
REEMTKNQVSLTCLVKGFYPSDIAVEWESNGRPENNYKTTPPVLDSDGSFFLYSKLTVDKSRWQOG
NVFSCSVMHEALHNHYTQKSLSLSPGK GGGGSGGGGSGEGGES
LPAQVAFTPYAPEPGSTCRLREYYDOTAQMCCEKCSPGQHAKVFCTKTSDTVCDSCEDSTYTQLWN
WVPECLSCGSRCSSDOVETQACTREQNRICTCRPGWYCALSKOEGCRLCAPLRKCRPGFGVARPGT
ETSDVVCKPCAPGTFSNTTSSTDICRPHQICNVVATIPGNASMDAVCTSTSPTRSMAPGAVHLPOPV
STRSQHTQPTPEPSTAPSTSFLLPMGPSPPAEGSTGD

Underlined: TNFR2 ligand-binding domain

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

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

Fig. 33
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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 1D NO: 40):
QVQLOQPGAELVKPGASVEMS CRASGY TFTSYNMHWVKQTPGRGLEWIGAT YPGNGDTSYNQKFKG

KATLTADKSSSTAYMOLSSLTSEDSAVYYCARSTYYGGDWY FNVWGAGTTVIVSAASTKGPSVEFPL

APSSKSTSGGTAALGCLVKDYFPEPVTVSWNSGALTSGVHTFPAVLQSSGLYSLSSVVIVPSSSLG
TOTYICNVNHKPSNTKVDKKAEPKSCDKTHTCPPCPAPELLGGPSVFLFPPKPKDTLMISRTRPEVT
CVVVDVSHEDPEVKFNWYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHQDWLNGKEYKCKVSNK
ALPAPIEKTISKAKGOPREPQVYTLPPSRDELTKNQVSLTCLVKGFYPSDIAVEWESNGQPENNYK
TTPPVLDSDGSFFLYSKLTVDKSRWQOGNVEFSCSVMHEALENHY TQKSLSLSPGK
GGGGESGGGEGSEEEES
RIFAVFIFMTYWHLLNAFTVIVPKDLYVVEYGSNMTIECKFPVERQLDLAALIVYWEMEDKNIIQF
VHGEEDLRVQHSSYRQRARLLKDQLSLGNAALQITDVKLODAGVYRCMISYGGADYKRITVKVNAP
YNRKINQRILVVDPVTSEHELTCQAEGYPKAEVIWISSDHQVLSGKTTTTNSKREEKLFNVITSTLRI
NTTTNEIFYCTFRRLDPEENHTAELVIPELPLAHPPNERTHLVILGAILLCLGVALTFIFRLRKGR
MMDVKKCGIQDTNSKKQSDTHLEET

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

GTSYSLTISRVEAEDAATYYCOOQWTSNPPTFGGGTKLEIKRTVAAPSVFIFPPSDEQLKSGTASVV

CLLNNFYPREAKVQWKVDNALQSGNSQESVTEQDSKDSTYSLSSTLTLSKADYEKHKVYACEVTHQ
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).

Anti-CD25 (Daclizumab) heavy chain and‘PD~L1 (SEQ ID NO: 41):

QVQLVOSGAE
NQKFKDKATI
GPSVFPLAPS
LSSVVTVPSS
LFPPRKPKDTL
VVSVLTVLHQ
QVSLTCLVEKG
VFSCSVMHEA

VKKPGSSVKV
TADESTNTAY
SKSTSGGTAA
SLGTQTYICN
MISRTPEVTC
DWLNGKEYKC
FYPSDIAVEW
LHNHYTQKSL

SCKASGYTFT
MELSSLRSED
LGCLVKDYFP
VNHKPSNTKV
VVVDVSHEDP
KVSNKALPAP
ESNGQPENNY

SYRMHWVRQA
TAVYYCARGG
EPVTVSWNSG
DKKVEPKSCD
EVKFNWYVDG
IEKTISKAKG
KTTPPVLDSD

PGOGLEWIGY
GVFDYWGOGT
ALTSGVHTFEP
KTHTCPPCPA
VEVHNAKTKP
QPREPQVYTL
GSFFLYSKLT

SLSPGK GGGGSGGGGSGGEGES

RIFAVFIFMTYWHLLNAFTVTVPKDLYVVEYGSNMTIECK

INPSTGYTEY
LVTVSSASTK
AVLQSSGLYS
PELLGGPSVF
REEQYNSTYR
PPSRDELTKN
VDKSRWQQGN

FPVEKQLDLAALIVYWEMEDKNIIQFVHGEEDLKVOHSSYRQRARLLKDQLSLGNA

ALQITDVKLODAGVYRCMISYGGADYRKRITVEVNAPYNKINQRILVVDPVTSEHEL

TCQAEGYPRKAEVIWTSSDHQVLSGKTTTTNSKREEKLFNVTSTLRINTTTNEIFYC

TFRRLDPEENHTAELVIPELPLAHPPNERTHLVILGAILLCLGVALTFIFRLRKGR

MMDVEKCGIQDTNSKKQSDTHLERT

Anti-CD25 (Daclizumab) light chain (SEQ 1D NO: 75):

DIOMTQSPST
FSGSGSGTEF
DEQLKSGTAS
SKADYEKHKV

Plain: anti-CD25 antibody

LSASVGDRVT
TLTISSLOPD
VVCLLNNFYP
YACEVTHQGL

ITCSASSSIS YMHWYQQOKPG KAPKLLIYTT SNLASGVPAR

DFATYYCHQR STYPLTFGQG TKVEVKRTVA APSVFIFFPPS

REAKVQWKVD NALQSGNSQE SVTEQDSKDS TYSLSSTLTL

SSPVTKSFNR

GEC

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
SSVVTVRPSES
FPPRPKDTLM
VSVLTVLHEQD
VSLTCLVKGF
FSCSVMHEAL

RPGASVEMSC
VTSASTAYME
KSTSGGTAAL
LGTQTYICNV
ISRTPEVTCV
WLNGKEYKCK
YPSDIAVEWE
HNHYTQKSLS

41775

KASGYSFTIRY
LSSLTHEDSA
GCLVKDYFPE
NHKPSNTKVD
VVDVSHEDPE
VENKALPAFRI
SNGQPENNYK

WMHWIKQRPG
VYYCSRDYGY
PVIVSWNSGA
KRVEPKSCDK
VKPNWY VDGV
EKTISKAKGQ
TTPPVLDSDG

LSPGK GGGGESGGGGSGGGGES

RIFAVFIFMTYWHLLNAFTVTVPKDLYVVEYGSNMTIECK

QGLEWIGATIY
YFDFWGQGTT
LTSGVHTFPA
THTCPPCPAP
EVHNAKTKPR
PREPQVYTLP

SFFLYSKLTV

PGNSDTSYNQ
LTVSSASTKG
VLOSSGLYSL
ELLGGPSVFL
EEQYNSTYRV
PSRDELTKNQ
DKSRWQQGNY

FPVEKQLDLAALIVYWEMEDKNIIQFVHGEEDLKVQHSSYRQRARLLKDOLSLGNA

ALOITDVRKLODAGVYRCMISYGGADYKRITVEKVNAPYNKINQRILVVDPVTSEHEL

TCOAEGYPKAEVIWISSDHOVLSGKTTTINSKREERLFNVTSTLRINTTTNEIFYC

TFRRLDPEENHTAELVIPELPLAHPPNERTHLVILGATILLCLEGVALTFIFRLRKGR

MMDVKKCGIQDTNSKKQSDTHLEET

Anti-CD25 (Basiliximab) light chain (SEQ D NO: 78):
QIVSTQSPAI MSASPGEKVT MTCSASSSRS

FSGSGSGTSY SLTISSMEAE DAATYYCHQR

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)

Fig. 35B
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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):
MRIFAVFIFMTYWHLLNAFTVTVPKDLYVVEYGSNMTIECKFPVEKQLDLAALIVYWEMEDKNI IQFVHGEE

DLKVQHSSYRQRARLLKDQLSLGNAALQITDVKLQDAGVYRCMISYGGADYKRITVKV

NAPYNKINQRILVVDPVISEHELTCQAEGYPKAEVIWTSSDHQVLSGRTTTTNSKREEKLFNVTSTLRINTT

TNEIFYCTFRRLDPEENHTAELVIPELPLAHPPNERTHLVILGATILLCLGVALTFIFR

LREGRMMDVERCGIQDTNSKKQSDTHLEET GGGGSGGGEGSGGGGS
THTCPPCPAPELLGGPSVFLFPPRKPKDTLMISRTPEVICVVVDVSHEDPEVKFNWY VDGV EVHNAKTKPREE
QYNSTYRVVSVLTVLHQDWLNGKEYKCKVSNKALPAPIEKTISKAKGQPREPQVYTLPPSREE@TKNQVSLT
CLVKGFYPSDIAVEWESNGQPENNYKTTPPVLDSDGSFFLY SKLTVDKSRWQOGNVFSCSVMHEALHENHY TQ
KSLSLSPGK GGGEGSGGGGSGGGGES

APTSSSTKKTOQLOLEHLLLDLOMI LNGINNYKNPKLTRMLTFKFYMPKKATELKHLOCLEEELKPLEEVLNL

AQSKNFHLRPRDLISNINVIVLELKGSETTFMCEYADETATIVEPLNRWITFCQSIISTLT

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

AQSENFHLRPRDLISNINVIVLELKGSETTFMCEYADETATIVEPLNRWITRCQOSIISTLT
CGGGGSGGGEESGGGES
THTCPPCPAPELLGGPSVFLFPPEKPKDTLMISRTPEVTCVVVDVSHEDPEVKEFNWY VDG VEVHNAKRTKERER

QYNSTYRVVSVLTVLHQDWLNGKEYKCKVSNKALPAPIEKTISKAKGQPREPQVYTLPPSREE&TKNQVSLT
CLVKGFYPSDIAVEWESNGRPENNYKTTPPVLDSDGSFFLYSKLTVDKSRWQOGNVEFSCSVMHEALHENHYTQ
KSLSLSPGK CGCGGSGCGGSGEGGS

RIFAVFPIFMIYWHLLNAFTVIVPKDLYVVEYGSNMTIECKFPVERQLDLAALIVYWEMEDRNIIQFVHGEED

LEKVOHSSYROQRARLLEKDQLSLGNAALQITDVKLQDAGVYRCMISYGGADYRRITVRVNAPYNKINQRILVVD

PVTSEHELTCQAEGYPKAEVIWTSSDHQVLSGKTTTINSKREEKLFNVISTLRINTTTNEIFYCTFRRLDPE

ENHTAELVIPELPLAHPPNERTHLVILGAILLCLGVALTFIFRLRKGRMMDVKKCGIQDTNSKKQSDTHLER
T

Underlined: JL-2 fragment

Italic: Linker (optional)

Plain: Fc

Bold: human PD-1 ligand 1 or extracellular binding domain of PD-1L (underlined)
(Note: Can replace linker 1 GGGGSEGEESEGGGS 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. 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 proteimn:

QVOLQEAGPGLVKPSETLSLTCSVSGGSISGDYYWFWIRQSPGKGLEWIGYIVGSGGETNYNRSLN

NRVSTISIDTSKNLEFSLKLRSVTAADTAVYYCASNILKYLHWLLYWGQGVLVTVSSASTKGPSVEPL

APSSKSTSGGTAALGCLVKDYFPEPVTVSWNSGALTSGVHTFPAVLQSSGLYSLSSVVTVPSSSLG
TQTYICNVNHEPSNTKVDKRVEPKSCDKTHTCPPCPAPELLGGPSVFLFPPKPEDTLMISRTPEVT
CVVVDVSHEDPEVKFNWYVDGVEVHNAKTRKPREEQYNSTYRVVSVLTVLHODWLNGREYKCKVSNK
ALPAPIEKTISKAKGOPREPQVYTLPPSRDELTRKNQVSLTCLVKGFYPSDIAVEWESNGQPENNYK
TTPPVLDSDGSFFLYSKLTVDKSRWQOQGNVEFSCSVMHEALHNHY TQKSLSLSPGK
GGGGSGEGGSGGGES

RIFAVFIFMTYWHLLNAFTVIVPKDLYVVEYGSNMTIECKFPVERQLDLAALIVYWEMEDKNIIQF

VHGEEDLKVQHSSYRQRARLLKDOLSLGNAALOITDVKLODAGVYRCMI SYGGADYKRITVKVNAP

YNKINQRILVVDPVISEHELTCQAEGY PRAEVIWTSSDHOVLSGKTTTTNSKREEKLFNVTSTLRI

NTTTNEIFYCTFRRLDPEENHTAELVIPELPLAHPPNERTHLVILGAILLCLGVALTFIFRLRKGR

MMDVEKKCGIQDTNSKKQSDTHLEET

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

SYELSQPRSVSVSPGQTAGFTCGGDNVGRKSVOWYQOKPPOQAPVLVIYADSERPSGIPARFSGSNS

GNTATLTISGVEAGDEADYYCQVWDSTADHWVFGGGTRLTVLGRTVAAPSVFIFPPSDEQLKSCGTA

SVVCLLNNFYPREAKVOWKVDNALOSGNSQESVTEQDSKDSTYSLSSTLTLSKADYEKHKVYACEV
THQGLSSPVTKSFNRGEC

Underlined: Anti-CD4 antibody variable region

Plain: Anti-CD4 antibody constant region
ftalic: 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):

MGVLLTQRTLLSLVLALLFPSMASMAMHVAQPAVVLASSRGIASFVCEYASPGKATEVRVTVLRQA
DSQVTEVCAATYMMGNELTFLDDSICTGTSSGNQVNLTIQGLRAMDTGLYICKVELMYPPPYYLGT
GNGTQIYVIDPEPCPDSD QEPKSCDKITHTCPPCPAPELLGGPSVFLFPPKPKDTLM
ISRTPEVTCVVVDVSHEDPEVKFNWYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHODWLNGKE
YKCKVSNKALPAPTEKTISKAKGQPREPQVYTLPPSRDELTKNQVSLTCLVKGFYPSDIAVEWESN
GQPENNYKTTPPVLDSDGSFFLYSKLTVDKSRWOQGNVEFSCSVMHEALHNHYTQKSLSLSPGK
GGGGSGGGESGGGES
RIFAVFIFMTYWHLLNAFTVIVPKDLYVVEYCGSNMTIECKFPVEKQLDLAALIVYWEMEDKENIIQF
VHGEEDLEVOHSSYRORARLLKDQLSLGNAALQITDVKLODAGVYRCMISYGGADYKRITVKVNAP
YNKINQRILVVDPVISEHELTCQAEGYPKAERVIWTSSDHQVLSGKTTTTNSKREEKLFNVTSTLRI
NTTINEIFYCTFRRLDPEENHTAELVIPELPLAHPPNERTHLVILGAILLCLGVALTFIFRLRKGR
MMDVKRCGIQDTNSKKQSDTHLEET

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

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

MRIFAVFIFMTYWHLLNAFTVTIVPKDLYVVEYGSNMTIECKFPVEKQLDLAALIVYWEMEDKNIIQ
FVHGEEDLKVQHSSYRQRARLLKDOLSLGNAALOTTDVRKLODAGVYRCMISYGGADYRKRITVKVNA
PYNKINQRILVVDPVISEHELTCQAEGYPKAEVIWTSSDHQVLSGKTTTTNSKREERLFNVTSTLR
INTTTNEIFYCTFRRLDPEENHTAELVIPELPLAHFPNERTHLVILGAILLCLGVALTFIFR
LERKGRMMDVEKKCGIQDINSKKQSDTHLEET GGCGGSGCGEGGSGGGGES
QEPKSCDKTHTCPPCPAPELLGGPSVFLFPPRKPKDTLMISRTPEVICVVVDVSHEDPEVRFNWY VD
GVEVHNAKTKPREEQYNSTYRVVSVLTVLHQDWLNGKEYKCKVSNKALPAPIEKTISKAKGQPREP
QVYTLPPESRDELTKNQVSLTCLVKGFYPSDIAVEWESNGQPENNYKTTPRPVLDSDGSFFLYSKLTV
DKSRWOQGNVFSCSVMHEALHNHYTQKSLSLSPGK GGGGESGGGEGSGGEGEGES
AMHVAQPAVVLASSRGIASFVCEYASPCGKATEVRVIVLROADSQVTEVCAATYMMGNELTFLDDS 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 (IgG Cy1 domain = H, CH2, CH3)
ftalic: Linker (optional)

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

(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)

Fig. 38
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Fusion proteins comprising a sequence of transforming growth factor-g (TGF-g),
Immunoglobulin Fc (IgG C$1), and a sequence of PD-1 ligand {PD-L1)

TGFp-1 + Fc + PD-L1 (SEQ ID NO: 48):
ALDTNYCEPSSTEKNCCVROLYIDFREKDLGWKWIHEPKGYHANFCLGPCPYIWSLDTQYSKVLALYN
QHNPGASAAPCCVPOALEPLPIVYYVGRKPKVEQLSNMIVRSCKCS GGGGCSEGEESGEEES
THTCPPCPAPELLGGPSVFLFPPKPKDTLMISRTPEVICVVVDVSHEDPEVKEFNWYVDEVEVHNAK
TKPREEQYNSTYRVVSVLITVLHQDWLNGKEYKCKVSNKALPAPIEKTISKAKGQOPREPQVYTLPPS
REEMTKNQVSLTCLVKGEFYPSDIAVEWESNGQPENNYKTTPPVLDSDGSFFLYSKLTVDKSRWQQG
NVFSCSVMHEALHNHYTQKSLSLSPGK GGGEGSGGEGGESGEEGS
RIFAVFIFMIYWHLLNAFTVIVPKDLYVVEYGSNMTIECKFPVERQLDLAALIVYWEMEDKNIIQF
VHGEEDLKVQHSSYRQRARLLEKDQLSLEGNAALQITDVKLODAGVYRCMISYGGADYKRITVEVNAPR
YNKINQRILVVDPVISEHELTCQAECYPKAEBVIWTS SDHQVLSGKTTTTNSKREEKLFNVTSTLRT
NTTTNEIFYCTFRRLDPEENHTAELVIPELPLAHPPNERTHLVILGATLLCLGVALTFIFRLRKGR
MMDVRKCGIQDTNSKKQSDTHLEET

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 + TGFp-1 (SEQ ID NO: 49):
MRIFAVFIFMITYWHLLNAFTVITVPKDLYVVEYGSNMTIECKFPVEKQLDLAALIVYWEMEDKNITQ
FVHGEEDLRVOHSSYRORARLLKDOLSLGNAALQITDVKLODAGVYRCMISYGGADYKRITVKVNA
PYNKINQRILVVDPVISEHELTCQAEGYPKARVIWTSSDHQVLSGKTTTTNSKREEKLFNVTSTLR
INTTTNEIFYCTFRRLDPEENHTAELVIPELPLAHPPNERTHLVILGAILLCLGVALTFIFRLRKG
RMMDVEKCGIQDTNSKKQSDTHLEET GGGGSGGGGSGGGGS
THTCPPCPAPELLGGPSVFLFPPKPKDTLMISRTPEVICVVVDVSHEDPEVKFNWYVDGVEVHNAK
TKPREEQYNSTYRVVSVLTVLHQDWLNGKEYKCKVSNKALPAPTEKTISKAKGOPREPQVYTLPPS
REEMTEKNQVSLTCLVKGFYPSDIAVEWESNGQPENNYKTTPPVLDSDESFFLYSKLTVDKSRWQQG
NVFSCSVMHEALHNHYTQKSLSLSPGK GGGGSGEGGGSGEGGEGS
ALDTNYCFSSTEKNCCVRQLYIDFRKDLGWKWIHEPKGYHANFCLGPCPYIWSLDTQYSKVLALYN
QHNPGASAAPCCVPQALEPLPIVYYVGRKPKVEQLSNMIVRSCKCS

Underlined: TGFB-1

Italic. Linker (optional)

Plain: Fc

Bold: human PD-1 ligand 1 or extracellular binding domain of PD-1L (underlined)
(Note: Can replace linker GGGGSGGEGESGEEES 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. 39
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Transforming growth factor-beta (TGF-1, TGF-B2, or TGF-3 or a fragment

thereof;

TGF-B1 full sequence (SEQ ID NO: 102):

1
&1
121
181
241
301

MPPSGLRLLP
SPPSQGEVPP
YEKVKKSPHS
YLSNRLLAPS
SSRRGDLATI
DFRKDLGWKW

LLLPLLRLLV
VPLPEAVLATL,
I¥YMLFNTSEL
DTPEWLSFDV
HGMNRPFLLIL
THEPKGYHAN

LTPGRPAAGL
YNSTRDRVAG
REAVPEPVLL
TGVVRQWLSH
MATPLERAQH
FCLGPCPYIW

46 /75

STCKTIDMEL
ESAEPEPEPE
SRAELRLLRL
GGEVEGFRLS
LHSSRQRRAL

VKRKRIEAIR
ADYYAKEVTR
KLKAEQHVEL
AHCSCDSKDN
DTINYCFSSTE

GOILSKLRLS
VLMVENTNEKI
YOKYSNDSWR
TLQVDINGFEFS
KNCCVREQLYT

SLDTQYSKVL

ALYNQHNPGA

SAAPCCVPQA

361

LEPLPIVYYV

GRKXPKVEQLS

NMIVRSCKCS

Underlined: Mature (active) TGF-31 sequence (Ala 279 — Ser 390; 112 aa).

(i)

SLDTQYSKVL ALYNQHNPGA SAAPCCVPQOA LEPLPIVYYV GRKPKVEQLS NMIVRSCKCS

Mature (active) TGF-31 sequence (Ala 279 — Ser 390; 112 aa)

(SEQ ID NO: 103):
AL, DINYCFSSTE KNCCVRQLYI DFRKDLGWKW IHEPKGYHAN FCLGPCPYIW

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

Anti-TNFa heavy chain + TGF-$1 (SEQ ID NO: 50):
EVQLVESGGCGLVQPGRSLRLSCAASGFTFDDYAMHWVRQAPGKGLEWVSATITWNSGHIDYADSVEG

RETISRDNARNSLYLOMNSLRAEDTAVYYCALVSYLSTASSLDYWCEGQGTLVTVSSASTKGPSVFEPL

APSSKSTSGGTAALGULVKRDYFPEPVIVSWNSGALTSCVHTFPAVLQSSCLYSLESVVTVPSSSLA
TETYICNVNHKPSNTKVDRKKAEPKSCDKTHTCPPCPAPELLGGPSVFLFPPKPRKDTLMISRTPEVT
CVVVDVSHEDPEVKFNWYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHODWLNGKEYKCKVSNK
ALPAPIEKTISKAKGOPREPQVYTLPPSRDELTKNQVSLTCLVKGFYPSDIAVEWESNGOPENNYK
TTPPVLDEDGSFFLYSKLTVDKSRWOQGNVFSCSVMHEALENHY TQKSLSLSPGEK
GGGGEGEEGSGEGGS
ALDTNYCFSSTERNCCVRQLYIDFRKDLGWKWIHEPRGYHANFCLGPCPYIWSLDTQYSKVLALYN
QHNPGASAAPCCVPQALEPLPIVYYVGRKPKVEQLSNMIVRSCKCS

Anti-TNF« light chain (SEQ 1D NO: 77):
DIQMTQSPSSLSASVGDRVTITCRASQGIRNYLAWYQQLPGKAPKLLIYAASTLOSGVPSRFSGSE

SCTRDFTLTISSLOPEDVATYYCORYNRAPYTFGQGTKVEIKRTVAAPSVFIFPPSDEQLKSGTASY

VCLLNNFYPREAKVOWKVDNALQSGNSQESVTEQDSKDSTYSLESTLTLSKADYEKHKVYACEVTH
QGLSSPVTKSFNRGEC

Underlined: anti-TNFa antibody variable region

Plain: anti-TNFa antibody constant region

Italic: Linker

Bold: Mature (active) human TGF-p1

(Note: KKAE SEQ ID NO: 107 can be replaced with KRVE SEQ ID NO: 108 or KKVE
SEQ ID NO: 109)

Fig. 41
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Fusion proteins comprising TNFR2 Extracellular ligand binding domain, Fc, and a
sequence from transforming growth factor-g (TGF-p)

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

LPAQVAFTPYAPEPGSTCRLREYYDQTAQMCCSKCSPEQHAKVEFCTKTSDTVCDSCERSTY TQLWN
WVPECLSCGSRCSSDOVETQACTREQNRICTCRPCGWY CALSKQEGCRLCAPLRKCRPGFGVARPGT
ETSDVVCKPCAPGTESNTTSSTDICRPHQICNVVAIPGNASMDAVCTSTSPTRSMAPGAVHLPQPV
STREQHTQPTPEPSTAPSTSFLLPMGPSPPAEGSTGD EPKSCDK
THTCPPCPAPELLGGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVKFNWYVDGVEVHNAK
TKPREEQYNSTYRVVSVLTVLHQDWINGKEYKCRVSNKALPAPTEKTISKAKGQPREPQVYTLPPS
REEMTRNQVSLTCLVKGFYPSDIAVEWESNGOPENNYKTTPPVLDSDGSFFLYSKLTVDKSRWQQG
NVFSCSVMHEALHNHYTQKSLSLSPGK GGGGSGGGGSGGGGS
ALDTNYCFSSTEKNCCVRQLYIDFREKDLGWKWIHEPRGYHANFCLGPCPYIWSLDTQYSKVLALYN
QHNPGASAAPCCVPQALEPLPIVYYVGRKPKVEQLSNMIVRSCKCS

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

TGF-p1 + IgG Cy1 + TNFR2 ECD (SEQ ID NO: 52):

ALDTNYCFSSTERKNCCVRQLY IDFRKDLGWKWIHEPKGYHANFCLGPCPYIWSLDTQYSKVLALYN
QHNPGASAAPCCVPQALEPLPIVYYVGRKPKVEQLSNMIVRSCRCS GGGGSGGGGSGGGGS
THTCPPCPAPELLGGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSHE
DPEVKFNWYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHODWLNGKEYKCKVSNKALPAPIEKT
ISKAKGQPREPQVYTLPPSREEMTRNQVSLTCLVKGFYPSDIAVEWESNGOPENNYKTTPPVLDSD
GSFPLYSKLTVDKSRWQQOGNVEFSCSVMHEALHNHYTQKSLSLSPGK GGGGSGEGGSEGEES
LPAQVAFTPYAPEPGSTCRLREYYDQOTAQMCCSKCSPGOHAKVECTKTSDTVCDSCEDSTY TOLWN
WVPECLSCGSRCESDQVETQACTREQNRICTCRPGWYCALSKQEGCRLCAPLRKCRPGFGVARPGT
ETSDVVCKPCAPGTFSNTTSSTDICRPHOICNVVAIPGNASMDAVCTSTSPTRSMAPGAVHLPOPV
STREQHTQPTPEPSTAPSTSFLLPMGPSPPAEGSTGD

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

ftalic: Linker
Bold: Mature (active) human TGF-p1

(Note: Can replace linker 1 with GGGGsEERGGSEGEES SEQ ID NO: 104 or
EPKSCDK SEQ ID NO: 105)
{Note: Can replace underlined aa in Fc: E with D and M with L)

Fig. 42
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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):
QVRLOQPGAERLVKPGASVKMSCRASCY TFTS YNMHEHWVKQTPGRGLEWIGATIYPENGDTSYNQKFKG

KATLTADKSSSTAYMOLSSLTSEDSAVYYCARSTYYGGDWY FNVWCGAGTTVTVSAASTKGRSVEPL

APSSKSTSGETAALGCLVKDYFPEPVTVSWNSGALTSGVHTFPAVLOSSGLYSLISVVTVRPESSSLG
TQTYILCNVNEKPSNTKVDKKAEPKSCDKTHTCPPCPAPELLGGPSVFLFPPKPKDTLMISRTFEVT
CVVVDVSHEDPEVKFNWYVDGVEVHNAKTKPREEQYNSTYRVVSVLIVLHODWLNGKEYKCKVSNK
ALPAPIERKTISKAKGQOPREPQVYTLPPSRDELTKNQVSLTCLVKGFYPSDIAVEWESNGOPENNYXK
TTPPVLDSDGSFFLYSKLTVDKSRWQOQGNVFSCSVMHEALHNHY TOKSLSLSPGK
GGEGSGGEGGSGGGGES

ALDINYCFSSTEKNCCVROLY IDFRKDLGWKWIHEPKGYHANFCLGPCPYIWSLDTQYSKVLALYN
QHNPGASAAPCCVPQALEPLPIVYYVGRKPRVEQLSNMIVRSCKCS

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

GTSYSLTISRVEAEDAATYYCQOWTSNPPTFGCGTKLEIKRTVAAPSVFIFPPSDEQLKSGTASVVY

CLLNNFYPREAKVOWKVDNALOSGNSQESVTEQDSKDSTYSLSSTLTLEKADYEKHKVYACEVTHQ
GLESPVTKSFNRGEC

Underlined: anti-CD20 antibody variable region

Plain: anti-CD20 antibody constant region
ftalic: Linker
Bold: Mature (active) human TGF-$1

Fig. 43
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Fusion proteins comprising anti-CD25 antibody and a sequence from transforming
growth factor-g (TGF-B).

Anti-CD25 (Daclizumab) heavy chain and TGF-1 (SEQ ID NO: 54);

QVQLVOSGAE
NOKFKDKATI
GPSVFPLAPRS
LSSVVTVEPSS
LEFPPKPKDTL
VVSVLTVLHQ
QVSLTCLVKG

VFSCSVMHEA

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
PPSRDELTKN
VDKSRWQRGN

SLSPGK GGGGSGGEGSGGEGGES ALDTNYCFSSTEKNCCVRQLY

IDFRKDLGWKWIHEPKGYHANFCLGPCPYIWSLDTQYSKVLALYNQHNPGASAAPCCVPQALEPLP

IVYYVGRRKPKVEQLSNMIVRSCKCS

Anti-CD25 (Daclizumab) light chain (SEQ 1D NO: 75):
DIQMTQSPST LSASVGDRVT ITCSASSSIS YMHWYQQOKPG KAPKLLIYTT SNLASGVPAR

FSGSGSGTEF
DEQLKSGTAS
SKADYEKHKV

Plain: anti-CD25 antibody

TLTISSLOPD
VVCLLNNFYP
YACEVTHQGL

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

DFATYYCHQR STYPLTFGQOG THKVEVKRTVA APSVFIFPPS

REAKVQWKVD NALQSGNSQE SVTEQDSKDS TYSLSSTLTL

SSPVTKSFNR

GEC

Fig. 44A
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Anti-CD25 (Basiliximab) heavy chain and TGF-31 (SEQ ID NO: 55):

QLOQOSGTVLA
KFEGKAKLTA
PSVFPLAPSS
SSVVIVPSSS
FPPKPKDTLM
VSVLTVLHQD
VSLTCLVKGE

FSCESVMHEAL

RPGASVEKMSC
VITSASTAYME
KSTSGGTAAL
LGTQTYICNV
ISRTPEVTCV
WLNGKEYKCK
YPSDIAVEWE

HNHYTQKSLS

KASGYSFTRY
LSSLTHEDSA
GCLVKDYFPE
NHEPSNTKVD
VVDVSHEDFPE
VSNKALPAPT
SNGQPENNYK

WMHWIKQRPG
VYYCSRDYGY
PVITVSWNSGA
KRVEPKSCDK
VKEFNWYVDGV
EXTISKAKGQ

TTPPVLDSDG

LEPGK GGGGSGGGGSGGGGS

ALDTNYCFSSTEKNCCVRQLYIDFRKDLGWKWIHEPKGYHAN

QGLEWIGATIY
YFDFWGQGTT
LTSGVHTFPA
THTCPPCPAP
EVHNAKTKPR
PREPQVYTLP

SFFLYSKLTV

PGNSDTSYNQ
LTVSSASTKG
VLOSSGLYSL
ELLGGPSVFL
EEQYNSTYRV
PSRDELTKNQ
DKSRWQQGNV

PCLGPCPYIWSLDTQYSKVLALYNQHNPGASAAPCCVPQALEPLPIVYYVGRKPRVEQ

LENMIVRSCKCS

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

FSGSGSGTSY SLTISSMEAE DAATYYCHQR SSYTFGGETK LEIKRTVAAP SVFIFPPSDE

QLKSGTASVV CLLNNFYPRE AKVQWKVDNA LQOSCGNSQESV TEQDSKDSTY SLSSTLTLSK

ADYEKHKVYA CEVTHQGLSS PVTKSFNRGEC

Plain: anti-CD25 antibody

ftalic: Linker
Bold: Mature {(active) human TGF-1

Fig. 44B
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Fusion proteins comprising IL-2, Fc, and a sequence from transforming growth
factor- (TGF-B).

TGF-p1 + Fc + IL-2 (SEQ ID NO: 56):
ALDTNYCFSSTEKNCCVRQLY IDFRRDLGWKWIHEPKGYHANFCLGPCPYIWSLDTQYSKVLALYN

QHNPGASAAPCCVPQALEPLPIVYYVGRKPKVEQLSNMIVRSCKCS GCGGGSGGEESGEGEGS
THTCPPCPAPELLGGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVKFNWYVDGVEVHNAK
TKPREEQYNSTYRVVSVLTVLHODWLNGKEYKCKVSNKALPAPTEKTI SKAKGOPREPQVYTLPPS
REEMTKNQVSLTCLVKGFYPSDIAVEWESNGOPENNYKTTPPVLDSDGSFFLYSKLTVDRKSRWQOG
NVFSCSVMHEALHNHYTQKSLSLSPGK GGGGSGGGESGGGGES
APTSSSTRKTQLOLEHLLLDLOMILNGINNYKNPKLTREMLTFKFYMPKKATELKHLQCLEEELKPL

EEVLNLAQSKNFHLRPRDLISNINVIVLELKGSETTFMCEYADETATIVEFLNRWITFCQOSITISTL

T

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

EEVLNLAQSKNFHLRPRDLISNINVIVLELKGSETTFMCEYADETATIVEFLNRWITFCOSIISTL

T GGGGSGGGGSGGGGS
THTCPPCPAPELLGGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVKFNWYVDGVEVHNAK
TKPREEQYNSTYRVVSVLTVLHQDWILNGKEYKCKVSNKALPAPIEKTISKAKGOPREPOVYTLPPES
REEMTKNQVSLTCLVKGFYPSDIAVEWESNGQPENNYKTTPPVLDSDGSFFLYSKLTVDKSRWOQG
NVFSCSVMHEALHNHYTQKSLSLSPCGK GGGGSGCGGSGERGEES

ALDTNYCFSSTERNCCVROLY IDFRKDLGWKWIHEPKGYHANFCLGPCPYIWSLDTQYSKVLALYN
QHNPGASAAPCCVPQALEPLPIVYYVGRKPKVEQLSNMIVRSCKCS

Underlined: 1L-2 fragment

ltalic: Linker (optional)

Plain: Fc

Bold: Mature (active) human TGF-31

(Note: Can replace linker 1 ceGesceEeseeces 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. 45
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Fusion protein comprising anti-CD4 antibody and a sequence from transforming
growth factor-g (TGF-p).

Anti-CD4 heavy chain and TGF-1 (SEQ ID NQ: 58)

Heavy chain fusion protein:

QVOLOEAGPGLVKPSETLSLTCSVSGGSISCDYYWFWIRQSPGKEGLEWICYIYESGCATNYNPSLN

NRVSISIDTSKNLFSLKLRSVTAADTAVYYCASNILKYLHWLLYWGQGVLVTVSSASTKGPSVEPL

APSSKSTSGGTAALGCLVKDYFPEPVIVSWNSGALTSGVHTFPAVLOSSCGLYSLSSVVTVRPSSSLG
TOTYICNVNHKPSNTKVDKRVEPKSCDKTHTCPPCPAPELLGEPSVFLFPPKPKDTLMISRTPEVT
CVVVDVEHEDPEVKFNWYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHODWLNGKEYKCKVSNK
ALPAPIEKTISKAKGOPREPQVYTLPPSRDELTKNQVSLTCLVKGFYPSDIAVEWESNGOPENNYK
TTPPVLDSDGSFFLYSKLTVDKSRWOQGNVFSCSVMHEALHNHYTQOKSLSLSPGK
GGGGSGGGGESGGEEES
ALDTNYCFSSTERNCCVROQLYIDFRKDLCGWRKWIHEPKGYHANFCLGPCPYIWSLDTOYSKVLALYN
QHNPGASAAPCCVPQALEPLPIVYYVGRKPRVEQLSNMIVRSCKCS

Anti-CD4 light chain (SEQ ID NQO: 77)
Light chain:

SYELSQPRSVSVSPGOTAGFTCGGDNVGRKSVOWYOOKPPOAPVLVIYADSERPSGIPARFSGENS

GNTATLTISGVEAGDEADYYCQVWDSTADHWVFGGGTRLTVLEGRTVAAPSVFIFPPSDEQLKSGTA

SVVCLLNNFYPREAKVQWKVDNALQSGNSQESVTEQDSKDSTYSLSSTLTLSKADYEKHRKVYACEV
THQGLSSPVTKSFNRGEC

Underlined: Anti-CD4 antibody variable region

Plain: Anti-CD4 antibody constant region
Italic: Linker
Bold: Mature (active) human TGF-g1

Fig. 46
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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-1 (SEQ ID NO: 59):

MGVLLTQRTLLSLVLALLFPSMASMAMHVAQPAVVLASSRGIASFVCEYASPGKATEVRVTVLROA
DSQVTEVCAATYMMGNELTFLDDSICTGTS8GNQVNLTIQGLRAMD TGLY ICRKVELMYPPPYYLGT
GNGTQIYVIDPEPCPDSDOEPKSCDK THTCPPCPAPELLGGPSVFLFPPKPKDTLM
ISRTPEVTCVVVDVSHEDPEVKFNWYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHQDWLNGKE
YRKCKVENKALPAPIEKTISKAKGOPREPQVYTLPPSRDELTKNQVSLTCLVKGFYPSDIAVEWESN
GOPENNYKTTPPVLDSDGSFFLYSKLTVDKSRWOOGNVFSCSVMHEALHNHYTOKSLELSPGK
GGEGGSCGEGEEGEGEES
ALDTNYCFSSTERNCCVRQLYIDFRRDLGWKWIHEPKGYHANFCLGPCPYIWSLDTQOYSKVLALYN
QHNPGASAAPCCVPQALEPLPIVYYVGRKPRVEQLSNMIVRSCKCS

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

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

ALDTNYCFSSTERKNCCVRQLYIDFRRDLGWKWIHEPRGYHANFCLGPCPYIWSLDTQYSKVLALYN
QHNPGASAAPCCVPQALEPLPIVYYVGRKPKVEQLSNMIVRSCKCS EPKSCDK
THTCPPCPAPELLGCGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVKFNWYVDGVEVHNAK
TKPREEQYNSTYRVVSVLTVLHQDWLNGKEYKCKVSNKALPAPIEKTISKAKGQOPREPOVYTLPPS
RDELTRKNQVSLTCLVKGFYPSDIAVEWESNGQPENNYKTTPPVLDSDGSFFLYSKLTVDKSRWQOG
NVFSCSVMHEALHNHYTQKSLSLSPGK GOGGSGGEGSGEGGES
AMHVAQPAVVILASSRGIASFVCEYASPGKATEVRVIVLRQADSQVTEVCAATYMMGNELTFLDDST
CTGTSSGNQVNLTIQGLRAMDTGLY ICKVELMY PPPYYLEIGNGTQIYVIDRPERPCPDSD

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: Mature (active) human TGF-B1

(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)

Fig. 47

Bicara Ex. 1016, Page 132 of 182
Bicara v. JHU - PGR2026-00025



55775

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):
EVOLVESGGGLVQOPGRSLRLSCAASGFTFDDYAMHWVRQAPGKGLEWVSAITWNSGHIDYADSVEG

REFTISRDNARKNSLYLOMNSLRAEDTAVYYCALVSYLSTASSLDYWGQGTLVIVSSASTKGPSVEPL

APSSKSTSGETAALGCLVKDYFPEPVTVSWNSCGALTSGVHTFPAVLOSSGLYSLSSVVTVPSSSLG
TQTYICNVNHKPSNTKVDRKKAEPKSCDKTHTCPPCPAPELLGGPSVFLFPPKPKDTLMISRTRPEVT
CVVVDVSHEDPEVKFNWYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHQDWLNGRKEYKCKVSNK
ALPAPIEKTISKAKGOPREPQVYTLPPSRDELTKNOVSLTCLVKGFYPSDIAVEWESNGQPENNYK
TTPPVLDSDGSFFLYSKLTVDKSRWQOGNVFSCSVMHEALHNHYTQKSLSLSPGK
GGEGGEGGGESGGGGS QI APPCTSERHY EHLGRCCNKC EPGKYMSSKC TTTSDSVCLP
CGPDEYLDSW NEEDKCLLHK VCDTGKALVA VVAGNSTTPR RCACTAGYHW SQDCECCRRN
TECAPGLGAQ HPLQLNKDTV CKPCLAGYFS DAFSSTDRKCR PWTNCTFLGK RVEHHGTEKS

DAVCSSSLPA RKPPNEPHVY LPG

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

SGTDFTLTISSLOPEDVATYYCOQRYNRAPYTFGQOGTKVEIKRTVAAPSVFIFPPSDEQLKSGTASY

VCLLNNFYPREAKVOWKVDNALQSGNSQESVITEQDSKDSTYSLSSTLTLSKADYEKHRKVYACEVTH
QGLSSPVTKSFNRGEC

Underlined: anti-TNFa antibody variable region

Plain: anti-TNFa antibody constant region

ltalic: 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)

Fig. 48
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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 ID NO: 62):

LPAQVAFTPYAPEPGSTCRLREYYDQTAQMCCSKCSPGQHAKVECTKTSDTVCDSCEDSTY TOLWN
WVPECLSCGSRCSSDOVETQACTREQNRICTCRPGWYCALSKQEGCRLCAPLRKCRPGFGVARPGT
ETSDVVCKPCAPGTFSNTTSSTDICRPHQICNVVAIPGNASMDAVCTS TSPTRSMAPGAVHLPOPV
STRSQHTQPTPEPSTAPSTSFLLPMGPSPPAEGSTGD EPKSCDK
THTCPPCPAPELLGGPSVFLFPPRPKDTLMISRTPEVTCVVVDVSHEDPEVKFNWYVDGVEVHNAK
TKPREEQYNSTYRVVSVLTVLHODWLNGKEYKCKVSNKALPAPIEKTISKAKGQOPREPQVYTLPPS
REEMTKNQVSLTCLVKGFYPSDIAVEWESNGQPENNYKTTPPVLDSDGSFFLYSKLTVDKSRWOQOG
NVFSCSVMHEALHNHYTQKSLSLSPGK GGGGSGGGGSGGGEGS QI APPCTSEKHY
EHLGRCCNKC EPGKYMSSKC TTTSDSVCLP CGPDEYLDSW NEEDKCLLHEK VCDTGRALVA
VVAGNSTTPR RCACTAGYHW SQDCECCRRN TECAPGLGAQ HPLQLNKDTV CRKPCLAGYFS
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
REKPPNEPHVY LPG

GGGESGEGGSGEGGS THTCPPCPAPELLGGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSHE
DPEVKFNWYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHODWLNGKEYKCKVSNKALPAPIEKT
ISKAKGOPREPQVYTLPPSREEMTKNQVSLTCLVKGFYPSDIAVEWESNGQPENNYKTTPPVLDSD
GSFFLYSKLTVDKSRWOQOGNVFSCSVMHEALHNHYTQKRKSLSLSPGK GGGCGEIGEGGSGGGEGES
LPAQVAFTPYAPEPGSTCRLREYYDQTAQMCCSKCSPEOHAKVEFCTKTSDTVCDSCEDSTY TQLWN
WVPECLSCGSRCSSDOQVETQACTREQNRICTCRPGWY CALSKQEGCRLCAPLRKCRPGFGVARPGT
ETSDVVCKPCAPGTFSNTTSSTDICRPHOICNVVAIPGNASMDAVCTSTSPTRSMAPGAVHLPQPV
STRSQHTQPTPEPSTAPSTSFLLPMGPSPPAEGSTGD

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

Italic: Linker
Bold: RANK ectodomain

(Note: Can replace linker 1 with GGeeseeEaseEEEs SEQ ID NO: 104 or
EPKSCDK SEQ ID NQO: 105)
(Note: Can replace underlined aa in Fc: E with D and M with L)

Fig. 49
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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):
MGVLLTQRTLLSLVLALLFPSMASMAMHVAQPAVVLASSRGIASFVCEYASPGKATEVRVTVLRQA
DSQVTEVCAATYMMGNELTFLDDSICTGTSSGNQVNLTIQGLRAMDTGLY ICKVELMYPPPYYLGT
GNGTQIYVIDPEPCPDSDQEFKSCDK THTCPPCPAPELLGGPSVFLFPPKPKDTLM
ISRTPEVTCVVVDVSHEDPEVKFNWYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLHCDWLNGKE
YKCKVSNKALPAPIEKTISKAKGOPREPQVYTLPPSRDELTKNQVSLTCLVKGFYPSDIAVEWESN
GOPENNYKTTPPVLDSDGSFFLYSKLTVDKSRWQQOGNVFSCSVMHEALHNHY TQKSLSLSPGK
GGGGSGGGEGSGGGES QI APPCTSEKHY EHLGRCCNKC EPGKYMSSKC TTTSDSVCLP
CGPDEYLDSW NEEDKCLLEK 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), 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 EFPKSCDK
THTCPPCPAPELLGGPSVFLFPPKPKDTLMISRTPEVICVVVDVSHEDPEVKFNWYVDGVEVHNAK
TKPREEQYNSTYRVVSVLTVLHQDWLNGKEYKCKVSNKALPAPIERTISKAKGQPREPQVYTLEPS
RDELTKNQVSLTCLVKGFYPSDIAVEWESNGOPENNYKTTPPVLDSDGSFFLYSKLTVDKSRWQQG
NVFSCSVMHEALHNRYTOKSLSLSPGK GGGGSGECEEEEGEES
AMHVAQPAVVLASSRGIASFVCEYASPGKRATEVRVITVLROADSQVTEVCAATYMMGNELTFLDDST
CTGTSSGNQVNLTIQGLRAMDTGLY ICKVELMYPPPYYLGIGNGTQIYVIDPEPCEDSD

Underlined [talic. 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)

Fig. 50
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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-g
(TGF-p).

TGF-B1 + Fc + RANK ectodomain (SEQ ID NO: 66):

ALDTNYCFSSTEKNCCVRQLY IDFRKDLGWKWIHEPKGYHANFCLGPCPYIWSLDTQYSKVLALYN

QHNPGASAAPCCVPQALEPLPIVYYVGRKPRKVEQLSNMIVRSCKCS GGOGESGEEGSGEGEES

THTCPPCPAPELLGGPSVFLFPPRKPKDTLMISRTPEVTCVVVDVSHEDPEVKFNWYVDGVEVHNAK
TKPREEQYﬁSTYRVVSVLTVLHQDWLNGKEYKCKVSNKALPAPIEKTISKAKGQPREPQVYTLPPS
REEMTRNQVSLTCLVKGFYPSDIAVEWESNGOPENNYKTTPPVLDSDGSFFLYSKLTVDKSRWQQOG
NVFSCSVMHEALHNHYTQKSLSLSPGK GGGESGGGGSGEGEGS QI APPCTSEKRHY
EHLGRCCNKC EPGKYMSSKC TTTSDSVCLP CGPDEYLDSW NEEDKCLLHK VCDTGKALVA
VVAGNSTTPR RCACTAGYHW SQDCECCRRN TECAPGLGAQ HPLOLNKDTV CKPCLAGYFS

DAFSSTDRKCR PWTNCTFLGK RVEHHGTEKS DAVCSSSLPA RKPPNEPHVY LPG

RANK ectodomain + Fc + TGF-1 (SEQ ID NO: 67):

QI APPCTSEKHY EHLGRCCNKC EPGKYMSSKC TTTSDSVCLP CGPDEYLDSW
NEEDRKCLLHK VCDTGRALVA VVAGNSTTPR RCACTAGYHW SQDCECCRRN TECAPGLGAQ
HPLQLNRDTV CKPCLAGYFS DAFSSTDKCR PWINCTFLGK RVEHHGTEKS DAVCSSSLPA
REPPNEPHVY LPG GGGGSGGGGSGGGGS
THTCPPCPAPELLGGPSVFLFPPRKPKDTLMISRTPEVTCVVVDVSHEDPEVKFNWYVDEVEVHNAK
TEKPREEQYNSTYRVVSVLTVLHODWLNGKEYKCKVSNKALPAPIEKTISKAKGQOPREPQVYTLPPS
REEMTKNQVSLTCLVEGFYPSDIAVEWESNGOPENNYKTTPPVLDSDGSFFLYSKLTVDKSRWOQG
NVFSCSVMHEALHNHYTQKSLSLSPGK GGGGSGGGGSGGGGS

ALDTNYCFSSTEKNCCVROLY IDFRKDLGWKWIHEPKGYHANFCLGPCPYIWSLDTQYSKVLALYN
QHNPGASAAPCCVPQALEPLPIVYYVGRKPKVEQLSNMIVRSCKCS

Underlined: Mature (active) human TGF-81

ltalic: Linker (optional)

Plain: Fc

Bold: RANK ectodomain

(Note: Can replace linker 1 GEGGSGEEGSEEEES SEQ ID NO: 104 with
ErPkscpr SEQ ID NO: 105)

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

Fig. 51
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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):
RIFAVFIFMTYWHLLNAFTVTVPKDLYVVEYGSNMTIECKFPVEKQLDLAALIVYWEMEDKNI IQFVHGEED

LKVOHSSYRORARLLKDOLSLGNAALQITDVRKLODAGVYRCMISYGEADYKRITVKVNAPYNK INQRILVVD

PVTSEHELTCQAEGYPRKAEVIWISSDHQVLSGKTTTTNSKREEKLFNVTSTLRINTTTNEI FYCTFRRLDPE

ENHTAELVIPELPLAHPPNERTHLVILGAILLCLGVALTFIFRLRKGRMMDVKKCGIQDTNSKKQSDTHLEE
T GGGGSGGGGSGGEEGES

THTCPPCPAPELLGGPSVFLFPPRKPKDTLMISRTPEVTCVVVDVSHEDPEVKFNWY VDEVEVHNAKTKPRER
QYNSTYRVVSVLTVLHQDWLNGKEYKCKVSNKALPAPIEKTISKAKGQPREPQVYTLPPSREEETKNQVSLT
CLVKGFYPSDIAVEWESNGQPENNYKTTPPVLDSDGSFFLYSKLTVDKSRWQQGNVFSCSVMHEALHNHYTQ
KSLSLSPCGK GGGGSGEGGSGEGES QI APPCTSEKHY EHLGRCCNKC EPGRKYMSSKC TTTSDSVOLP

CGPDEYLDSW NEEDKCLLHK VCDTGKALVA VVAGNSTTPR RCACTAGYHW SQDCECCRRN

TECAPGLGAQ HPLOILNKDTV CKPCLAGYFS DAFSSTDKCR PWINCTFLGR RVEHHGTEKS

DAVCSSSLPA REKPPNEPHVY LPG

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

VCDTGKALVA VVAGNSTTPR RCACTAGYHW SQODCECCRRN TECAPGLGAQ HPLOLNKDTV

CRPCLAGYFS DAFSSTDKCR PWINCTFLGK RVEHHGTEKS DAVCSSSLPA REKPPNEPHVY LPG

GGGGSGCGEGSGGEGES
THTCPPCPAPELLGGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVKENWYVDGVEVHENAKTKPREE
QYNSTYRVVSVLTVLHQDWLNGKEYKCKVSNKALPAPIEKTISKAKGQPREPQVYTLPPSREEMTKNQVSLT
CLVKGFYPSDIAVEWESNGQPENNYKTTPPVLDSDGSFFLYSKLTVDKSRWQQGNVFSCSVMHEALHNHYTQ
KSLSLEPGK GGGGSGGGGSGGGEGS
RIFAVFIFMTYWHLLNAFTVIVPRDLYVVEYGSNMTIECKFPVEKQLDLAALIVYWEMEDKNI IQFVHGEED
LEVOHSSYRQRARLLRDQLSLGNAALOITDVRLODAGVYRCMI SYGGADYKRI TVKVNAPYNK INQRILVVD
PVISEHELTCQAEGY PRAEVIWTSSDHOVLSGRTTTTNSKREEKLFNVTSTLRINTTTNEIFYCTFRRLDPE

ENHTAELVIPELPLAHPPNERTHLVILGAILLCLGVALTFIFRLRRGRMMDVEKCGIQODTNSKROSDTHLEER
T

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

Plain: Fc

Underlined: RANK ectodomain

{Note: Can replace linker 1 coeGsceeeseceGs 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
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PTO-1382 (Rev, 08-2008)

Approved for ase throngh 02/28/2010. OMB 0651-0021

U.S. Patent and Trademark Office: U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1993, no persons are required to respond to a collection of mformation unless it dispiays a valid OMB countrol number

TRANSMITTAL LETTER TO THE UNITED STATES RECEIVING OFFICE

EFS Web filing Date of deposit 4 March 2011
File reference no.: JHU3260-4WO International application no. (if known): unassigned
Customer Number”: 28213 Earliest priority date claimed (Day/Month/Yedr): 05 March 2010 (06.03.2010)

Title of the invention: COMPOSITIONS AND METHODS FOR TARGETED IMMUNOMODULATORY ANTIBODIES AND FUSION
PROTEINS

1 Customey Number will allow access to the application in Private PAIR but cannot be used o establish or change the correspondence address

X This is a new International Application
SCREENING DISCLOSURE INFORMATION:

. In order to assist in screening the accompanying international application for purposes of determining whether a license for
foreign transmittal should and could be granted and for other purposes, the following information is supplied. (check as many
boxes as apply):

[ The invention disclosed was not made in the United States of America.
[] There is no prior U.S. application relating to this invention,
X The following prior U.S. application(s) contain subject matter which is related to the invention disclosed in the

attached international application. (NOTE: priority to these applications may or may not be claimed on the  Request (form
PCT/RO/IG1) and this listing does not constitute a claim for priority.)

application no. 61/311,255 filed on 05 March 2010 (05.03.2010)

application no. | 4435 671 filedon | 24 January 2011 (24.01.2011)

[X] The: present international application contains additional subject matter not found in the prior U.S. application(s) identified
above. The additional subject matter is found on pages __throughout

and DOES NOT ALTER [] MIGHT BE CONSIDERED TO ALTER the general nature of the

imvention in a manner which would require the U.S. application to have been made available for inspection by the appropriate
defense agencies under 35 U.S.C. 18] and 37 CFR 5.15.

Itemized list of contents

Sheets of Request form: 4 Check no.: in the amount of
Sheets of description 8 Return receipt posteard:  none
(excluding sequernce listing):
Sheets of claims: g Power of Attormey: none
Sheets of abstract: 1 Certified copy of priority
document (specify): none
Sheets of drawings: 75 Other (specify):
Sheets of sequence listing: nohe Sequence listing in text format.
Sequence listing diskette/CD: none
Tables related to sequence listing CD: none
The ] Applicant Lisa A. Haile, J.D., Ph. D.
person
signing X Attorney/Agent (Reg.No.) Name of person signing P
this form 38,347 JS % /,»'i (4:‘\./ A r4
is the: { : Nt A s
A i
[l Common Representative Sign% M’\’ v -

This collection of information is reqairad by 37 CFR 1.10 and 1,412, The information is required o obtain of tetain a benefit by the public, which is 1o file (and by the UISPTQ to process) an
application. Confidentiality is governed by 35 U.8.C. 122 and 37 CFR 1.11 and 1.34. This collection is estimated +0 take 15 minutes to complete, ineluding gathering information, preparing,
aund submmitting the completed form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of time vou require to complete this form andror
suggestions for reducing this burden, should be sent to the Chief Informaticn Otticer, U.S. Patent and Trademark Office, 11.S. Department-of Commerce. P.O. Box 1430, Alexandria, VA
22332-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS SEND TO: Mail Stop PCT, Commissioner for Patents, P.O. Box 1450, Alexandria,
VA 22313-1450.
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Application Number: PCT/US11/27317 Document Date: 03/04/2011

The presence of this form in the IFW record indicates that the following document type was
received in electronic format on the date identified above. This content is stored in the SCORE
database.

- Design Drawing

Since this was an electronic submission, there is no physical artifact folder, no artifact folder is
recorded in PALM, and no paper documents or physical media exist. The TIFF images in the
IFW record were created from the original documents that are stored in SCORE.

To access the documents in the SCORE database, refer to instructions developed by SIRA.

At the time of document entry (noted above):
» Examiners may access SCORE content via the eDAN interface.
» Other USPTO employees can bookmark the current SCORE URL
(http://es/ScoreAccessWeb/).
» External customers may access SCORE content via the Public and Private PAIR
interfaces.

Form Revision Date: February 8, 2006
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SCORE Placeholder Sheet for IFW Content

Application Number: PCT/US11/27317 Document Date: 03/04/2011

The presence of this form in the IFW record indicates that the following document type was
received in electronic format on the date identified above. This content is stored in the SCORE
database.

- Sequence Listing

Since this was an electronic submission, there is no physical artifact folder, no artifact folder is
recorded in PALM, and no paper documents or physical media exist. The TIFF images in the
IFW record were created from the original documents that are stored in SCORE.

To access the documents in the SCORE database, refer to instructions developed by SIRA.

At the time of document entry (noted above):
» Examiners may access SCORE content via the eDAN interface.
» Other USPTO employees can bookmark the current SCORE URL
(http://es/ScoreAccessWeb/).
» External customers may access SCORE content via the Public and Private PAIR
interfaces.

Form Revision Date: February 8, 2006
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) For receiving Office use only
PCT PCT/US11/27317

International
REQUEST 04 MAR 2011 (04.03.11)

Tnternational Filing Date

plication No.

The undersigned requests that the present RO/US
international application be processed
according to the Patent Cooperation Treaty. Name of receiving Office and “PCT International Applicarion™

Applicant’s or agent’s file reference
(if desired} (12 characters meaxivmin) JHU3260-4W0O

Box No. I TITLE OF INVENTION

COMPOSITIONS AND METHODS FOR TARGETED IMMUNOMODULATORY
ANTIBODIES AND FUSION PROTEINS

Box No. I APPLICANTY ! § This person is also inventor

Name and address: (Family same followed by given namie; for alegal entity, full efficial designation. | Telephone Ne.
The address must include posial code and name of cowntry. The country of the address indicated in this ( 441 0) A16-8300

Box isthe applicant’s State {ihat is. cowny)} of vesidence if no State of vesidence is indicarzd below. )

Facsimile No.

THE JOHNS HOPKINS UNIVERSITY (410) 516-4411

3400 N. Charles Street Applicant’s registeation No. with the Office
Baltimore, Maryland 21218
United States of America

E-mail authorization: Marking one of'the check-boxes below authovizes the receiving Office. the International Searching Authority, the
International Bureau and the International Preliminary Examining Authority to us e~-mail address: indicated n this Box to send.

notifications issued in respect of this international application to that e-mail address if those oftives arve willing to do-so.
ag advance copies followed by paper notifications; or [ Texclusively in electronic form {no paper notifications will be sent).
E-mail address:
State (that is. country) of nationality: State (that is, cowritry) of residence:
T'his person is-applicant all designated K77 all designated States except the United States the Swales indicated in
for the purposes oft States ’A‘ the United States of Amertca of America only the Supplemental Box

Box Ne. I FURTHER APPLICANT(S) AND/OR (FURTHER) INVENTOR(S)

k‘_ Further applicants and/or (further) inventors are indicated on a continuation sheet.

Box No. IV AGENT OR COMMON REPRESENTATIVE; OR ADDRESS FOR CORRESPONDENCE

The person identified below is hereby/has been 2ppoinied to act'on behalf & acent D common
of the apphcant(s) before the competent International Authorities as: = representanve

Name and address: (Family name followed by given name; for a legat entity, fill official designation. | Telephone No.
The address must include postal code and name of couniry:} 858-677-1456

HAILE, Lisa A. Facsimile No

DLA Piper LLP (US) EQ ATT
4365 Executive Drive, Suite 1100 856-677-1465
San Diego, California 92121-2133
United States of America

Agent sregistration No. with the Qffice

38,347

E-muil anthorization: Marking one ef the check-boxes below authorizes the receiving Gtfice, the International Searching Authority| the
Internattonal Bureau and the International Preliminary Examining Authority to use the e=mail address indicated in this Box fo send,
notifications issued in respect of this international application fo thal e~mail address if those offices are willing to do so.

X as advance copies followed by paper potifications; or D exclusively in ¢lectronic form (no paper notifications will be sent).

E-mailaddress: GTForeign@dlapiper.com

D Address for correspondence: Mark this check-box where no agent or common representative is/has been appointed and the
space above 3 used instead to indicaie a special address w which correspondence should be sent.

Form PCT/ROAOT (first sheet) (Januvary 2010) See Notes to the reguest form
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SheetNo. .. 2. ..

Box No. 1T FURTHER APPLICANT(S) AND/OR (FURTHER) 11

YENTOR(S)

{ none of the following sub-boxes is used, this sheel should not be included in the requesi.

I\ amie and address: (Family name followed by giver name; for a legal entity, fall officicd designation. | This person is:
The address must incliude postaf code and name of country, The couniry of the address indicated in iis
Bax is ihe applicant 's State {thal is, country) of residence i no State of vesidence is indicated below.) D applicant only

BEDI Atul K‘ applicant and inventor

: nventor only (If this check-box
221 1 [_)aleWOOd Road D is marked, do not fill in betow.)
Timonium, Maryland 21093
United States of America Applicant’sregistration No. withithe Office
State {ihal is, country) of nationality: Siate fthar is, couniry) of residence:
us us
This person is applicant alf designated alf designated States except 7 the United States the States mdicated in
for the purposes of? States D the Uniled States of Amenca 25t of America only the Supplemental Box

Name and address: (Famibename followed by given name; for a legai ennty. fid] ¢fficial designation. | This person is;
The address must inchide postal code and name of coxmiry. The counny of the address indicated in this
Bax is the applicant's State (tharis, courtryj of vestdence if no State of vesidence is indicated below.j D applicant only

m applicant and {nventor

RAVI, Rajani

y inventor only (1f this check-box
7810 Ballston Road D is merked, do noi fill in below.)
Ruxton, Maryland 21204
United States of America Applicant’sregistration No. with the Office
State ithat is, country) of nationality: State {that is, courary) of residence:
us
This person is applicant all designated all designated States except 7 the United Srates the States indicated i
for th% purp()sespgﬁ B tates the 'Um%ed States of America of Amertea only the Supplemental Box

Name and address: (Family name followed by given name:_for a legal entiry, full official designation. | This person is:
The address must mclude postal code and name of country. The counuy of the address indicared in this
Box isthe applicant s State (that s, cowntry).of residence if no State of residence ks indicared befow. } D applicant only

D applicant and inventor
D inventor only (ff this check-box

is marked, do not filf in below.

Applicant’syegistration No. withthe Qffice

State (thai is. conmtry} of nationality: State {that s, country) of residence:
This person is applicant all designated all designated States except the United States the Siates indicaied in
for the purposes of: States the Umied States of America of America anly the Supplemental Box

Name and addrcssz (Family name followed by given name: Joralegal emity, full official designation. | This person is:
The address mystinchude postal code and nenme of cownry. The comnry of the addressindicated in this
Box'is the applicant’s Stare (thai is. country) of residence if o Siate of residence is indicuted below.} D applicant only

D applicant and inventor

D inventor only (I this check-box
is marked, do not fifl in below. )}

Applieant’sregistration No. with the Office

State (that Is. country} of nationality: State (that is, country) of residence:
This person is applicant all designated fesignated States except the United States the Statés idicated in
for the purposes oft States the United States of America of Ameriea only the Supplemental Box

E f Further applicants and/or {further) inventors are indicated on another continuation sheet,

Form PCT/RO/101 {vontinuation sheer) (January 2010} See Notes to the reguest form
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SheetNo. ...3...

Box No. V DESIGNATIONS

The filing of this request constitutes under Rule 4.9{a) the designation of all Contracting States bound by the PCT on the internagional
filing date. for the grant of every kind of protection available and, where applicable, for the grant of both regional and national patents.

However,

D DE Germany is not designated for any kind of national protection

B IP Japan is not designiated for any kind of national protection

D KR Republic of Korea is not designated for any kind of national protection

(The check-boxes abave may only be used to exclude (irrevocably) the designations concerned if a1 the time of filing or subsequently under
Rude 26bis. 1, the international application contains in Box No. V1 a priority clainiio an eartier national application filed in the particular
State concerned, in arder to avoid the ceasing of the effect, under the national law, of this earlier national application. )

Bex No. VI PRIORITY CLAIM

The priority of the following earlier application(s) is hereby claimed:

Filing date Number. Where earlier application is:
of earlier application of earlier application - e ; T . , .
(davimonthivear) national application:| repianal application: linternational application
S . country or Member regional Office receiving Office
of WTO
item (1)
05 March 2010 61/311,255 us

(05.03.2010)

Jtem (2}

24 January 2011 4 1
(24.01.2011) 61/435,67 us

item (3)

D Further priority claims are indicated in the Supplemental Box.

f___] The International Bureau is requested o obtain from a digital library, a certified copy of the earlier application(s) (if the earlier
application{s) is available to it from a digiial library) identified above as:*

D all items D itern (1) D itern (2) D item: (3) B other, see Supplemental Box

The receiving Office is requested to prepare and transmit to the International Bureau a certified copy of the earlier application(s)
(i the earlier application(s) was filed with the Office whick for the purposes of this international application is the receiving
Qffice) or 1o obtain a certified copy of the earlier application(s) {rom a digital library and transmit a copy of it to the International
Bureau (if the earlier application(s) is available 1o the receiving Office frem a digital library), identified above as:*

X all itemns 1 item (N L1 item ) L—_] item (3) D other, see Supplemental Box

* Where the certified copy of the éarlier application(sy isnot stored in a digital Hibrary under the number ol the earlier application indicated
above but under the application number of another application which also claims priority from it, indicate ihat number in the
supplemental sheet (item 4).

Restore the right of priority: the receiving Office is requesied to restore the right of privrity for the earlier application(s) identified
above or in the Supplemental Box as itemi(s) { ). (See also the Notes to Box No. FI; further
information must be provided to support a request 10 restore the right of priority.)}

Incorporation by reference: where an element of the international application referred to in Article 1I{ DN or () or a part of
the deseription, claims or drawings referred to in Rule 20.5(a) is not otherwise contained in this inlernaticnal application but is
completely contained in an earlier application whose priority is claimed on the date on which one or more elements referred to. in
Article 11(1)(ii1) were first received by the receiving Office, that element or part is, subject to confirmation under Rule 20.6,
incorporated by reference in this international application for the purposes of Rule 20.6.

Box No. VII INTERNATIONAL SEARCHING AUTHORITY

Choice of International Searching Authority (ISA) (if more than one International Searching Awthority is compelent to carry oul the
iternationad seqrch, indicate the Authority chosen; the two-letter code may be used):

Y X ST

Form PCT/RO/61 (second sheet) (January 2010) See Noies to the request form
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Sheet No. .. 4 L.
Box No. IX  CHECKLIST for EFS-Web filings - this sheet s only to be used when filing an international apglication with RO/US via EFS-Web

This international application Number | This international application is accompanied by the Number
containy the following: of sheets | following item{s) (mark the applicable check-boxes below of items
and indicate in right colwmn the number of each item):
(a} request form PCT/RO/101 . s
(including any declarations 1. [0 fee caleulation sheet ... ... ... ... ... .. ... .....
and supplemental sheets) .. .. ... : 4! 2. 01 original separate power 6f @HOMNEY .. .o oounnnn.. ..
(b} description {excluding any 5. [0 original general power of attomey ... ... ..o
sequence listing part-of the - .
s ; 4. O copy of general power of attomey: reference
deseription, see {f), below) .. ... : -
pHOD, i, ’ 68 UMD « ettt it e e e e
{e) eladms .. : 9] 5. [0 statement explaining lack of signature .. ... ... .. ..
{dyabstract............ .. ... ... : 11 6. [ priority document(s) identified in Box No. VI
. . . ASTEEIN(S) « o o i i
(e} drawings (ifany) ............. : 75
7. [3 Translation of international application into
(1) sequence listing part of the T
; description in the form of an o . .
image file (e.g. PDF). .. ....... . 8. [ separate indications concerning deposited
microorganism or other biclogical material , .. .. ... ...
. [ rondywhere item (fy is marked in the left column)
Total number of sheets (including the copy-ofthe sequence listing in electronic
sequence histing part of the description form (Annex C/ST.25 text file) not forming
iffiled as an jimage file} . ...... ... ¢ 157 part of the intemnational application but

furnished only for the purposes of

{2) sequence listing part of the description international search under Rule 13ser

10. 3 (onlywhere item () is marked in the left colummn)
a statement confirming that “the information
recorded Inelectronic form submitted under
1 WILL BE filed separately on physical dita Rule 1372715 identical to the sequence listing
carrier(s), on the same day and in the form as contained in the international application™
of an Aﬁnc_\- C/ST.25 text file asfiled via EFS-Web: . ... . . i

11 1 copy of results of earlier search(es) (Rule 124is.1(a)) ..

filed in the form of an Anmex C/ST.25 text
file

Indicate type and number of physical data

CAMTIET{S) « v vttt it 12. other (specifpr: . Transmittal ... ... .. oL . 1
Figure of the drawings which 53G Language of filing of the English

should accompany the abstract:
Box Ne. X SIGNATURE OF APPLICANT, AGENT OR COMMON REPRESENTATIVE
Next to each signature, indicate the name of the person sigring and the capacity it whick the person signs (if such capacity is wot obvious from reading the request),
DLA Plper LLP {US) p
. ;\}/// ,4' /

Llsa\/X Halle-, ,J.D., Ph.D., Reg. No. 38,347

international application:

04-03-2011
For receiving Office use only
1. Date of actual receipt of the purported .
international application: 04 MAR 2011 2. Drawings:
3. Corrected date of actual receipt due fo later but D received:
timely received papers or drawings completing
the purported international application:
4. Date of timely receipt of the required D not received:
cofrections under PCT Ariicle 11¢2): i
5. International Searching Authority 6. Transmittal of search copy delayed
{(if two or more are competent):  [SA / KR until search fee is paid
For International Bureau use only
Date of receipt of the vecord copy
by the Intemational Bureau:
Form PCT/RO/101 (last sheet —~ EFS) (January 2010) See Notes io the request form
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DocCode - SCORE

SCORE Placeholder Sheet for IFW Content

Application Number: US1127317 Document Date: 3/4/2011

The presence of this form in the IFW record indicates that the following document type was received in
electronic format on the date identified above. This content is stored in the SCORE database.

e Drawings — Other than Black and White Line Drawings

Since this was an electronic submission, there is no physical artifact folder, no artifact folder is recorded in
PALM, and no paper documents or physical media exist. The TIFF images in the IFW record were created
from the original documents that are stored in SCORE.

To access the documents in the SCORE database, refer to instructions developed by SIRA.

At the time of document entry (noted above):
¢ Examiners may access SCORE content via the eDAN interface.
e Other USPTO employees can bookmark the current SCORE URL (http://es/ScoreAccessWeb/).
e External customers may access SCORE content via the Public and Private PAIR interfaces.

Form Revision Date: February 8, 2006
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Sequence Listing was accepted.

If you need help call the Patent Electronic Business Center at (866)
217-9197 (toll free).

Reviewer: Durreshwar Anjum

Timestamp: [year=2011; month=3; day=7; hr=9; min=13; sec=19; ms=89; ]
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Validated By CRFValidator v 1.0.3

Application No: PCTUS1127317

Input Set:

Output Set:

Version No:

Started: 2011-03-04 21:56:27.365

Finished: 2011-03-04 21:56:34.559

Elapsed: 0 hr(s)

Total Warnings: 10

Total Errors: 0
No. of SeqIDs Defined: 121
Actual SeqID Count: 121

Error code Error Description

W 213 Artificial or Unknown
w213 Artificial or Unknown
w213 Artificial or Unknown
w213 Artificial or Unknown
w213 Artificial or Unknown
W 213 Artificial or Unknown
W 213 Artificial or Unknown
w213 Artificial or Unknown
w213 Artificial or Unknown
w213 Artificial or Unknown

0 min(s) 7 sec(s)
found in <213> in SEQ
found in <213> in SEQ
found in <213> in SEQ
found in <213> in SEQ
found in <213> in SEQ
found in <213> in SEQ
found in <213> in SEQ
found in <213> in SEQ
found in <213> in SEQ
found in <213> in SEQ

1.0

194 ms

ID (104)
ID (105)
ID (106)
ID (107)
ID (108)
ID (109)
ID (110)
ID (111)
ID (112)
ID (113)
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<110>

<120>

<130>

<140>
<141>

<150>
<151>

<150>
<151>

<160>
<170>
<210>
<211>
<212>
<213>
<400>
Glu val

1

Ser Leu

Tyr Ile

Ala Arg
50

Lys Gly
65

Leu Gln

Ser Arg

SEQUENCE LISTING

THE JOHNS HOPKINS UNIVERSITY
Atul

BEDI,
RAVI,

Rajani

COMPOSITIONS AND METHODS FOR TARGETED IMMUNOMODULATORY ANTIBODIES
AND FUSION PROTEINS

JHU3260-4WO

PCTUS1127317
2011-03-04

Us 61/435,671

2011-01-24

Us 61/311,255

2010-03-05

121

PatentIn version 3.5

602
PRT

Homo

Gln

Arg

His

35

Ile

Arg

Met

Trp

sapiens

Leu

Leu

20

Trp

Tyr

Phe

Asn

Gly
100

val

Ser

val

Pro

Thr

Ser

85

Gly

Glu

Cys

Arg

Thr

Ile

70

Leu

Asp

Ser

Ala

Gln

Asn

55

Ser

Arg

Gly

Gly

Ala

Ala

40

Gly

Ala

Ala

Phe

Gly

Ser

25

Pro

Tyr

Asp

Glu

Tyr
105

Gly

10

Gly

Gly

Thr

Thr

Asp

90

Ala

Leu

Phe

Lys

Arg

Ser

75

Thr

Met

val

Asn

Gly

Tyr

60

Lys

Ala

Asp

Gln

Ile

Leu

45

Ala

Asn

val

Tyr

Pro

Lys

30

Glu

Asp

Thr

Tyr

Trp
110

Gly

15

Asp

Trp

Ser

Ala

Tyr

95

Gly

Gly

Thr

val

val

Tyr

80

Cys

Gln
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Gly

Phe

Leu

145

Trp

Leu

Ser

Pro

Lys

225

Pro

Ser

Asp

Asn

val

305

Glu

Thr

Pro

130

Gly

Asn

Gln

Ser

Ser

210

Thr

Ser

Arg

Pro

Ala

290

val

Tyr

Leu

115

Leu

Cys

Ser

Ser

Ser

195

Asn

His

val

Thr

Glu

275

Lys

Ser

Lys

val

Ala

Leu

Gly

Ser

180

Leu

Thr

Thr

Phe

Pro

260

val

Thr

val

Cys

Thr

Pro

val

Ala

165

Gly

Gly

Lys

Cys

Leu

245

Glu

Lys

Lys

Leu

Lys
325

val

Ser

Lys

150

Leu

Leu

Thr

val

Pro

230

Phe

val

Phe

Pro

Thr

310

val

Ser

Ser

135

Asp

Thr

Tyr

Gln

Asp

215

Pro

Pro

Thr

Asn

Arg

295

vVal

Ser

Ser

120

Lys

Tyr

Ser

Ser

Thr

200

Lys

Cys

Pro

Cys

Trp

280

Glu

Leu

Asn

Ala

Ser

Phe

Gly

Leu

185

Tyr

Lys

Pro

Lys

val

265

Tyr

Glu

His

Lys

Ser

Thr

Pro

vVal

170

Ser

Ile

vVal

Ala

Pro

250

val

val

Gln

Gln

Ala
330

Thr

Ser

Glu

155

His

Ser

Cys

Glu

Pro

235

Lys

val

Asp

Tyr

Asp

315

Leu

Lys

Gly

140

Pro

Thr

val

Asn

Pro

220

Glu

Asp

Asp

Gly

Asn

300

Trp

Pro

Gly

125

Gly

val

Phe

val

val

205

Lys

Leu

Thr

val

val

285

Ser

Leu

Ala

Pro

Thr

Thr

Pro

Thr

190

Asn

Ser

Leu

Leu

Ser

270

Glu

Thr

Asn

Pro

Ser

Ala

val

Ala

175

val

His

Cys

Gly

Met

255

His

val

Tyr

Gly

Ile
335

val

Ala

Ser

160

val

Pro

Lys

Asp

Gly

240

Ile

Glu

His

Arg

Lys

320

Glu
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Lys

Thr

Thr

Glu

385

Leu

Lys

Glu

Gly

Ser

465

val

Cys

Asn

Ala

His
545

Thr

Leu

Cys

370

Ser

Asp

Ser

Ala

Lys

450

Thr

Thr

Asp

Cys

val

530

Asp

Ile

Pro

355

Leu

Asn

Ser

Arg

Leu

435

Gly

Ile

Asp

val

Ser

515

Trp

Pro

Ser

340

Pro

vVal

Gly

Asp

Trp

420

His

Gly

Pro

Asn

Arg

500

Ile

Arg

Lys

Lys

Ser

Lys

Gln

Gly

405

Gln

Asn

Gly

Pro

Asn

485

Phe

Thr

Lys

Leu

Ala

Arg

Gly

Pro

390

Ser

Gln

His

Gly

His

470

Gly

Ser

Ser

Asn

Pro
550

Lys

Glu

Phe

375

Glu

Phe

Gly

Tyr

Ser

455

val

Ala

Thr

Ile

Asp

535

Tyr

Gly

Glu

360

Tyr

Asn

Phe

Asn

Thr

440

Gly

Gln

val

Cys

Cys

520

Glu

His

Gln

345

Met

Pro

Asn

Leu

val

425

Gln

Gly

Lys

Lys

Asp

505

Glu

Asn

Asp

Pro

Thr

Ser

Tyr

Tyr

410

Phe

Lys

Gly

Ser

Phe

490

Asn

Lys

Ile

Phe

Arg

Lys

Asp

Lys

395

Ser

Ser

Ser

Gly

val

475

Pro

Gln

Pro

Thr

Ile
555

Glu

Asn

Ile

380

Thr

Lys

Cys

Leu

Ser

460

Asn

Gln

Lys

Gln

Leu

540

Leu

Pro

Gln

365

Ala

Thr

Leu

Ser

Ser

445

Gly

Asn

Leu

Ser

Glu

525

Glu

Glu

Gln

350

Val

Val

Pro

Thr

vVal

430

Leu

Gly

Asp

Cys

Cys

510

val

Thr

Asp

vVal

Ser

Glu

Pro

val

415

Met

Ser

Gly

Met

Lys

495

Met

Cys

val

Ala

Tyr

Leu

Trp

val

400

Asp

His

Pro

Gly

Ile

480

Phe

Ser

val

Cys

Ala
560
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Ser Pro

Phe Met

Ser Glu

<210>
<211>
<212>
<213>

<400>

Gln Val

1

Ser Leu

Gly Val

Gly val
50

Ser Arg
65

Lys Met

Arg Ala

Thr Leu

Pro Leu

130

Gly Cys
145

Lys

Cys

Glu
595

601
PRT

Homo

Gln

Ser

His

35

Ile

Leu

Asn

Leu

val

115

Ala

Leu

Cys

Ser
580

Tyr

Ile
565

Cys

Asn

sapiens

Leu

Ile

20

Trp

Trp

Ser

Ser

Thr

100

Thr

Pro

Val

Lys

Thr

val

Ser

Ile

Leu

85

Tyr

val

Ser

Lys

Met Lys Glu

Ser Ser Asp

Thr Ser Asn

Gln

Cys

Arg

Gly

Asn

70

Gln

Tyr

Ser

Ser

Asp
150

Ser

Thr

Gln

Gly

55

Lys

Ser

Asp

Ala

Lys

135

Tyr

600

Gly

val

Ser

40

Asn

Asp

Asn

Tyr

Ala

120

Ser

Phe

Lys

Glu

585

Pro

Pro

Ser

25

Pro

Thr

Asn

Asp

Glu

105

Ser

Thr

Pro

Lys

570

Cys

Asp

Gly

10

Gly

Gly

Asp

Ser

Thr

90

Phe

Thr

Ser

Glu

Lys Pro Gly Glu Thr Phe

575

Asn Asp Asn Ile Ile Phe

Leu

Phe

Lys

Tyr

Lys

75

Ala

Ala

Lys

Gly

Pro
155

val

Ser

Gly

Asn

60

Ser

Ile

Tyr

Gly

Gly

140

Val

Gln

Leu

Leu

45

Thr

Gln

Tyr

Trp

Pro

125

Thr

Thr

590

Pro

Thr

30

Glu

Pro

val

Tyr

Gly

110

Ser

Ala

Val

Ser

15

Asn

Trp

Phe

Phe

Cys

95

Gln

val

Ala

Ser

Gln

Tyr

Leu

Thr

Phe

80

Ala

Gly

Phe

Leu

Trp
160
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Asn

Gln

Ser

Ser

Thr

225

Ser

Arg

Pro

Ala

val

305

Tyr

Thr

Leu

Cys

Ser

Ser

Ser

Asn

210

His

val

Thr

Glu

Lys

290

Ser

Lys

Ile

Pro

Leu

370

Gly

Ser

Leu

195

Thr

Thr

Phe

Pro

val

275

Thr

val

Cys

Ser

Pro

355

val

Ala

Gly

180

Gly

Lys

Cys

Leu

Glu

260

Lys

Lys

Leu

Lys

Lys

340

Ser

Lys

Leu

165

Leu

Thr

val

Pro

Phe

245

val

Phe

Pro

Thr

val

325

Ala

Arg

Gly

Thr

Tyr

Gln

Asp

Pro

230

Pro

Thr

Asn

Arg

val

310

Ser

Lys

Asp

Phe

Ser

Ser

Thr

Lys

215

Cys

Pro

Cys

Trp

Glu

295

Leu

Asn

Gly

Glu

Tyr
375

Gly

Leu

Tyr

200

Arg

Pro

Lys

val

Tyr

280

Glu

His

Lys

Gln

Leu

360

Pro

val

Ser

185

Ile

val

Ala

Pro

val

265

val

Gln

Gln

Ala

Pro

345

Thr

Ser

His

170

Ser

Cys

Glu

Pro

Lys

250

vVal

Asp

Tyr

Asp

Leu

330

Arg

Lys

Asp

Thr

val

Asn

Pro

Glu

235

Asp

Asp

Gly

Asn

Trp

315

Pro

Glu

Asn

Ile

Phe

val

val

Lys

220

Leu

Thr

val

val

Ser

300

Leu

Ala

Pro

Gln

Ala
380

Pro

Thr

Asn

205

Ser

Leu

Leu

Ser

Glu

285

Thr

Asn

Pro

Gln

val

365

val

Ala

val

190

His

Cys

Gly

Met

His

270

val

Tyr

Gly

Ile

val

350

Ser

Glu

val

175

Pro

Lys

Asp

Gly

Ile

255

Glu

His

Arg

Lys

Glu

335

Tyr

Leu

Trp

Leu

Ser

Pro

Lys

Pro

240

Ser

Asp

Asn

val

Glu

320

Lys

Thr

Thr

Glu
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Ser

385

Asp

Ser

Ala

Lys

Thr

465

Thr

Asp

Cys

val

Asp

545

Pro

Met

Glu

Asn

Ser

Arg

Leu

Gly

450

Ile

Asp

val

Ser

Trp

530

Pro

Lys

Cys

Glu

Gly

Asp

Trp

His

435

Gly

Pro

Asn

Arg

Ile

515

Arg

Lys

Cys

Ser

Tyr
595

Gln

Gly

Gln

420

Asn

Gly

Pro

Asn

Phe

500

Thr

Lys

Leu

Ile

Cys

580

Asn

Pro

Ser

405

Gln

His

Gly

His

Gly

485

Ser

Ser

Asn

Pro

Met

565

Ser

Thr

Glu

390

Phe

Gly

Tyr

Ser

vVal

470

Ala

Thr

Ile

Asp

Tyr

550

Lys

Ser

Ser

Asn

Phe

Asn

Thr

Gly

455

Gln

vVal

Cys

Cys

Glu

535

His

Glu

Asp

Asn

Asn

Leu

vVal

Gln

440

Gly

Lys

Lys

Asp

Glu

520

Asn

Asp

Lys

Glu

Pro
600

Tyr

Tyr

Phe

425

Lys

Gly

Ser

Phe

Asn

505

Lys

Ile

Phe

Lys

Cys

585

Asp

Lys

Ser

410

Ser

Ser

Gly

Val

Pro

490

Gln

Pro

Thr

Ile

Lys

570

Asn

Thr

395

Lys

Cys

Leu

Ser

Asn

475

Gln

Lys

Gln

Leu

Leu

555

Pro

Asp

Thr

Leu

Ser

Ser

Gly

460

Asn

Leu

Ser

Glu

Glu

540

Glu

Gly

Asn

Pro

Thr

vVal

Leu

445

Gly

Asp

Cys

Cys

val

525

Thr

Asp

Glu

Ile

Pro

Val

Met

430

Ser

Gly

Met

Lys

Met

510

Cys

val

Ala

Thr

Ile
590

vVal

Asp

415

His

Pro

Gly

Ile

Phe

495

Ser

val

Cys

Ala

Phe

575

Phe

Leu

400

Lys

Glu

Gly

Ser

val

480

Cys

Asn

Ala

His

Ser

560

Phe

Ser
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<210>
<211>
<212>
<213>

<400>

Gln Vval

Ser Val

Asn Met

Gly Ala

50

Lys Gly
65

Met Gln

Ala Arg

Ala Gly

Val Phe

130

Ala Leu

145

Ser Trp

Val Leu

Pro Ser

603
PRT

Homo

Gln

Lys

His

35

Ile

Lys

Leu

Ser

Thr

115

Pro

Gly

Asn

Gln

Ser
195

sapiens

Leu

Trp

Tyr

Ala

Ser

Thr

100

Thr

Leu

Cys

Ser

Ser

180

Ser

Gln

Ser

val

Pro

Thr

Ser

85

Tyr

val

Ala

Leu

Gly

165

Ser

Leu

Gln

Cys

Lys

Gly

Leu

70

Leu

Tyr

Thr

Pro

val

150

Ala

Gly

Gly

Pro

Lys

Gln

Asn

55

Thr

Thr

Gly

vVal

Ser

135

Lys

Leu

Leu

Thr

Gly

Ala

Thr

40

Gly

Ala

Ser

Gly

Ser

120

Ser

Asp

Thr

Tyr

Gln
200

Ala

Ser

25

Pro

Asp

Asp

Glu

Asp

105

Ala

Lys

Tyr

Ser

Ser

185

Thr

Glu

10

Gly

Gly

Thr

Lys

Asp

90

Trp

Ala

Ser

Phe

Gly

170

Leu

Tyr

Leu

Tyr

Arg

Ser

Ser

75

Ser

Tyr

Ser

Thr

Pro

155

val

Ser

Ile

val

Thr

Gly

Tyr

60

Ser

Ala

Phe

Thr

Ser

140

Glu

His

Ser

Cys

Lys

Phe

Leu

45

Asn

Ser

val

Asn

Lys

125

Gly

Pro

Thr

val

Asn
205

Pro

Thr

30

Glu

Gln

Thr

Tyr

val

110

Gly

Gly

val

Phe

val

190

Val

Gly

15

Ser

Trp

Lys

Ala

Tyr

95

Trp

Pro

Thr

Thr

Pro

175

Thr

Asn

Ala

Tyr

Ile

Phe

Tyr

80

Cys

Gly

Ser

Ala

val

160

Ala

val

His
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Lys

Asp

225

Gly

Ile

Glu

His

Arg

305

Lys

Glu

Tyr

Leu

Trp

385

val

Asp

Pro

210

Lys

Pro

Asp

Asn

290

val

Glu

Lys

Thr

Thr

370

Glu

Leu

Lys

Ser

Thr

Ser

Arg

Pro

275

Ala

val

Tyr

Thr

Leu

355

Cys

Ser

Asp

Ser

Asn

His

val

Thr

260

Glu

Lys

Ser

Lys

Ile

340

Pro

Leu

Asn

Ser

Arg
420

Thr

Thr

Phe

245

Pro

val

Thr

val

Cys

325

Ser

Pro

val

Gly

Asp

405

Trp

Lys

Cys

230

Leu

Glu

Lys

Lys

Leu

310

Lys

Lys

Ser

Lys

Gln

390

Gly

Gln

val

215

Pro

Phe

val

Phe

Pro

295

Thr

val

Ala

Arg

Gly

375

Pro

Ser

Gln

Asp

Pro

Pro

Thr

Asn

280

Arg

val

Ser

Lys

Asp

360

Phe

Glu

Phe

Gly

Lys

Cys

Pro

Cys

265

Trp

Glu

Leu

Asn

Gly

345

Glu

Tyr

Asn

Phe

Asn

425

Lys

Pro

Lys

250

vVal

Tyr

Glu

His

Lys

330

Gln

Leu

Pro

Asn

Leu

410

val

Ala

Ala

235

Pro

val

val

Gln

Gln

315

Ala

Pro

Thr

Ser

Tyr

395

Tyr

Phe

Glu

220

Pro

Lys

val

Asp

Tyr

300

Asp

Leu

Arg

Lys

Asp

380

Lys

Ser

Ser

Pro

Glu

Asp

Asp

Gly

285

Asn

Trp

Pro

Glu

Asn

365

Ile

Thr

Lys

Cys

Lys

Leu

Thr

val

270

val

Ser

Leu

Ala

Pro

350

Gln

Ala

Thr

Leu

Ser

430

Ser

Leu

Leu

255

Ser

Glu

Thr

Asn

Pro

335

Gln

val

val

Pro

Thr

415

val

Cys

Gly

240

Met

His

val

Tyr

Gly

320

Ile

val

Ser

Glu

Pro

400

val

Met
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His Glu

Pro Gly
450

Gly Ser
465

Ile Val

Phe Cys

Ser Asn

vVal Ala
530

Cys His
545

Ala Ser

Phe Phe

Phe Ser

<210>
<211>
<212>
<213>

<400>

Glu Val

1

Ser Leu

Ala

435

Lys

Thr

Thr

Asp

Cys

515

val

Asp

Pro

Met

Glu
595

605
PRT

Homo

Gln

Arg

Leu

Gly

Ile

Asp

val

500

Ser

Trp

Pro

Lys

Cys

580

Glu

His

Gly

Pro

Asn

485

Arg

Ile

Arg

Lys

Cys

565

Ser

Tyr

sapiens

Asn

Gly

Pro

470

Asn

Phe

Thr

Lys

Leu

550

Ile

Cys

Asn

His

Gly

455

His

Gly

Ser

Ser

Asn

535

Pro

Met

Ser

Thr

Tyr

440

Ser

vVal

Ala

Thr

Ile

520

Asp

Tyr

Lys

Ser

Ser
600

Thr

Gly

Gln

vVal

Cys

505

Cys

Glu

His

Glu

Asp

585

Asn

Gln

Gly

Lys

Lys

490

Asp

Glu

Asn

Asp

Lys

570

Glu

Pro

Lys Ser

Gly Gly
460

Ser Val
475

Phe Pro

Asn Gln

Lys Pro

Ile Thr

540

Phe Ile

555

Lys Lys

Cys Asn

Asp

Leu

445

Ser

Asn

Gln

Lys

Gln

525

Leu

Leu

Pro

Asp

Ser

Gly

Asn

Leu

Ser

510

Glu

Glu

Glu

Gly

Asn
590

Leu

Gly

Asp

Cys

495

Cys

vVal

Thr

Asp

Glu

575

Ile

Ser

Gly

Met

480

Lys

Met

Cys

vVal

Ala

560

Thr

Ile

Leu Val Glu Ser Gly Gly Gly Leu Val Gln Pro Gly Gly

5

10

15

Leu Ser Cys Ala Ala Ser Gly Tyr Thr Phe Thr Asn Tyr
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Gly

Gly

Lys

65

Leu

Ala

Trp

Pro

Thr

145

Thr

Pro

Thr

Asn

Met

Trp

50

Arg

Gln

Lys

Gly

Ser

130

Ala

val

Ala

val

Asn

35

Ile

Arg

Met

Tyr

Gln

115

val

Ala

Ser

val

Pro
195

20

Trp

Asn

Phe

Asn

Pro

100

Gly

Phe

Leu

Trp

Leu

180

Ser

val

Thr

Thr

Ser

85

His

Thr

Pro

Gly

Asn

165

Gln

Ser

Arg

Tyr

Phe

70

Leu

Tyr

Leu

Leu

Cys

150

Ser

Ser

Ser

Gln

Thr

55

Ser

Arg

Tyr

val

Ala

135

Leu

Gly

Ser

Leu

Ala

40

Gly

Leu

Ala

Gly

Thr

120

Pro

val

Ala

Gly

Gly
200

25

Pro

Glu

Asp

Glu

Ser

105

val

Ser

Lys

Leu

Leu

185

Thr

Gly

Pro

Thr

Asp

90

Ser

Ser

Ser

Asp

Thr

170

Tyr

Gln

Lys

Thr

Ser

75

Thr

His

Ser

Lys

Tyr

155

Ser

Ser

Thr

Gly

Tyr

60

Lys

Ala

Trp

Ala

Ser

140

Phe

Gly

Leu

Tyr

Leu

45

Ala

Ser

val

Tyr

Ser

125

Thr

Pro

val

Ser

Ile
205

30

Glu

Ala

Thr

Tyr

Phe

110

Thr

Ser

Glu

His

Ser

190

Cys

Trp

Asp

Ala

Tyr

95

Asp

Lys

Gly

Pro

Thr

175

vVal

Asn

val

Phe

Tyr

80

Cys

val

Gly

Gly

val

160

Phe

val

val
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PATENT COOPERATION TREATY

From the RECEIVING OFFICE

o PCT

LISA A. HAILE
DLA PIPER LLP (US) NOTIFICATION CONCERNING PAYMENT
4365 EXECUTIVE DRIVE, SUITE 1100 OF PRESCRIBED FEES

SAN DIEGO, CALIFORNIA 92121-2133

(PCT Rules 128is.1{¢), 14, 15 and 16
and Admiaistrative Iostractions,
Sections 1(12-is{(c}y, 304, 323(h} and 707)

Date of matling
(day/month/yvear) 16 Mar 2011
Applicant’s or agent’s file reference PAYMENT DUE
JHU3260-4WO see itern 3 for time Hmits
International application No. International filing date/Date of receipt Pricrity date (dayimonth/vear)
(day/month/vear}
PCT/US2011/027317 ’ 04 Mar 2011 05 Mar 2010

Applicant

THE JOHNS HOPKINS UNIVERSITY

1. The applicant is hereby notified that this receiving Office has received:

the payment of all the prescribed fees, and D an overpayment, which will be refunded in due course.

D no or insufficient payment of the prescribed fees and the applicant is hereby imvited to pay the balance due, as
summarized under item 2, within the time limit(s) indicated under item 3.

b2

Fees and payment calculation:

4,566.00 4,566.00 . 0.00

Total fees payable Amount paid Balance

I:l The details of the calculation are given in the Annex.

3. Time imit(s) for payment and amouni(s) payable (Rules 14.1, 15.3 and 16,.1(f):

D within ONE MONTH from the date of receipt of the international application (for the transmitial fee (if any), the search
fee and the international filing fee). The amount payable for each fee is the amount applicable on the date of receipt of the
interpational application.

wi to the
less the fee is paid

rade by the applicant under Rule 17.1{b) will be considered not to have been made u

D within 16 MONTHS from the priority date (only for the fee for priority document). The applicant’s attention is dra
t that the reque
within that time 1

14

4. Additional observations (if necessary j:

I:l The search copy will not be wansmitted to the International Searching Authority until the search fee is paid (therefore the
start of the international search will be delayved) (Rule 23.1(a) and (b)).

Name and mailing address of the receiving Gifice Authorized officer
Mail Stop PCT, Commissioner for Patents Nina D Butler
P.O. Box 1450, Alexandria, VA 22313-1450
TFacsimile No. 571-273-3201 Telephone No. 703-756-1446

Yorm FCT/RO/I02 (July 2010)
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ANNEX T30 FORM PCT/RO/102
CALCULATION OF THE PRESCRIBED FEES

International application No.

PCT/US2011/027317

Transmitiaf Fee
Prescribed amount:
Armount paid:

Balance: .

Search Fee
Prescribed amount:
Amaount paid:

Ralance: .

International Filing Fee

127

Fixed amouuwt for first 30 sheets:

15.00 =

1,264.00 [77]
1,905.00 7]

Number of sheets
in excess of 30
{excluding pages referved
to in Section 707{a-bis }}

and the abstract
or

character coded format .

or

coded format .
or

&

format .

Sub-total:

(il +i2-r);

Amouvnt paid:

Balance: .

Fee for Priority Bocument
Prescribed amount:
Armount paid:

Balance:

Fee for Earlier Search Documents
Prescribed amount:
Arpount paid: .

Ralance:

in electronic form, the reguest

Fee per sheet

A

on paper together with a copy in elecironic
form, in character eoded format, of the reqguest

not being in

inelectronic form, therequest being in character

in elecwronic form, the request, description,
claims and abstract being in character coded

Reduction where the international application is filed
(See PCT Applicant’s Guide, International Fhase for
details on the availability of this reduction):

240.00 [T

240.00

0.00

1,157.00 [5]

1.157.00

0.00

Applicanis from certain States are entitled o a reduction of 90% of the
international filing fee. Where the applicant is {or all applicants are) so
entitled, the toral 1o be entered at 1is 10% of the sub-iotal entered a1
(see Notes to the Fee Calculation Sheet as annexed to the
Request Form, PCT/RO/G], for details):

3,169.00 [7]

3,169.00

0.00

0.00 7]

0.00

0.00

0.00 [

0.00

0.00

correct amount

ij overpayment
]

talance due

Egj correct amount
m overpayment

E::E balance due

X correct amount

[ overpayment
m balance due

coryect amount

{7 overpayrent
{:} balance due

m correct amonnt
i:] overpayment
E] balance due

Form PCT/RG/1G2 (Annex) {(July 2010}
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PATENT COOPERATION TREATY

From the RECEIVING OFFICE

To:
LISA A. HAILE
DLA PIPER LLP (US) NOTIFICATION OF THE INTERNATIONAL
4365 EXECUTIVE DRIVE, SUITE 1100 APPLICATION NUMBER AND OF THE
SAN DIEGO, CALIFORNIA 92121-2133
INTERNATIONAL FILING DATE
(PCT Rule 20.2(c))
. . Date of mailing
Confirmation No: 4813 (day/month/year) 16 Mar 2011
Applicant’s or agent’s file reference
IMPORTANT NOTIFICATION
JHU3260-4WO
International application No. International filing date (day/month/year) Priority date (day/month/year)
PCT/US2011/027317 04 Mar 2011 05 Mar 2010

Applicant
THE JOHNS HOPKINS UNIVERSITY

Title of the invention

COMPOSITIONS AND METHODS FOR TARGETED IMMUNOMODULATORY ANTIBODIES AND FUSION PROTEINS

1.  Theapplicantisherebynotified thatthe international application has been accorded the international application number and the

international filing date indicated above.

2. Theapplicant is further notified that the record copy ofthe international application:

- . X 16 Mar 2011
was transmitted to the International Bureau on

|:| hasnotyetbeentransmitted to the International Bureau for the reason indicated below and a copy ofthis notification
hasbeen sent to the International Bureau*:

|:| because the necessary national security clearance has notyet been obtained.

D because (reasonto bespecified):

* ThelInternational Bureau monitorsthe transmittal of the record copy by the receiving Office and will notify the applicant (with

Form PCT/IB/301) ofitsreceipt. Shouldthe record copy not have been received by the expiration of 14 months fromthe priority
date, the International Bureau will notify the applicant (Rule 22.1(c)).

3.  FOREIGN TRANSMITTAL LICENSE INFORMATION

Completed by: NB

Additional license for foreign transmittal not required. This subject matter is covered by a license already granted or
the equivalent U.S. national application. Refer to that license for information concerning its scope.

License for foreign transmittal not required. 37 CFR. 5.11(e)(1) or 37 CFR 5.11(e)(2). However, a license may be
required for additional subject matter. See 37 CFR 5.15(b).

. . . 15 Mar 2011

\ Foreign transmittal license granted. 35 U.S.C. 184; 37 CFR 5.11 on

(date)
[] 37crr 5150 37 CFR 5.15(b)

Name and mailing address of the receiving Office Authorized officer
Mail Stop PCT, Commissioner for Patents Nina D Butler
P.O. Box 1450, Alexandria, VA 22313-1450
Facsimile No. 571-273-3201 Telephone No. 703-756-1446

Form PCT/RO/105 (July 2008)
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PCT/US2011/027317-24.93:2041,-
PATENT COOPERATION TREATY

From the INTERNATIONAL SEARCHING AUTHORITY

- PCT

HAILE LISA A.
DLA PIPER LLP (US) 4365 EXECUTIVE DRIVE, SUITE NOTIFICATION OF RECEIPT
1100 SAN DIEGO CA 92121-2133 USA OF SEARCH COPY

(PCT Rule 25.1)

Date of mailing

(day/month/year) 22 MARCH 2011 (22.03.2011)

Applicant's or agent's file reference

IMPORTANT NOTIFICATION

JHU3260-4WO
International application No. International filing date (day/month/year) Priority date (day/month/year)
PCT/US2011/027317 | 04 MARCH 2011 (04.03.2011) 05 MARCH 2010 (05.03.2010)
Applicant

THE JOHNS HOPKINS UNIVERSITY et al

1. Where the International Searching Authority and the receiving Office are not the same Office:
The applicant is hereby notified that the search copy of the international application was received by this International
Searching Authority on the date indicated below.

Where the International Searching Authority and the receiving Office are the same Office:
The applicant is hereby notified that the search copy of the international application was received on the date indicated below.

19 MARCH 2011 (19.03.2011) (date of receipt).

2. The search copy was accompanied by a nucleotide and/or amino acid sequence listing or tables related thereto in
electronic form.

3. The search copy contained a nucleotide and/or amino acid sequence listing or tables related thereto in electronic form.

4.  Time limit for establishment of international search report and written opinion of the International Searching Authority
The applicant is informed that the time limit for establishing the international search report and the written opinion of the
International Searching Authority is three months from the date of receipt indicated above or nine months from the priority
date, whichever time limit expires later (Rules 42.1 and 43bis.1(a)).

A copy of this Notification has been sent to the International Bureau and, where the first sentence of paragraph 1 applies,
to the receiving Office.

Name and mailing address of the ISA/KR Authorized officer

Korean Intellectual Property Office
Government Complex-Daejeon, 139 Seonsa-ro, COMMISSIONER
Seo-gu, Daejeon 302-701, Republic of Korea

Facsimile No. 82-42-472-7140 Telephone No. 82-42-481-8754

Form PCT/ISA/202 (July 2009)
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