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MULTISPECIFIC ANTIGEN BINDING PROTEINS AND METHODS OF USE
THEREOF

CROSS REFERENCE TO RELATED APPLICATIONS
[0001] This application claims priority benefit of International Patent Application No.
PCT/CN2016/090703 filed July 20, 2016, the contents of which are incorporated herein by

reference in their entirety.

SUBMISSION OF SEQUENCE LISTING ON ASCII TEXT FILE
[0001] The content of the following submission on ASCII text file 1s incorporated herein by
reference in its entirety: a computer readable form (CRF) of the Sequence Listing (file name:

761422000241SEQLIST.txt, date recorded: July 10, 2017, size: 14 KB).

FIELD OF THE INVENTION
[0002] The present invention relates to multispecific antigen binding proteins (MABPs)

comprising at least one single-domain antibody and methods of use thereof.

BACKGROUND OF THE INVENTION
[0003] Monoclonal antibodies (mAbs) have been widely used as therapeutic agents to treat a
variety of human diseases, such as cancer and autoimmune diseases. Currently, there are more
than 30 monoclonal antibodies including murine, fully humanized, and chimeric antibodies that
have been approved by the FDA for therapeutic use. Rituximab and trastuzumab are among the
top-selling protein therapeutics against cancer. Recently, monoclonal antibodies targeting
immune checkpoint molecules, such as ipilimumab (e.g., YERVOY®) and nivolumab (e.g.,
OPDIVO®), have shown encouraging clinical results by inducing T cell immunity against tumors.
As many patients do not respond well to monotherapy approaches, monoclonal antibodies are
often combined with other immunomodulatory approaches, such as monoclonal antibodies
against other targets, to enhance their efficacy. For example, clinical studies have demonstrated
that combination of nivolumab and ipilimumab results in improved rates of objective response
among melanoma patients.
[0004] With the development of molecular cloning technology and growing knowledge of

antibody engineering, many formats have evolved to increase the targeting capacity of
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therapeutic antibodies. Multispecific (such as bispecific) antibodies are designed to
simultaneously modulate two or more therapeutic targets in order to provide enhanced
therapeutic efficacy and broadened potential utility. It has been reported that bispecific
antibodies can be more effective than simple combination of two monoclonal antibodies. A
variety of multispecific antibody formats have been developed. For example, bispecific
antibodies have been made by fusing antigen binding (Fab) fragments or single chain variable
fragments (scFvs) to monoclonal antibodies (see, for example, Weidle et al. Cancer Genomics &
Proteomics 2013; 10: 1-18). Bispecific T-cell engagers (BiTEs) have been developed using
scFvs to bridge tumor cells with immune cells and form an immunological synapse by taking
advantage of their relatively small size. Bispecific antibodies in the IgG format include
asymmetric bispecific antibodies and homodimerized bispecific antibodies, all of which have an
extended blood half-life and their own crystalline fragment (Fc)-mediated functions.
Multispecific antibodies of different formats differ in size, are frequently produced by different
technologies, and have different in vivo distribution, tissue penetration, and pharmacokinetic
properties.

[0005] Despite their conceptual advantages, current bispecific antibodies are challenging to
manufacture and develop as biologic drugs. As artificial constructs, bispecific antibodies cannot
be produced by normal B-cells. Initial attempts to produce bispecific antibodies involved
chemical conjugation of monospecific antibodies and fusion of mAb-expressing cells, but these
approaches suffer from low efficiency and the necessity of purification from abundant side
products. Advanced methods in protein engineering and molecular biology have enabled
recombinant construction of a variety of new bispecific antibody formats. However, once
adopted 1n these known engineered bispecific antibody formats, the individual components, such
as scFvs and mAbs, lose their favorable biochemical and/or biophysical properties, serum half-
life, and/or stability, resulting in poor efficacy, instability and high immunogenicity. See, for
example, Fan G. et al. J. Hematol & Oncol, 2015, 8:130. Furthermore, many known bispecific
antibody formats are associated with low expression levels that are impractical for industrial
production. Thus, there remains a need for bispecific antibody platforms for practical production
and development into biologic drugs.

[0006] Single-domain antibodies (sdAbs) are antibody fragments each having a single

monomeric antibody variable domain. Despite their much smaller sizes than common
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monoclonal antibodies having two heavy chains and two light chains, sdAbs can bind antigens
with similar affinity and specificity as mAbs. Used as building blocks, the sdAbs can be fused to
IgG Fc domains to create IgG-like antibodies, including bivalent and bispecific antibodies (see,
for example, Hmila 1. et al. Mol. Immunol. 2008; 45: 3847-3856).

[0007] The disclosures of all publications, patents, patent applications and published patent

applications referred to herein are hereby incorporated herein by reference in their entirety.

BRIEF SUMMARY OF THE INVENTION
[0008] The present application provides a multispecific antigen binding protein (MABP)
comprising one or more single-domain antibodies (sdAbs) fused to a full-length four-chain
antibody or an antigen binding fragment derived therefrom.
[0009] Accordingly, one aspect of the present application provides a MABP comprising: (a) a
first antigen binding portion comprising a heavy chain variable domain (Vy) and a light chain
variable domain (V), wherein the Vy and Vi together form an antigen-binding site that
specifically binds a first epitope, and (b) a second antigen binding portion comprising a single-
domain antibody (sdAb) that specifically binds a second epitope, wherein the first antigen
binding portion and the second antigen binding portion are fused to each other. In some
embodiments, the first epitope and the second epitope are from the same antigen. In some
embodiments, the first epitope and the second epitope are from different antigens. In some
embodiments, the MABP is bispecific.
[0010] Insome embodiments according to any one of the MABPs described above, the first
antigen binding portion 1s a full-length antibody consisting of two heavy chains and two light
chains. In some embodiments, the first antigen binding portion is an antibody fragment
comprising a heavy chain comprising the Vy and a light chain comprising the V. In some
embodiments, the second antigen binding portion comprises a single polypeptide chain. In some
embodiments, the C terminus of the second antigen binding portion is fused to the N-terminus of
at least one heavy chain of the first antigen binding portion. In some embodiments, the C
terminus of the second antigen binding portion is fused to the N-terminus of at least one light
chain of the first antigen binding portion. In some embodiments, the N terminus of the second
antigen binding portion is fused to the C-terminus of at least one heavy chain of the first antigen
binding portion. In some embodiments, the N terminus of the second antigen binding portion is

fused to the C-terminus of at least one light chain of the first antigen binding portion. In some
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embodiments, the second antigen binding portion is a Fab-like domain comprising a first
polypeptide chain comprising a first sdAb fused to a Cyl domain, and a second polypeptide
chain comprising a second sdAb fused to a C;, domain.

[0011] Insome embodiments according to any one of the MABPs described above, the first
antigen binding portion comprises a human, humanized or chimeric antibody or antigen binding
fragment thereof.

[0012] Insome embodiments according to any one of the MABPs described above, the first
antigen binding portion comprises an Fc region. In some embodiments, the second antigen
binding portion is fused to the N-terminus of the Fc region. In some embodiments, the Fc region
1s an IgG1 Fc. In some embodiments, the Fc region 1s an IgG4 Fc, such as an IgG4 Fc having an
S228P mutation.

[0013] Insome embodiments according to any one of the MABPs described above, the first
antigen binding portion and the second antigen binding portion are fused to each other via a
peptide bond or a peptide linker. In some embodiments, the peptide linker 1s no more than about
30 (such as no more than about any one of 25, 20 or 15) amino acids long. In some
embodiments, the peptide linker comprises the amino acid sequence of SEQ ID NO: 1, 8 or 13.
In some embodiments, the first antigen binding portion and the second antigen binding portion
are fused to each other chemically.

[0014] In some embodiments according to any one of the MABPs described above, the sdAb is
a camelid, humanized, or human sdAb.

[0015] Insome embodiments according to any one of the MABPs described above, the first
epitope 1s from an immune checkpoint molecule. In some embodiments, the immune checkpoint
molecule is selected from the group consisting of PD-1, PD-L1, PD-L2, CTLA-4, B7-H3, TIM-3,
LAG-3, VISTA, ICOS, 4-1BB, 0X40, GITR, and CD40. In some embodiments, the first antigen
binding portion is an anti-PD-1 antibody or antigen binding fragment thereof. In some
embodiments, the anti-PD-1 antibody 1s selected from the group consisting of pembrolizumab
(e.g., KEYTRUDA"®) and nivolumab (e.g., OPVIDO®). In some embodiments, the first antigen
binding portion is an anti-PD-L1 antibody or antigen binding fragment thereof. In some
embodiments, the anti-PD-L1 antibody is duravalumab or atezolizumab. In some embodiments,
the sdAb specifically binds an immune checkpoint molecule, such as an immune checkpoint
molecule selected from the group consisting of PD-1, PD-L1, PD-L2, CTLA-4, B7-H3, TIM-3,
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LAG-3, VISTA, ICOS, 4-1BB, 0X40, GITR, and CD40. In some embodiments, the second
antigen binding portion comprises an anti-CTLA-4 sdAb.

[0016] Insome embodiments according to any one of the MABPs described above, the first
epitope 1s from a tumor antigen. In some embodiments, the tumor antigen is selected from the
group consisting of HER2, BRAF, EGFR, VEGFR2, CD20, RANKL, CD38, and CD52. In some
embodiments, the first antigen binding portion is an anti-HER2 antibody or antigen binding
fragment thereof. In some embodiments, the anti-HER2 antibody is trastuzumab. In some
embodiments, the second antigen binding portion comprises an anti-CD3 sdAb.

[0017] Insome embodiments according to any one of the MABPs described above, the first
epitope 1s from an angiogenic factor. In some embodiments, the first antigen binding portion is
an anti-Ang?2 antibody or antigen binding fragment thereof, such as LC10. In some embodiments,
the second epitope is from a second angiogenic factor. In some embodiments, the second antigen
binding portion is an anti-VEGF sdAb.

[0018] Insome embodiments according to any one of the MABPs described above, the first
epitope 1s from a pro-inflammatory molecule. In some embodiments, the pro-inflammatory
molecule is selected from the group consisting of IL-13, TNF-a, IL-5, IL-6, IL-6R, and eotaxin-
1. In some embodiments, the first antigen binding portion is an anti-TNF-o antibody or antigen
binding fragment thereof. In some embodiments, the anti-TNF-a antibody 1s adalimumab. In
some embodiments, the second antigen binding portion comprises an anti-IL-13 sdAb. In some
embodiments, the first antigen binding portion is an anti-IL-5 antibody or antigen binding
fragment thereof. In some embodiments, the anti-IL-5 antibody 1s mepolizumab. In some
embodiments, the second antigen binding portion comprises an anti-eotaxin-1 sdAb.

[0019] Insome embodiments according to any one of the MABPs described above, the MABP
can be produced recombinantly, such as in mammalian cells (e.g., CHO cells), at an expression
level of at least about 10 mg/L, such as at least about 10 mg/L, 15 mg/L, 50 mg/mL, or higher. In
some embodiments, the MABP has a solubility of at least about 100 mg/mL, such as at least
about 150 mg/mL, 200 mg/mL or higher. In some embodiments, the MABP has an aggregation
onset temperature (T,gg)0f at least about 65°C, such as about 65 °C to about 75 °C. In some
embodiments, the MABP has an unfolding midpoint temperature (Ty,) of at least about 65°C,
such as about 65 °C to about 75 °C. In some embodiments, the MABP is stable for at least about

one week at 25 °C at a concentration of at least about 50 mg/mL. In some embodiments, the



WO 2018/014855 PCT/CN2017/093644

MABP is stable for at least about one week at 37 °C at a concentration of at least about 50
mg/mL. In some embodiments, the MABP is stable after at least about 5 freeze-thaw cycles at a
concentration of at least 50 mg/mL.

[0020] Another aspect of the present application provides a pharmaceutical composition
comprising any one of the MABPs described above and a pharmaceutically acceptable carrier. In
some embodiments, the concentration of the MABP is at least about 100 mg/mL, such as at least
about 150 mg/mL, 200 mg/mL or higher.

[0021] Further provided in one aspect of the present application is a method of treating a
disease in an individual, comprising administering to the individual an effective amount of any
one of the pharmaceutical compositions described above. In some embodiments, the disease is a
cancer. In some embodiments, the cancer is selected from the group consisting of breast cancer,
renal cancer, melanoma, lung cancer, glioblastoma, head and neck cancer, prostate cancer,
ovarian carcinoma, bladder carcinoma, and lymphoma. In some embodiments, the disease is an
inflammatory or autoimmune disease. In some embodiments, the inflammatory or autormmune
disease is selected from the group consisting of arthritis (such as rheumatoid arthritis, juvenile
idiopathic arthritis, psoriatic arthritis, ankylosing spondylitis, and arthritic ulcerative colitis),

colitis, psoriasis, severe asthma, and moderate to severe Crohn’s disease.

BRIEF DESCRIPTION OF THE DRAWINGS
[0022] FIG. 1 depicts a schematic structure of an exemplary bispecific antigen binding protein
(also referred herein as “BABP”) comprising a monospecific full-length antibody having two
identical heavy chains and two 1dentical light chains, and an sdAb, wherein the N-terminus of the
sdAb is fused to the C-terminus of one heavy chain via an optional peptide linker. The full-
length antibody has two antigen binding sites that specifically bind the first epitope. The sdAb
specifically binds the second epitope. For example, the BABP can consist of four polypeptide
chains with structures from the N-terminus to the C-terminus as follows: (1) VL-Cr; (2) Vu-Cyl-
Cy2-Cy3-VyH; (3) Vy-Cyl-Cy2-Cy3; and (4) VL-Cr, wherein Vi and VL of polypeptide chains
(1) and (2) forms an antigen binding site that specifically binds a first copy of the first epitope,
Vu and Vi, of polypeptide chains (3) and (4) forms an antigen binding site that specifically binds
a second copy of the first epitope, and VyH specifically binds the second epitope.
[0023] FIG. 2 depicts a schematic structure of an exemplary BABP comprising a monospecific

full-length antibody having two i1dentical heavy chains and two identical light chains, and two
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identical sdAbs, wherein the two sdAbs are fused to each other, and the N-terminus of one sdAb
1s fused to the C-terminus of a heavy chain via an optional peptide linker. The full-length
antibody has two antigen binding sites that specifically bind the first epitope. The two sdAbs
specifically bind the second epitope. For example, the BABP can consist of four polypeptide
chains with structures from the N-terminus to the C-terminus as follows: (1) VL-Cy; (2) Vu-Cyl-
Cy2-Cy3-VyH-VyH; (3) Vy-Cy1-Cy2-Cy3; and (4) VL-Cr, wherein Vi and Vi of polypeptide
chains (1) and (2) forms an antigen binding site that specifically binds a first copy of the first
epitope, Vy and Vi of polypeptide chains (3) and (4) forms an antigen binding site that
specifically binds a second copy of the first epitope, and each VyH specifically binds a copy of
the second epitope.

[0024] FIG. 3 depicts a schematic structure of an exemplary trispecific antigen binding protein
(also referred herein as “TABP”) comprising a monospecific full-length antibody having two
identical heavy chains and two 1dentical light chains, a first sdAb, and a second sdAb, wherein
the first sdAb and the second sdAb are fused to each other via an optional peptide linker, and the
N-terminus of the first sdAb is fused to the C-terminus of a heavy chain via an optional peptide
linker. The full-length antibody has two antigen binding sites that specifically bind the first
epitope. The first sdAb specifically binds the second epitope. The second sdAb specifically binds
the third epitope. For example, the TABP can consist of four polypeptide chains with structures
from the N-terminus to the C-terminus as follows: (1) VL-Cr; (2) Vy-Cyl-Cy2-Cy3-VyHI1-VyH2,
(3) Vy-Cyl-Cy2-Cy3; and (4) VL-CL, wherein Vg and Vi of polypeptide chains (1) and (2) forms
an antigen binding site that specifically binds a first copy of the first epitope, Vg and Vi of
polypeptide chains (3) and (4) forms an antigen binding site that specifically binds a second copy
of the first epitope, VyH1 specifically binds the second epitope, and VyH2 specifically binds the
third epitope.

[0025] FIG. 4 depicts a schematic structure of an exemplary BABP comprising a monospecific
full-length antibody having two i1dentical heavy chains and two identical light chains, and two
identical sdAbs, wherein the N-terminus of each sdAb is fused to the C terminus of one heavy
chain via an optional peptide linker. The full-length antibody has two antigen binding sites that
specifically bind a first epitope. The two sdAbs specifically bind the second epitope. For
example, the BABP can consist of four polypeptide chains with structures from the N-terminus
to the C-terminus as follows: (1) VL-Cr; (2) Vy-Cy1-Cy2-Cyx3-VyH; (3) Vy-Cyl-Cy2-Cy3- VyH;
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and (4) VL-C., wherein Vg and VL of polypeptide chains (1) and (2) forms an antigen binding
site that specifically binds a first copy of the first epitope, Vi and VL of polypeptide chains (3)
and (4) forms an antigen binding site that specifically binds a second copy of the first epitope,
and each VyH specifically binds a copy of the second epitope. In alternative formats, each sdAb
may be replaced with two copies of the sdAb fused to each other.

[0026] FIG. S depicts a schematic structure of an exemplary BABP comprising a monospecific
Fab having a heavy chain and a light chain, and two identical sdAbs, wherein the N-terminus of
an sdAb 1s fused to the C-terminus of the heavy chain via an optional peptide linker, and the
other sdAb 1s fused to the C-terminus of the light chain of the Fab via an optional peptide linker.
The Fab specifically binds the first epitope. The two sdAbs specifically bind the second epitope.
For example, the BABP can consist of two polypeptide chains with structures from the N-
terminus to the C-terminus as follows: (1) VL-C.-VyH; and (2) Vy-Cyl-VyH, wherein Vy and
VL of polypeptide chains (1) and (2) forms an antigen binding site that specifically binds the first
epitope, and each VyH specifically binds a copy of the second epitope. In alternative formats,
each sdAb may be omitted, or replaced with two identical or different sdAbs fused to each other.
[0027] FIG. 6 depicts a schematic structure of an exemplary TABP comprising a bispecific
full-length antibody having two heavy chains and two light chains, and two identical sdAbs,
wherein the N-terminus of each sdAb is fused to one heavy chain via an optional peptide linker.
The full-length antibody has a first antigen binding site that specifically binds the first epitope,
and a second antigen binding site that specifically binds the third epitope. The two sdAbs
specifically bind to the second epitope. For example, the TABP can consist of four polypeptide
chains with structures from the N-terminus to the C-terminus as follows: (1) VL1-Cy; (2) Vyl-
Cy1-Cy2-Cy3-VyH; (3) Vu2-Cyl-Cy2-Cy3- VyH; and (4) VL2-Cy, wherein Vy1 and V1 of
polypeptide chains (1) and (2) forms an antigen binding site that specifically binds the first
epitope, Vu2 and V.2 of polypeptide chains (3) and (4) forms an antigen binding site that
specifically binds the third epitope, and each VyH specifically binds a copy of the second epitope.
In alternative formats, each sdAb may be omitted, or replaced with two identical or different
sdAbs fused to each other.

[0028] FIG. 7 depicts a schematic structure of an exemplary TABP comprising a monospecific
full-length antibody having two i1dentical heavy chains and two identical light chains, a first

sdAb, and a second sdAb, wherein the N-terminus of each sdAb is fused to one heavy chain via
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an optional peptide linker. The full-length antibody has two antigen binding sites that specifically
bind the first epitope. The first sdAb specifically binds the second epitope. The second sdAb
specifically binds the third epitope. For example, the TABP can consist of four polypeptide
chains with structures from the N-terminus to the C-terminus as follows: (1) VL-Cy; (2) Vu-Cyl-
Cu2-Cy3-VyHI1,; (3) Vu-Cul-Cy2-Cy3- VyH2; and (4) VL-Cr, wherein Vi and Vi of polypeptide
chains (1) and (2) forms an antigen binding site that specifically binds a first copy of the first
epitope, Vu and Vi, of polypeptide chains (3) and (4) forms an antigen binding site that
specifically binds a second copy of the first epitope, VgH1 specifically binds the second epitope,
and VyH2 specifically binds the third epitope. In alternative formats, each sdAb may be omitted,
or replaced with two 1dentical or different sdAbs fused to each other. The monospecific full-
length antibody may be replaced with a bispecific full-length antibody to further expand binding
specificity.

[0029] FIG. 8 depicts a schematic structure of an exemplary tetraspecific antigen binding
protein comprising a bispecific full-length antibody having two heavy chains and two light
chains, a first sdAb, and a second sdAb, wherein the N-terminus of each sdAb is fused to one
heavy chain via an optional peptide linker. The full-length antibody has a first antigen binding
site that specifically binds the first epitope, and a second antigen binding site that specifically
binds the third epitope. The first sdAb specifically binds the second epitope. The second sdAb
specifically binds the fourth epitope. For example, the tetraspecific antigen binding protein can
consist of four polypeptide chains with structures from the N-terminus to the C-terminus as
follows: (1) VL1-Cr; (2) Vul-Cyl-Cu2-Cy3-VyHI; (3) Vu2-Cyl-Cy2-Cy3- VyH2; and (4) Vi.2-
Cr, wherein Vi1 and V1 of polypeptide chains (1) and (2) forms an antigen binding site that
specifically binds the first epitope, Vu2 and V1.2 of polypeptide chains (3) and (4) forms an
antigen binding site that specifically binds the third epitope, VyH1 specifically binds the second
epitope, and VyH2 specifically binds the fourth epitope. In alternative formats, each sdAb may
be omitted, or replaced with two identical or different sdAbs fused to each other.

[0030] FIG. 9 depicts a schematic structure of an exemplary BABP comprising a monospecific
full-length antibody having two 1dentical heavy chains and two 1dentical light chains, and two
identical sdAbs, wherein the C-terminus of each sdAb is fused to the N-terminus of one heavy
chain. The full-length antibody has two antigen binding sites that specifically bind a first epitope.
The two sdAbs specifically bind the second epitope. For example, the BABP can consist of four
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polypeptide chains with structures from the N-terminus to the C-terminus as follows: (1) V.-Cy;
(2) VyH-Vy-Cy1-Cy2-Cy3; (3) VyH-Vy-Cyl-Cy2-Cy3; and (4) VL-Cr, wherein Vy and Vi of
polypeptide chains (1) and (2) forms an antigen binding site that specifically binds a first copy of
the first epitope, Vi and Vi of polypeptide chains (3) and (4) forms an antigen binding site that
specifically binds a second copy of the first epitope, and each VyH specifically binds a copy of
the second epitope. In alternative formats, each sdAb may be omitted, or replaced with two
identical or different sdAbs fused to each other. The monospecific full-length antibody may be
replaced with a bispecific full-length antibody to further expand binding specificity.

[0031] FIG. 10 depicts a schematic structure of an exemplary TABP comprising a
monospecific full-length antibody having two identical heavy chains and two identical light
chains, a first sdAb, and a second sdAb, wherein the C-terminus of each sdAb is fused to the N-
terminus of one heavy chain. The full-length antibody has two antigen binding sites that
specifically bind the first epitope. The first sdAb specifically binds the second epitope. The
second sdAb specifically binds the third epitope. For example, the TABP can consist of four
polypeptide chains with structures from the N-terminus to the C-terminus as follows: (1) V.-Cy;
(2) VyH1-Vy-Cyl1-Cy2-Cy3; (3) VyH2-Vy-Cyl-Cy2-Cy3; and (4) VL-Cr, wherein Vy and Vi of
polypeptide chains (1) and (2) forms an antigen binding site that specifically binds a first copy of
the first epitope, Vi and Vi of polypeptide chains (3) and (4) forms an antigen binding site that
specifically binds a second copy of the first epitope, VgH]1 specifically binds the second epitope,
and VyH2 specifically binds the third epitope. In alternative formats, each sdAb may be omitted,
or replaced with two 1dentical or different sdAbs fused to each other. The monospecific full-
length antibody may be replaced with a bispecific full-length antibody to further expand binding
specificity.

[0032] FIG. 11 depicts a schematic structure of an exemplary BABP comprising a
monospecific full-length antibody having two identical heavy chains and two identical light
chains, and two identical sdAbs, wherein the N-terminus of each sdAb is fused to the C-terminus
of one light chain via an optional peptide linker. The full-length antibody has two antigen
binding sites that specifically bind a first epitope. The two sdAbs specifically bind the second
epitope. For example, the BABP can consist of four polypeptide chains with structures from the
N-terminus to the C-terminus as follows: (1) VL-CL-VyH; (2) Vy-Cyl-Cy2-Cy3; (3) Vy-Cyl-
Cy2-Cy3; and (4) VL-CL-VyH, wherein Vg and V| of polypeptide chains (1) and (2) forms an
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antigen binding site that specifically binds a first copy of the first epitope, Vy and Vi of
polypeptide chains (3) and (4) forms an antigen binding site that specifically binds a second copy
of the first epitope, and each VyH specifically binds a copy of the second epitope. In alternative
formats, each sdAb may be omitted, or replaced with two identical or different sdAbs fused to
each other. The monospecific full-length antibody may be replaced with a bispecific full-length
antibody to further expand binding specificity.

[0033] FIG. 12 depicts a schematic structure of an exemplary TABP comprising a
monospecific full-length antibody having two i1dentical heavy chains and two 1dentical light
chains, a first sdAb, and a second sdAb, wherein the N-terminus of each sdAb is fused to the C-
terminus of one light chain via an optional peptide linker. The full-length antibody has two
antigen binding sites that specifically bind a first epitope. The first sdAb specifically binds the
second epitope. The second sdAb specifically binds the third epitope. For example, the TABP
can consist of four polypeptide chains with structures from the N-terminus to the C-terminus as
follows: (1) VL-CL-VyH1; (2) Viu-Cyl-Cu2-Cy3; (3) Vu-Cul-Cy2-Ch3; and (4) VL-CL-VyH2,
wherein Vi and Vi of polypeptide chains (1) and (2) forms an antigen binding site that
specifically binds a first copy of the first epitope, Vg and Vi of polypeptide chains (3) and (4)
forms an antigen binding site that specifically binds a second copy of the first epitope, VyH1
specifically binds the second epitope, and VyH2 specifically binds the third epitope. In
alternative formats, each sdAb may be omitted, or replaced with two identical or different sdAbs
fused to each other. The monospecific full-length antibody may be replaced with a bispecific
full-length antibody to further expand binding specificity.

[0034] FIG. 13 depicts a schematic structure of an exemplary BABP comprising a
monospecific full-length antibody having two i1dentical heavy chains and two i1dentical light
chains, and two identical sdAbs, wherein the C-terminus of each sdAb is fused to the N-terminus
of one light chain via an optional peptide linker. The full-length antibody has two antigen
binding sites that specifically bind a first epitope. The two sdAbs specifically bind the second
epitope. For example, the BABP can consist of four polypeptide chains with structures from the
N-terminus to the C-terminus as follows: (1) VgH-V-CL; (2) Vg-Cyl-Cy2-Cy3; (3) Vy-Cyl-
Cu2-Cy3; and (4) VyH-VL-CL, wherein Vy and V. of polypeptide chains (1) and (2) forms an
antigen binding site that specifically binds a first copy of the first epitope, Vy and Vi of
polypeptide chains (3) and (4) forms an antigen binding site that specifically binds a second copy
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of the first epitope, and each VyH specifically binds a copy of the second epitope. In alternative
formats, each sdAb may be omitted, or replaced with two identical or different sdAbs fused to
each other. The monospecific full-length antibody may be replaced with a bispecific full-length
antibody to further expand binding specificity.

[0035] FIG. 14 depicts a schematic structure of an exemplary TABP comprising a
monospecific full-length antibody having two identical heavy chains and two identical light
chains, a first sdAb, and a second sdAb, wherein the C-terminus of each sdAb is fused to the N-
terminus of one light chain via an optional peptide linker. The full-length antibody has two
antigen binding sites that specifically bind a first epitope. The first sdAb specifically binds the
second epitope. The second sdAb specifically binds the third epitope. For example, the TABP
can consist of four polypeptide chains with structures from the N-terminus to the C-terminus as
follows: (1) VuH1-VL-Cyi; (2) Vu-Cyl-Cy2-Cy3; (3) Vu-Cul-Cy2-Cy3; and (4) VyH2-V-Cp,
wherein Vi and Vi of polypeptide chains (1) and (2) forms an antigen binding site that
specifically binds a first copy of the first epitope, Vi and Vi of polypeptide chains (3) and (4)
forms an antigen binding site that specifically binds a second copy of the first epitope, VyH1
specifically binds the second epitope, and VyH2 specifically binds the third epitope. In
alternative formats, each sdAb may be omitted, or replaced with two identical or different sdAbs
fused to each other. The monospecific full-length antibody may be replaced with a bispecific
full-length antibody to further expand binding specificity.

[0036] FIG. 15 depicts a schematic structure of an exemplary TABP comprising a
monospecific full-length antibody having two identical heavy chains and two identical light
chains, two 1dentical first sdAbs, and two identical second sdAbs, wherein the C-terminus of
each first sdAb is fused to the N-terminus of one heavy chain via an optional peptide linker, and
the N-terminus of each second sdAb is fused to the C-terminus of one heavy chain via an
optional peptide linker. The full-length antibody has two antigen binding sites that specifically
bind a first epitope. The first sdAb specifically binds the second epitope. The second sdAb
specifically binds the third epitope. For example, the TABP can consist of four polypeptide
chains with structures from the N-terminus to the C-terminus as follows: (1) V.-Cr; (2) VuH1-
Vy-Cyl-Cy2-Cy3- VyH2; (3) VyH1-Vy-Cyl-Cy2-Cy3-VyH2; and (4) VL-CL, wherein Vi and
VL of polypeptide chains (1) and (2) forms an antigen binding site that specifically binds a first
copy of the first epitope, Vg and VL of polypeptide chains (3) and (4) forms an antigen binding
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site that specifically binds a second copy of the first epitope, each VyH]1 specifically binds a
copy of the second epitope, and each VyH2 specifically binds a copy of the third epitope. In
alternative formats, each sdAb may be omitted, or replaced with two identical or different sdAbs
fused to each other. The monospecific full-length antibody may be replaced with a bispecific
full-length antibody to further expand binding specificity.

[0037] FIG. 16 depicts a schematic structure of an exemplary TABP comprising a
monospecific full-length antibody having two identical heavy chains and two identical light
chains, two 1dentical first sdAbs, and two identical second sdAbs, wherein the C-terminus of
each first sdAb is fused to the N-terminus of one light chain via an optional peptide linker, and
the N-terminus of each second sdAb is fused to the C-terminus of one heavy chain via an
optional peptide linker. The full-length antibody has two antigen binding sites that each
specifically binds a first epitope. The first sdAb specifically binds a second epitope. The second
sdAb specifically binds a third epitope. For example, the TABP can consist of four polypeptide
chains with structures from the N-terminus to the C-terminus as follows: (1) VygH1-V.-Cy; (2)
Vy-Cul-Cu2-Cy3- VyH2; (3) Viu-Cul-Cyu2-Cy3-VyH2; and (4) VyH1-VL-Cy, wherein Vi and
V1 of polypeptide chains (1) and (2) forms an antigen binding site that specifically binds a first
copy of the first epitope, Vg and VL of polypeptide chains (3) and (4) forms an antigen binding
site that specifically binds a second copy of the first epitope, each VyH]1 specifically binds a
copy of the second epitope, and each VyH?2 specifically binds a copy of the third epitope. In
alternative formats, each sdAb may be omitted, or replaced with two identical or different sdAbs
fused to each other. The monospecific full-length antibody may be replaced with a bispecific
full-length antibody to further expand binding specificity.

[0038] FIG. 17 depicts a schematic structure of an exemplary BABP comprising a
monospecific full-length antibody having two identical heavy chains and two identical light
chains, and four identical sdAbs, wherein the C-terminus of each sdAb is fused to the N-terminus
of heavy chain or light chain of the monospecific full-length antibody via an optional peptide
linker. The full-length antibody has two antigen binding sites that each specifically binds a first
epitope. Each sdAb specifically binds to a second epitope. For example, the BABP can consist of
four polypeptide chains with structures from the N-terminus to the C-terminus as follows: (1)
VuH-V-Cy; (2) VuH-Vu-Cyl1-Cy2-Cu3; (3) VyH-Vy-Chl-Cy2-Cy3; and (4) VyH-VL-Cy,
wherein Vi and V1 of polypeptide chains (1) and (2) forms an antigen binding site that
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specifically binds a first copy of the first epitope, Vi and Vi of polypeptide chains (3) and (4)
forms an antigen binding site that specifically binds a second copy of the first epitope, and each
VyH specifically binds a copy of the second epitope. In alternative formats, each sdAb may be
omitted, or replaced with two identical or different sdAbs fused to each other. The monospecific
full-length antibody may be replaced with a bispecific full-length antibody to further expand
binding specificity.

[0039] FIG. 18 depicts a schematic structure of an exemplary BABP comprising a
monospecific full-length antibody having two identical heavy chains and two identical light
chains, and four identical sdAbs, wherein fused to the N-terminus of each heavy chain are two
identical sdAbs, and the two sdAbs are fused to each other via an optional peptide linker. The
full-length antibody has two antigen binding sites that each specifically binds a first epitope.
Each sdAb specifically binds a second epitope. For example, the BABP can consist of four
polypeptide chains with structures from the N-terminus to the C-terminus as follows: (1) V.-Cy;
(2) VuH-VyH-Vy-Cy1-Cy2-Cy3; (3) VuH-VyH-Vy-Cyl-Cy2-Ch3; and (4) Vi-Ci, wherein Vy
and VL of polypeptide chains (1) and (2) forms an antigen binding site that specifically binds a
first copy of the first epitope, Vi and VL of polypeptide chains (3) and (4) forms an antigen
binding site that specifically binds a second copy of the first epitope, and each VyH specifically
binds a copy of the second epitope. In alternative formats, each sdAb may be omitted, or
replaced with two identical or different sdAbs fused to each other. The monospecific full-length
antibody may be replaced with a bispecific full-length antibody to further expand binding
specificity.

[0040] FIG. 19 depicts a schematic structure of an exemplary BABP comprising a
monospecific full-length antibody having two identical heavy chains and two identical light
chains, and two identical sdAbs, wherein the N-terminus of each sdAb is fused to the C-terminus
of the CHI region via an optional peptide linker and C-terminus of each sdAb is fused to the N-
terminus of the CH2 region of the monospecific full-length antibody. The full-length antibody
has two antigen binding sites that each specifically binds a first epitope. Each sdAb specifically
binds a second epitope. For example, the BABP can consist of four polypeptide chains with
structures from the N-terminus to the C-terminus as follows: (1) VL-Cr; (2) Vu-Cul-VyH-Cy2-
Cy3; (3) Vy-Cyl-VyH-Cy2-Cy3; and (4) VL-CL, wherein Vy and Vi of polypeptide chains (1)
and (2) forms an antigen binding site that specifically binds a first copy of the first epitope, Vy
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and Vi of polypeptide chains (3) and (4) forms an antigen binding site that specifically binds a
second copy of the first epitope, and each VyH specifically binds a copy of the second epitope.
In alternative formats, each sdAb may be omitted, or replaced with two identical or different
sdAbs fused to each other. The monospecific full-length antibody may be replaced with a
bispecific full-length antibody to further expand binding specificity. In alternative formats, to
expand specificity, the two Fab fragments can specifically bind different epitopes, and/or the
VyH fragments can specifically bind different epitopes.

[0041] FIG. 20 depicts a schematic structure of an exemplary BABP comprising two identical
single chain variable fragments (scFvs), two identical sdAbs and a fragment crystallizable (Fc)
region, wherein the N-terminus of each sdAb is fused to the C-terminus of an scFv via an
optional peptide linker and the C-terminus of each sdAb is fused to the N-terminus of the Fc
region. Each scFv specifically binds a first epitope. Each sdAb specifically binds a second
epitope. For example, the BABP can consist of two polypeptide chains each with a structure
from the N-terminus to the C-terminus as follows: V-Vg-VygH-Cx2-Ch3, wherein Vg and Vi of
each polypeptide chain forms a scFv domain that specifically binds a copy of the first epitope,
and each VyH specifically binds a copy of the second epitope. In alternative formats, the scFv
domain can comprise from the N-terminus to the C-termins: Vy-V1. Additionally, to expand
specificity, the two scFvs can specifically bind different epitopes, and/or the VyH fragments can
specifically bind different epitopes.

[0042] FIG. 21 depicts a schematic structure of an exemplary BABP comprising two identical
antigen-binding (Fab) fragments, two identical Fab-like fragments each comprising two VyH
fragments, and an Fc region. In each Fab-like domain, the Vy and Vi regions are each replaced
by an sdAb. Each Fab fragment specifically binds a first epitope, and each Fab-like fragment
specifically binds a second epitope. For example, the BABP can consist of four polypeptide
chains with structures from the N-terminus to the C-terminus as follows: (1) VL-CL-VxH-Cy; (2)
Vu-Cyl-VyH-Cyl-Cy2-Cy3; (3) Vu-Cul-VyH-Cyl-Cy2-Cy3; and (4) VL-CL-VyH-CL, wherein
Vi and Vi of polypeptide chains (1) and (2) forms an antigen binding site that specifically binds
a first copy of the first epitope, Vy and Vi of polypeptide chains (3) and (4) forms an antigen
binding site that specifically binds a second copy of the first epitope, and each VyH specifically

binds a copy of the second epitope. In alternative formats, to expand specificity, the two Fab
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fragments can specifically bind different epitopes, and/or the Fab-like fragments can specifically
bind different epitopes.

[0043] FIG. 22 depicts a schematic structure of an exemplary BABP comprising two identical
scFvs, two identical Fab-like fragments each comprising two VyH fragments, and an Fc region.
In each Fab-like domain, the Vi and V| regions are each replaced by an sdAb. For example, the
BABP can consist of four polypeptide chains with structures from the N-terminus to the C-
terminus as follows: (1) VgH-Cy; (2) VL-Vy-VygH-Cy1-Cy2-Cy3; (3) VL-Vu-VyH-Cy1-Cy2-Cy3;
and (4) VygH-CL, wherein Vg and Vi of polypeptide chains (2) and (3) each forms an scFv that
specifically binds a copy of the first epitope, and each VyH specifically binds a copy of the
second epitope. In alternative formats, the C-terminus of the scFv may be fused to the N-
terminus of the chain in the Fab-like fragment comprising VyH-CL; and/or the scFv domain can
comprise from the N-terminus to the C-termins: Vy-VL. Additionally, to expand specificity, the
two scFvs can specifically bind different epitopes, and/or the VyH fragments can specifically
bind different epitopes.

[0044] FIG. 23 shows the results from an in vivo efficacy experiment of BABPs BCP-75 and
BCP-79 in MC38 syngeneic model in C56BL/6 PD-1 KI mice. The results of the BABPs are
compared to those of the two backbone 4-chain antibodies, in-house expressed biosimilar
antibodies pembrolizumab and nivolumab.

[0045] FIG. 24 shows the results from an in vivo efficacy experiment of BABPs BCP-75 and
BCP-79 in MC38 syngeneic model in C56BL/6 CTLA-4 KI mice. The results of the BABPs are
compared to those of Fc fusion proteins comprising sdAb-2 or sdAb-3, wherein the Fc fragment
1s the same as the in-house expressed biosimilar antibodies pembrolizumab and nivolumab. In-
house expressed ipilimumab of the IgG1 isotype serves as the positive control for this
experiment.

[0046] FIG. 25 shows the results from an in vivo efficacy experiment of BABPs BCP-84 and
BCP-85 compared to combination therapy in human PD-L1 KI MC38 syngeneic model in
C56BL/6 CTLA-4 KI mice.

[0047] FIG. 26A and FIG. 26B show the results from an in vivo efficacy experiment of BABP
BCP-49 compared to combination therapy in A431 xenograft model in BALB/c nude mice.
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DETAILED DESCRIPTION OF THE INVENTION
[0048] The present application provides a MABP comprising a single-domain antibody (sdAb)
fused to a full-length antibody or antigen binding fragment that comprise a heavy chain variable
domain (Vy) and a light chain variable domain (V). The sdAb specifically binds a target (such
as an epitope or antigen) that is distinct from the target(s) recognized by the full-length antibody
or antigen binding fragment, thereby conferring a broadened targeting capability. As a building
block in a MABP, sdAb has several advantages over other antigen binding fragments such as Fab
and scFv used in currently known multispecific antibody formats, including, but not limited to,
small size, high solubility and stability, weak immunogenicity in human, and ability to target a
variety of epitopes. Thus, the MABPs described herein can have similar molecular weight and
pharmacokinetic properties compared to those of the full-length antibody or antigen binding
fragment component. For example, a MABP can be designed by fusing one or more sdAbs to a
monoclonal antibody with proven clinical efficacy and safety to provide increased clinical
benefits and desirable pharmacokinetic properties without impeding the expressibility of the
multispecific construct. In some embodiments, the MABP comprises two naturally produced
components or derivatives thereof, e.g., a naturally produced or humanized Camelid VyH
fragment, and a naturally produced monoclonal antibody, fused to each other by polypeptide
linkers. Unlike the majority of known bispecific antibody formats, the MABP of the present
application has excellent productivity, stability and solubility. In vitro efficacy data further
indicates that the MABP retains anti-tumor activity of the parental antibodies. Synergistic
activity are also found or expected in in vivo tumor animal models. The MABP format of the
present application can be adopted to target a variety of disease-related epitope or antigen
combinations, such as a combination of immune checkpoint molecules, a combination of cell
surface antigens (such as tumor antigens), or a combination of pro-inflammatory molecules,
thereby providing agents that are useful for treating a variety of diseases and conditions, such as
cancer, inflammation, and autoimmune diseases.
[0049] Accordingly, one aspect of the present application provides a MABP comprising: (a) a
first antigen binding portion comprising a heavy chain variable domain (Vy) and a light chain
variable domain (V), wherein the Vy and Vi together form an antigen-binding site that

specifically binds a first epitope, and (b) a second antigen binding portion comprising an sdAb
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that specifically binds a second epitope, wherein the first antigen binding portion and the second
antigen binding portion are fused to each other.

[0050] One aspect of the present application provides a MABP comprising: (a) a first antigen
binding portion comprising a heavy chain variable domain (Vy) and a light chain variable
domain (VL), wherein the Vg and V| together form an antigen-binding site that specifically binds
a first immune checkpoint molecule, and (b) a second antigen binding portion comprising an
sdAb that specifically binds a second immune checkpoint molecule, wherein the first antigen
binding portion and the second antigen binding portion are fused to each other.

[0051] One aspect of the present application provides a MABP comprising: (a) a first antigen
binding portion comprising a heavy chain variable domain (Vy) and a light chain variable
domain (VL), wherein the Vg and V| together form an antigen-binding site that specifically binds
a first pro-inflammatory molecule, and (b) a second antigen binding portion comprising an sdAb
that specifically binds a second pro-inflammatory molecule, wherein the first antigen binding
portion and the second antigen binding portion are fused to each other.

[0052] One aspect of the present application provides a MABP comprising: (a) a first antigen
binding portion comprising a heavy chain variable domain (Vy) and a light chain variable
domain (VL), wherein the Vg and V| together form an antigen-binding site that specifically binds
a first tumor antigen, and (b) a second antigen binding portion comprising an sdAb that
specifically binds a cell surface antigen (such as tumor antigen, or a cell surface antigen on an
immune effector cell), wherein the first antigen binding portion and the second antigen binding
portion are fused to each other.

[0053] Also provided are pharmaceutical compositions, kits and articles manufacture

comprising the MABPs, and methods of treating a disease using the MABPs described herein.

I. Definitions

[0054] The practice of the present invention will employ, unless indicated specifically to the
contrary, conventional methods of virology, immunology, microbiology, molecular biology and
recombinant DNA techniques within the skill of the art, many of which are described below for
the purpose of illustration. Such techniques are explained fully in the literature. See, e.g., Current
Protocols in Molecular Biology or Current Protocols in Immunology, John Wiley & Sons, New

York, N.Y.(2009); Ausubel ef al, Short Protocols in Molecular Biology, 39ed, Wiley & Sons,
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1995; Sambrook and Russell, Molecular Cloning: A Laboratory Manual (3rd Edition, 2001 );
Maniatis et al. Molecular Cloning: A Laboratory Manual (1982); DNA Cloning: A Practical
Approach, vol. I & IT (D. Glover, ed.); Oligonucleotide Synthesis (N. Gait, ed., 1984); Nucleic
Acid Hybridization (B. Hames & S. Higgins, eds., 1985); Transcription and Translation (B.
Hames & S. Higgins, eds., 1984); Animal Cell Culture (R. Freshney, ed., 1986); Perbal, A
Practical Guide to Molecular Cloning (1984) and other like references.

[0055] As used herein, the term “treatment” refers to clinical intervention designed to alter the
natural course of the individual or cell being treated during the course of clinical pathology.
Desirable effects of treatment include decreasing the rate of disease progression, ameliorating or
palliating the disease state, and remission or improved prognosis. For example, an individual 1s
successfully “treated” by the MABP of the present application if one or more symptoms
associated with the disease or condition being treated (such as cancer, inflammatory or
autoimmune disease) are mitigated or eliminated.

[0056] As used herein, an “effective amount” refers to an amount of an agent or drug effective
to treat a disease or condition in a subject. In the case of cancer, the effective amount of the
MABP of the present application may reduce the number of cancer cells; reduce the tumor size;
inhibit (i.e., slow to some extent and preferably stop) cancer cell infiltration into peripheral
organs; inhibit (i.e., slow to some extent and preferably stop) tumor metastasis; inhibit, to some
extent, tumor growth; and/or relieve to some extent one or more of the symptoms associated with
the cancer. As is understood in the clinical context, an effective amount of a drug, compound, or
pharmaceutical composition may or may not be achieved in conjunction with another drug,
compound, or pharmaceutical composition. Thus, an “effective amount” may be considered in
the context of administering one or more therapeutic agents, and a single agent may be
considered to be given in an effective amount if, in conjunction with one or more other agents, a
desirable result may be or is achieved.

[0057] As used herein, an “individual” or a “subject” refers to a mammal, including, but not
limited to, human, bovine, horse, feline, canine, rodent, or primate. In some embodiments, the
individual 1s a human.

[0058] The term “antibody” includes monoclonal antibodies (including full length 4-chain
antibodies which have an immunoglobulin Fc region), antibody compositions with polyepitopic

specificity, multispecific antibodies (e.g., bispecific antibodies, diabodies, and single-chain
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molecules, as well as antibody fragments (e.g., Fab, F(ab'),, and Fv). The term “immunoglobulin’
(Ig) 1s used interchangeably with “antibody” herein. Antibodies contemplated herein include
heavy-chain only antibodies and sdAbs.

[0059] The basic 4-chain antibody unit is a heterotetrameric glycoprotein composed of two
identical light (L) chains and two i1dentical heavy (H) chains. An IgM antibody consists of 5 of
the basic heterotetramer units along with an additional polypeptide called a J chain, and contains
10 antigen binding sites, while IgA antibodies comprise from 2-5 of the basic 4-chain units
which can polymerize to form polyvalent assemblages in combination with the J chain. In the
case of IgGs, the 4-chain unit is generally about 150,000 daltons. Each L chain is linked to an H
chain by one covalent disulfide bond, while the two H chains are linked to each other by one or
more disulfide bonds depending on the H chain isotype. Each H and L chain also has regularly
spaced intrachain disulfide bridges. Each H chain has at the N-terminus, a variable domain (Vg)
followed by three constant domains (Cy) for each of the a and y chains and four Cy domains for
wand € 1sotypes. Each L chain has at the N-terminus, a variable domain (V) followed by a
constant domain at its other end. The Vy is aligned with the Vi and the Cy 1s aligned with the first
constant domain of the heavy chain (Cyl). Particular amino acid residues are believed to form an
interface between the light chain and heavy chain variable domains. The pairing of a Vyand Vi
together forms a single antigen-binding site. For the structure and properties of the different
classes of antibodies, see e.g., Basic and Clinical Immunology, 8th Edition, Daniel P. Sties, Abba
I. Terr and Tristram G. Parsolw (eds), Appleton & Lange, Norwalk, Conn., 1994, page 71 and
Chapter 6. The L chain from any vertebrate species can be assigned to one of two clearly distinct
types, called kappa and lambda, based on the amino acid sequences of their constant domains.
Depending on the amino acid sequence of the constant domain of their heavy chains (Cg),
immunoglobulins can be assigned to different classes or isotypes. There are five classes of
immunoglobulins: IgA, IgD, IgE, IgG and IgM, having heavy chains designated a, o, €, y and p,
respectively. The v and o classes are further divided into subclasses on the basis of relatively
minor differences in the Cy sequence and function, e.g., humans express the following subclasses:
IgGl, IgG2A, IgG2B, 1gG3, 1gG4, IgAl and IgA2.

[0060] An “isolated” antibody is one that has been identified, separated and/or recovered from
a component of its production environment (£.g., natural or recombinant). Preferably, the

1solated polypeptide is free of association with all other components from its production
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environment. Contaminant components of its production environment, such as that resulting
from recombinant transfected cells, are materials that would typically interfere with research,
diagnostic or therapeutic uses for the antibody, and may include enzymes, hormones, and other
proteinaceous or non-proteinaceous solutes. In preferred embodiments, the polypeptide will be
purified: (1) to greater than 95% by weight of antibody as determined by, for example, the
Lowry method, and in some embodiments, to greater than 99% by weight; (1) to a degree
sufficient to obtain at least 15 residues of N-terminal or internal amino acid sequence by use of a
spinning cup sequenator, or (3) to homogeneity by SDS-PAGE under non-reducing or reducing
conditions using Coomassie blue or, preferably, silver stain. Isolated antibody includes the
antibody in situ within recombinant cells since at least one component of the antibody's natural
environment will not be present. Ordinarily, however, an isolated polypeptide or antibody will be
prepared by at least one purification step.

[0061] The “variable region” or “variable domain” of an antibody refers to the amino-terminal
domains of the heavy or light chain of the antibody. The variable domains of the heavy chain and
light chain may be referred to as “Vy” and “V_”, respectively. These domains are generally the
most variable parts of the antibody (relative to other antibodies of the same class) and contain the
antigen binding sites. Heavy-chain only antibodies from the Camelidae species have a single
heavy chain variable region, which is referred to as “VyH”. VyH is thus a special type of Vy.
[0062] The term “variable” refers to the fact that certain segments of the variable domains
differ extensively in sequence among antibodies. The V domain mediates antigen binding and
defines the specificity of a particular antibody for its particular antigen. However, the variability
1s not evenly distributed across the entire span of the variable domains. Instead, it is concentrated
in three segments called hypervariable regions (HVRs) both in the light-chain and the heavy
chain variable domains. The more highly conserved portions of variable domains are called the
framework regions (FR). The variable domains of native heavy and light chains each comprise
four FR regions, largely adopting a beta-sheet configuration, connected by three HVRs, which
form loops connecting, and in some cases forming part of, the beta-sheet structure. The HVRs in
each chain are held together in close proximity by the FR regions and, with the HVRs from the
other chain, contribute to the formation of the antigen binding site of antibodies (see Kabat et al.,
Sequences of Immunological Interest, Fifth Edition, National Institute of Health, Bethesda, Md.

(1991)). The constant domains are not involved directly in the binding of antibody to an antigen,
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but exhibit various effector functions, such as participation of the antibody in antibody-
dependent cellular toxicity.

[0063] The term “monoclonal antibody™ as used herein refers to an antibody obtained from a
population of substantially homogeneous antibodies, i.e., the individual antibodies comprising
the population are identical except for possible naturally occurring mutations and/or post-
translation modifications (e.g., isomerizations, amidations) that may be present in minor amounts.
Monoclonal antibodies are highly specific, being directed against a single antigenic site. In
contrast to polyclonal antibody preparations which typically include different antibodies directed
against different determinants (epitopes), each monoclonal antibody is directed against a single
determinant on the antigen. In addition to their specificity, the monoclonal antibodies are
advantageous in that they are synthesized by the hybridoma culture, uncontaminated by other
immunoglobulins. The modifier “monoclonal” indicates the character of the antibody as being
obtained from a substantially homogeneous population of antibodies, and is not to be construed
as requiring production of the antibody by any particular method. For example, the monoclonal
antibodies to be used in accordance with the present application may be made by a variety of
techniques, including, for example, the hybridoma method (e.g., Kohler and Milstein., Nature,
256:495-97 (1975); Hongo et al., Hybridoma, 14 (3): 253-260 (1995), Harlow et al., Antibodies:
A Laboratory Manual, (Cold Spring Harbor Laboratory Press, 2" ed. 1988); Hammerling et al.,
in: Monoclonal Antibodies and T-Cell Hybridomas 563-681 (Elsevier, N.Y., 1981)), recombinant
DNA methods (see, e.g., U.S. Pat. No. 4,816,567), phage-display technologies (see, e.g.,
Clackson et al., Nature, 352: 624-628 (1991); Marks et al., J. Mol. Biol. 222: 581-597 (1992);
Sidhu et al., J. Mol. Biol. 338(2): 299-310 (2004); Lee et al., J. Mol. Biol. 340(5): 1073-1093
(2004); Fellouse, Proc. Natl. Acad. Sci. USA 101(34): 12467-12472 (2004); and Lee et al., J.
Immunol. Methods 284(1-2): 119-132 (2004), and technologies for producing human or human-
like antibodies in animals that have parts or all of the human immunoglobulin loci or genes
encoding human immunoglobulin sequences (see, e.g., WO 1998/24893; WO 1996/34096; WO
1996/33735; WO 1991/10741; Jakobovits et al., Proc. Natl. Acad. Sci. USA 90: 2551 (1993);
Jakobovits et al., Nature 362: 255-258 (1993); Bruggemann et al., Year in Immunol. 7:33 (1993);
U.S. Pat. Nos. 5,545,807, 5,545,8006; 5,569,825, 5,625,126, 5,633,425; and 5,661,016; Marks et
al., Bio/Technology 10: 779-783 (1992), Lonberg et al., Nature 368: 856-859 (1994); Morrison,
Nature 368: 812-813 (1994); Fishwild et al., Nature Biotechnol. 14: 845-851 (1996), Neuberger,
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Nature Biotechnol. 14: 826 (1996); and Lonberg and Huszar, Intern. Rev. Immunol. 13: 65-93
(1995).

[0064] The term “naked antibody” refers to an antibody that is not conjugated to a cytotoxic
moiety or radiolabel.

[0065] The terms “full-length antibody,” “intact antibody” or “whole antibody” are used
interchangeably to refer to an antibody in its substantially intact form, as opposed to an antibody
fragment. Specifically full-length 4-chain antibodies include those with heavy and light chains
including an Fc region. The constant domains may be native sequence constant domains (e.g.,
human native sequence constant domains) or amino acid sequence variants thereof. In some
cases, the intact antibody may have one or more effector functions.

[0066] An “antibody fragment” comprises a portion of an intact antibody, preferably the
antigen binding and/or the variable region of the intact antibody. Examples of antibody
fragments include Fab, Fab', F(ab'), and Fv fragments; diabodies; linear antibodies (see U.S. Pat.
No. 5,641,870, Example 2; Zapata et al., Protein Eng. 8(10): 1057-1062 [1995]); single-chain
antibody molecules and multispecific antibodies formed from antibody fragments. Papain
digestion of antibodies produced two identical antigen-binding fragments, called “Fab”
fragments, and a residual “Fc” fragment, a designation reflecting the ability to crystallize readily.
The Fab fragment consists of an entire L chain along with the variable region domain of the H
chain (Vy), and the first constant domain of one heavy chain (Cyx1). Each Fab fragment is
monovalent with respect to antigen binding, i.e., it has a single antigen-binding site. Pepsin
treatment of an antibody yields a single large F(ab'), fragment which roughly corresponds to two
disulfide linked Fab fragments having different antigen-binding activity and is still capable of
cross-linking antigen. Fab' fragments differ from Fab fragments by having a few additional
residues at the carboxy terminus of the Cy1 domain including one or more cysteines from the
antibody hinge region. Fab’-SH is the designation herein for Fab' in which the cysteine residue(s)
of the constant domains bear a free thiol group. F(ab’), antibody fragments originally were
produced as pairs of Fab' fragments which have hinge cysteines between them. Other chemical
couplings of antibody fragments are also known.

[0067] The Fc fragment comprises the carboxy-terminal portions of both H chains held

together by disulfides. The effector functions of antibodies are determined by sequences in the
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Fc region, the region which is also recognized by Fc receptors (FcR) found on certain types of
cells.

[0068] “Fv” is the minimum antibody fragment which contains a complete antigen-recognition
and -binding site. This fragment consists of a dimer of one heavy- and one light-chain variable
region domain in tight, non-covalent association. From the folding of these two domains emanate
six hypervariable loops (3 loops each from the H and L chain) that contribute the amino acid
residues for antigen binding and confer antigen binding specificity to the antibody. However,
even a single variable domain (or half of an Fv comprising only three HVRs specific for an
antigen) has the ability to recognize and bind antigen, although at a lower affinity than the entire
binding site.

[0069] “Single-chain Fv” also abbreviated as “sFv” or “scFv” are antibody fragments that
comprise the Vyand Vi antibody domains connected into a single polypeptide chain. Preferably,
the sFv polypeptide further comprises a polypeptide linker between the Vyand Vi domains
which enables the sFv to form the desired structure for antigen binding. For a review of the sFv,
see Pluckthun in The Pharmacology of Monoclonal Antibodies, vol. 113, Rosenburg and Moore
eds., Springer-Verlag, New York, pp. 269-315 (1994).

[0070] “Functional fragments” of the antibodies described herein comprise a portion of an
intact antibody, generally including the antigen binding or variable region of the intact antibody
or the Fc region of an antibody which retains or has modified FcR binding capability. Examples
of antibody fragments include linear antibody, single-chain antibody molecules and multispecific
antibodies formed from antibody fragments.

[0071] The term “diabodies” refers to small antibody fragments prepared by constructing sFv
fragments (see preceding paragraph) with short linkers (about 5-10) residues) between the Vy
and V1 domains such that inter-chain but not intra-chain pairing of the V domains is achieved,
thereby resulting in a bivalent fragment, i.e., a fragment having two antigen-binding sites.
Bispecific diabodies are heterodimers of two “crossover” sFv fragments in which the Vyand Vi
domains of the two antibodies are present on different polypeptide chains. Diabodies are
described in greater detail in, for example, EP 404,097; WO 93/11161; Hollinger et al., Proc.
Natl. Acad. Sci. USA 90: 6444-6448 (1993).

[0072] The monoclonal antibodies herein specifically include “chimeric” antibodies

(immunoglobulins) in which a portion of the heavy and/or light chain is identical with or
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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(are)
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,
Morrison et al., Proc. Natl. Acad. Sci. USA, 81:6851-6855 (1984)). Chimeric antibodies of
interest herein include PRIMATTZFD® antibodies wherein the antigen-binding region of the
antibody 1s derived from an antibody produced by, e.g., immunizing macaque monkeys with an
antigen of interest. As used herein, “humanized antibody” is used a subset of “chimeric
antibodies.”

[0073] “Humanized” forms of non-human (e.g., murine) antibodies are chimeric antibodies
that contain minimal sequence derived from non-human immunoglobulin. In one embodiment, a
humanized antibody is a human immunoglobulin (recipient antibody) in which residues from an
HVR (hereinafter defined) of the recipient are replaced by residues from an HVR of a non-
human species (donor antibody) such as mouse, rat, rabbit or non-human primate having the
desired specificity, affinity, and/or capacity. In some instances, framework (“FR”) residues of the
human immunoglobulin are replaced by corresponding non-human residues. Furthermore,
humanized antibodies may comprise residues that are not found in the recipient antibody or in
the donor antibody. These modifications may be made to further refine antibody performance,
such as binding affinity. In general, a humanized antibody will comprise substantially all of at
least one, and typically two, variable domains, in which all or substantially all of the
hypervariable loops correspond to those of a non-human immunoglobulin sequence, and all or
substantially all of the FR regions are those of a human immunoglobulin sequence, although the
FR regions may include one or more individual FR residue substitutions that improve antibody
performance, such as binding affinity, isomerization, immunogenicity, etc. The number of these
amino acid substitutions in the FR is typically no more than 6 in the H chain, and in the L chain,
no more than 3. The humanized antibody optionally will also comprise at least a portion of an
immunoglobulin constant region (Fc), typically that of a human immunoglobulin. For further
details, see, e.g., Jones et al., Nature 321:522-525 (1986); Riechmann et al., Nature 332:323-329
(1988); and Presta, Curr. Op. Struct. Biol. 2:593-596 (1992). See also, for example, Vaswani and
Hamilton, Ann. Allergy, Asthma & Immunol. 1:105-115 (1998); Harris, Biochem. Soc.
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Transactions 23:1035-1038 (1995); Hurle and Gross, Curr. Op. Biotech. 5:428-433 (1994); and
U.S. Pat. Nos. 6,982,321 and 7,087,409.

[0074] A “human antibody” 1s an antibody that possesses an amino-acid sequence
corresponding to that of an antibody produced by a human and/or has been made using any of
the techniques for making human antibodies as disclosed herein. This definition of a human
antibody specifically excludes a humanized antibody comprising non-human antigen-binding
residues. Human antibodies can be produced using various techniques known in the art,
including phage-display libraries. Hoogenboom and Winter, J. Mol. Biol., 227:381 (1991),
Marks et al., J. Mol. Biol., 222:581 (1991). Also available for the preparation of human
monoclonal antibodies are methods described in Cole et al., Monoclonal Antibodies and Cancer
Therapy, Alan R. Liss, p. 77 (1985); Boerner et al., J. Immunol., 147(1):86-95 (1991). See also
van Dijk and van de Winkel, Curr. Opin. Pharmacol., 5: 368-74 (2001). Human antibodies can
be prepared by administering the antigen to a transgenic animal that has been modified to
produce such antibodies in response to antigenic challenge, but whose endogenous loci have
been disabled, e.g., immunized xenomice (see, e.g., U.S. Pat. Nos. 6,075,181 and 6,150,584
regarding XENOMOUSE™ technology). See also, for example, Li et al., Proc. Natl. Acad. Sci.
USA, 103:3557-3562 (2006) regarding human antibodies generated via a human B-cell
hybridoma technology.

[0075] The term “hypervariable region,” “HVR,” or “HV,” when used herein refers to the
regions of an antibody variable domain which are hypervariable in sequence and/or form
structurally defined loops. Generally, 4-chain antibodies comprise six HVRs; three in the Vg (H1,
H2, H3), and three in the Vi (L1, L2, L3). Single-domain antibodies comprise three HVRs, such
as three in the VyH (H1, H2, H3). In native 4-chain antibodies, H3 and L3 display the most
diversity of the six HVRs, and H3 in particular is believed to play a unique role in conferring
fine specificity to antibodies. See, e.g., Xu et al., Immunity 13:37-45 (2000); Johnson and Wu, in
Methods in Molecular Biology 248:1-25 (Lo, ed., Human Press, Totowa, N.J., 2003). Indeed,
naturally occurring camelid antibodies consisting of a heavy chain only are functional and stable
in the absence of light chain. See, e.g., Hamers-Casterman et al., Nature 363:446-448 (1993),
Sheriff et al., Nature Struct. Biol. 3:733-736 (1996).

[0076] The term “Complementarity Determining Region” or “CDR” are used to refer to

hypervariable regions as defined by the Kabat system. See Kabat et al., Sequences of Proteins of
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Immunological Interest, Sth Ed. Public Health Service, National Institutes of Health, Bethesda,
Md. (1991)

[0077] A number of HVR delineations are in use and are encompassed herein. The Kabat
Complementarity Determining Regions (CDRs) are based on sequence variability and are the
most commonly used (Kabat ef al., Sequences of Proteins of Imnmunological Interest, Sth Ed.
Public Health Service, National Institutes of Health, Bethesda, Md. (1991)). Chothia refers
instead to the location of the structural loops (Chothia and Lesk, J. Mol. Biol. 196:901-917
(1987)). The AbM HVRs represent a compromise between the Kabat HVRs and Chothia
structural loops, and are used by Oxford Molecular's AbM antibody modeling software. The
“contact” HVRs are based on an analysis of the available complex crystal structures. The
residues from each of these HVRs are noted below in Table 1.

Table I. HVR delineations.

Loop Kabat AbM Chothia Contact

L1 L.24-1L.34 L.24-1L.34 L.26-1.32 L30-L36
L2 L50-L56 L50-L56 L50-L52 L46-L55
L3 L.89-L.97 L.89-L.97 L91-L96 L.89-1.96
H1 H31-H35B H26-H35B H26-H32 H30-H35B
(Kabat Numbering)
H1 H31-H35 H26-H35 H26-H32 H30-H35
(Chothia Numbering)

H2 HS0-H65 HS0-HS8 HS3-HS5 H47-HS8
H3 H95-H102 H95-H102 H96-H101 H93-HI101

[0078] HVRs may comprise “extended HVRs” as follows: 24-36 or 24-34 (L1), 46-56 or 50-
56 (L2) and 89-97 or 89-96 (L3) in the Vi and 26-35 (H1), 50-65 or 49-65 (H2) and 93-102, 94-
102, or 95-102 (H3) in the Vy. The variable domain residues are numbered according to Kabat et
al., supra, for each of these definitions.

[0079] The expression “variable-domain residue-numbering as in Kabat” or “amino-acid-
position numbering as in Kabat,” and variations thereof, refers to the numbering system used for
heavy-chain variable domains or light-chain variable domains of the compilation of antibodies in
Kabat et al., supra. Using this numbering system, the actual linear amino acid sequence may
contain fewer or additional amino acids corresponding to a shortening of, or insertion into, a FR

or HVR of the variable domain. For example, a heavy-chain variable domain may include a
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single amino acid insert (residue 52a according to Kabat) after residue 52 of H2 and inserted
residues (e.g. residues 82a, 82b, and 82c¢, etc. according to Kabat) after heavy-chain FR residue
82. The Kabat numbering of residues may be determined for a given antibody by alignment at
regions of homology of the sequence of the antibody with a “standard” Kabat numbered
sequence.

[0080] “Framework” or “FR” residues are those variable-domain residues other than the HVR
residues as herein defined.

[0081] A “human consensus framework™ or “acceptor human framework” is a framework that
represents the most commonly occurring amino acid residues in a selection of human
immunoglobulin Vi or Vy framework sequences. Generally, the selection of human
immunoglobulin V1 or Vg sequences is from a subgroup of variable domain sequences.
Generally, the subgroup of sequences is a subgroup as in Kabat et al., Sequences of Proteins of
Immunological Interest, 5"Ed. Public Health Service, National Institutes of Health, Bethesda,
Md. (1991). Examples include for the Vi, the subgroup may be subgroup kappa I, kappa II,
kappa III or kappa IV as in Kabat et al., supra. Additionally, for the VH, the subgroup may be
subgroup I, subgroup II, or subgroup III as in Kabat et al. Alternatively, a human consensus
framework can be derived from the above in which particular residues, such as when a human
framework residue is selected based on its homology to the donor framework by aligning the
donor framework sequence with a collection of various human framework sequences. An
acceptor human framework “derived from” a human immunoglobulin framework or a human
consensus framework may comprise the same amino acid sequence thereof, or it may contain
pre-existing amino acid sequence changes. In some embodiments, the number of pre-existing
amino acid changes are 10 or less, 9 or less, 8 or less, 7 or less, 6 or less, S or less, 4 or less, 3 or
less, or 2 or less.

[0082] An “amino-acid modification” at a specified position, e.g. of the Fc region, refers to the
substitution or deletion of the specified residue, or the insertion of at least one amino acid residue
adjacent the specified residue. Insertion “adjacent” to a specified residue means insertion within
one to two residues thereof. The insertion may be N-terminal or C-terminal to the specified
residue. The preferred amino acid modification herein is a substitution.

[0083] An “affinity-matured” antibody is one with one or more alterations in one or more

HVRs thereof that result in an improvement in the affinity of the antibody for antigen, compared
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to a parent antibody that does not possess those alteration(s). In one embodiment, an affinity-
matured antibody has nanomolar or even picomolar affinities for the target antigen. Affinity-
matured antibodies are produced by procedures known in the art. For example, Marks et al.,
Bio/Technology 10:779-783 (1992) describes affinity maturation by Vy- and Vi -domain
shuffling. Random mutagenesis of HVR and/or framework residues is described by, for example:
Barbas et al. Proc Nat. Acad. Sci. USA 91:3809-3813 (1994), Schier et al. Gene 169:147-155
(1995); Yelton et al. J. Immunol. 155:1994-2004 (1995); Jackson et al., J. Immunol.
154(7):3310-9 (1995); and Hawkins et al, J. Mol. Biol. 226:889-896 (1992).

[0084] As use herein, the term “specifically binds” or is “specific for” refers to measurable and
reproducible interactions such as binding between a target and an antibody, which 1s
determinative of the presence of the target in the presence of a heterogeneous population of
molecules including biological molecules. For example, an antibody that specifically binds a
target (which can be an epitope) is an antibody that binds this target with greater affinity, avidity,
more readily, and/or with greater duration than 1t binds other targets. In one embodiment, the
extent of binding of an antibody to an unrelated target is less than about 10% of the binding of
the antibody to the target as measured, e.g., by a radioimmunoassay (RIA). In certain
embodiments, an antibody that specifically binds a target has a dissociation constant (Kd) of =1
uM, =100 nM, =10 nM, =1 nM, or =0.1 nM. In certain embodiments, an antibody specifically
binds an epitope on a protein that is conserved among the protein from different species. In
another embodiment, specific binding can include, but does not require exclusive binding.

[0085] The term “specificity” refers to selective recognition of an antigen binding protein or
antibody for a particular epitope of an antigen. Natural antibodies, for example, are monospecific.
The term "multispecific" as used herein denotes that an antigen binding protein or an antibody
has two or more antigen-binding sites of which at least two bind a different antigen or a different
epitope of the same antigen. "Bispecific" as used herein denotes that an antigen binding protein
or an antibody has two different antigen-binding specificities. The term "monospecific" antibody
as used herein denotes an antibody that has one or more binding sites each of which bind the
same epitope of the same antigen.

[0086] The term "valent" as used herein denotes the presence of a specified number of binding
sites in an antigen binding protein or antibody molecule. A natural antibody for example or a full

length antibody has two binding sites and 1s bivalent. As such, the terms "trivalent", "tetravalent",
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"pentavalent" and "hexavalent" denote the presence of two binding site, three binding sites, four
binding sites, five binding sites, and six binding sites, respectively, in an antigen binding protein
or antibody molecule. The MABPs of the present application are at least "bivalent,” for example,
the MABPs can be "trivalent," or "tetravalent."

[0087] A “blocking” antibody or an “antagonist” antibody 1s one that inhibits or reduces a
biological activity of the antigen it binds. In some embodiments, blocking antibodies or
antagonist antibodies substantially or completely inhibit the biological activity of the antigen.
[0088] An “agonist” or activating antibody is one that enhances or initiates signaling by the
antigen to which 1t binds. In some embodiments, agonist antibodies cause or activate signaling
without the presence of the natural ligand.

[0089] “Antibody effector functions” refer to those biological activities attributable to the Fc
region (a native sequence Fc region or amino acid sequence variant Fc region) of an antibody,
and vary with the antibody isotype. Examples of antibody effector functions include: Clq
binding and complement dependent cytotoxicity; Fc receptor binding; antibody—dependent cell-
mediated cytotoxicity (ADCC); phagocytosis; down regulation of cell surface receptors (e.g., B
cell receptors); and B cell activation. “Reduced or minimized” antibody effector function means
that which is reduced by at least 50% (alternatively 60%, 65%, 70%, 75%, 80%, 85%, 90%, 95%,
96%, 97%, 98%, 99%) from the wild type or unmodified antibody. The determination of
antibody effector function is readily determinable and measurable by one of ordinary skill in the
art. In a preferred embodiment, the antibody effector functions of complement binding,
complement dependent cytotoxicity and antibody dependent cytotoxicity are affected. In some
embodiments, effector function is eliminated through a mutation in the constant region that
eliminated glycosylation, e.g., “effector-less mutation.” In one aspect, the effector-less mutation
1s an N297A or DANA mutation (D265A+N297A) in the Cy2 region. Shields et al., J. Biol.
Chem. 276 (9): 6591-6604 (2001). Alternatively, additional mutations resulting in reduced or
eliminated effector function include: K322A and L234A/L.235A (LALA). Alternatively, effector
function can be reduced or eliminated through production techniques, such as expression in host
cells that do not glycosylate (e.g., E. coli.) or in which result in an altered glycosylation pattern
that 1s ineffective or less effective at promoting effector function (e.g., Shinkawa et al., J. Biol.
Chem. 278(5): 3466-3473 (2003).
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[0090] ““Antibody-dependent cell-mediated cytotoxicity” or ADCC refers to a form of
cytotoxicity in which secreted Ig bound onto Fc receptors (FcRs) present on certain cytotoxic
cells (e.g., natural killer (NK) cells, neutrophils and macrophages) enable these cytotoxic effector
cells to bind specifically to an antigen-bearing target cell and subsequently kill the target cell
with cytotoxins. The antibodies “arm” the cytotoxic cells and are required for killing of the target
cell by this mechanism. The primary cells for mediating ADCC, NK cells, express FcyRIII only,
whereas monocytes express FcyRI, FcyRII and FcyRIIL. Fc expression on hematopoietic cells 1s
summarized in Table 3 on page 464 of Ravetch and Kinet, Annu. Rev. Immunol. 9: 457-92
(1991). To assess ADCC activity of a molecule of interest, an in vitro ADCC assay, such as that
described in U.S. Pat. No. 5,500,362 or 5,821,337 may be performed. Useful effector cells for
such assays include peripheral blood mononuclear cells (PBMC) and natural killer (NK) cells.
Alternatively, or additionally, ADCC activity of the molecule of interest may be assessed in vivo,
e.g., iIn an animal model such as that disclosed in Clynes et al., PNAS USA 95:652-656 (1998).
[0091] Unless indicated otherwise herein, the numbering of the residues in an immunoglobulin
heavy chain is that of the EU index as in Kabat ez al., supra. The “EU index as in Kabat” refers
to the residue numbering of the human IgG1 EU antibody.

[0092] The term “Fc region” herein is used to define a C-terminal region of an
immunoglobulin heavy chain, including native-sequence Fc regions and variant Fc regions.
Although the boundaries of the Fc region of an immunoglobulin heavy chain might vary, the
human IgG heavy-chain Fc region is usually defined to stretch from an amino acid residue at
position Cys226, or from Pro230, to the carboxyl-terminus thereof. The C-terminal lysine
(residue 447 according to the EU numbering system) of the Fc region may be removed, for
example, during production or purification of the antibody, or by recombinantly engineering the
nucleic acid encoding a heavy chain of the antibody. Accordingly, a composition of intact
antibodies may comprise antibody populations with all K447 residues removed, antibody
populations with no K447 residues removed, and antibody populations having a mixture of
antibodies with and without the K447 residue. Suitable native-sequence Fc regions for use in the
antibodies described herein include human IgGl, IgG2 (IgG2A, IgG2B), IgG3 and [gG4.

[0093] “Fc receptor” or “FcR” describes a receptor that binds the Fc region of an antibody.
The preferred FcR is a native sequence human FcR. Moreover, a preferred FcR is one which

binds an IgG antibody (a gamma receptor) and includes receptors of the FcyRI, FcyRII, and
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FcyRIII subclasses, including allelic variants and alternatively spliced forms of these receptors,
FcyRII receptors include FcyRIIA (an “activating receptor”) and FcyRIIB (an “inhibiting
receptor’”’), which have similar amino acid sequences that differ primarily in the cytoplasmic
domains thereof. Activating receptor FcyRIIA contains an immunoreceptor tyrosine-based
activation motif (ITAM) 1n its cytoplasmic domain. Inhibiting receptor FcyRIIB contains an
immunoreceptor tyrosine-based inhibition motif (ITIM) in its cytoplasmic domain. (see M.
Daéron, Annu. Rev. Immunol. 15:203-234 (1997). FcRs are reviewed in Ravetch and Kinet, Annu.
Rev. Immunol. 9: 457-92 (1991); Capel et al., Inmunomethods 4: 25-34 (1994); and de Haas et
al.,J. Lab. Clin. Med. 126: 330-41 (1995). Other FcRs, including those to be identified in the
future, are encompassed by the term “FcR” herein.

[0094] The term “Fc receptor” or “FcR” also includes the neonatal receptor, FcRn, which is
responsible for the transfer of maternal IgGs to the fetus. Guyer et al., J. Immunol. 117: 587
(1976) and Kim et al., J. Immunol. 24: 249 (1994). Methods of measuring binding to FcRn are
known (see, e.g., Ghetie and Ward, Immunol. Today 18: (12): 592-8 (1997); Ghetie et al., Nature
Biotechnology 15 (7): 637-40 (1997); Hinton et al., J. Biol. Chem. 279 (8): 6213-6 (2004); WO
2004/92219 (Hinton et al.). Binding to FcRn in vivo and serum half-life of human FcRn high-
affinity binding polypeptides can be assayed, e.g., in transgenic mice or transfected human cell
lines expressing human FcRn, or in primates to which the polypeptides having a variant Fc
region are administered. WO 2004/42072 (Presta) describes antibody variants which improved or
diminished binding to FcRs. See also, e.g., Shields et al., J. Biol. Chem. 9(2): 6591-6604 (2001).
[0095] “Effector cells” are leukocytes which express one or more FcRs and perform effector
functions. In one aspect, the effector cells express at least FcyRIII and perform ADCC effector
function. Examples of human leukocytes which mediate ADCC include peripheral blood
mononuclear cells (PBMC), natural killer (NK) cells, monocytes, cytotoxic T cells and
neutrophils. The effector cells may be isolated from a native source, e.g., blood. Effector cells
generally are lymphocytes associated with the effector phase, and function to produce cytokines
(helper T cells), killing cells in infected with pathogens (cytotoxic T cells) or secreting
antibodies (differentiated B cells).

[0096] “Complement dependent cytotoxicity” or “CDC” refers to the lysis of a target cell in
the presence of complement. Activation of the classical complement pathway is initiated by the

binding of the first component of the complement system (C1q) to antibodies (of the appropriate
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subclass) which are bound to their cognate antigen. To assess complement activation, a CDC
assay, e.g., as described in Gazzano-Santoro et al., J. Immunol. Methods 202: 163 (1996), may
be performed. Antibody variants with altered Fc region amino acid sequences and increased or
decreased C1q binding capability are described in U.S. Pat. No. 6,194,551B1 and W099/51642.
The contents of those patent publications are specifically incorporated herein by reference. See,
also, Idusogie et al. J. Immunol. 164: 4178-4184 (2000).

[0097] The term “heavy chain-only antibody” or “HCAD” refers to a functional antibody,
which comprises heavy chains, but lacks the light chains usually found in antibodies. Camelid
animals (such as camels, llamas, or alpacas) are known to produce HC Abs.

[0098] The term “single-domain antibody” or “sdAb” refers to a single antigen-binding
polypeptide having three complementary determining regions (CDRs). The sdAb alone is
capable of binding to the antigen without pairing with a corresponding CDR-containing
polypeptide. In some cases, sdAbs are engineered from camelid HCAbs, and their heavy chain
variable domains are referred herein as “VyHs”. Camelid sdAb is one of the smallest known
antigen-binding antibody fragments (see, e.g., Hamers-Casterman et al., Nature 363:446-8
(1993); Greenberg et al., Nature 374:168-73 (1995); Hassanzadeh-Ghassabeh et al.,
Nanomedicine (Lond), 8:1013-26 (2013)).

[0099] “Binding affinity” generally refers to the strength of the sum total of non-covalent
interactions between a single binding site of a molecule (e.g., an antibody) and its binding
partner (e.g., an antigen). Unless indicated otherwise, as used herein, “binding affinity” refers to
intrinsic binding affinity that reflects a 1:1 interaction between members of a binding pair (e.g.,
antibody and antigen). The affinity of a molecule X for its partner Y can generally be represented
by the dissociation constant (Kd). Affinity can be measured by common methods known in the
art, including those described herein. Low-affinity antibodies generally bind antigen slowly and
tend to dissociate readily, whereas high-affinity antibodies generally bind antigen faster and tend
to remain bound longer. A variety of methods of measuring binding affinity are known in the art,
any of which can be used for purposes of the present application. Specific illustrative and
exemplary embodiments for measuring binding affinity are described in the following.

[0100] The “Kd” or “Kd value” as used herein is in one embodiment measured by a
radiolabeled antigen binding assay (RIA) performed with the Fab version of the antibody and

antigen molecule as described by the following assay that measures solution binding affinity of
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Fabs for antigen by equilibrating Fab with a minimal concentration of (**’I)-labeled antigen in
the presence of a titration series of unlabeled antigen, then capturing bound antigen with an anti-
Fab antibody-coated plate (Chen, et al., (1999) J. Mol. Biol 293:865-881). To establish
conditions for the assay, microtiter plates (Dynex) are coated overnight with 5 pug/ml of a
capturing anti-Fab antibody (Cappel Labs) in S0 mM sodium carbonate (pH 9.6), and
subsequently blocked with 2% (w/v) bovine serum albumin in PBS for two to five hours at room
temperature (approximately 23° C.). In a non-adsorbent plate (Nunc #269620), 100 pM or 26 pM
['*I)-antigen are mixed with serial dilutions of a Fab of interest (consistent with assessment of
an anti-VEGF antibody, Fab-12, in Presta e al., (1997) Cancer Res. 57:4593-4599). The Fab of
interest 1s then incubated overnight; however, the incubation may continue for a longer period
(e.g., 65 hours) to insure that equilibrium is reached. Thereafter, the mixtures are transferred to
the capture plate for incubation at room temperature for one hour. The solution is then removed
and the plate washed eight times with 0.1% Tween-20 in PBS. When the plates have dried, 150
ul/well of scintillant (MicroScint-20; Packard) is added, and the plates are counted on a
Topcount gamma counter (Packard) for ten minutes. Concentrations of each Fab that give less
than or equal to 20% of maximal binding are chosen for use in competitive binding assays.
[0101] According to another embodiment, the Kd is measured by using surface-plasmon
resonance assays using a BIACORE®-2000 or a BTACORE®-3000 instrument (BIAcore, Inc.,
Piscataway, N.J.) at 25° C. with immobilized antigen CMS chips at “10 response units (RU).
Briefly, carboxymethylated dextran biosensor chips (CMS, BIAcore Inc.) are activated with N-
ethyl-N'-(3-dimethylaminopropyl)-carbodiimide hydrochloride (EDC) and N-
hydroxysuccinimide (NHS) according to the supplier's instructions. Antigen is diluted with 10
mM sodium acetate, pH 4.8, to 5 ug/ml (0.2 uM) before injection at a flow rate of 5 uL/minute
to achieve approximately 10 response units (RU) of coupled protein. Following the injection of
antigen, 1 M ethanolamine 1s injected to block unreacted groups. For kinetics measurements,
two-fold serial dilutions of Fab (0.78 nM to 500 nM) are injected in PBS with 0.05% TWEEN
20™ surfactant (PBST) at 25° C. at a flow rate of approximately 25 uL./min. Association rates
(kon) and dissociation rates (ko) are calculated using a simple one-to-one Langmuir binding
model (BIAcore® Evaluation Software version 3.2) by simultaneously fitting the association and
dissociation sensorgrams. The equilibrium dissociation constant (Kd) 1s calculated as the ratio
koti'kon. See, e.g., Chen et al., J. Mol. Biol. 293:865-881 (1999). If the on-rate exceeds 10°M !s7!
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by the surface-plasmon resonance assay above, then the on-rate can be determined by using a
fluorescent quenching technique that measures the increase or decrease in fluorescence-emission
intensity (excitation=295 nm; emission=340 nm, 16 nm band-pass) at 25° C. of a 20 nM anti-
antigen antibody (Fab form) in PBS, pH 7.2, in the presence of increasing concentrations of
antigen as measured 1n a spectrometer, such as a stop-flow-equipped spectrophotometer (Aviv
Instruments) or a 8000-series SLM-AMINCO™ spectrophotometer (ThermoSpectronic) with a
stirred cuvette.

9 ¢

[0102] An “on-rate,” “rate of association,” “association rate,” or “ko,” as used herein can also
be determined as described above using a BIACORE®-2000 or a BIACORE®-3000 system
(BIAcore, Inc., Piscataway, N.J.) at 25° C. with immobilized antigen CMS chips at about 10
response units (RU). Briefly, carboxymethylated dextran biosensor ships (CMS, BIAcore Inc.)
are activated with N-ethyl-N'-(3-dimethylamino propyl)-carbodiimide hydrochloride (ECD) and
N-hydroxysuccinimide (NHS) according to the supplier's instructions. Antigen is diluted with 10
mM sodium acetate, pH 4.8, into 5 mg/ml 0.2 mM) before injection at a flow rate of 5 ml/min. to
achieve approximately 10 response units (RU) of coupled protein. Following the injection of
antigen, 1M ethanolamine is added to block unreacted groups. For kinetics measurements, two-
fold serial dilutions of Fab (0.78 nM to 500 nM) are injected in PBS with 0.05% Tween 20
(PBST) at 25° C. at a flow rate of approximately 25 pl/min. Association rates (Ko,) and
dissociation rates (ko) are calculated using a simple one-to-one Langmuir binding model
(BIAcore Evaluation Software version 3.2) by simultaneous fitting the association and
dissociation sensorgram. The equilibrium dissociation constant (Kd) was calculated as the ratio
koti’kon. See, e.g., Chen, Y., et al., (1999) J. Mol. Biol 293:865-881. However, if the on-rate
exceeds 10°M ' S™! by the surface plasmon resonance assay above, then the on-rate is preferably
determined by using a fluorescent quenching technique that measures the increase or decrease in
fluorescence emission intensity (excitation=295 nm; emission=340 nm, 16 nm band-pass) at 25°
C. of a 20 nM anti-antigen antibody (Fab form) in PBS, pH 7.2, in the presence of increasing
concentrations of antigen as measured in a spectrometer, such as a stop-flow equipped
spectrophometer (Aviv Instruments) or a 8000-series SLM-Aminco spectrophotometer
(ThermoSpectronic) with a stirred cuvette.

[0103] “Percent (%) amino acid sequence identity” and “homology” with respect to a peptide,

polypeptide or antibody sequence are defined as the percentage of amino acid residues in a
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candidate sequence that are identical with the amino acid residues in the specific peptide or
polypeptide sequence, after aligning the sequences and introducing gaps, if necessary, to achieve
the maximum percent sequence identity, and not considering any conservative substitutions as
part of the sequence identity. Alignment for purposes of determining percent amino acid
sequence identity can be achieved in various ways that are within the skill in the art, for instance,
using publicly available computer software such as BLAST, BLAST-2, ALIGN or
MEGALIGN™ (DNASTAR) software. Those skilled in the art can determine appropriate
parameters for measuring alignment, including any algorithms needed to achieve maximal
alignment over the full length of the sequences being compared.

[0104] An “isolated” nucleic acid molecule encoding the MABP or sdAb herein 1s a nucleic
acid molecule that is identified and separated from at least one contaminant nucleic acid
molecule with which it is ordinarily associated in the environment in which it was produced.
Preferably, the isolated nucleic acid is free of association with all components associated with
the production environment. The isolated nucleic acid molecules encoding the polypeptides and
antibodies herein is in a form other than in the form or setting in which it is found in nature.
Isolated nucleic acid molecules therefore are distinguished from nucleic acid encoding the
polypeptides and antibodies herein existing naturally in cells.

[0105] The term “control sequences” refers to DNA sequences necessary for the expression of
an operably linked coding sequence in a particular host organism. The control sequences that are
suitable for prokaryotes, for example, include a promoter, optionally an operator sequence, and a
ribosome binding site. Eukaryotic cells are known to utilize promoters, polyadenylation signals,
and enhancers.

[0106] Nucleic acid 1s “operably linked” when it is placed into a functional relationship with
another nucleic acid sequence. For example, DNA for a presequence or secretory leader is
operably linked to DNA for a polypeptide if it is expressed as a preprotein that participates in the
secretion of the polypeptide; a promoter or enhancer is operably linked to a coding sequence if it
affects the transcription of the sequence; or a ribosome binding site is operably linked to a coding
sequence if it 1s positioned so as to facilitate translation. Generally, “operably linked” means that
the DNA sequences being linked are contiguous, and, in the case of a secretory leader,

contiguous and in reading phase. However, enhancers do not have to be contiguous. Linking is
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accomplished by ligation at convenient restriction sites. If such sites do not exist, the synthetic
oligonucleotide adaptors or linkers are used in accordance with conventional practice.

[0107] “Carriers” as used herein include pharmaceutically acceptable carriers, excipients, or
stabilizers that are nontoxic to the cell or mammal being exposed thereto at the dosages and
concentrations employed. Often the physiologically acceptable carrier is an aqueous pH buffered
solution. Examples of physiologically acceptable carriers include buffers such as phosphate,
citrate, and other organic acids; antioxidants including ascorbic acid and methionine;
preservatives (such as octadecyldimethylbenzyl ammonium chloride; hexamethonium chloride;
benzalkonium chloride, benzethonium chloride; phenol, butyl or benzyl alcohol; alkyl parabens
such as methyl or propyl paraben; catechol; resorcinol; cyclohexanol; 3-pentanol; and m-cresol);
low molecular weight (less than about 10 residues) polypeptide; proteins, such as serum albumin,
gelatin, or immunoglobulins; hydrophilic polymers such as polyvinylpyrrolidone; amino acids
such as glycine, glutamine, asparagine, arginine or lysine; monosaccharides, disaccharides, and
other carbohydrates including glucose, mannose, or dextrins; chelating agents such as EDTA,;
sugars such as sucrose, mannitol, trehalose or sorbitol; salt-forming counterions such as sodium;
metal complexes (e.g. Zn-protein complexes); and/or nonionic surfactants such as TWEEN™,
polyethylene glycol (PEG), and PLURONICS™ or polyethylene glycol (PEG).

[0108] The “diluent” of interest herein is one which is pharmaceutically acceptable (safe and
non-toxic for administration to a human) and 1s useful for the preparation of a liquid formulation,
such as a formulation reconstituted after lyophilization. Exemplary diluents include sterile water,
bacteriostatic water for injection (BWFI), a pH buffered solution (e.g. phosphate-buffered saline),
sterile saline solution, Ringer's solution or dextrose solution. In an alternative embodiment,
diluents can include aqueous solutions of salts and/or buffers.

[0109] A “preservative” is a compound which can be added to the formulations herein to
reduce bacterial activity. The addition of a preservative may, for example, facilitate the
production of a multi-use (multiple-dose) formulation. Examples of potential preservatives
include octadecyldimethylbenzyl ammonium chloride, hexamethonium chloride, benzalkonium
chloride (a mixture of alkylbenzyldimethylammonium chlorides in which the alkyl groups are
long-chain compounds), and benzethonium chloride. Other types of preservatives include

aromatic alcohols such as phenol, butyl and benzyl alcohol, alkyl parabens such as methyl or
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propyl paraben, catechol, resorcinol, cyclohexanol, 3-pentanol, and m-cresol. The most preferred
preservative herein is benzyl alcohol.

[0110] The term “pharmaceutical formulation” refers to a preparation that is in such form as to
permit the biological activity of the active ingredient to be effective, and that contains no
additional components that are unacceptably toxic to a subject to which the formulation would be
administered. Such formulations are sterile. A “sterile” formulation is aseptic or free from all
living microorganisms and their spores.

[0111] A “stable” formulation is one in which the protein therein essentially retains its physical
and chemical stability and integrity upon storage. Various analytical techniques for measuring
protein stability are available in the art and are reviewed in Peptide and Protein Drug Delivery,
247-301, Vincent Lee Ed., Marcel Dekker, Inc., New York, N.Y., Pubs. (1991) and Jones, A.
Adv. Drug Delivery Rev. 10: 29-90 (1993). Stability can be measured at a selected temperature
for a selected time period. For rapid screening, the formulation may be kept at 40° C. for 2 weeks
to 1 month, at which time stability is measured. Where the formulation 1s to be stored at 2-8° C.,
generally the formulation should be stable at 30° C. or 40° C. for at least 1 month and/or stable at
2-8° C. for at least 2 years. Where the formulation is to be stored at 30° C., generally the
formulation should be stable for at least 2 years at 30° C. and/or stable at 40° C. for at least 6
months. For example, the extent of aggregation during storage can be used as an indicator of
protein stability. Thus, a “stable” formulation may be one wherein less than about 10% and
preferably less than about 5% of the protein are present as an aggregate in the formulation. In
other embodiments, any increase in aggregate formation during storage of the formulation can be
determined.

[0112] A “reconstituted” formulation is one which has been prepared by dissolving a
lyophilized protein or antibody formulation in a diluent such that the protein 1s dispersed
throughout. The reconstituted formulation is suitable for administration (e.g. subcutaneous
administration) to a patient to be treated with the protein of interest and, in certain embodiments,
may be one which is suitable for parenteral or intravenous administration.

[0113] An “isotonic” formulation is one which has essentially the same osmotic pressure as
human blood. Isotonic formulations will generally have an osmotic pressure from about 250 to
350 mOsm. The term “hypotonic” describes a formulation with an osm<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>