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BISPECIFIC-FC MOLECULES

Cross Reference to Related Applications
This application claims the benefit of US Provisional Application 61/791,424,
filed March 15, 2013, the content of which is incorporated herein by reference in its

entirety.

Field

This invention is in the field of protein engineering.

Background

Bispecific antibodies have promise as therapeutics in a variety of indications.
Bispecific antibodies having a standard 1gG format can be challenging to produce
because they include four different polypeptide chains. The efficacy of a smaller,
more easily-produced bispecific molecule has been clinically demonstrated in non-
Hodgkin's lymphoma. See e.g., Bargou et al. (2008), Science 321(5891). 974-977.
Prolonged administration by continuous intravenous infusion was used to achieve
these results because of the short in vivo half life of this small, single chain molecule.
/d. Hence, there is a need in the art for bispecific therapeutics that retain similar
therapeutic efficacy, that have a format that is straightforward to produce, and that

have favorable pharmacokinetic properties, including a longer half-life.

Summary

A Bispecific-Fc (Bi-Fc) as described herein can bind to two different proteins
and contains an Fc region of an antibody or a portion thereof. A Bi-Fc can have
favorable pharmacokinetic properties relative to a bispecific single chain molecule
lacking an Fc region. One protein bound by a Bi-Fc can be expressed on an immune
effector cell such as a T cell, an NK cell, a neutrophil, or a macrophage, and the other
protein can be expressed on a target cell, for example, a cancer cell, a cell infected by
a pathogen, or a cell mediating a disease, such as a fibroblast causing fibrosis. The

Bi-Fc molecules described herein can elicit activation of an immune effector cell in
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the presence of a target cell and/or killing of a target cell in the presence of an
immune effector cell.

In one aspect, provided herein is a Bi-Fc, which can comprise: (a) (i) a first
polypeptide chain having the formula V1-L1-V2-L2-V3-1L3-V4-L4-Fc, wherein Fc is an
Fc polypeptide chain, wherein V1, V2, V3, and V4 are each immunoglobulin variable
regions that have different amino acid sequences, wherein L1, L2, L3, and L4 are
linkers, and wherein L2 and/or L4 can be present or absent, and (it) a second
polypeptide chain that comprises an Fc polypeptide chain; or (b) (i) a first
polypeptide chain having the formula Fc-L4-V1-L1-V2-L2-V3-L3-V4, wherein Fc is an
Fc polypeptide chain, wherein V1, V2, V3, and V4 are each immunoglobulin variable
regions that have different amino acid sequences, wherein L1, L2, L3, and L4 are
linkers, and wherein L2 and/or L4 can be present or absent, and (it) a second
polypeptide chain that comprises an Fc polypeptide chain; wherein the Bi-Fc
mediates cytolysis of a target cell displaying a target cell protein by an immune
effector cell, and does not mediate cytolysis of a cell not displaying the target cell
protein by the immune effector cell and/or wherein the Bi-Fc can bind to a target cell
and to an immune effector cell. The Fc polypeptide chains in the first and second
polypeptide chains can be human IgG Fc polypeptide chains. V1 can be a heavy
chain variable (VH) region, and V2 can be a light chain variable (VL) region. In an
alternate embodiment, V1 can be a VL region and V2 can be a VH region. V3 and V4
can be a VH and a VL region, respectively, or V3 and V4 can be a VL and a VH region,
respectively. L1 and L3 can be at least 15 amino acids long, and L2, when present,
can be less than 12 amino acids long. V1 and V2 can bind to a target cell or an
immune effector cell when they are part of an IgG and/or an scFv antibody, and V3
and V4 can bind to a target cell or an immune effector cell when they are part of an
IgG and/or an scFv antibody. The Fc polypeptide chain in the first polypeptide chain
can comprise a heterodimerizing alteration, and the Fc polypeptide chain in the
second polypeptide chain can comprise another heterodimerizing alteration. The
heterodimerizing alteration in the first polypeptide chain can be a charge pair
substitution, and the heterodimerizing alteration in the second polypeptide chain
can be a charge pair substitution. The first polypeptide chain can comprise the
charge patr substitutions R409D, R409E, K409D, or K409E and N392D, N392E, K392D

or K392E, and the second polypeptide chain can comprise the charge pair
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substitutions D399K or D399R and E356K, E356R, D356K, or D356R; or the
second polypeptide chain can comprise the charge pair substitutions R409D,
R409E, K409D, or K409E and N392D, N392E, K392D or K392E, and the first
polypeptide chain can comprise the charge pair substitutions D399K or D399R
and E356K, E356R, D356K, or D356R. The Fc polypeptide chains of the first
and second polypeptide chains can be human IgG Fc polypeptide chains, such
as 1gG1, 1gG2, 1gG3, or IgG4 Fc polypeptide chains. The Fc polypeptide chains
of the first and second polypeptide chains can comprise one or more
alterations that inhibit(s) Fc gamma receptor (FcyR) binding or enhance(s)
ADCC. The Fc polypeptide chains of the first and second polypeptide chains
comprise, for example, L234A, L235A, and any substitution at N297.

In a further aspect, described herein is a Bi-Fc, which is monomeric and
comprises: (a) a polypeptide chain comprising an amino acid sequence having
the following formula: V1-L1-V2-L2-V3-L3-V4-L4-Fc; wherein Fc is a human
IgG Fc polypeptide chain which is C-terminal relative to the four
immunoglobulin variable regions; wherein two of V1, V2, V3, and V4 are
immunoglobulin heavy chain variable (VH) regions and the other two are
immunoglobulin light chain variable (VL) regions; wherein either V1 is a VH
region and V2 is a VL region or vice versa and either V3 is a VH region and V4
is a VL region or vice versa; wherein L1, L2, L3, and L4 are linkers; and wherein
L2 is present and wherein L2 is not more than 12 amino acids long; wherein
L1 and L3 are each at least 15 amino acids long; and wherein L4 can be
present or absent; or (b) a polypeptide chain comprising an amino acid
sequence having the following formula: Fc-L4-V1-L1-V2-12-V3-L3-V4;
wherein Fc is a human IgG Fc polypeptide chain which is N-terminal relative to
the four immunoglobulin variable regions; wherein either V1 is a VH region
and V2 is a VL region or vice versa and either V3 is a VH region and V4 is a VL
region ro vice versa; wherein two of V1, V2, V3, and V4 are VH regions and the
other two are VL regions; wherein L1, L2, L3, and L4 are linkers; and wherein L2
is present and wherein L2 is not more than 12 amino acids long; wherein L1
and L3 are each at least 15 amino acids long; and wherein L4 can be present

or absent; wherein the Bi-Fc binds to a target cell and an immune effector cell
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and/or mediates cytolysis of a target cell by an immune effector cell,
wherein the Bi-Fc is a monomer, wherein the polypeptide chain targeting the
effector cell binds to human and/or cynomolgus CD3¢g; and wherein Fc
polypeptide chain of (a) or (b) comprises one or more the following
alterations: K392D, K392E, N392D, N392E, R409D, R409E, K409D, K409E,
D399K, D399R, E356R, E356K, D356R, D356K, Y349T, L351T, L368T, L398T,
F405T, Y407T, and Y407R.

In another aspect, described herein is a Bi-Fc, which is heteromeric,
comprising: (a) (i) a first polypeptide chain comprising an amino acid
sequence having the following formula: V1-1L1-V2-L2-V3-L3-V4-L4-Fc;
wherein Fc is a human IgG Fc polypeptide chain which is C-terminal relative to
the four immunoglobulin variable regions; wherein V1, V2, V3, and V4 are
each immunoglobulin variable regions; wherein L1, L2, L3, and L4 are linkers;
and wherein L4 can be present or absent; and (i) a second polypeptide chain
that comprises a human IgG Fc polypeptide chain; or (b) (i) a first polypeptide
chain having the following formula: Fc-L4-V1-L1-V2-L2-V3-L3-V4; wherein Fc
is a human IgG Fc polypeptide chain which is N-terminal relative to the four
immunoglobulin variable regions; wherein V1, V2, V3, and V4 are each
immunoglobulin variable regions; wherein L1, L2, L3, and L4 are linkers; and
wherein L4 can be present or absent; and (i) a second polypeptide chain that
comprises a human IgG Fc polypeptide chain; wherein the Bi-Fc binds to a
target cell and an immune effector cell and/or mediates cytolysis of a target
cell by an immune effector cell, wherein L1 and L3 are at least 15 amino acids
long, wherein L2 is less than 12 amino acids long, wherein either V1 is a VH
region and V2 is a VL region or vice versa, wherein either V3 is a VH region
and V4 is a VL region or vice versa, wherein the Bi-Fc binds to human and/or
cynomolgus CD3g, wherein the first polypeptide chain comprises the charge
pair substitutions R409D, R409E, K409D, or K409E and N392D, N392E, K392D,
or K392E, and the second polypeptide chain comprises the charge pair
substitutions D399K or D399R and E356K, E356E, D356K, or D356R; or the
second polypeptide chain comprises the charge pair substitutions R409D,
R409E, K409D, or K409E and N392D, N392E, K392D, or K392E, and the first

3b
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polypeptide chain comprises the charge pair substitutions D399K or
D399R and E356K, E356E, D356K, or D356R.

In a further aspect, described herein is a Bi-Fc, which can comprise: (i) a
first polypeptide chain having following formula: V1-L1-V2-L2-V3-L3-V4-L4-
Fc, wherein Fc is an Fc polypeptide chain, wherein V1, V2, V3, and V4 are each
immunoglobulin variable regions that have different amino acid sequences,
wherein L1, L2, L3, and L4 are linkers, and wherein L2 and/or L4 can be present
or absent; and (i) a second polypeptide chain comprising an Fc polypeptide
chain; wherein L1 and L3 are at least 15 amino acids long and L2 is less than
12 amino acids long; wherein either V1 is a VH region and V2 is a VL region or
V1is a VLregion and V2 is a VH region; wherein either V3 is a VH region and
V4 is a VLregion or V3 is a VL region and V4 is a VH region; wherein the Fc
polypeptide chains of each of the first and second polypeptide chains each
contain a heterodimerizing alteration; and wherein the Bi-Fc mediates
cytolysis of a target cell displaying a target cell protein by an immune effector
cell, and does not mediate cytolysis of a cell not displaying the target cell
protein by the immune effector cell, and/or the Bi-Fc can bind to a target cell
and to an immune effector cell. The Fc polypeptide chains can be human IgG
Fc polypeptide chains, such as 1gG1, IgG2, IgG3, or IgG4 Fc polypeptide
chains. The Fc polypeptide chains of the first and second polypeptide chains
can comprise one or more alteration that inhibits FcyR binding, such as one or
more of L234A, L235A, and any substitution at N297.

In a further aspect, a Bi-Fc can comprise: (a) a first polypeptide chain
having the formula V1-L1-V2-L2-V3-L3-V4-L4-Fc, wherein Fc is an Fc
polypeptide chain, wherein V1, V2, V3, and V4 are each immunoglobulin
variable regions that have different amino acid sequences, wherein L1, L2, L3,

and L4 are linkers, and wherein L2

[Text continued on page 4]
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and/or L4 can be present or absent; or (b) a first polypeptide chain having the
following formula: Fc-L4-V1-L1-V2-12-V3-L3-V4, wherein Fc is an Fc polypeptide
chain, wherein V1, V2, V3, and V4 are each immunoglobulin variable regions that
have different amino acid sequences, wherein L1, L2, L3, and L4 are linkers, and
wherein L2 and/or L4 can be present or absent; wherein the Bi-Fc is a monomer; and
wherein the Bi-Fc mediates cytolysis of a target cell displaying a target cell protein
by an immune effector cell, and does not mediate cytolysis of a cell not displaying
the target cell protein by the immune effector cell, and/or the Bi-Fc can bind to a
target cell and to an immune effector cell. The Fc polypeptide chain can be a human
IlgG Fc polypeptide chain, such as IgG1, IgG2, IgG3, or IgG4 Fc polypeptide chain.
The Fc polypeptide chain of (a) or (b) can comprise one or more the following
alterations: K392D, K392E, N392D, N392E, R409E, R409E, K409D, K409E, Y349T,
L351T, L368T, L398T, F405T, Y407T, Y407R, D399K, D399R, D356K, and/or D356R. The
Fc polypeptide chain of (a) or (b) can comprise one or more alteration that inhibits
FcyR binding, such as one or more of L234A, L235A, and any substitution at N297.

The immune effector cell of any Bi-Fc described herein can be a human T cell
and/or a cynomolgus monkey T cell. The effector cell protein of any Bi-Fc described
herein can be part of the human and/or cynomolgus monkey TCR-CD3 complex. The
effector cell protein of any Bi-Fc described herein can be the human and/or
cynomolgus monkey TCRa, TCRB, TCRy, TCR3, CD3f chain, CD3y chain, CD35 chain,
CD3¢ chain, or CD3( chain. In some embodiments, the effector cell protein is CD3e.
In such embodiments, one VH region of the Bi-Fc can have a CDR1 having the amino
acid sequence of SEQ ID NO:48, a CDR2 having the amino acid sequence of SEQ ID
NO:49, and a CDR3 having the amino acid sequence of SEQ ID NO:50, and on VL
region of the Bi-Fc can have a CDR1 having the amino acid sequence of SEQ ID
NO:51, a CDR2 having the amino acid sequence of SEQ ID NO:52, and a CDR3 having
the amino acid sequence of SEQ ID NO:53. In another such embodiment, one VH
region of the Bi-Fc can have a CDR1 having the amino acid sequence of SEQ ID
NO:54, a CDR2 having the amino acid sequence of SEQ ID NO:55, and a CDR3 having
the amino acid sequence of SEQ ID NO:56, and on VL region of the Bi-Fc can have a
CDR1 having the amino acid sequence of SEQ ID NO:57, a CDR2 having the amino
acid sequence of SEQ ID NO:58, and a CDR3 having the amino acid sequence of SEQ
ID NO:59.
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If the effector cell protein is the CD3¢ chain, the Bi-Fc can comprise a VH
region and a VL comprising the amino acid sequences of SEQ ID NOs:7 and 8,
respectively, or comprising the amino acid sequences of SEQ ID NOs:29 and 31,
respectively. Alternatively such a Bi-Fc can comprise a VH region comprising an
amino acid sequence at least 95% identical to SEQ ID NO:7 or SEQ ID NO:29 and a
VL region comprising an amino acid sequence at least 95% identical to SEQ ID NO:8
or SEQ ID NO:31, wherein the identity region is at least 50, 60, 70, 80, 90, or 100
amino acids long.

The target cell of any Bi-Fc can be a cancer cell, a cell infected by a pathogen,
or a cell that mediates disease. If the target cell is a cancer cell, the cancer can be a
hematologic malignancy or a solid tumor malignancy. If the target cell is a cancer
cell, the Bi-Fc can bind to a cancer cell antigen such as epidermal growth factor
receptor (EGFR), EGFRvIII (a mutant form of EGFR), melanoma-associated chondroitin
sulfate proteoglycan (MCSP), mesothelin (MSLN), folate receptor 1 (FOLR1), CD133,
CDH19, and human epidermal growth factor 2 (HER2), among many others. If the
target cell is a cell infected by a pathogen, the pathogen can be virus, including
human immunodeficiency virus, hepatitis virus, human papilloma virus, or
cytomegalovirus, or a bacterium of the genus Listeria, Mycobacterium,
Staphylococcus, or Streptococcus. If the target cell is a cell that mediates a disease,
the target cell can be a cell that mediates a fibrotic disease or an autoimmune or
inflammatory disease.

Provided herein are pharmaceutical formulations comprising any of the Bi-Fc
molecules described herein and a physiologically acceptable excipient.

Further provided herein are nucleic acids encoding any of the Bi-Fc described
herein and vectors containing such nucleic acids, as well as host cell containing such
nucleic acids and/or vectors. In another aspect, described herein is a method for
making a Bi-Fc comprising culturing the host cell containing the nucleic acids or
vector under conditions such that the nucleic acids are expressed, and recovering the
Bi-Fc from the cell mass or the culture medium.

In another aspect, provided herein is a method for treating a cancer patient
comprising administering to the patient a therapeutically effective dose of any of the
Bi-Fc molecules described herein, wherein the target cell of the Bi-Fc is a cancer cell.

This method can further comprise administering radiation, a chemotherapeutic

5
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agent, or a non-chemotherapeutic, anti-neoplastic agent before, after, or
concurrently with the administration of the Bi-Fc. The patient can have a
hematologic malignancy or a solid tumor malignancy.

In a further embodiment, described herein is a method for treating a patient
having a fibrotic disease comprising administering to the patient a therapeutically
effective dose of any of the Bi-Fc molecules described herein, wherein the target cell
of the Bi-Fc is a fibrotic cell . The Bi-Fc can be administered concurrently with,
before, or after the administration of other therapeutics used to treat the disease.
The fibrotic disease can be atherosclerosis, chronic obstructive pulmonary disease
(COPD), cirrhosis, scleroderma, kidney transplant fibrosis, kidney allograft
nephropathy, or a pulmonary fibrosis, including idiopathic pulmonary fibrosis.

In still another aspect, described herein is a method for treating a patient
having a disease mediated by a pathogen comprising administering to the patient a
therapeutically effective dose of any of the Bi-Fc molecules described herein. The
pathogen can be a virus, a bacterium, or a protozoan. The Bi-Fc can be administered
concurrently with, before, or after the administration of other therapeutics used to
treat the pathogen-mediated disease.

Also provided herein are a pharmaceutical compositions comprising any of
the Bi-Fc molecules described herein plus a physiologically acceptable excipient.
Such compositions can be for the treatment of a cancer, an infectious disease, an

autoimmune or inflammatory disease, or a fibrotic disease.

Brief Description of the Figures
Figure 1: Diagrams of exemplary heterodimeric and monomeric Bi-Fc molecules.
Four immunoglobulin variable regions are indicated by ovals and labeled V1, V2, V3,
and V4. CH2 and CH3 regions are labeled as such and diagramed as elongated
hexagons. Lines between these regions indicate linkers or a hinge region.
Exemplary disulfide bridges are indicated by horizontal lines. Panels A and C depict
heterodimeric Bi-Fc's, and panels B and D depict monomeric Be-Fc's.
Figure 2: Binding of a heterodimeric Bi-Fc to target cells and immune effector cells.
Methods are described in Example 2. Mean fluorescence intensity (MFI) is indicated
on the x axis, and the number of cells is indicated on the y axis. The unfilled profiles

represent data from cells in the absence of one of the bispecific molecules, and the
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solidly filled profiles represent data from cells in the presence of one of the bispecific
molecules. As indicated in the figure, panels at left represent data from samples
containing the heterodimeric anti-HER2/CD3¢ Bi-Fc, and panels at right represent
data from samples containing the single chain anti-HER2/CD3¢. Top two panels
represent data from samples containing JIMT-1 cells (which express the target cell
protein HER2), and bottom two panels represent data from samples containing T
cells (which express the effector cell protein CD3g).

Figure 3: Cytolytic activity of a heterodimeric anti-FOLR1/CD3¢ Bi-Fc and a single
chain anti-FOLR1/CD3e molecule. Methods are described in Example 3. The x axis in
each panel indicates the concentration of the Bi-Fc or single chain molecule (pM) in
each sample. They axis in each panel indicates the percent specific lysis calculated
as described in Example 3. Open circles connected by a dashed line indicate data
from samples containing the single chain molecule, and filled circles connected by a
solid line indicate data from the Bi-Fc molecule. The top, middle, and bottom panels,
as indicated, show data from Cal-51 cells (which express FOLR1), T47D cells (which
express FOLR1), and BT474 cells (which do not express FOLR1), respectively.

Figure 4: Cytolytic activity of a heterodimeric anti-HER2/CD3¢ Bi-Fc and a single
chain anti-HER2/CD3e molecule. Methods are described in Example 3. The x axis in
each panel indicates the concentration of the Bi-Fc or single chain molecule (pM) in
each sample. The y axis in each panel indicates the percent specific lysis calculated
as described in Example 3. Open circles connected by a dashed line indicate data
from samples containing the single chain molecule, and filled circles connected by a
solid line indicate data from the Bi-Fc molecule. The top, middle, and bottom panels,
as indicated, show data from JIMT-1 cells (which express HER2), T47D cells (which
express HER2), and SHP77 cells (which do not express HER2), respectively.

Figure 5: Cytokine production by T cells in the presence of a heterodimeric anti-
FOLR1/CD3e Bi-Fc or single chain molecule. Methods are described in Example 4.
Open circles connected by dashed lines indicate data from assays containing the
heterodimeric anti-FOLR1/CD3¢ Bi-Fc, and solidly filled circles connected by solid
lines indicate data from the single chain anti-FOLR1/CD3¢ molecule. The x axis in
each panel indicates the concentration of the Bi-Fc or single chain molecule (pM) in

each assay. The y axis indicates the concentration and identity of the cytokine
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detected (pg/mL). Figure 5A shows data for interferon gamma (IFNy, top), tumor
necrosis factor alpha (TNFa, middle), and interleukin-10 (IL-10, bottom), and Figure
5B shows data for interleukin-2 (IL-2, top) and interleukin-13 (IL-13, bottom), as
indicated. As indicated, panels on the left show data from samples containing T47D
cells (which express FOLR1), and panels on the right show data from samples
containing BT474 cells (which do not express FOLR1).

Figure 6: Cytokine production by T cells in the presence of an anti-HER2/CD3¢
heterodimeric Bi-Fc or single chain molecule. Methods are described in Example 4.
Open circles connected by dashed lines indicate data from assays containing the
heterodimeric anti-HER2/CD3¢ Bi-Fc, and solidly filled circles connected by solid
lines indicate data from the single chain anti-HER2/CD3¢ molecule. The x axis in
each panel indicates the concentration of the Bi-Fc or single chain molecule (pM) in
each assay. The y axis indicates the concentration and identity of the cytokine
detected (pg/mL). Figure 6A data for IFNy (top), TNFo (middle), and IL-10 (bottom),
and Figure 6B shows data for IL-2 (top) and IL-13 (bottom), as indicated. As
indicated, panels on the left show data from samples containing JIMT-1 cells (which
express HER2), and panels on the right show data from samples containing SHP77
cells (which do not express HER2).

Figure 7: Percentage of CD25" and CD69" cells in the presence of an anti-
HER2/CD3¢ heterodimeric Bi-Fc or single chain molecule. Methods are described in
Example 5. The x axis indicates the concentration (pM) of the anti-HER2/CD3¢
heterodimeric Bi-Fc or single chain molecule. The y axis indicates the percent of
CD3" T cells that are also CD25" (left panel) or CD69" (right panel) cells. Symbols
indicate as follows: open squares connected by dashed line, the single chain
molecule plus JIMT-1 target cells; solidly filled, downward pointing triangles
connected by a solid line, the Bi-Fc molecule plus JIMT-1 target cells; open circles
connected by a dashed line, the single chain molecule without JIMT-1 target cells;
and solidly filled, upward pointing triangles connected by a solid line, the Bi-Fc
without JIMT-1 target cells.

Figure 8: Pharmacokinetic properties of a heterodimeric Bi-Fc and a single chain
bispecific molecule in mice. Methods are described in Example 6. In the top panel, a
pharmacokinetic profile following an intravenous injection is shown, and below is
shown the profile following a subcutaneous injection. Solidly filled circles connected
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by a solid line indicate data from the anti-HER2/CD3¢ single chain molecule, and
asterisks connected by a solid line indicate data from the heterodimeric anti-HER2
/CD3¢ Bi-Fc molecule.

Figure 9: Binding of anti-CD33/CD3¢ molecules to various cell types. Experimental
procedures are described in Example 8. Open circles with dotted lines represent
data from cultures containing the single chain anti-CD33/CD3g, and filled circles with
solid lines represent data from cultures containing the monomeric anti-CD33/CD3¢
Bi-Fc. As indicated, panels A, B, C, D, and E show data on binding to Molm-13 cells,
Namalwa cells, human pan T cells, human peripheral blood mononuclear cells
(PBMCs), and cynomolgus monkey PBMCs, respectively.

Figure 10: Lysis of Molm-13 cells, but not Namalwa cells, in the presence of PBMCs
from cynomolgus monkey and a bispecific anti-CD33/CD3g molecule. Experimental
procedures are described in Example 9. Open circles with dotted lines represent
data from cultures containing the single chain anti-CD33/CD3g, and filled circles with
solid lines represent data from cultures containing the monomeric anti-CD33/CD3¢
Bi-Fc. Cultures contained PBMCs, a bispecific anti-CD33/CD3¢ molecule, and either
Molm-13 cells (panel A) or Namalwa cells (panel B).

Figure 11: Lysis of Molm-13 cells, but not Namalwa cells, in the presence of pan T
cells and a bispecific anti-CD33/CD3¢ molecule. Experimental procedures are
described in Example 9. Open circles with dotted lines represent data from cultures
containing the single chain anti-CD33/CD3g, and filled circles with solid lines
represent data from cultures containing the monomeric anti-CD33/CD3¢ Bi-Fc.
Cultures contained pan T cells, a bispecific anti-CD33/CD3¢ molecule, and either
Molm-13 cells (panel A) or Namalwa cells (panel B).

Figure 12: Lysis of CD33-expressing tumor cells in the presence of PBMCs and
either the monomeric anti-CD33/CD3¢ Bi-Fc or the single chain anti-CD33/CD3k.
Experimental procedures are described in Example 10. The graphs show data from
cultures containing an anti-CD33/CD3¢ molecule and CD33-expressing Molm-13
cells, plus either human PBMCs (panel A) or cynomulgus monkey PBMCs (panel B).
Open circles with dotted lines represent data from cultures containing the single
chain anti-CD33/CD3k¢, and filled circles with solid lines represent data from cultures

containing the monomeric anti-CD33/CD3¢ Bi-Fc.
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Figure 13: Release of interferon gamma (IFN-y) by PBMCs in the presence of a
monomeric anti-CD33/CD3¢ Bi-Fc and CD33-expressing tumor cells. Experimental
procedures are described in Example 10. The graphs show data from cultures
containing an anti-CD33/CD3¢ molecule plus CD33-expressing Molm-13 cells plus
either human PBMCs (panel A) or cynomulgus monkey PBMCs (panel B). Open
circles with dotted lines represent data from cultures containing the single chain
anti-CD33/CD3k, and filled circles with solid lines represent data from cultures
containing the monomeric anti-CD33/CD3¢ Bi-Fc.

Figure 14: Proliferation and CD25 expression by T cells. Experimental procedures
are described in Example 11. As indicated, graphs in the left column represent data
from cell cultures containing Molm-13 cells (which express CD33) and pan T cells,
and graphs in the right column represent data from cell cultures containing
Namalwa cells (which do not express CD33) and pan T cells. As indicated, panel A
shows the percent of proliferating T cells in the cultures, and panel B shows the
percent of CD25 positive T cells in the culture. Open circles with dotted lines
represent data from cultures containing the single chain anti-CD33/CD3g, and filled
circles with solid lines represent data from cultures containing the monomeric anti-
CD33/CD3¢ Bi-Fc.

Figure 15: Cytokine release by T cells in the presence of a monomeric anti-
CD33/CD3¢ Bi-Fc and CD33-expressing tumor cells. Experimental procedures are
described in Example 11. As indicated, graphs in the left column represent data from
cell cultures containing Molm-13 cells (which express CD33) and pan T cells, and
graphs in the right column represent data from cell cultures containing Namalwa
cells (which do not express CD33) and pan T cells. Open circles with dotted lines
represent data from cultures containing the single chain anti-CD33/CD3g, and filled
circles with solid lines represent data from cultures containing the monomeric anti-
CD33/CD3¢ Bi-Fc. The cytokine assayed is indicated at left of each panel.

Figure 16: /n vivo inhibition of tumor growth by a heterodimeric anti-FOLR1/CD3e
Bi-Fc . Methods are described in Example 13. The x axis show the time (days)
elapsed since three million FOLR1-expressing, NCI-N87-luc tumor cells were
implanted into the mice. The y axis shows tumor volume (mm?). Symbols signify the

treatment used for each group of mice as follows: vehicle (25 mM lysine-
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hydrochloride, 0.002% Tween 80 in 0.9% NaCl, pH 7.0), solidly filled triangle; single
chain anti-FOLR1/CD3¢ bispecific, solidly filled circles; and heterodimeric anti-
FOLR1/CD3¢ Bi-Fc, open circles.

Figure 17: /n vivo inhibition of tumor growth by a heterodimeric anti-CD33/CD3¢
Bi-Fc and a monomeric anti-CD33/CD3¢ Bi-Fc. Methods are described in Example 14.
The x axis shows the time (days) elapsed since one million tumor cells were
implanted subcutaneously into the right flank of each mouse. The y axis shows
bioluminescence, which reflects the number of tumor cells present. The vertical
dotted line indicates the time at which 20 x 10° human T cells were injected into the
mice. Symbols signify the treatment used for each group of mice as follows: vehicle
(25 mM lysine-hydrochloride, 0.002% Tween 80 in 0.9% NaCl, pH 7.0), solidly filled
triangle; single chain anti-MEC/CD3¢ bispecific, open triangle; single chain anti-
CD33/CD3¢ bispecific, open squares; heterodimeric anti-CD33/CD3¢ Bi-Fc, open
circles; monomeric anti-CD33/CD3¢ Bi-Fc, solidly filled squares; and naive animals,
solidly filled circles.

Figure 18: /n vivo inhibition of tumor growth by a monomeric anti-CD33/CD3¢ Bi-
Fc. Methods are described in Example 15. The x axis shows the time (days) elapsed
since one million tumor cells were implanted subcutaneously into the right flank of
each mouse. The y axis shows tumor bioluminescence. The vertical dotted line
indicates the time at which 20 x 10° human T cells were injected into the mice.
Symbols signify the treatment used for each group of mice as follows: vehicle (25
mM lysine-hydrochloride, 0.002% Tween 80 in 0.9% NaCl, pH 7.0), solidly filled
triangle; a monomeric anti-CD33/CD3¢ Bi-Fc (N297G), solidly filled square; a

monomeric anti-CD33/CD3e Bi-Fc (N297 wild type), open squares; and naive animals,

filled circles.

Brief Description of the Sequences
SEQ ID NO Description
SEQ ID NO:1 Amino acid sequence preceding VH CDR1
SEQ ID NO:2 Amino acid sequence preceding VH CDR2
SEQ ID NO:3 Amino acid sequence following VH CDR3
SEQ ID NO:4 Amino acid sequence following light chain CDR3
SEQ ID NO:5 Amino acid sequence of anti-HER2 VH region
SEQ ID NO:6 Amino acid sequence of anit-HER2 VL region
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SEQ ID NO Description

SEQ ID NO:7 Amino acid sequence of anti CD3¢ VH region

SEQ ID NO:8 Amino acid sequence of anti-CD3¢ VL region

SEQ ID NO:9 Amino acid sequence of a single chain anti-HER2/CD3¢
(P136629.3)

SEQ ID NO:10 Amino acid sequence of a first polypeptide chain of a
heterodimeric anti-HER2/CD3¢ of a Bi-Fc

SEQ ID NO:11 Nucleic acid sequence encoding SEQ ID NO:10

SEQ ID NO:12 Amino acid sequence of a human IgG1 Fc polypeptide containing
alterations D356K and D399K

SEQ ID NO:13 Nucleic acid sequence encoding SEQ ID NO:12

SEQ ID NO:14 Amino acid sequence of a single chain anti-FOLR1/CD3¢ molecule

SEQ ID NO:15 Amino acid sequence of a first polypeptide chain of a
heterodimeric anti-FOLR1/CD3¢ molecule

SEQ ID NO:16 Nucleic acid sequence encoding SEQ ID NO:15

SEQ ID NO:17 Amino acid sequence of a linker

SEQ ID NO:18 Amino acid sequence of a linker

SEQ ID NO:19 Amino acid sequence of a linker

SEQ ID NO:20 Amino acid sequence of a linker

SEQ ID NO:21 Amino acid sequence of a linker

SEQ ID NO:22 Mature amino acid sequence of CD3 epsilon chain of Homo
saplens

SEQ ID NO:23 Mature amino acid sequence of CD3 epsilon chain of Macaca
fascicularis

SEQ ID NO:24 A portion of an epitope that is part of CD3 epsilon

SEQ ID NO:25 Amino acid sequence of human IgG1 Fc region

SEQ ID NO:26 Amino acid sequence of human IgG2 Fc region

SEQ ID NO:27 Amino acid sequence of human IgG3 Fc region

SEQ ID NO:28 Amino acid sequence of human IgG4 Fc region

SEQ ID NO:29 Amino acid sequence of an anti-CD3¢ VH region

SEQ ID NO:30 Nucleic acid sequence encoding SEQ ID NO:29

SEQ ID NO:31 Amino acid sequence of an anti-CD3¢ VL region

SEQ ID NO:32 Nucleic acid sequence encoding SEQ ID NO:31

SEQ ID NO:33 Amino acid sequence of an anti-CD33/CD3¢ single chain
molecule

SEQ ID NO:34 Amino acid sequence of monomeric anti-CD33/CD3¢ Bi-Fc

SEQ ID NO:35 Nucleic acid sequence encoding SEQ ID NO:34

SEQ ID NO:36 Amino acid sequence of an insertion that prolongs half life

SEQ ID NO:37 Amino acid sequence of an insertion that prolongs half life

SEQ ID NO:38 Amino acid sequence of an insertion that prolongs half life

SEQ ID NO:39 Amino acid sequence of an insertion that prolongs half life

SEQ ID NO:40 Amino acid sequence of an insertion that prolongs half life

SEQ ID NO:41 Amino acid sequence of an insertion that prolongs half life

SEQ ID NO:42 Amino acid sequence of an insertion that prolongs half life

SEQ ID NO:43 Amino acid sequence of an insertion that prolongs half life

SEQ ID NO:44 Amino acid sequence of an insertion that prolongs half life

SEQ ID NO:45 Amino acid sequence of an insertion that prolongs half life
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SEQ ID NO Description
SEQ ID NO:46 Amino acid sequence of an insertion that prolongs half life
SEQ ID NO:47 Amino acid sequence of an insertion that prolongs half life
SEQ ID NO:48 Amino acid sequence of a VH region CDR1 of SEQ ID NO:7
SEQ ID NO:49 Amino acid sequence of a VH region CDR2 of SEQ ID NO:7
SEQ ID NO:50 Amino acid sequence of a VH region CDR3 of SEQ ID NO:7
SEQ ID NO:51 Amino acid sequence of a VL region CDR1 of SEQ ID NO:8
SEQ ID NO:52 Amino acid sequence of a VL region CDR2 of SEQ ID NO:8
SEQ ID NO:53 Amino acid sequence of a VL region CDR3 of SEQ ID NO:8
SEQ ID NO:54 Amino acid sequence of a VH region CDR1 of SEQ ID NO:29
SEQ ID NO:55 Amino acid sequence of a VH region CDR2 of SEQ ID NO:29
SEQ ID NO:56 Amino acid sequence of a VH region CDR3 of SEQ ID NO:29
SEQ ID NO:57 Amino acid sequence of a VL region CDR1 of SEQ ID NO:31
SEQ ID NO:58 Amino acid sequence of a VL region CDR2 of SEQ ID NO:31
SEQ ID NO:59 Amino acid sequence of a VL region CDR3 of SEQ ID NO:31
SEQ ID NO:60 Amino acid sequence of a VH region CDR1 of SEQ ID NO:5
SEQ ID NO:61 Amino acid sequence of a VH region CDR2 of SEQ ID NO:5
SEQ ID NO:62 Amino acid sequence of a VH region CDR3 of SEQ ID NO:5
SEQ ID NO:63 Amino acid sequence of a VL region CDR1 of SEQ ID NO:6
SEQ ID NO:64 Amino acid sequence of a VL region CDR2 of SEQ ID NO:6
SEQ ID NO:65 Amino acid sequence of a VL region CDR3 of SEQ ID NO:6
SEQ ID NO:66 Amino acid sequence of a VH region CDR1 of SEQ ID NO:15
SEQ ID NO:67 Amino acid sequence of a VH region CDR2 of SEQ ID NO:15
SEQ ID NO:68 Amino acid sequence of a VH region CDR3 of SEQ ID NO:15
SEQ ID NO:69 Amino acid sequence of a VL region CDR1 of SEQ ID NO:15
SEQ ID NO:70 Amino acid sequence of a VL region CDR2 of SEQ ID NO:15
SEQ ID NO:71 Amino acid sequence of a VL region CDR3 of SEQ ID NO:15
SEQ ID NO:72 Amino acid sequence of a VH region CDR1 of SEQ ID NO:34
SEQ ID NO:73 Amino acid sequence of a VH region CDR2 of SEQ ID NO:34
SEQ ID NO:74 Amino acid sequence of a VH region CDR3 of SEQ ID NO:34
SEQ ID NO:75 Amino acid sequence of a VL region CDR1 of SEQ ID NO:34
SEQ ID NO:76 Amino acid sequence of a VL region CDR2 of SEQ ID NO:34
SEQ ID NO:77 Amino acid sequence of a VL region CDR3 of SEQ ID NO:34
SEQ ID NO:78 Amino acid sequence of an anti-Mec/CD3¢ single chain molecule
SEQ ID NO:79 Nucleic acid sequence encoding SEQ ID NO:78
SEQ ID NO:80 Amino acid sequence of the first polypeptide chain of a
heterodimeric anti-CD33/CD3¢ Bi-Fc
SEQ ID NO:81 Nucleic acid sequence encoding SEQ ID NO:80
SEQ ID NO:82 Amino acid sequence of the second polypeptide chain of a
heterodimeric anti-CD33/CD3¢ Bi-Fc, which comprises an Fc
polypeptide chain
SEQ ID NO:83 Nucleic acid sequence encoding SEQ ID NO:82
SEQ ID NO:84 Amino acid sequence of a monomeric anti-CD33/CD3¢ Bi-Fc
SEQ ID NO:85 Nucleic acids sequence encoding SEQ ID NO:84
SEQ ID NO:86 Amino acid sequence of a first polypeptide chain of a
heterodimeric anti-FOLR1/CD3¢ Bi-Fc molecule
SEQ ID NO:87 Nucleic acid sequence encoding SEQ ID NO:86
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SEQID NO Description

SEQ ID NO:88 Amino acid sequence of the second polypeptide chain of the
heterodimeric anti-FOLR1/CD3¢ Bi-Fc molecule where SEQ ID
NO:86 is the amino acid sequence of the first polypeptide chain

SEQ ID NO:89 Nucleic acid sequence encoding SEQ ID NO:88

SEQ ID NO:90 Amino acid sequence of a single chain anti-FOLR1/CD3¢
bispecific

SEQ ID NO:91 Nucleic acid sequence encoding SEQ ID NO:90

Detailed Description

Described is a new form of bispecific antibody, called herein a Bi-Fc, which
contains one polypeptide chain or two different polypeptide chains. One chain
comprises two heavy chain variable (VH) regions, two light chain variable (VL)
regions, and an Fc polypeptide chain, and an optional second polypeptide chain
comprises an Fc polypeptide chain. In some embodiments, one of the proteins to
which the Bi-Fc binds is expressed on the surface of an immune effector cell, such as
a T cell, an NK cell, a macrophage, or a neutrophil, and the other protein to which the
Bi-Fc binds is expressed on the surface of a target cell, for example a cancer cell, a
cell infected by a pathogen, or a cell that mediates a disease, such as, for example, a
fibrotic disease. Since a Bi-Fc has only one binding site for each of these proteins
(ie, it binds each protein “monovalently,” as meant herein), its binding, by itself, will
not oligomerize the proteins it binds to on a cell surface. For example, if it binds to
CD3 on the surface of a T cell, CD3 will not be oligomerized on the T cell surface in
the absence of a target cell. Oligomerization of CD3 can cause a generalized
activation of a T cell or downmodulation of CD3 on the T cell, which can be
undesirable. The Bi-Fc tethers an immune effector cell to a target cell, thereby
eliciting specific cytolytic activity against the target cell, rather than a generalized
inflammatory response. Further, the Bi-Fc molecules have favorable pharmacokinetic
properties and are not unduly complex to manufacture since they contain only one or
only two different polypeptide chains.

Definitions

Throughout the specification and claims, unless the context requires otherwise, the

word “comprise” or variations such as “comprises” or “comprising”, will be

14a




2014228829 04 Jan 2019

[y
o

15

understood to imply the inclusion of a stated integer or group of integers but not the

exclusion of any other integer or group of integers.

An “antibody,” as meant herein, is a protein containing at least one VH or VL region,
tn many cases both a heavy and a light chain variable region. Thus, the term
"antibody” encompasses molecules having a variety of formats, including single chain

Fv antibodies (scFv, which contain VH and VL regions joined by a linker), Fab,

[Text continued on page 15]
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F(ab),', Fab’, scFv:Fc antibodies (as described in Carayannopoulos and Capra, Ch. 9 in
FUNDAMENTAL IMMUNOLOGY, 3" ed., Paul, ed., Raven Press, New York, 1993, pp. 284-
286) or full length antibodies containing two full length heavy and two full length
light chains, such as naturally-occurring 1gG antibodies found in mammals. /d. Such
IgG antibodies can be of the IgG1, IgG2, IgG3, or IgG4 isotype and can be human or
humanized antibodies. The portions of Carayannopoulos and Capra that describe
the structure of antibodies are incorporated herein by reference. Further, the term
"antibody” includes dimeric antibodies containing two heavy chains and no light
chains such as the naturally-occurring antibodies found in camels and other
dromedary species and sharks. See e.g, Muldermans et a/, 2001, J. Biotechnol.
74:277-302; Desmyter et al, 2001, J. Biol. Chem. 276:26285-90; Streltsov et al (2005),
Protein Science 14: 2901-2909. An antibody can be “monospecific” (that s,
binding to only one kind of antigen), "bispecific” (that is, binding to two different
antigens), or “multispecific” (that is, binding to more than one different antigen).
Further, an antibody can be monovalent, bivalent, or multivalent, meaning that it can
bind to one, two, or multiple antigen molecules at once, respectively. An antibody
binds “monovalently” to a particular protein when one molecule of the antibody
binds to only one molecule of the protein, even though the antibody may also bind
to a different protein as well. That is, an antibody binds "monovalently,” as meant
herein, to two different proteins when it binds to only one molecule of each protein.
Such an antibody is “bispecific” and binds to each of two different proteins
“monovalently.” An antibody can be “monomeric,” Le, comprising a single
polypeptide chain. An antibody can comprise multiple polypeptide chains
("multimeric”) or can comprise two (“dimeric”), three ("trimeric”), or four
(“tetrameric”) polypeptide chains. If multimeric, an antibody can be a
homomulitmer, Le, containing more than one molecule of only one kind of
polypeptide chain, including homodimers, homotrimer, or homotetramers.
Alternatively, a multimeric antibody can be a heteromultimer, Le, containing more
than one different kind of polypeptide chain, including heterodimers, heterotrimers,
or heterotetramers. An antibody can have a variety of possible formats including,
for example, monospecific monovalent antibodies (as described in International
Application WO 2009/089004 and US Publication 2007/0105199, the relevant

portions of which are incorporated herein by reference) that may inhibit or activate

15



10

15

20

25

30

WO 2014/144722 PCT/US2014/029253

the molecule to which they bind, bivalent monospecific or bispecific dimeric Fv-Fc,
scFv-Fc, or diabody Fc, monospecific monovalent scFv-Fc/Fc's, the multispecific
binding proteins and dual variable domain immunoglobulins described in US
Publication 2009/0311253 (the relevant portions of which are incorporated herein by
reference), the heterodimeric bispecific antibodies described herein, and the many
formats for bispecific antibodies described in Chapters 1,4, 5, 6,7, 8,9, 10, 11, 12, 13,
14 of BIsPECIFIC ANTIBODIES, Kontermann, ed., Springer, 2011 (which chapters are
incorporated herein by reference), among many other possible antibody formats.

A “Bi-Fc,” as meant herein, comprises a first polypeptide chain and,
optionally, a second polypeptide chain. In many embodiments, a Bi-Fc comprises
both a first and a second polypeptide chain. In some embodiments, a Bi-Fc is a
monomer comprising only the first polypeptide chain. The first polypeptide chain
comprises two VH regions and two VL regions that can be separated by linkers and
an Fc polypeptide chain. The Fc polypeptide chain can be N-terminal or C-terminal
relative to the four immunoglobulin variable regions, and it can be joined to the
variable regions via a linker. This linker can be present or absent. The second
polypeptide chain, if present, comprises an Fc polypeptide chain. Thus, a Bi-Fc can
be a monomer or a heterodimer. A Bi-Fc can bind to an immune effector cell via an
effector cell protein and to a target cell via a target cell protein and can mediate
cytolysis of a target cell by an immune effector cell.

Monomeric Fc polypeptides are described in detail in United States Patent
Application Publication 2012/244578, the relevant portions of which are
incorporated herein by reference. A monomeric Bi-Fc can comprise an altered Fc
polypeptide chain that is more stable as a monomer than a naturally-occurring Fc
polypeptide chain. Briefly, such monomers can comprise an altered human IgG Fc
polypeptide comprising the following alterations: (1) K409D, K409E, R409D, or
R409E; (2) K392D, K392E, N392D or N392E; and (3) F405T or Y349T. In alternate
embodiments, positions 409 and 392 are not altered, and other alterations are
present, which can include one or more or the alterations described in the definition
of "heterodimerizing alterations” below, including, e.g.,, D399K, D399R, E356K, E356R,
D356K, and/or D356R. Such “heterodimerizing alterations” are described below and
in US Patent 8,592,562, the relevant portions of which are incorporated herein by

reference. Alterations of amino acids within an Fc polypeptide chain are denoted as
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follows. The amino acid normally present a given position is named in one letter
code, followed the position numbered according to EU numbering (as shown in
Table 2 below), followed by the amino acid replacing the amino acid normally
present at that position. For example, the designation “N297G" means that the
asparagine normally present at position 297 has been changed to glycine. Further,
the Fc polypeptide chain portion of a monomeric Bi-Fc may lack a hinge region (as
defined in connection with Table 2 below) or may have deleted or altered cysteine
residues in its hinge region.

A “cancer cell antigen,” as meant herein, is a protein expressed on the
surface of a cancer cell. Some cancer cell antigens are also expressed on some
normal cells, and some are specific to cancer cells. Cancer cell antigens can be
highly expressed on the surface of a cancer cell. There are a wide variety of cancer
cell antigens. Examples of cancer cell antigens include, without limitation, the
following human proteins: epidermal growth factor receptor (EGFR), EGFRVIII (a
mutant form of EGFR), melanoma-associated chondroitin sulfate proteoglycan
(MCSP), mesothelin (MSLN), folate receptor 1 (FOLR1), CD33, CDH19, and human
epidermal growth factor 2 (HER2), among many others.

"Chemotherapy,” as used herein, means the treatment of a cancer patient
with a "chemotherapeutic agent” that has cytotoxic or cytostatic effects on cancer
cells. A "chemotherapeutic agent” specifically targets cells engaged in cell division
and not cells that are not engaged in cell division. Chemotherapeutic agents directly
interfere with processes that are intimately tied to cell division such as, for example,
DNA replication, RNA synthesis, protein synthesis, the assembly, disassembly, or
function of the mitotic spindle, and/or the synthesis or stability of molecules that
play a role in these processes, such as nucleotides or amino acids. A
chemotherapeutic agent therefore has cytotoxic or cytostatic effects on both cancer
cells and other cells that are engaged in cell division. Chemotherapeutic agents are
well-known in the art and include, for example: alkylating agents (e.g. busulfan,
temozolomide, cyclophosphamide, lomustine (CCNU), methyllomustine,
streptozotocin, cis-diamminedi-chloroplatinum, aziridinylbenzo-quinone, and
thiotepa); inorganic ions (e.g. cisplatin and carboplatin); nitrogen mustards (e.g.
melphalan hydrochloride, ifosfamide, chlorambucil, and mechlorethamine HCl);

nitrosoureas (e.g. carmustine (BCNU)); anti-neoplastic antibiotics (e.g. adriamycin
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(doxorubicin), daunomycin, mitomycin C, daunorubicin, idarubicin, mithramycin, and
bleomycin); plant derivatives (e.g. vincristine, vinblastine, vinorelbine, paclitaxel,
docetaxel, vindesine, VP-16, and VM-26); antimetabolites (e.g. methotrexate with or
without leucovorin, 5-fluorouracil with or without leucovorin, 5-fluorodeoxyuridine,
6-mercaptopurine, 6-thioguanine, cytarabine, 5-azacytidine, hydroxyurea,
deoxycoformycin, gemcitabine, and fludarabine); podophyllotoxins (e.g. etoposide,
irinotecan, and topotecan); as well as actinomycin D, dacarbazine (DTIC), mAMSA,
procarbazine, hexamethylmelamine, pentamethylmelamine, L-asparaginase, and
mitoxantrone, among many known in the art. See e.g. Cancer: Principles and Practice
of Oncology, 4™ Edition, DeVita et al, eds., J.B. Lippincott Co., Philadelphia, PA
(1993), the relevant portions of which are incorporated herein by reference.
Alkylating agents and nitrogen mustard act by alkylating DNA, which restricts
uncoiling and replication of strands. Methotrexate, cytarabine, 6-mercaptopurine, 5-
fluorouracil, and gemcitabine interfere with nucleotide synthesis. Plant derivatives
such a paclitaxel and vinblastine are mitotic spindle poisons. The podophyllotoxins
inhibit topoisomerases, thus interfering with DNA replication. Antibiotics
doxorubicin, bleomycin, and mitomycin interfere with DNA synthesis by intercalating
between the bases of DNA (inhibiting uncoiling), causing strand breakage, and
alkylating DNA, respectively. Other mechanisms of action include carbamoylation of
amino acids (lomustine, carmustine), and depletion of asparagine pools
(asparaginase). Merck Manual of Diagnosis and Therapy, 17" Edition, Section 11,
Hematology and Oncology, 144. Principles of Cancer Therapy, Table 144-2 (1999).
Specifically included among chemotherapeutic agents are those that directly affect
the same cellular processes that are directly affected by the chemotherapeutic
agents listed above.

A drug or treatment is “concurrently” administered with a Bi-Fc if it is
administered in the same general time frame as the Bi-Fc, optionally, on an ongoing
basis. For example, if a patient is taking Drug A once a week on an ongoing basis
and a Bi-Fc once every six months on an ongoing basis, Drug A and the Bi-Fc are
concurrently administered, whether or not they are ever administered on the same
day. Similarly, if the Bi-Fc is taken once per week on an ongoing basis and Drug A is
administered only once or a few times on a daily basis, Drug A and the Bi-Fc are

concurrently administered as meant herein. Similarly, if both Drug A and the Bi-Fc
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are administered for short periods of time either once or multiple times within a one
month period, they are administered concurrently as meant herein as long as both
drugs are administered within the same month.

A “conservative amino acid substitution,” as meant herein, is a substitution
of an amino acid with another amino acid with similar properties. Properties
considered include chemical properties such as charge and hydrophobicity. Table 1
below lists substitutions for each amino acid that are considered to be conservative
substitutions as meant herein.

Table 1: Conservative Amino Acid Substitutions

Original Residue Conservative Substitutions
Ala Val, Leu, Ile
Arg Lys, Gln, Asn
Asn Gln
Asp Glu
Cys Ser, Ala
Gln Asn
Glu Asp
Gly Pro, Ala
His Asn, Gln, Lys, Arg
Ille Leu, Val, Met, Ala, Phe, Norleucine
Leu Norleucine, lle, Val, Met, Ala, Phe
Lys Arg, Gln, Asn
Met Leu, Phe, lle
Phe Leu, Val, lle, Ala, Tyr
Pro Ala
Ser Thr, Ala, Cys
Thr Ser
Trp Tyr, Phe
Tyr Trp, Phe, Thr, Ser
Val Ile, Met, Leu, Phe, Ala, Norleucine

As meant herein, an “Fc region” is a dimer consisting of two polypeptide
chains joined by one or more disulfide bonds, each chain comprising part or all of a
hinge domain plus a CH2 and a CH3 domain. Each of the polypeptide chains is
referred to as an “Fc polypeptide chain.” In some embodiments an "Fc
polypeptide chain” may lack a hinge region, especially where the Fc polypeptide
chain is intended to be monomeric as in a monomeric Bi-Fc. To distinguish the two

Fc polypeptide chains in an Fc region, in some instances one is referred to herein as
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an “A chain” and the other is referred to as a “B chain.” More specifically, the Fc
regions (or Fc polypeptide chain in monomeric Bi-Fc's) contemplated for use with
the present invention are IgG Fc regions (or Fc polypeptide chains), which can be
mammalian, for example human, IgG1, 1gG2, IgG3, or IgG4 Fc regions. Among
human IgG1 Fc regions, at least two allelic types are known. In other embodiments,
the amino acid sequences of the two Fc polypeptide chains can vary from those of a
mammalian Fc polypeptide by no more than 10 amino acid substitutions, insertions,
and/or deletions of a single amino acid per 100 amino acids relative to the sequence
of a mammalian Fc polypeptide amino acid sequence. In some embodiments, such
variations can be "heterodimerizing alterations” that facilitate the formation of
heterodimers over homodimers and/or inhibit the formation of homodimers, an Fc
alteration that extends half life, an alteration that inhibits Fc gamma receptor (FcyR)
binding, and/or an alteration that enhances ADCC.

An "Fc alteration that extends half life,” as meant herein is an alteration
within an Fc polypeptide chain that lengthens the in vivo half life of a protein that
contains the altered Fc polypeptide chain as compared to the half life of a similar
protein containing the same Fc polypeptide, except that it does not contain the
alteration. Such alterations can be included in an Fc polypeptide chain that is part of
a Bi-Fc. The alterations M252Y, S254T, and T256E (methionine at position 252
changed to tyrosine; serine at position 254 changed to threonine; and threonine at
position 256 changed to glutamic acid; numbering according to EU numbering as
shown in Table 2) are Fc alterations that extend half life and can be used together,
separately or in any combination. These alterations and a number of others are
described in detail in U.S. Patent 7,083,784. The portions of U.S. Patent 7,083,784
that describe such alterations are incorporated herein by reference. Similarly, M428L
and N434S are Fc alterations that extend half life and can be used together,
separately or in any combination. These alterations and a number of others are
described in detail in U.S. Patent Application Publication 2010/0234575 and U.S.
Patent 7,670,600. The portions of U.S. Patent Application Publication 2010/0234575
and U.S. Patent 7,670,600 that describe such alterations are incorporated herein by
reference. In addition, any substitution at one of the following sites can be
considered an Fc alteration that extends half life as meant here: 250, 251, 252, 259,
307, 308, 332, 378, 380, 428, 430, 434, 436. Each of these alterations or combinations
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of these alterations can be used to extend the half life of a heterodimeric or
monomeric Bi-Fc antibody as described herein. Other alterations that can be used to
extend half life are described in detail in International Application
PCT/US2012/070146 filed December 17, 2012 (published as WO 2013/096221). The
portions of this application that describe such alterations are incorporated herein by
reference. Some specific embodiments described in this application include
insertions between positions 384 and 385 (EU numbering as shown in Table 2) that
extend half life, including the following amino acid sequences: GGCVFNMFNCGG
(SEQ ID NO:36), GGCHLPFAVCGG (SEQ ID NO:37), GGCGHEYMWCGG (SEQ ID NO:38),
GGCWPLQDYCGG(SEQ ID NO:39), GGCMQMNKWCGG (SEQ ID NO:40),
GGCDGRTKYCGG (SEQ ID NO:41), GGCALYPTNCGG (SEQ ID NO:42),
GGCGKHWHQCGG (SEQ ID NO:43), GGCHSFKHFCGG (SEQ ID NO:44),
GGCQGMWTWCGG (SEQ ID NO:45), GGCAQQWHHEYCGG (SEQ ID NO:46), and
GGCERFHHACGG (SEQ ID NO:47), among others. Heterodimeric or monomeric Bi-Fc
antibodies containing such insertions are contemplated.

An “Fc alteration that is unfavorable to homodimer formation,” includes
any alteration in an Fc polypeptide chain such that the Fc polypeptide chain has
decreased ability to form homodimers compared to a wild type Fc polypeptide chain.
Such alterations are described in detail in U.S. Patent Application Publication
US2012/0244578. The portions of this publication that described such alteration are
incorporated herein by reference. Examples of such alterations include, without
limitation, the following, which can be used individually or in any combination:
R409D, R409E, D399K, D399R, N392D, N392E, K392D, K392E, K439D, K439E, D356K,
D356R, E356K, E356R, K370D, K370E, E357K, and E357R. Such alterations can be
included in an Fc polypeptide chain that is part of a Bi-Fc, especially in embodiments
where the Bi-Fc is a monomer. In some embodiments, such alterations occur in the
CH3 region of the Fc polypeptide chain and comprise an alteration such that one or
more charged amino acids in the wild type amino acid sequence are replaced with
amino acids electrostatically unfavorable to CH3 homodimer formation, and/or one
or more hydrophobic interface residues are replaced with a small polar amino acid,
such as, for example, asparagine, cysteine, glutamine, serine, or threonine. More
specifically, for example, a charged amino acid, e.g., lysine at position 392 and/or

position 409, can be replaced with a neutral or oppositely charged amino acid, for
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example aspartate or glutamate. This can also occur at any other charged amino
acid within the Fc polypeptide chain. Alternatively or in addition, one or more
hydrophobic interface residues selected from the group consisting of Y349, L351,
L368, V397, L398, F405, and Y407 can be replaced with a small polar amino acid.
Further, the Fc polypeptide chain can have one or more mutated cysteine residues to
prevent di-sulfide bond formation. Particularly useful cysteine mutations in this
regard are those in the hinge region of the Fc polypeptide chain. Such cysteines can
be deleted or substituted with other amino acids. For monomeric Bi-Fc's, the hinge
region can be entirely absent.

“Heterodimerizing alterations” generally refer to alterations in the A and B
chains of an Fc region that facilitate the formation of heterodimeric Fc regions, that
is, Fc regions in which the A chain and the B chain of the Fc region do not have
identical amino acid sequences. Such alterations can be included in an Fc
polypeptide chain that is part of a Bi-Fc. Heterodimerizing alterations can be
asymmetric, that is, an A chain having a certain alteration can pair with a B chain
having a different alteration. These alterations facilitate heterodimerization and
disfavor homodimerization. Whether hetero- or homo-dimers have formed can be
assessed by size differences as determined by polyacrylamide gel electrophoresis in
some situations or by other appropriate means (such as molecular tags or binding by
antibodies that recognize certain portions of the heterodimer) in situations where
size is not a distinguishing characteristic. One example of such paired
heterodimerizing alterations are the so-called “knobs and holes” substitutions. See,
e.g., US Patent 7,695,936 and US Patent Application Publication 2003/0078385, the
portions of which describe such mutations are incorporated herein by reference. As
meant herein, an Fc region that contains one pair of knobs and holes substitutions,
contains one substitution in the A chain and another in the B chain. For example, the
following knobs and holes substitutions in the A and B chains of an IgG1 Fc region
have been found to increase heterodimer formation as compared with that found
with unmodified A and B chains: 1) Y407T in one chain and T366Y in the other; 2)
Y407A in one chain and T366W in the other; 3) F405A in one chain and T394W in the
other; 4) FA05W in one chain and T394S in the other; 5) Y407T in one chain and
T366Y in the other; 6) T366Y and F405A in one chain and T394W and Y407T in the
other; 7) T366W and F405W in one chain and T394S and Y407A in the other; 8)
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FA05W and Y407A in one chain and T366W and T394S in the other; and 9) T366W in
one polypeptide of the Fc and T366S, L368A, and Y407V in the other. As explained
above, this way of notating mutations can be explained as follows. The amino acid
(using the one letter code) normally present at a given position in the CH3 region
using the EU numbering system (which is presented in Edelman et al (1969), Proc.
Natl. Acad. Sci. 63: 78-85; see also Table 2 below) is followed by the EU position,
which is followed by the alternate amino acid that is present at that position. For
example, YA07T means that the tyrosine normally present at EU position 407 is
replaced by a threonine. Alternatively or in addition to such alterations, substitutions
creating new disulfide bridges can facilitate heterodimer formation. See, e.g., US
Patent Application Publication 2003/0078385, the portions of which describe such
mutations are incorporated herein by reference. Such alterations in an IgG1 Fc
region include, for example, the following substitutions: Y349C in one Fc
polypeptide chain and S354C in the other; Y349C in one Fc polypeptide chain and
E356C in the other; Y349C in one Fc polypeptide chain and E357C in the other;
L351C in one Fc polypeptide chain and S354C in the other; T394C in one Fc
polypeptide chain and E397C in the other; or D399C in one Fc polypeptide chain
and K392C in the other. Similarly, substitutions changing the charge of a one or
more residue, for example, in the C43-Cy3 interface, can enhance heterodimer
formation as explained in WO 2009/089004, the portions of which describe such
substitutions are incorporated herein by reference. Such substitutions are referred
to herein as "charge pair substitutions,” and an Fc region containing one pair of
charge pair substitutions contains one substitution in the A chain and a different
substitution in the B chain. General examples of charge pair substitutions include
the following: 1) K409D or K409E in one chain plus D399K or D399R in the other; 2)
K392D or K392E in one chain plus D399K or D399R in the other; 3) K439D or K439E
in one chain plus E356K or E356R in the other; and 4) K370D or K370E in one chain
plus E357K or E357R in the other. In addition, the substitutions R355D, R355E,
K360D, or K360R in both chains can stabilize heterodimers when used with other
heterodimerizing alterations. Specific charge pair substitutions can be used either
alone or with other charge pair substitutions. Specific examples of single pairs of
charge pair substitutions and combinations thereof include the following: 1) K409E
in one chain plus D399K in the other; 2) K409E in one chain plus D399R in the other;
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3) K409D in one chain plus D399K in the other; 4) K409D in one chain plus D399R in
the other; 5) K392E in one chain plus D399R in the other; 6) K392E in one chain plus
D399K in the other; 7) K392D in one chain plus D399R in the other; 8) K392D in one
chain plus D399K in the other; 9) K409D and K360D in one chain plus D399K and
E356K in the other; 10) K409D and K370D in one chain plus D399K and E357K in the
other; 11) K409D and K392D in one chain plus D399K, E356K, and E357K in the
other; 12) K409D and K392D on one chain and D399K on the other; 13) K409D and
K392D on one chain plus D399K and E356K on the other; 14) K409D and K392D on
one chain plus D399K and D357K on the other; 15) K409D and K370D on one chain
plus D399K and D357K on the other; 16) D399K on one chain plus K409D and K360D
on the other; and 17) K409D and K439D on one chain plus D399K and E356K on the
other. Any of the these heterodimerizing alterations can be used in the Fc regions of
the heterodimeric bispecific antibodies described herein.

An “alteration that inhibits FcyR binding,” as meant herein, is one or more
insertions, deletions, or substitutions within an Fc polypeptide chain that inhibits the
binding of FcyRIIA, FcyRIIB, and/or FcyRINA as measured, for example, by an
ALPHALISA®-based competition binding assay (PerkinElmer, Waltham, MA). Such
alterations can be included in an Fc polypeptide chain that is part of a Bi-Fc. More
specifically, alterations that inhibit Fc gamma receptor (FcyR) binding include L234A,
L235A, or any alteration that inhibits glycosylation at N297, including any
substitution at N297. In addition, along with alterations that inhibit glycosylation at
N297, additional alterations that stabilize a dimeric Fc region by creating additional
disulfide bridges are also contemplated. Further examples of alterations that inhibit
FcyR binding include a D265A alteration in one Fc polypeptide chain and an A327Q
alteration in the other Fc polypeptide chain. Some such mutations are described in,
e.g., Xu etal (2000), Cellular Immunol. 200: 16-26, the portions of which describe
such mutations and how their activity is assessed are incorporated herein by
reference.

An “alteration that enhances ADCC,” as meant herein is one or more
insertions, deletions, or substitutions within an Fc polypeptide chain that enhances
antibody dependent cell-mediated cytotoxicity (ADCC). Such alterations can be
included in an Fc polypeptide chain that is part of a Bi-Fc. Many such alterations are
described in International Patent Application Publication WO 2012/125850. Portions
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of this application that describe such alterations are incorporated herein by
reference. Such alterations can be included in an Fc polypeptide chain that is part of
a heterodimeric bispecific antibody as described herein. ADCC assays can be
performed as follows. Cell lines that express high and lower amounts of a cancer cell
antigen on the cell surface can be used as target cells. These target cells can be
labeled with carboxyfluorescein succinimidyl ester (CFSE) and then washed once with
phosphate buffered saline (PBS) before being deposited into 96-well microtiter
plates with V-shaped wells. Purified immune effector cells, for example T cells, NK
cells, macrophages, neutrophils can be added to each well. A monospecific antibody
that binds to the cancer antigen and contains the alteration(s) being tested and an
isotype-matched control antibody can be diluted in a 1:3 series and added to the
wells. The cells can be incubated at 37 °C with 5% CO, for 3.5 hrs. The cells can be
spun down and re-suspended in 1x FACS buffer (1x phosphate buffered saline (PBS)
containing 0.5% fetal bovine serum (FBS)) with the dye TO-PRO®-3 iodide (Molecular
Probes, Inc. Corporation, Oregon, USA), which stains dead cells, before analysis by
fluorescence activated cell sorting (FACS). The percentage of cell killing can be

calculated using the follow formula:

(percent tumor cell lysis with bispecific — percent tumor cell lysis without bispecific)/
(percent total cell lysis — percent tumor cell lysis without bispecific)

Total cell lysis is determined by lysing samples containing effector cells and labeled
target cells without a bispecific molecule with cold 80% methanol. Exemplary
alterations that enhance ADCC include the following alterations in the A and B chains
of an Fc region: (a) the A chain comprises Q311M and K334V substitutions and the B
chain comprises L234Y, E294L, and Y296W substitutions or vice versa; (b) the A chain
comprises E233L, Q311M, and K334V substitutions and the B chain comprises L234Y,
E294L, and Y296W substitutions or vice versa; (c) the A chain comprises L234l,
Q311M, and K334V substitutions and the B chain comprises L234Y, E294L, and
Y296W substitutions or vice versa; (d) the A chain comprises S298T and K334V
substitutions and the B chain comprises L234Y, K290Y, and Y296W substitutions or
vice versa; (e) the A chain comprises A330M and K334V substitutions and the B chain
comprises L234Y, K290Y, and Y296W substitutions or vice versa; (f) the A chain
comprises A330F and K334V substitutions and the B chain comprises L234Y, K290Y,
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and Y296W substitutions or vice versa; (g) the A chain comprises Q311M, A330M,
and K334V substitutions and the B chain comprises L234Y, E294L, and Y296W
substitutions or vice versa; (h) the A chain comprises Q311M, A330F, and K334V
substitutions and the B chain comprises L234Y, E294L, and Y296W substitutions or
vice versa; (i) the A chain comprises S298T, A330M, and K334V substitutions and the
B chain comprises L234Y, K290Y, and Y296W substitutions or vice versa; (j) the A
chain comprises S298T, A330F, and K334V substitutions and the B chain comprises
L234Y, K290Y, and Y296W substitutions or vice versa; (k) the A chain comprises
S239D, A330M, and K334V substitutions and the B chain comprises L234Y, K290Y,
and Y296W substitutions or vice versa; (l) the A chain comprises S239D, S298T, and
K334V substitutions and the B chain comprises L234Y, K290QY, and Y296W
substitutions or vice versa; (m) the A chain comprises a K334V substitution and the B
chain comprises Y296W and S298C substitutions or vice versa; (n) the A chain
comprises a K334V substitution and the B chain comprises L234Y, Y296W, and S298C
substitutions or vice versa; (o) the A chain comprises L235S, S239D, and K334V
substitutions and the B chain comprises L234Y, K290Y, and Y296W, substitutions or
vice versa; (p) the A chain comprises L235S, S239D, and K334V substitutions and the
B chain comprises L234Y, Y296W, and S298C substitutions or vice versa; (q) the A
chain comprises Q311M and K334V substitutions and the B chain comprises L234Y,
F243V, and Y296W substitutions or vice versa; (r) the A chain comprises Q311M and
K334V substitutions and the B chain comprises L234Y, K296W, and S298C
substitutions or vice versa; (s) the A chain comprises S239D and K334V substitutions
and the B chain comprises L234Y, K290Y, and Y296W substitutions or vice versa; (t)
the A chain comprises S239D and K334V substitutions and the B chain comprises
L234Y, Y296W, and S298C substitutions or vice versa; (u) the A chain comprises
F243V and K334V substitutions and the B chain comprises L234Y, K290Y, and Y296W,
substitutions or vice versa; (v) the A chain comprises F243V and K334V substitutions
and the B chain comprises L234Y, Y296W, and S298C substitutions or vice versa; (w)
the A chain comprises E294L and K334V substitutions and the B chain comprises
L234Y, K290Y, and Y296W substitutions or vice versa; (x) the A chain comprises E294L
and K334V substitutions and the B chain comprises L234Y, Y296W, and S298C
substitutions or vice versa; (y)  the A chain comprises A330M and K334V

substitutions and the B chain comprises L234Y and Y296W substitutions or vice
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versa; or (z) the A chain comprises A330M and K334V substitutions and the B chain
comprises K290Y and Y296W substitutions or vice versa.

An “IgG antibody,” as meant herein, is an antibody consisting essentially of
two immunoglobulin IgG heavy chains and two immunoglobulin light chains, which
can be kappa or lambda light chains. More specifically, the heavy chains contain a
VH region, a CH1 region, a hinge region, a CH2 region, and a CH3 region in that
order, while the light chains contain a VL region followed by a CL region. Numerous
sequences of such immunoglobulin regions are known in the art. See e.g, Kabat et
al in SEQUENCES OF IMMUNOLOGICAL INTEREST, Public Health Service N.I.H., Bethesda, MD,
1991. Sequences of regions from IgG antibodies disclosed in Kabat et al. are
incorporated herein by reference. Close variants of a known and/or naturally-
occurring IgG antibody comprising no more than 10 amino acid substitutions,
insertions, and/or deletions of a single amino acid per 100 amino acids relative to a
known or naturally occurring sequence of an immunoglobulin IgG heavy and/or light
chain are encompassed within what is meant by an IgG antibody.

An “immune effector cell,” as meant herein, is a cell that is involved in the
mediation of a cytolytic immune response, including, for example, T cells, NK cells,
macrophages, or neutrophils. The heterodimeric or monomeric Bi-Fc antibodies
described herein bind to an antigen that is part of a protein expressed on the surface
of an immune effector cell. Such proteins are referred to herein as “effector cell
proteins.”

An “immunoglobulin heavy chain,” as meant herein, consists essentially of
a VH region, a CHL1 region, a hinge region, a CH2 region, a CH3 region in that order,
and, optionally, a region downstream of the CH3 region in some isotypes. Close
variants of an immunoglobulin heavy chain containing no more than 10 amino acid
substitutions, insertions, and/or deletions of a single amino acid per 100 amino acids
relative to a known or naturally occurring immunoglobulin heavy chain amino acid
sequence are encompassed within what is meant by an immunoglobulin heavy chain.

A “immunoglobulin light chain,” as meant herein, consists essentially of a
light chain variable region (VL) and a light chain constant domain (CL). Close
variants of an immunoglobulin light chain containing no more than 10 amino acid

substitutions, insertions, and/or deletions of a single amino acid per 100 amino acids
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relative to a known or naturally occurring immunoglobulin light chain amino acid
sequence are encompassed within what is meant by an immunoglobulin light chain.

An “immunoglobulin variable region,” as meant herein, is a VH region, a VL
region, or a variant thereof. Close variants of an immunoglobulin variable region
containing no more than 10 amino acid substitutions, insertions, and/or deletions of
a single amino acid per 100 amino acids relative to a known or naturally occurring
immunoglobulin variable region amino acid sequence are encompassed within what
is meant by an immunoglobulin variable region. Many examples of VH and VL
regions are known in the art, such as, for example, those disclosed by Kabat et al in
SEQUENCES OF IMMUNOLOGICAL INTEREST, Public Health Service N.I.H., Bethesda, MD, 1991.
Based on the extensive sequence commonalities in the less variable portions of the
VH and VL regions, the position within a sequence of more variable regions, and the
predicted tertiary structure, one of skill in the art can recognize an immunoglobulin
variable region by its sequence. See e.g., Honegger and Pliickthun (2001), J. Mol.
Biol. 309: 657-670.

An immunoglobulin variable region contains three hypervariable regions,
known as complementarity determining region 1 (CDR1), complementarity
determining region 2 (CDR2), and complementarity determining region 3 (CDR3).
These regions form the antigen binding site of an antibody. The CDRs are
embedded within the less variable framework regions (FR1-FR4). The order of these
subregions within an immunoglobulin variable region is as follows: FR1-CDR1-FR2-
CDR2-FR3-CDR3-FR4. Numerous sequences of immunoglobulin variable regions are
known in the art. See eg., Kabat et al, SEQUENCES OF PROTEINS OF IMMUNOLOGICAL
INTEREST, Public Health Service N.I.H., Bethesda, MD, 1991.

CDRs can be located in a VH region sequence in the following way. CDR1
starts at approximately residue 31 of the mature VH region and is usually about 5-7
amino acids long, and it is almost always preceded by a Cys-Xxx-Xxx-Xxx-Xxx-Xxx-
Xxx-Xxx-Xxx (SEQ ID NO:1) (where "Xxx" is any amino acid). The residue following
the heavy chain CDR1 is almost always a tryptophan, often a Trp-Val, a Trp-Ile, or a
Trp-Ala. Fourteen amino acids are almost always between the last residue in CDR1
and the first in CDR2, and CDR2 typically contains 16 to 19 amino acids. CDR2 may
be immediately preceded by Leu-Glu-Trp-Ile-Gly (SEQ ID NO:2) and may be
immediately followed by Lys/Arg-Leu/Ile/Val/Phe/Thr/Ala-Thr/Ser/lle/Ala. Other
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amino acids may precede or follow CDR2. Thirty two amino acids are almost always
between the last residue in CDR2 and the first in CDR3, and CDR3 can be from about
3 to 25 residues long. A Cys-Xxx-Xxx almost always immediately precedes CDR3, and
a Trp-Gly-Xxx-Gly (SEQ ID NO:3) almost always follows CDR3.

Light chain CDRs can be located in a VL region in the following way. CDR1
starts at approximately residue 24 of the mature antibody and is usually about 10 to
17 residues long. It is almost always preceded by a Cys. There are almost always 15
amino acids between the last residue of CDR1 and the first residue of CDR2, and
CDR2 is almost always 7 residues long. CDR2 is typically preceded by Ile-Tyr, Val-Tyr,
lle-Lys, or lle-Phe. There are almost always 32 residues between CDR2 and CDR3,
and CDR3 is usually about 7 to 10 amino acids long. CDR3 is almost always
preceded by Cys and usually followed by Phe-Gly-Xxx-Gly (SEQ ID NO:4).

A “linker,” as meant herein, is a peptide that links two polypeptides, which
can be two immunoglobulin variable regions or a variable region and an Fc
polypeptide chain in the context of a Bi-Fc antibody. A linker can be from 2-30 or 2-
40 amino acids in length. In some embodiments, a linker can be 2-25, 2-20, or 3-18
amino acids long. In some embodiments, a linker can be a peptide no more than 14,
13,12, 11,10, 9, 8, 7, 6, or 5 amino acids long. In other embodiments, a linker can be
5-25, 5-15, 4-11, 10-20, 20-30, or 30-40 amino acids long. In other embodiments, a
linker can be about, 2, 3,4,5,6,7,8,9,10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22,
23, 24, 25, 26, 27, 28, 29, or 30 amino acids long. Exemplary linkers include, for
example, the amino acid sequences TVAAP (SEQ ID NO:17), ASTKGP (SEQ ID NO:18),
GGGGSGGGGS (SEQ ID NO:19), GGGGSAAA (SEQ ID NO:20), GGGGSGGGGSGGGGS
(SEQ ID NO:21), and AAA, among many others.

A Bi-Fc “mediates cytolysis of a target cell by an immune effector cell,”
as meant herein, when addition of an amount from 0.001 pM to 20000 pM of the Bi-
Fc to a cell cytolysis assay as described in the section below entitled “Target Cell
Cytolysis Assays” and in Example 3 effectively elicits cytolysis of the target cells.

"Non-chemotherapeutic anti-neoplastic agents” are chemical agents,
compounds, or molecules having cytotoxic or cytostatic effects on cancer cells other
than chemotherapeutic agents. Non-chemotherapeutic antineoplastic agents may,
however, be targeted to interact directly with molecules that indirectly affect cell

division such as cell surface receptors, including receptors for hormones or growth
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factors. However, non-chemotherapeutic antineoplastic agents do not interfere
directly with processes that are intimately linked to cell division such as, for example,
DNA replication, RNA synthesis, protein synthesis, or mitotic spindle function,
assembly, or disassembly. Examples of non-chemotherapeutic anti-neoplastic
a<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>