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DESCRIPTION

Field of the Invention

[0001] The present invention generally relates to bispecific antigen binding molecules for
activating T cells. In addition, the present invention relates to polynucleotides encoding such
bispecific antigen binding molecules, and vectors and host cells comprising such
polynucleotides. The invention further relates to methods for producing the bispecific antigen
binding molecules of the invention, and to methods of using these bispecific antigen binding
molecules in the treatment of disease.

Background

[0002] The selective destruction of an individual cell or a specific cell type is often desirable in
a variety of clinical settings. For example, it is a primary goal of cancer therapy to specifically
destroy tumor cells, while leaving healthy cells and tissues intact and undamaged.

[0003] An attractive way of achieving this is by inducing an immune response against the
tumor, to make immune effector cells such as natural killer (NK) cells or cytotoxic T
lymphocytes (CTLs) attack and destroy tumor cells. CTLs constitute the most potent effector
cells of the immune system, however they cannot be activated by the effector mechanism
mediated by the Fc domain of conventional therapeutic antibodies.

[0004] In this regard, bispecific antibodies designed to bind with one "arm" to a surface antigen
on target cells, and with the second "arm" to an activating, invariant component of the T cell
receptor (TCR) complex, have become of interest in recent years. The simultaneous binding of
such an antibody to both of its targets will force a temporary interaction between target cell and
T cell, causing activation of any cytotoxic T cell and subsequent lysis of the target cell. Hence,
the immune response is re-directed to the target cells and is independent of peptide antigen
presentation by the target cell or the specificity of the T cell as would be relevant for normal
MHC-restricted activation of CTLs. In this context it is crucial that CTLs are only activated when
a target cell is presenting the bispecific antibody to them, i.e. the immunological synapse is
mimicked. Particularly desirable are bispecific antibodies that do not require lymphocyte
preconditioning or co-stimulation in order to elicit efficient lysis of target cells.

[0005] Several bispecific antibody formats have been developed and their suitability for T cell
mediated immunotherapy investigated. Out of these, the so-called BIiTE (bispecific T cell
engager) molecules have been very well characterized and already shown some promise in
the clinic (reviewed in Nagorsen and Bauerle, Exp Cell Res 317, 1255-1260 (2011)). BiTEs are
tandem scFv molecules wherein two scFv molecules are fused by a flexible linker. Further
bispecific formats being evaluated for T cell engagement include diabodies (Holliger et al., Prot
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Eng 9, 299-305 (1996)) and derivatives thereof, such as tandem diabodies (Kipriyanov et al., J
Mol Biol 293, 41-66 (1999)). A more recent development are the so-called DART (dual affinity
retargeting) molecules, which are based on the diabody format but feature a C-terminal
disulfide bridge for additional stabilization (Moore et al., Blood 117, 4542-51 (2011)). The so-
called triomabs, which are whole hybrid mouse/rat IgG molecules and also currently being
evaluated in clinical trials, represent a larger sized format (reviewed in Seimetz et al., Cancer
Treat Rev 36, 458-467 (2010)). The variety of formats that are being developed shows the
great potential attributed to T cell re-direction and activation in immunotherapy. The task of
generating bispecific antibodies suitable therefor is, however, by no means trivial, but involves
a number of challenges that have to be met related to efficacy, toxicity, applicability and
produceability of the antibodies.

[0006] Small constructs such as, for example, BiTE molecules - while being able to efficiently
crosslink effector and target cells - have a very short serum half life requiring them to be
administered to patients by continuous infusion. IgG-like formats on the other hand - while
having the great benefit of a long half life - suffer from toxicity associated with the native
effector functions inherent to IgG molecules. Their immunogenic potential constitutes another
unfavorable feature of IgG-like bispecific antibodies, especially non-human formats, for
successful therapeutic development. Finally, a major challenge in the general development of
bispecific antibodies has been the production of bispecific antibody constructs at a clinically
sufficient quantity and purity, due to the mispairing of antibody heavy and light chains of
different specificities upon co-expression, which decreases the yield of the correctly assembled
construct and results in a number of non-functional side products from which the desired
bispecific antibody may be difficult to separate.

[0007] Different approaches have been taken to overcome the chain association issue in
bispecific antibodies (see e.g. Klein et al., mAbs 6, 653-663 (2012)). For example, the 'knobs-
into-holes' strategy aims at forcing the pairing of two different antibody heavy chains by
introducing mutations into the CH3 domains to modify the contact interface. On one chain
bulky amino acids are replaced by amino acids with short side chains to create a 'hole'.
Conversely, amino acids with large side chains are introduced into the other CH3 domain, to
create a 'knob'. By coexpressing these two heavy chains (and two identical light chains, which
have to be appropriate for both heavy chains), high yields of heterodimer (‘knob-hole') versus
homodimer (‘hole-hole' or 'knob-knob') are observed (Ridgway, J.B., et al., Protein Eng. 9
(1996) 617-621; and WO 96/027011). The percentage of heterodimer could be further
increased by remodeling the interaction surfaces of the two CH3 domains using a phage
display approach and the introduction of a disulfide bridge to stabilize the heterodimers
(Merchant, A.M., et al., Nature Biotech. 16 (1998) 677-681, Atwell, S., et al., J. Mol. Biol. 270
(1997) 26-35). New approaches for the knobs-into-holes technology are described in e.g. in EP
1870459 A1.

[0008] The 'knobs-into-holes' strategy does, however, not solve the problem of heavy chain-
light chain mispairing, which occurs in bispecific antibodies comprising different light chains for
binding to the different target antigens.
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[0009] A strategy to prevent heavy chain-light chain mispairing is to exchange domains
between the heavy and light chains of one of the binding arms of a bispecific antibody (see WO
2009/080251, WO 2009/080252, WO 2009/080253, WO 2009/080254 and Schaefer, W. et al,
PNAS, 108 (2011) 11187-11191, which relate to bispecific IgG antibodies with a domain
crossover).

[0010] Exchanging the heavy and light chain variable domains VH and VL in one of the binding
arms of the bispecific antibody (W0O2009/080252, see also Schaefer, W. et al, PNAS, 108
(2011) 11187-11191) clearly reduces the side products caused by the mispairing of a light
chain against a first antigen with the wrong heavy chain against the second antigen (compared
to approaches without such domain exchange). The document EP2647707 describes
molecular assemblies comprising a combination of the knob-into-hole strategy with a swap of
CL and CH1 domains. Nevertheless, these antibody preparations are not completely free of
side products. The main side product is based on a Bence Jones-type interaction (Schaefer,
W. et al, PNAS, 108 (2011) 11187-11191; in Fig. S1I of the Supplement). A further reduction of
such side products is thus desirable to improve e.g. the yield of such bispecific antibodies.

[0011] Given the difficulties and disadvantages associated with currently available bispecific
antibodies for T cell mediated immunotherapy, there remains a need for novel, improved
formats of such molecules. The present invention provides bispecific antigen binding molecules
designed for T cell activation and re-direction that combine good efficacy and produceability
with low toxicity and favorable pharmacokinetic properties.

Summary of the Invention

[0012] The invention is as defined in the claims.

[0013] According to the invention, the ratio of a desired bispecific antibody compared to
undesired side products, in particular Bence Jones-type side products occurring in bispecific
antibodies with a VH/VL domain exchange in one of their binding arms, can be improved by the
introduction of charged amino acids with opposite charges at specific amino acid positions in
the CH1 and CL domains.

[0014] Thus, in a first aspect the present invention provides a T cell activating bispecific
antigen binding molecule comprising

(a) a first Fab molecule which specifically binds to a first antigen;

(b) a second Fab molecule which specifically binds to a second antigen, and wherein the
variable domains VL and VH of the Fab light chain and the Fab heavy chain are replaced by
each other,;

¢) a third Fab molecule which specifically binds to the first antigen; and
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d) an Fc domain composed of a first and a second subunit capable of stable association;

wherein the first antigen is a target cell antigen and the second antigen is an activating T cell
antigen, particularly CD3, more particularly CD3 epsilon;

wherein the third Fab molecule under c) is identical to the first Fab molecule under a);

wherein in the constant domain CL of the first Fab molecule under a) and the third Fab
molecule under c¢) the amino acid at position 124 is substituted by lysine (K) (numbering
according to Kabat) and the amino acid at position 123 is substituted by arginine (R) or lysine
(K) (numbering according to Kabat), and wherein in the constant domain CHI of the first Fab
molecule under a) and the third Fab molecule under c) the amino acid at position 147 is
substituted by glutamic acid (E) (numbering according to Kabat EU index) and the amino acid
at position 213 is substituted by glutamic acid (E) (numbering according to Kabat EU index);
and wherein the Fc domain is an IgG Fc domain,

and wherein in the CH3 domain of the first subunit of the Fc domain an amino acid residue is
replaced with an amino acid residue having a larger side chain volume, thereby generating a
protuberance within the CH3 domain of the first subunit which is positionable in a cavity within
the CH3 domain of the second subunit, and in the CH3 domain of the second subunit of the Fc
domain an amino acid residue is replaced with an amino acid residue having a smaller side
chain volume, thereby generating a cavity within the CH3 domain of the second subunit within
which the protuberance within the CH3 domain of the first subunit is positionable; and wherein

1. (i) the first Fab molecule under a) is fused at the C-terminus of the Fab heavy chain to
the N-terminus of the Fab heavy chain of the second Fab molecule under b), and the
second Fab molecule under b) and the third Fab molecule under c) are each fused at
the C-terminus of the Fab heavy chain to the N-terminus of one of the subunits of the Fc
domain under d), or

2. (ii) the second Fab molecule under b) is fused at the C-terminus of the Fab heavy chain
to the N-terminus of the Fab heavy chain of the first Fab molecule under a), and the first
Fab molecule under a) and the third Fab molecule under c) are each fused at the C-
terminus of the Fab heavy chain to the N-terminus of one of the subunits of the Fc
domain under d).

[0015] In a particular embodiment, not more than one Fab molecule capable of specific
binding to an activating T cell antigen is present in the T cell activating bispecific antigen
binding molecule (i.e. the T cell activating bispecific antigen binding molecule provides
monovalent binding to the activating T cell antigen).

[0016] In one embodiment, the target cell antigen is CD20. In one aspect of the disclosure of
the T cell activating bispecific antigen binding molecule according to the invention, in the
constant domain CL of the first Fab molecule under a) the amino acid at position 124 is
substituted independently by lysine (K), arginine (R) or histidine (H) (numbering according to
Kabat) (in one aspect by lysine (K) or arginine (R)), and in the constant domain CH1 of the first
Fab molecule under a) the amino acid at position 147 or the amino acid at position 213 is
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substituted independently by glutamic acid (E), or aspartic acid (D) (numbering according to
Kabat EU index).

[0017] In a further aspect, in the constant domain CL of the first Fab molecule under a) the
amino acid at position 124 is substituted independently by lysine (K), arginine (R) or histidine
(H) (numbering according to Kabat), and in the constant domain CH1 of the first Fab molecule
under a) the amino acid at position 147 is substituted independently by glutamic acid (E), or
aspartic acid (D) (numbering according to Kabat EU index).

[0018] In yet another aspect of the disclosure, in the constant domain CL of the first Fab
molecule under a) the amino acid at position 124 is substituted independently by lysine (K),
arginine (R) or histidine (H) (numbering according to Kabat) (in one further aspect
independently by lysine (K) or arginine (R)) and the amino acid at position 123 is substituted
independently by lysine (K), arginine (R) or histidine (H) (numbering according to Kabat) (in
one further aspect independently by lysine (K) or arginine (R)), and in the constant domain
CH1 of the first Fab molecule under a) the amino acid at position 147 is substituted
independently by glutamic acid (E), or aspartic acid (D) (numbering according to Kabat EU
index) and the amino acid at position 213 is substituted independently by glutamic acid (E), or
aspartic acid (D) (numbering according to Kabat EU index).

[0019] In a particular embodiment, in the constant domain CL of the first Fab molecule under
a) the amino acid at position 124 is substituted by lysine (K) (numbering according to Kabat)
and the amino acid at position 123 is substituted by lysine (K) (numbering according to Kabat),
and in the constant domain CH1 of the first Fab molecule under a) the amino acid at position
147 is substituted by glutamic acid (E) (numbering according to Kabat EU index) and the amino
acid at position 213 is substituted by glutamic acid (E) (numbering according to Kabat EU
index).

[0020] In another particular embodiment, in the constant domain CL of the first Fab molecule
under a) the amino acid at position 124 is substituted by lysine (K) (numbering according to
Kabat) and the amino acid at position 123 is substituted by arginine (R) (numbering according
to Kabat), and in the constant domain CH1 of the first Fab molecule under a) the amino acid at
position 147 is substituted by glutamic acid (E) (numbering according to Kabat EU index) and
the amino acid at position 213 is substituted by glutamic acid (E) (numbering according to
Kabat EU index).

[0021] In one aspect of the disclosure, the T cell activating bispecific antigen binding molecule
comprises

1. (a) a first Fab molecule which specifically binds to a first antigen;

2. (b) a second Fab molecule which specifically binds to a second antigen, and wherein the
variable domains VL and VH of the Fab light chain and the Fab heavy chain are
replaced by each other;

wherein the first antigen is a target cell antigen and the second antigen is an activating T cell
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antigen; and

wherein in the constant domain CL of the first Fab molecule under a) the amino acid at position
124 is substituted independently by lysine (K), arginine (R) or histidine (H) (numbering
according to Kabat) (in one aspect independently by lysine (K) or arginine (R)) and the amino
acid at position 123 is substituted independently by lysine (K), arginine (R) or histidine (H)
(numbering according to Kabat) (in one preferred embodiment independently by lysine (K) or
arginine (R)), and in the constant domain CH1 of the first Fab molecule under a) the amino
acid at position 147 is substituted independently by glutamic acid (E), or aspartic acid (D)
(numbering according to Kabat EU index) and the amino acid at position 213 is substituted
independently by glutamic acid (E), or aspartic acid (D) (numbering according to Kabat EU
index). In another aspect of the T cell activating bispecific antigen binding molecule according
to the disclosure, in the constant domain CL of the second Fab molecule under b) the amino
acid at position 124 is substituted independently by lysine (K), arginine (R) or histidine (H)
(numbering according to Kabat) (in one aspect independently by lysine (K) or arginine (R)),
and in the constant domain CH1 of the second Fab molecule under b) the amino acid at
position 147 or the amino acid at position 213 is substituted independently by glutamic acid (E),
or aspartic acid (D) (numbering according to Kabat EU index). In another aspect of the
disclosure, in the constant domain CL of the second Fab molecule under b) the amino acid at
position 124 is substituted independently by lysine (K), arginine (R) or histidine (H) (numbering
according to Kabat), and in the constant domain CH1 of the second Fab molecule under b) the
amino acid at position 147 is substituted independently by glutamic acid (E), or aspartic acid
(D) (numbering according to Kabat EU index).

[0022] In one further aspect of the disclosure, in the constant domain CL of the second Fab
molecule under b) the amino acid at position 124 is substituted independently by lysine (K),
arginine (R) or histidine (H) (numbering according to Kabat) (in one aspect independently by
lysine (K) or arginine (R)) and the amino acid at position 123 is substituted independently by
lysine (K), arginine (R) or histidine (H) (numbering according to Kabat) (in one preferred
embodiment independently by lysine (K) or arginine (R)), and in the constant domain CH1 of
the second Fab molecule under b) the amino acid at position 147 is substituted independently
by glutamic acid (E), or aspartic acid (D) (numbering according to Kabat EU index) and the
amino acid at position 213 is substituted independently by glutamic acid (E), or aspartic acid
(D) (numbering according to Kabat EU index).

[0023] In one embodiment, in the constant domain CL of the second Fab molecule under b)
the amino acid at position 124 is substituted by lysine (K) (numbering according to Kabat) and
the amino acid at position 123 is substituted by lysine (K) (numbering according to Kabat), and
in the constant domain CH1 of the second Fab molecule under b) the amino acid at position
147 is substituted by glutamic acid (E) (numbering according to Kabat EU index) and the amino
acid at position 213 is substituted by glutamic acid (E) (numbering according to Kabat EU
index).

[0024] In another embodiment, in the constant domain CL of the second Fab molecule under
b) the amino acid at position 124 is substituted by lysine (K) (numbering according to Kabat)
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and the amino acid at position 123 is substituted by arginine (R) (numbering according to
Kabat), and in the constant domain CH1 of the second Fab molecule under b) the amino acid
at position 147 is substituted by glutamic acid (E) (numbering according to Kabat EU index)
and the amino acid at position 213 is substituted by glutamic acid (E) (numbering according to
Kabat EU index).

[0025] The T cell activating bispecific antigen binding molecule according to the invention
further comprises a third Fab molecule which specifically binds to the first antigen.

[0026] The third Fab molecule is identical to the first Fab molecule. The third Fab molecule
thus comprises the same amino acid substitutions as the first Fab molecule.

[0027] The first and the third Fab molecule specifically bind to a target cell antigen, and the
second Fab molecule specifically binds to an activating T cell antigen, particularly CD3, more
particularly CD3 epsilon.

[0028] The first Fab molecule under a) and the second Fab molecule under b) are fused to
each other, optionally via a peptide linker. In a specific embodiment, the second Fab molecule
is fused at the C-terminus of the Fab heavy chain to the N-terminus of the Fab heavy chain of
the first Fab molecule. In an alternative embodiment, the first Fab molecule is fused at the C-
terminus of the Fab heavy chain to the N-terminus of the Fab heavy chain of the second Fab
molecule. In embodiments wherein either (i) the second Fab molecule is fused at the C-
terminus of the Fab heavy chain to the N-terminus of the Fab heavy chain of the first Fab
molecule or (i) the first Fab molecule is fused at the C-terminus of the Fab heavy chain to the
N-terminus of the Fab heavy chain of the second Fab molecule, additionally the Fab light chain
of the Fab molecule and the Fab light chain of the second Fab molecule may be fused to each
other, optionally via a peptide linker. The T cell activating bispecific antigen binding molecule
according to the invention additionally comprises an IgG Fc domain composed of a first and a
second subunit capable of stable association.

[0029] The T cell activating bispecific antigen binding molecule according to the invention can
have different configurations, i.e. the first, second (and optionally third) Fab molecule may be
fused to each other and to the Fc domain in different ways. The components may be fused to
each other directly or, preferably, via one or more suitable peptide linkers. Where fusion is to
the N-terminus of a subunit of the Fc domain, it is typically via an immunoglobulin hinge region.

[0030] In one embodiment, the second Fab molecule is fused at the C-terminus of the Fab
heavy chain to the N-terminus of the first or the second subunit of the Fc domain. In such
embodiment, the first Fab molecule is fused at the C-terminus of the Fab heavy chain to the N-
terminus of the Fab heavy chain of the second Fab molecule.

[0031] In one aspect of the disclosure, the first and the second Fab molecule are each fused
at the C-terminus of the Fab heavy chain to the N-terminus of one of the subunits of the Fc
domain. In this aspect, the T cell activating bispecific antigen binding molecule essentially
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comprises an immunoglobulin molecule, wherein in one of the Fab arms the heavy and light
chain variable regions VH and VL are exchanged/replaced by each other (see Figure 1A, D).

[0032] In an embodiment, the third Fab molecule is fused at the C-terminus of the Fab heavy
chain to the N-terminus of the first or second subunit of the Fc domain. In a particular such
embodiment, the second and the third Fab molecule are each fused at the C-terminus of the
Fab heavy chain to the N-terminus of one of the subunits of the Fc domain, and the first Fab
molecule is fused at the C-terminus of the Fab heavy chain to the N-terminus of the Fab heavy
chain of the second Fab molecule. In this embodiment, the T cell activating bispecific antigen
binding molecule essentially comprises an immunoglobulin molecule, wherein in one of the Fab
arms the heavy and light chain variable regions VH and VL are exchanged/replaced by each
other, and wherein an additional (conventional) Fab molecule is N-terminally fused to said Fab
arm (see Figure 1B, E). In another such embodiment, the first and the third Fab molecule are
each fused at the C-terminus of the Fab heavy chain to the N-terminus of one of the subunits
of the Fc domain, and the second Fab molecule is fused at the C-terminus of the Fab heavy
chain to the N-terminus of the Fab heavy chain of the first Fab molecule. In this embodiment,
the T cell activating bispecific antigen binding molecule essentially comprises an
immunoglobulin molecule with an additional Fab molecule N-terminally fused to one of the
immunoglobulin Fab arms, wherein in said additional Fab molecule the heavy and light chain
variable regions VH and VL are exchanged/replaced by each other (see Figure 1C, F).

[0033] In all of the different configurations of the T cell activating bispecific antigen binding
molecule according to the invention, the amino acid substitutions described herein are in the
CH1 and CL domains of the first and the third Fab molecule.

[0034] In particular embodiments of the T cell activating bispecific antigen binding molecule
according to the invention, the constant domain CL of the first and the third Fab molecule is of
kappa isotype. In other embodiments of the T cell activating bispecific antigen binding molecule
according to the invention, the constant domain CL of the second Fab molecule is of kappa
isotype. In some embodiments, the constant domain CL of the first and the third Fab molecule
and the constant domain CL of the second Fab molecule are of kappa isotype.

[0035] In a particular embodiment, the immunoglobulin molecule comprised in the T cell
activating bispecific antigen binding molecule according to the invention is an IgG class
immunoglobulin. In an even more particular embodiment the immunoglobulin is an 1gG1

subclass immunoglobulin. In another embodiment, the immunoglobulin is an IgG4 subclass

immunoglobulin.

[0036] In the T cell activating bispecific antigen binding molecule, the Fc domain is an IgG Fc
domain. In a specific embodiment, the Fc domain is an IgG4 Fc domain. In another specific

embodiment, the Fc domain is an 1IgG4 Fc domain. In an even more specific aspect of the
disclosure, the Fc domain is an 1IgG4 Fc domain comprising the amino acid substitution S228P

(Kabat numbering). In particular embodiments the Fc domain is a human Fc domain.
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[0037] The Fc domain comprises a modification promoting the association of the first and the
second Fc domain subunit. An amino acid residue in the CH3 domain of the first subunit of the
Fc domain is replaced with an amino acid residue having a larger side chain volume, thereby
generating a protuberance within the CH3 domain of the first subunit which is positionable in a
cavity within the CH3 domain of the second subunit, and an amino acid residue in the CH3
domain of the second subunit of the Fc domain is replaced with an amino acid residue having
a smaller side chain volume, thereby generating a cavity within the CH3 domain of the second
subunit within which the protuberance within the CH3 domain of the first subunit is positionable.

[0038] In a particular embodiment the Fc domain exhibits reduced binding affinity to an Fc
receptor and/or reduced effector function, as compared to a native IgG1 Fc domain. In certain

embodiments the Fc domain is engineered to have reduced binding affinity to an Fc receptor
and/or reduced effector function, as compared to a non-engineered Fc domain. In one
embodiment, the Fc domain comprises one or more amino acid substitution that reduces
binding to an Fc receptor and/or effector function. In one embodiment, the one or more amino
acid substitution in the Fc domain that reduces binding to an Fc receptor and/or effector
function is at one or more position selected from the group of L234, L235, and P329 (Kabat EU
index numbering). In particular embodiments, each subunit of the Fc domain comprises three
amino acid substitutions that reduce binding to an Fc receptor and/or effector function wherein
said amino acid substitutions are L234A, L235A and P329G (Kabat EU index numbering). In
one such embodiment, the Fc domain is an IgG¢ Fc domain, particularly a human 1gG4 Fc
domain. In other embodiments, each subunit of the Fc domain comprises two amino acid
substitutions that reduce binding to an Fc receptor and/or effector function wherein said amino
acid substitutions are L235E and P329G (Kabat EU index numbering). In one such
embodiment, the Fc domain is an 19gG4 Fc domain, particularly a human 1gG4 Fc domain. In
one aspect, the Fc domain of the T cell activating bispecific antigen binding molecule is an
IgG4 Fc domain and comprises the amino acid substitutions L235E and S228P (SPLE) (Kabat

EU index numbering).

[0039] In one embodiment the Fc receptor is an Fcy receptor. In one embodiment the Fc
receptor is a human Fc receptor. In one embodiment, the Fc receptor is an activating Fc
receptor. In a specific embodiment, the Fc receptor is human FcyRlla, FcyRI, and/or FcyRllla.
In one embodiment, the effector function is antibody-dependent cell-mediated cytotoxicity
(ADCC).

[0040] In a specific embodiment of the T cell activating bispecific antigen binding molecule
according to the invention, the Fab molecule which specifically binds to an activating T cell
antigen, particularly CD3, more particularly CD3 epsilon, comprises the heavy chain
complementarity determining region (CDR) 1 of SEQ ID NO: 4, the heavy chain CDR 2 of SEQ
ID NO: 5, the heavy chain CDR 3 of SEQ ID NO: 6, the light chain CDR 1 of SEQ ID NO: 8, the
light chain CDR 2 of SEQ ID NO: 9 and the light chain CDR 3 of SEQ ID NO: 10. In an even
more specific embodiment, the Fab molecule which specifically binds to an activating T cell
antigen, particularly CD3, more particularly CD3 epsilon, comprises a heavy chain variable
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region comprising an amino acid sequence that is at least about 95%, 96%, 97%, 98%, 99% or
100% identical to the amino acid sequence of SEQ ID NO: 3 and a light chain variable region
comprising an amino acid sequence that is at least about 95%, 96%, 97%, 98%, 99% or 100%
identical to the amino acid sequence of SEQ ID NO: 7. In one specific embodiment, the second
Fab molecule comprised in the T cell activating bispecific antigen binding molecule according
to the invention specifically binds to CD3, more particularly CD3 epsilon, and comprises the
heavy chain complementarity determining region (CDR) 1 of SEQ ID NO: 4, the heavy chain
CDR 2 of SEQ ID NO: 5, the heavy chain CDR 3 of SEQ ID NO: 6, the light chain CDR 1 of
SEQ ID NO: 8, the light chain CDR 2 of SEQ ID NO: 9 and the light chain CDR 3 of SEQ ID NO:
10. In an even more specific embodiment, said second Fab molecule comprises a heavy chain
variable region comprising the amino acid sequence of SEQ ID NO: 3 and a light chain variable
region comprising the amino acid sequence of SEQ ID NO: 7.

[0041] In a further specific embodiment of the T cell activating bispecific antigen binding
molecule according to the invention, the Fab molecule which specifically binds to a target cell
antigen, particularly CD20, comprises the heavy chain complementarity determining region
(CDR) 1 of SEQ ID NO: 46, the heavy chain CDR 2 of SEQ ID NO: 47, the heavy chain CDR 3
of SEQ ID NO: 48, the light chain CDR 1 of SEQ ID NO: 49, the light chain CDR 2 of SEQ ID
NO: 50 and the light chain CDR 3 of SEQ ID NO: 51. In an even more specific embodiment, the
Fab molecule which specifically binds to a target cell antigen, particularly CD20, comprises a
heavy chain variable region comprising an amino acid sequence that is at least about 95%,
96%, 97%, 98%, 99% or 100% identical to the amino acid sequence of SEQ ID NO: 30 and a
light chain variable region comprising an amino acid sequence that is at least about 95%, 96%,
97%, 98%, 99% or 100% identical to the amino acid sequence of SEQ ID NO: 31. In one
specific embodiment, the first and the third Fab molecule comprised in the T cell activating
bispecific antigen binding molecule according to the invention specifically binds to CD20, and
comprises the heavy chain complementarity determining region (CDR) 1 of SEQ ID NO: 46, the
heavy chain CDR 2 of SEQ ID NO: 47, the heavy chain CDR 3 of SEQ ID NO: 48, the light
chain CDR 1 of SEQ ID NO: 49, the light chain CDR 2 of SEQ ID NO: 50 and the light chain
CDR 3 of SEQ ID NO: 51.

[0042] In an even more specific embodiment, said first and third Fab molecule comprises a
heavy chain variable region comprising the amino acid sequence of SEQ ID NO: 30 and a light
chain variable region comprising the amino acid sequence of SEQ ID NO: 31.

[0043] In a particular aspect, the invention provides a T cell activating bispecific antigen
binding molecule as recited in the claims, wherein

1. (i) the first antigen is CD20 and the second antigen is CD3, particularly CD3 epsilon;

2. (ii) the first Fab molecule under a) and the third Fab molecule under c) each comprise
the heavy chain complementarity determining region (CDR) 1 of SEQ ID NO: 46, the
heavy chain CDR 2 of SEQ ID NO: 47, the heavy chain CDR 3 of SEQ ID NO: 48, the
light chain CDR 1 of SEQ ID NO: 49, the light chain CDR 2 of SEQ ID NO: 50 and the
light chain CDR 3 of SEQ ID NO: 51, and the second Fab molecule under b) comprises
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the heavy chain CDR 1 of SEQ ID NO: 4, the heavy chain CDR 2 of SEQ ID NO: 5, the
heavy chain CDR 3 of SEQ ID NO: 6, the light chain CDR 1 of SEQ ID NO: 8, the light
chain CDR 2 of SEQ ID NO: 9 and the light chain CDR 3 of SEQ ID NO: 10;

3. (iii) in the constant domain CL of the first Fab molecule under a) and the third Fab
molecule under c¢) the amino acid at position 124 is substituted by lysine (K) (numbering
according to Kabat) and the amino acid at position 123 is substituted by lysine (K) or
arginine (R), particularly by arginine (R) (numbering according to Kabat), and wherein in
the constant domain CH1 of the first Fab molecule under a) and the third Fab molecule
under c) the amino acid at position 147 is substituted by glutamic acid (E) (numbering
according to Kabat EU index) and the amino acid at position 213 is substituted by
glutamic acid (E) (numbering according to Kabat EU index); and

4. (iv) the first Fab molecule under a) is fused at the C-terminus of the Fab heavy chain to
the N-terminus of the Fab heavy chain of the second Fab molecule under b), and the
second Fab molecule under b) and the third Fab molecule under c) are each fused at
the C-terminus of the Fab heavy chain to the N-terminus of one of the subunits of the Fc
domain under d).

[0044] In a further aspect, the invention provides a T cell activating bispecific antigen binding
molecule as recited in the claims, wherein

1. (i) the first antigen is CD20 and the second antigen is CD3, particularly CD3 epsilon;

2. (ii) the first Fab molecule under a) and the third Fab molecule under c) each comprise
the heavy chain complementarity determining region (CDR) 1 of SEQ ID NO: 46, the
heavy chain CDR 2 of SEQ ID NO: 47, the heavy chain CDR 3 of SEQ ID NO: 48, the
light chain CDR 1 of SEQ ID NO: 49, the light chain CDR 2 of SEQ ID NO: 50 and the
light chain CDR 3 of SEQ ID NO: 51, and the second Fab molecule under b) comprises
the heavy chain CDR 1 of SEQ ID NO: 4, the heavy chain CDR 2 of SEQ ID NO: 67, the
heavy chain CDR 3 of SEQ ID NO: 6, the light chain CDR 1 of SEQ ID NO: 68, the light
chain CDR 2 of SEQ ID NO: 9 and the light chain CDR 3 of SEQ ID NO: 10;

3. (iii) in the constant domain CL of the first Fab molecule under a) and the third Fab
molecule under c¢) the amino acid at position 124 is substituted by lysine (K) (numbering
according to Kabat) and the amino acid at position 123 is substituted by lysine (K) or
arginine (R), particularly by arginine (R) (numbering according to Kabat), and wherein in
the constant domain CH1 of the first Fab molecule under a) and the third Fab molecule
under c) the amino acid at position 147 is substituted by glutamic acid (E) (numbering
according to Kabat EU index) and the amino acid at position 213 is substituted by
glutamic acid (E) (numbering according to Kabat EU index); and

4. (iv) the first Fab molecule under a) is fused at the C-terminus of the Fab heavy chain to
the N-terminus of the Fab heavy chain of the second Fab molecule under b), and the
second Fab molecule under b) and the third Fab molecule under c) are each fused at
the C-terminus of the Fab heavy chain to the N-terminus of one of the subunits of the Fc
domain under d).
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[0045] According to another aspect of the invention there is provided one or more isolated
polynucleotide(s) encoding a T cell activating bispecific antigen binding molecule of the
invention. The invention further provides one or more expression vector(s) comprising the
isolated polynucleotide(s) of the invention, and a host cell comprising the isolated
polynucleotide(s) or the expression vector(s) of the invention. In some aspects of the
disclosure the host cell is a eukaryotic cell, particularly a mammalian cell.

[0046] In another aspect is provided a method of producing the T cell activating bispecific
antigen binding molecule of the invention, comprising the steps of a) culturing the host cell of
the invention under conditions suitable for the expression of the T cell activating bispecific
antigen binding molecule and b) recovering the T cell activating bispecific antigen binding
molecule.

[0047] The invention further provides a pharmaceutical composition comprising the T cell
activating bispecific antigen binding molecule of the invention and a pharmaceutically
acceptable carrier.

[0048] Also encompassed by the invention are uses of the T cell activating bispecific antigen
binding molecule and pharmaceutical composition of the invention. In one aspect the invention
provides a T cell activating bispecific antigen binding molecule or a pharmaceutical
composition of the invention for use as a medicament. In one aspect is provided a T cell
activating bispecific antigen binding molecule or a pharmaceutical composition according to the
invention for use in the treatment of a disease in an individual in need thereof. In a specific
embodiment the disease is cancer.

[0049] Also provided is the T cell activating bispecific antigen binding molecule of the invention
for the treatment of a disease in an individual in need thereof; also disclosed is a method of
treating a disease in an individual, comprising administering to said individual a therapeutically
effective amount of a composition comprising the T cell activating bispecific antigen binding
molecule according to the invention in a pharmaceutically acceptable form. In any of the above
embodiments the individual preferably is a mammal, particularly a human.

[0050] Also disclosed is a use for inducing lysis of a target cell, particularly a tumor cell,
comprising contacting a target cell with a T cell activating bispecific antigen binding molecule of
the invention in the presence of a T cell, particularly a cytotoxic T cell.

Brief Description of the Drawings

[0051]

FIGURE 1. Exemplary configurations of the T cell activating bispecific antigen binding



DK/EP 3177643 T3

molecules (TCBs) of the invention. (A, D) lllustration of the "1+1 CrossMab" molecule. (B, E)
lllustration of the "2+1 IgG Crossfab" molecule with alternative order of Crossfab and Fab
components ("inverted"). (C, F) lllustration of the "2+1 IgG Crossfab" molecule. (G, K)
lllustration of the "1+1 IgG Crossfab" molecule with alternative order of Crossfab and Fab
components (“inverted"). (H, L) lllustration of the "1+1 I1gG Crossfab" molecule. (I, M)
lllustration of the "2+1 IgG Crossfab" molecule with two CrossFabs. (J, N) lllustration of the
"2+1 1gG Crossfab" molecule with two CrossFabs and alternative order of Crossfab and Fab
components ("inverted"). (O, S) lllustration of the "Fab-Crossfab" molecule. (P, T) lllustration of
the "Crossfab-Fab" molecule. (Q, U) lllustration of the "(Fab)>-Crossfab" molecule. (R, V)

lllustration of the "Crossfab-(Fab)," molecule. (W, Y) lllustration of the "Fab-(Crossfab)y"

molecule. (X, Z) lllustration of the "(Crossfab),-Fab" molecule. Black dot: optional modification

in the Fc domain promoting heterodimerization. ++, --: amino acids of opposite charges
introduced in the CH and CL domains.

FIGURE 2. lllustration of the TCBs prepared in Example 1. (A) "2+1 IgG CrossFab, inverted"
without charge modifications (CH1/CL exchange in CD3 binder), (B) "2+1 IgG CrossFab,
inverted" with charge modifications (VH/VL exchange in CD3 binder, charge modification in
CD20 binders, EE = 147E, 213E; RK = 123R, 124K), (C) "2+1 IgG CrossFab" with charge
modifications (VH/VL exchange in CD3 binder, charge modification in CD20 binders, EE =
147E, 213E,; RK = 123R, 124K), (D) "2+1 IgG CrossFab, inverted" without charge modifications
(VH/VL exchange in CD3 binder), (E) "2+1 IgG CrossFab, inverted" without charge
modifications (VH-CH1/VL-CL exchange in CD3 binder), (F) "2+1 IgG CrossFab, inverted" with
charge modifications (VH/VL exchange in CD20 binders, charge modification in CD3 binder, EE
= 147E, 213E; KK = 123K, 124K), (G) "2+1 1gG CrossFab, inverted" with charge modifications
and DDKK mutation in Fc region (VH/VL exchange in CD3 binder, charge modification in CD20
binders, EE = 147E, 213E; RK = 123R, 124K), (H) "1+1 CrossMab" with charge modifications
(VH/VL exchange in CD3 binder, charge modification in CD20 binder, EE = 147E, 213E; RK =
123R, 124K), (I) "1+1 CrossMab" with charge modifications (VH/VL exchange in CD3 binder,
charge modification in CD20 binder, EE = 147E, 213E; RK = 123R, 124K, different CD20
binder), (J) "2+1 1gG CrossFab, inverted" with charge modifications 213E, 123R (VH/VL
exchange in CD3 binder, charge modification in CD20 binder, E = 213E; R = 123R), (K) "2+1
IgG CrossFab, inverted" with charge modifications (VH/VL exchange and charge modification
in CD3 binder).

FIGURE 3. (A-l, N, O) CE-SDS analysis of the TCBs prepared in Example 1 (final purified
preparations). (A) Electropherogram of molecule "A", shown in Figure 2A, (B)
electropherogram of molecule "B", shown in Figure 2B, (C) electropherogram of molecule "C",
shown in Figure 2C, (D) electropherogram of molecule "D", shown in Figure 2D, (E)
electropherogram of molecule "E", shown in Figure 2E, (F) electropherogram of molecule "F",
shown in Figure 2F, (G) electropherogram of molecule "G", shown in Figure 2G, (H)
electropherogram of molecule "H", shown in Figure 2H, (I) electropherogram of molecule "I",
shown in Figure 21, (N) Electropherogram of molecule "J", shown in Figure 2J, (O)
electropherogram of molecule "K", shown in Figure 2K. Lane A = non-reduced, lane B =
reduced. (J-L, P, Q) SDS-PAGE analysis of TCBs prepared in Example 1 after the first
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purification step (Protein A affinity chromatography). (J) 4-12% Bis-Tris SDS-PAGE, non
reduced; lane 1 = marker (Mark 12, unstained standard, Invitrogen); lane 2-11 = fractions from
Protein A affinity chromatography of molecule B, (K) 3-8% Tris-Acetate SDS-PAGE, non
reduced; lane 1 = marker (HiMark, Invitrogen); lane 2-12 = fractions from Protein A affinity
chromatography of molecule C, (L) 4-12% Bis-Tris SDS-PAGE, non reduced; lane 1 = marker
(Mark 12, unstained standard, Invitrogen); lane 2-14 = fractions from Protein A affinity
chromatography of molecule D, (P) 4-12 % Bis/Tris SDS PAGE, non reduced; lane 1 = marker
(Mark 12, Invitrogen); lane 2 -10 = fractions from Protein A affinity chromatography of molecule
J, (Q) 4-12 % Bis/Tris SDS PAGE, non reduced; lane 1 = marker (Mark 12, Invitrogen); lane 2
-12= fractions from Protein A affinity chromatography of molecule K. (M) Preparative size
exclusion chromatography (SEC; first purification step) of TCBs prepared in Example 1
(molecule A (first SEC step), B and D, as indicated).

FIGURE 4. CD3 and CD20 binding of anti-CD3 / anti-CD20 T cell bispecific (TCB) antibodies
("CD20 TCB") with or without charge modifications ("charge residues") (see Example 1).

FIGURE 5. Tumor cell lysis induced by anti-CD3 / anti-CD20 T cell bispecific (TCB) antibodies
("CD20 TCB") with or without charge modifications ("charge residues") upon 22 h incubation
with human PBMCs (see Example 1).

FIGURE 6. Activation of CD8" T cells (A) or CD4™ T cells (B) upon T cell-mediated killing of
CD20-expressing tumor target cells (Nalm-6) induced by anti-CD3 / anti-CD20 T cell bispecific
(TCB) antibodies ("CD20 TCB") with or without charge modifications ("charge residues") (see
Example 1).

FIGURE 7. Activation of CD8" T cells (A) or CD4™ T cells (B) upon T cell-mediated killing of
CD20-expressing tumor target cells (Z-138) induced by anti-CD3 / anti-CD20 T cell bispecific
(TCB) antibodies ("CD20 TCB") with or without charge modifications ("charge residues") (see
Example 1).

FIGURE 8. B cell depletion in healthy human whole blood upon incubation with anti-CD3 / anti-
CD20 T cell bispecific (TCB) antibodies ("CD20 TCB") with or without charge modifications
("charge residues"); 22 h assay (see Example 1).

FIGURE 9. Activation of CD8* T cells (A) or CD4* T cells (B) upon T cell-mediated killing of
CD20-expressing B cells in human healthy whole blood induced by anti-CD3 / anti-CD20 T cell
bispecific (TCB) antibodies ("CD20 TCB") with or without charge modifications ("charge
residues") (see Example 1).

FIGURE 10. Binding of anti-CD20 / anti-CD3 TCB (molecule "B" shown in Figure 2B) to human
CD20- (A) and CD3-expressing (B) target cells.

FIGURE 11. Binding of anti-CD20 / anti-CD3 TCB (molecule "B" shown in Figure 2B) to human
and cynomolgus monkey CD20- and CD3-expressing target cells. (A) B-cells, (B) CD4 T cells,
(C)CDS8 T cells.
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FIGURE 12. Tumor cell lysis mediated by different anti-CD20 / anti-CD3 TCB antibody formats.

FIGURE 13. Tumor cell lysis and subsequent T cell activation mediated by different anti-CD20 /
anti-CD3 TCB antibody formats. (A-C) Lysis of Z138 tumor target cells by PBMC effector cells
from three different human donors. (D) Lysis of a panel of DLBCL tumor cell lines as indicated.

FIGURE 14. B cell depletion in human whole blood mediated by different anti-CD20 / anti-CD3
TCB antibody formats.

FIGURE 15. Activation of T cells by different anti-CD20 / anti-CD3 TCB antibody formats,
assessed by quantification of the intensity of CD3 downstream signaling using Jurkat-NFAT
reporter assay.

FIGURE 16. Pharmacokinetic parameters of a 0.5 mg/kg i.v. bolus administration of anti-CD20
/ anti-CD3 TCB antibody (molecule "B" shown in Figure 2B) from sparse sampling data in NOG
mice.

FIGURE 17. Schematic representation of the study design to assess B cell depletion activity of
anti-CD20 / anti-CD3 TCB antibody (molecule "B" shown in Figure 2B) in fully humanized NOG
mice.

FIGURE 18. Kinetics of B-cell and T-cell frequency in blood of fully humanized NOG mice
treated with (B) anti-CD20 / anti-CD3 TCB antibody (molecule "B" shown in Figure 2B) or (A)
vehicle control. DO, D7: days of therapy injection.

FIGURE 19. Analysis of different surface markers expression on peripheral T-cells three days
(D3) and ten days (D10) after vehicle (black bars) or anti-CD20 / anti-CD3 TCB antibody
(molecule "B" shown in Figure 2B) (white bars) injection in fully humanized mice.

FIGURE 20. Analysis of B-cell frequency (A), T-cell frequency (B) and surface markers
expression on T-cells (C) in spleen of vehicle (black bars) or anti-CD20 / anti-CD3 TCB
antibody (molecule "B" shown in Figure 2B) (white bars)-treated fully humanized mice at study
termination (D10 after first therapeutic injection).

FIGURE 21. Anti-tumor activity of anti-CD20 / anti-CD3 TCB antibody (molecule "B" shown in
Figure 2B) (0.5 mg/kg, once a week) in the WSU-DLCL2 model in NOG mice with huPBMC
transfer.

FIGURE 22. lllustration of the "2+1 IgG CrossFab, inverted" molecules prepared in Example 2.
(1) Molecule without charge modifications, (2) molecule with charge modifications in the CH1
and CL domains of the Fab molecules which specifically bind to BCMA (EE = 147E, 213E; KK =
123K, 124K).

FIGURE 23. CE-SDS analysis (lane A = non-reduced, lang B = reduced, peak table for lane A)
of "2+1 1gG CrossFab, inverted" molecules used in Example 2. Different methods of purification
(Protein A affinity chromatography (PA), size exclusion chromatography (SEC), cation
exchange chromatography (clEX), and a final size exclusion chromatographic step (re-SEC))
were applied for the molecule without charge modifications (83A10-TCB) and the molecule with
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charge modifications (83A10-TCBcv).

FIGURE 24. CE-SDS analysis (lane A = non-reduced, lane B = reduced, peak table for lane A)
of "2+1 IgG CrossFab, inverted" molecules used in Example 2, in head-to-head (H2H)
comparison after Protein A affinity chromatography (PA) and size exclusion chromatographic
(SEC) purification steps.

FIGURE 25. Flow cytometry analysis of binding of anti-BCMA/anti-CD3 T-cell bispecific
antibodies to BCMA-positive multiple myeloma cell lines. (A) 83A10-TCB on H929 cells and
MKN45 cells, (B) 83A10-TCBcv on H929 cells and MKN45 cells, (C) comparison of 83A10-TCB
and 83A10-TCBcv on H929 cells.

FIGURE 26. Killing of BCMA-positive H929 myeloma cells by anti-BCMA/anti-CD3 TCB
antibodies ((A) 83A10-TCB, (B) 83A10-TCBcv) as measured by LDH release.

FIGURE 27. lllustration of the TCBs prepared in Example 3. (A) "2+1 1gG CrossFab, inverted"
with charge modifications (VH/VL exchange in CD3 binder, charge modification in Her2
binders, EE = 147E, 213E; RK = 123R, 124K), (B) "2+1 IgG CrossFab" with charge
modifications (VH/VL exchange in CD3 binder, charge modification in Her3 binders, EE = 147E,
213E; RK = 123R, 124K).

FIGURE 28. CE-SDS analysis of the TCBs prepared in Example 3 (final purified preparation).
(A) Electropherogram of Her2 TCB, shown in Figure 27A, (B) electropherogram of Her3 TCB,
shown in Figure 27B. Lane A = non-reduced, lane B = reduced.

FIGURE 29. Binding of Her2 TCB (A) and Her3 TCB (B) to cells, as determined by FACS.
Median fluorescence intensities for binding of the Her2 TCB molecule to human CD3 on Jurkat
cells (left) or to human Her2 (A) or Her3 (B) on KPL-4 cells (right), as measured by flow
cytometry. Depicted are median fluorescence values, based on triplicates, including SD.

FIGURE 30. T cell activation by Her3 TCB. Upon co-incubation of human PBMC effector cells,
KPL-4 target cells and increasing concentrations of the Her3 TCB, the percentage of CD69
positive CD8 T cells was measured by FACS after 48h. Shown are triplicates with SD.

FIGURE 31. Activation of Jurkat cells via CD3 after 5h, as determined by luminescence. Upon
incubation of KPL4 tumor cells with Jurkat-NFAT reporter cells (E:T 5:1 (A) or 2.5:1 (B)) and
increasing concentrations of the Her2 TCB (A) or the Her3 TCB (B), activation of Jurkats was
determined by relative luminescent signals (RLUS) after 5h. EC50 values were calculated by
Graph Pad Prism (34.4 pM (A) and 22 pM (B)). Depicted are average values from triplicates,
error bars indicate SD.

FIGURE 32. (A, B) Tumor cell lysis, as measured by LDH release, upon incubation of Her2-
positive KPL4, N87, T47D or MDA-MB-231 target cells with human PBMC effector cells (E:T
10:1) and increasing concentrations of the Her 2 TCB molecule for 25 h (A) or 46 h (B).
Depicted are average values from triplicates, error bars indicate SD. EC50 values were
calculated by GraphPadPrism: 7.5 pM (KPL4 cells), 25.6 pM (N87 cells), 30.6 pM (T47D cells),
and 59.9 pM (MDA-MB-231 cells). (C) Tumor cell lysis, as meassured by LDH release, upon
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incubation of Her3-positive KPL4 target cells with human PBMC effector cells (E:T 10:1) and
increasing concentrations of the Her 3 TCB molecule for 24 h or 48 h, as indicated. Depicted
are average values from ftriplicates, error bars indicate SD. EC50 values were calculated by
GraphPadPrism: 2.54 pM (24 h) and 0.53 pM (48 h).

FIGURE 33. Tumor cell lysis, induced by Her3 TCB, as determined by Caspase 3/7 activity
(luminescence). Shown is the relative luminescent signal, that was measured as a
consequence of Caspase 3/7 activity in KPL-4-Caspase-3/7 GloSensor target cells after 6.5 h
co-incubation with PBMCs (E:T = 10:1) and different concentrations of Her3 TCB, as indicated.
Shown are triplicates with SD. EC50 value was calculated by GraphPadPrism: 0.7 pM.

FIGURE 34. lllustration of the TCBs prepared in Example 4. (A) "(Fab)>-CrossFab" with charge

modifications (VH/VL exchange in CD3 binder, charge modification in MCSP binders, EE =
147E, 213E; RK = 123R, 124K), (B) "(Fab),-CrossFab" without charge modifications (VH/VL

exchange in CD3 binder).

FIGURE 35. CE-SDS analysis of the TCB with charge modifications prepared in Example 4
(final purified preparation): Electropherogram of (Fab)2-XFab-LC0O07cv, shown in Figure 34A.
Lane A = non-reduced, lane B = reduced.

FIGURE 36. Median fluorescence intensities for binding of the TCB molecules to human MCSP
on MV-3 cells (left) or to human CD3 on Jurkat cells (right), as measured by flow cytometry.
Depicted are median fluorescence values, based on triplicates, including SD.

FIGURE 37. Tumor cell lysis, as measured by LDH release, upon incubation of human MCSP-
positive MV-3 cells with human PBMC effector cells (E:T 10:1) and increasing concentrations of
the TCB molecules for 24h (left) or 48h (right). Depicted are average values from triplicates,
error bars indicate SD.

Detailed Description of the Invention

[0052] The invention is as defined in the claims. The invention as defined in the claims is
described in the above summary of the invention, in the following description and in the
examples. In case of discrepancy between the claims, the above summary of the invention, the
following description and the examples, the claims prevail. In case of discrepancy between the
above summary of the invention, the following description and the examples, the above
summary of the invention prevails over the following description and the examples.

Definitions

[0053] Terms are used herein as generally used in the art, unless otherwise defined in the
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following.

[0054] As used herein, the term "antigen binding molecule" refers in its broadest sense to a
molecule that specifically binds an antigenic determinant. Examples of antigen binding
molecules are immunoglobulins and derivatives, e.g. fragments, thereof.

[0055] The term "bispecific" means that the antigen binding molecule is able to specifically bind
to at least two distinct antigenic determinants. Typically, a bispecific antigen binding molecule
comprises two antigen binding sites, each of which is specific for a different antigenic
determinant. In certain embodiments the bispecific antigen binding molecule is capable of
simultaneously binding two antigenic determinants, particularly two antigenic determinants
expressed on two distinct cells.

[0056] The term "valent" as used herein denotes the presence of a specified number of
antigen binding sites in an antigen binding molecule. As such, the term "monovalent binding to
an antigen" denotes the presence of one (and not more than one) antigen binding site specific
for the antigen in the antigen binding molecule.

[0057] An "antigen binding site" refers to the site, i.e. one or more amino acid residues, of an
antigen binding molecule which provides interaction with the antigen. For example, the antigen
binding site of an antibody comprises amino acid residues from the complementarity
determining regions (CDRs). A native immunoglobulin molecule typically has two antigen
binding sites, a Fab molecule typically has a single antigen binding site.

[0058] As used herein, the term "antigen binding moiety" refers to a polypeptide molecule that
specifically binds to an antigenic determinant. In one embodiment, an antigen binding moiety is
able to direct the entity to which it is attached (e.g. a second antigen binding moiety) to a target
site, for example to a specific type of tumor cell or tumor stroma bearing the antigenic
determinant. In another embodiment an antigen binding moiety is able to activate signaling
through its target antigen, for example a T cell receptor complex antigen. Antigen binding
moieties include antibodies and fragments thereof as further defined herein. Particular antigen
binding moieties include an antigen binding domain of an antibody, comprising an antibody
heavy chain variable region and an antibody light chain variable region. In certain aspects, the
antigen binding moieties may comprise antibody constant regions as further defined herein
and known in the art. Useful heavy chain constant regions include any of the five isotypes: a, d,
g, Y, or J. Useful light chain constant regions include any of the two isotypes: k and A.

[0059] As used herein, the term "antigenic determinant" is synonymous with "antigen" and
"epitope," and refers to a site (e.g. a contiguous stretch of amino acids or a conformational
configuration made up of different regions of non-contiguous amino acids) on a polypeptide
macromolecule to which an antigen binding moiety binds, forming an antigen binding moiety-
antigen complex. Useful antigenic determinants can be found, for example, on the surfaces of
tumor cells, on the surfaces of virus-infected cells, on the surfaces of other diseased cells, on
the surface of immune cells, free in blood serum, and/or in the extracellular matrix (ECM). The
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proteins referred to as antigens herein (e.g. CD3) can be any native form the proteins from any
vertebrate source, including mammals such as primates (e.g. humans) and rodents (e.g. mice
and rats), unless otherwise indicated. In a particular embodiment the antigen is a human
protein. Where reference is made to a specific protein herein, the term encompasses the "full-
length", unprocessed protein as well as any form of the protein that results from processing in
the cell. The term also encompasses naturally occurring variants of the protein, e.g. splice
variants or allelic variants. An exemplary human protein useful as antigen is CD3, particularly
the epsilon subunit of CD3 (see UniProt no. P07766 (version 130), NCBI RefSeq no.
NP_000724.1, SEQ ID NO: 1 for the human sequence; or UniProt no. Q95LI5 (version 49),
NCBI GenBank no. BAB71849.1, SEQ ID NO: 2 for the cynomolgus [Macaca fascicularis]
sequence). In certain embodiments the T cell activating bispecific antigen binding molecule of
the invention binds to an epitope of CD3 or a target cell antigen that is conserved among the
CD3 or target cell antigen from different species.

[0060] By "specific binding" is meant that the binding is selective for the antigen and can be
discriminated from unwanted or non-specific interactions. The ability of an antigen binding
moiety to bind to a specific antigenic determinant can be measured either through an enzyme-
linked immunosorbent assay (ELISA) or other techniques familiar to one of skill in the art, e.g.
surface plasmon resonance (SPR) technique (analyzed on a BlAcore instrument) (Lilieblad et
al., Glyco J 17, 323-329 (2000)), and traditional binding assays (Heeley, Endocr Res 28, 217-
229 (2002)). In one aspect, the extent of binding of an antigen binding moiety to an unrelated
protein is less than about 10% of the binding of the antigen binding moiety to the antigen as
measured, e.g., by SPR. In certain aspects, an antigen binding moiety that binds to the
antigen, or an antigen binding molecule comprising that antigen binding moiety, has a
dissociation constant (Kp) of < 1 uyM, < 100 nM, €10 nM, £ 1 nM, £ 0.1 nM, £ 0.01 nM, or =

0.001 nM (e.g. 108 M or less, e.g. from 108 M to 1013 M, e.g., from 102 M to 10-13 Mm).

[0061] "Affinity" refers to the strength of the sum total of non-covalent interactions between a
single binding site of a molecule (e.g., a receptor) and its binding partner (e.g., a ligand).
Unless indicated otherwise, as used herein, "binding affinity" refers to intrinsic binding affinity
which reflects a 1:1 interaction between members of a binding pair (e.g., an antigen binding
moiety and an antigen, or a receptor and its ligand). The affinity of a molecule X for its partner
Y can generally be represented by the dissociation constant (Kp), which is the ratio of
dissociation and association rate constants (ko and ko, respectively). Thus, equivalent

affinities may comprise different rate constants, as long as the ratio of the rate constants
remains the same. Affinity can be measured by well established methods known in the art,
including those described herein. A particular method for measuring affinity is Surface Plasmon
Resonance (SPR).

[0062] "Reduced binding", for example reduced binding to an Fc receptor, refers to a decrease
in affinity for the respective interaction, as measured for example by SPR. For clarity the term
includes also reduction of the affinity to zero (or below the detection limit of the analytic
method), i.e. complete abolishment of the interaction. Conversely, "increased binding" refers to
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an increase in binding affinity for the respective interaction.

[0063] An "activating T cell antigen" as used herein refers to an antigenic determinant
expressed on the surface of a T lymphocyte, particularly a cytotoxic T lymphocyte, which is
capable of inducing T cell activation upon interaction with an antigen binding molecule.
Specifically, interaction of an antigen binding molecule with an activating T cell antigen may
induce T cell activation by triggering the signaling cascade of the T cell receptor complex. In a
particular embodiment the activating T cell antigen is CD3, particularly the epsilon subunit of
CD3 (see UniProt no. P07766 (version 130), NCBI RefSeq no. NP_000724.1, SEQ ID NO: 1 for
the human sequence; or UniProt no. Q95LIS (version 49), NCBI GenBank no. BAB71849.1,
SEQ ID NO: 2 for the cynomolgus [Macaca fascicularis] sequence).

[0064] "T cell activation" as used herein refers to one or more cellular response of a T
lymphocyte, particularly a cytotoxic T lymphocyte, selected from: proliferation, differentiation,
cytokine secretion, cytotoxic effector molecule release, cytotoxic activity, and expression of
activation markers. The T cell activating bispecific antigen binding molecules of the invention
are capable of inducing T cell activation. Suitable assays to measure T cell activation are
known in the art described herein.

[0065] A "target cell antigen" as used herein refers to an antigenic determinant presented on
the surface of a target cell, for example a cell in a tumor such as a cancer cell or a cell of the
tumor stroma. In a particular embodiment, the target cell antigen is CD20, particularly human
CD20 (see UniProt no. P11836).

[0066] As used herein, the terms "first", "second" or "third" with respect to Fab molecules etc.,
are used for convenience of distinguishing when there is more than one of each type of moiety.
Use of these terms is not intended to confer a specific order or orientation of the T cell
activating bispecific antigen binding molecule unless explicitly so stated.

[0067] A "Fab molecule" refers to a protein consisting of the VH and CH1 domain of the heavy
chain (the "Fab heavy chain") and the VL and CL domain of the light chain (the "Fab light
chain") of an immunoglobulin.

[0068] By "fused" is meant that the components (e.g. a Fab molecule and an Fc domain
subunit) are linked by peptide bonds, either directly or via one or more peptide linkers.

[0069] As used herein, the term "single-chain" refers to a molecule comprising amino acid
monomers linearly linked by peptide bonds. In certain aspects of the disclosure, one of the
antigen binding moieties is a single-chain Fab molecule, i.e. a Fab molecule wherein the Fab
light chain and the Fab heavy chain are connected by a peptide linker to form a single peptide
chain. In a particular such aspect, the C-terminus of the Fab light chain is connected to the N-
terminus of the Fab heavy chain in the single-chain Fab molecule.

[0070] By a "crossover" Fab molecule (also termed "Crossfab") is meant a Fab molecule
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wherein the variable domains of the Fab heavy and light chain are exchanged (i.e. replaced by
each other), i.e. the crossover Fab molecule comprises a peptide chain composed of the light
chain variable domain VL and the heavy chain constant domain 1 CH1 (VL-CH1, in N- to C-
terminal direction), and a peptide chain composed of the heavy chain variable domain VH and
the light chain constant domain CL (VH-CL, in N- to C-terminal direction). For clarity, in a
crossover Fab molecule wherein the variable domains of the Fab light chain and the Fab
heavy chain are exchanged, the peptide chain comprising the heavy chain constant domain 1
CH1 is referred to herein as the "heavy chain" of the crossover Fab molecule.

[0071] In contrast thereto, by a "conventional" Fab molecule is meant a Fab molecule in its
natural format, i.e. comprising a heavy chain composed of the heavy chain variable and
constant domains (VH-CH1, in N- to C-terminal direction), and a light chain composed of the
light chain variable and constant domains (VL-CL, in N- to C-terminal direction).

[0072] The term "immunoglobulin molecule" refers to a protein having the structure of a
naturally occurring antibody. For example, immunoglobulins of the IgG class are
heterotetrameric glycoproteins of about 150,000 daltons, composed of two light chains and two
heavy chains that are disulfide-bonded. From N- to C-terminus, each heavy chain has a
variable domain (VH), also called a variable heavy domain or a heavy chain variable region,
followed by three constant domains (CHI, CH2, and CH3), also called a heavy chain constant
region. Similarly, from N- to C-terminus, each light chain has a variable domain (VL), also
called a variable light domain or a light chain variable region, followed by a constant light (CL)
domain, also called a light chain constant region. The heavy chain of an immunoglobulin may
be assigned to one of five types, called a (IgA), & (IgD), € (IgE), y (IgG), or p (IgM), some of
which may be further divided into subtypes, e.g. y4 (I1gG1), y2 (19G2), v3 (19G3), v4 (19G4), a4
(IgA1) and as (IgAy). The light chain of an immunoglobulin may be assigned to one of two

types, called kappa (k) and lambda (A), based on the amino acid sequence of its constant
domain. An immunoglobulin essentially consists of two Fab molecules and an Fc domain,
linked via the immunoglobulin hinge region.

[0073] The term "antibody" herein is used in the broadest sense and encompasses various
antibody structures, including but not limited to monoclonal antibodies, polyclonal antibodies,
and antibody fragments so long as they exhibit the desired antigen-binding activity.

[0074] An "antibody fragment" refers to a molecule other than an intact antibody that
comprises a portion of an intact antibody that binds the antigen to which the intact antibody
binds. Examples of antibody fragments include but are not limited to Fv, Fab, Fab', Fab'-SH,
F(ab'),, diabodies, linear antibodies, single-chain antibody molecules (e.g. scFv), and single-
domain antibodies. For a review of certain antibody fragments, see Hudson et al., Nat Med 9,
129-134 (2003). For a review of scFv fragments, see e.g. Pluckthun, in The Pharmacology of
Monoclonal Antibodies, vol. 113, Rosenburg and Moore eds., Springer-Verlag, New York, pp.
269-315 (1994), see also WO 93/16185; and U.S. Patent Nos. 5,571,894 and 5,587,458. For
discussion of Fab and F(ab')o fragments comprising salvage receptor binding epitope residues
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and having increased in vivo half-life, see U.S. Patent No. 5,869,046. Diabodies are antibody
fragments with two antigen-binding sites that may be bivalent or bispecific. See, for example,
EP 404,097, WO 1993/01161; Hudson et al.,, Nat Med 9, 129-134 (2003); and Hollinger et al.,
Proc Natl Acad Sci USA 90, 6444-6448 (1993). Triabodies and tetrabodies are also described
in Hudson et al., Nat Med 9, 129-134 (2003).

[0075] Single-domain antibodies are antibody fragments comprising all or a portion of the
heavy chain variable domain or all or a portion of the light chain variable domain of an
antibody. In certain aspects of the disclosure, a single-domain antibody is a human single-
domain antibody (Domantis, Inc., Waltham, MA; see e.g. U.S. Patent No. 6,248,516 B1).
Antibody fragments can be made by various techniques, including but not limited to proteolytic
digestion of an intact antibody as well as production by recombinant host cells (e.g. E. coli or
phage), as described herein.

[0076] The term "antigen binding domain" refers to the part of an antibody that comprises the
area which specifically binds to and is complementary to part or all of an antigen. An antigen
binding domain may be provided by, for example, one or more antibody variable domains (also
called antibody variable regions). Particularly, an antigen binding domain comprises an
antibody light chain variable domain (VL) and an antibody heavy chain variable domain (VH).

[0077] The term "variable region" or "variable domain" refers to the domain of an antibody
heavy or light chain that is involved in binding the antibody to antigen. The variable domains of
the heavy chain and light chain (VH and VL, respectively) of a native antibody generally have
similar structures, with each domain comprising four conserved framework regions (FRs) and
three hypervariable regions (HVRs). See, e.g., Kindt et al., Kuby Immunology, 6th ed., W.H.
Freeman and Co., page 91 (2007). A single VH or VL domain may be sufficient to confer
antigen-binding specificity.

[0078] The term "hypervariable region" or "HVR", as used herein, refers to each of the regions
of an antibody variable domain which are hypervariable in sequence and/or form structurally
defined loops ("hypervariable loops"). Generally, native four-chain antibodies comprise six
HVRs; three in the VH (HI, H2, H3), and three in the VL (LI, L2, L3). HVRs generally comprise
amino acid residues from the hypervariable loops and/or from the complementarity
determining regions (CDRs), the latter being of highest sequence variability and/or involved in
antigen recognition.

[0079] With the exception of CDR1 in VH, CDRs generally comprise the amino acid residues
that form the hypervariable loops. Hypervariable regions (HVRs) are also referred to as
"complementarity determining regions" (CDRs), and these terms are used herein
interchangeably in reference to portions of the variable region that form the antigen binding
regions. This particular region has been described by Kabat et al., Sequences of Proteins of
Immunological Interest, 5th Ed. Public Health Service, National Institutes of Health, Bethesda,
MD (1991) and by Chothia et al., J Mol Biol 196:901-917 (1987), where the definitions include
overlapping or subsets of amino acid residues when compared against each other.
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Nevertheless, application of either definition to refer to a CDR of an antibody or variants
thereof is intended to be within the scope of the term as defined and used herein. The
appropriate amino acid residues which encompass the CDRs as defined by each of the above
cited references are set forth below in Table 1 as a comparison. The exact residue numbers
which encompass a particular CDR will vary depending on the sequence and size of the CDR.
Those skilled in the art can routinely determine which residues comprise a particular CDR
given the variable region amino acid sequence of the antibody. The CDR sequences given
herein are generally according to the Kabat definition.

TABLE 1. CDR Definitions'

CDR Kabat Chothia AbM?2

Vy CDR1 31-35 26-32 26-35

Vy CDR2 50-65 52-58 50-58

Vy CDR3 95-102 95-102 95-102

V| CDR1 24-34 26-32 24-34

V| CDR2 50-56 50-52 50-56

V| CDR3 89-97 91-96 89-97
1 Numbering of all CDR definitions in Table 1 is according to the numbering
conventions set forth by Kabat et al. (see below).
2 "ApbM" with a lowercase "b" as used in Table 1 refers to the CDRs as defined by
Oxford Molecular's "AbM" antibody modeling software.

[0080] Kabat et al. also defined a numbering system for variable region sequences that is
applicable to any antibody. One of ordinary skill in the art can unambiguously assign this
system of "Kabat numbering" to any variable region sequence, without reliance on any
experimental data beyond the sequence itself. As used herein in connection with variable
region seqeunces, "Kabat numbering" refers to the numbering system set forth by Kabat et al.,
Sequences of Proteins of Immunological Interest, 5th Ed. Public Health Service, National
Institutes of Health, Bethesda, MD (1991). Unless otherwise specified, references to the
numbering of specific amino acid residue positions in an antibody variable region are according
to the Kabat numbering system.

[0081] As used herein, the amino acid positions of all constant regions and domains of the
heavy and light chain are numbered according to the Kabat numbering system described in
Kabat, et al., Sequences of Proteins of Immunological Interest, 5th ed., Public Health Service,
National Institutes of Health, Bethesda, MD (1991) and is referred to as "numbering according
to Kabat" or "Kabat numbering" herein. Specifically the Kabat numbering system (see pages
647-660 of Kabat, et al., Sequences of Proteins of Immunological Interest, 5th ed., Public
Health Service, National Institutes of Health, Bethesda, MD (1991)) is used for the light chain
constant domain CL of kappa and lambda isotype and the Kabat EU index numbering system
(see pages 661-723) is used for the heavy chain constant domains (CH1, Hinge, CH2 and
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CH3), which is herein further clarified by referring to "numbering according to Kabat EU index"
in this case.

[0082] The polypeptide sequences of the sequence listing are not numbered according to the
Kabat numbering system. However, it is well within the ordinary skill of one in the art to convert
the numbering of the sequences of the Sequence Listing to Kabat numbering.

[0083] "Framework" or "FR" refers to variable domain residues other than hypervariable region
(HVR) residues. The FR of a variable domain generally consists of four FR domains: FR1,
FR2, FR3, and FR4. Accordingly, the HVR and FR sequences generally appear in the following
sequence in VH (or VL): FR1-H1(L1)-FR2-H2(L2)-FR3-H3(L3)-FR4.

[0084] The "class" of an antibody or immunoglobulin refers to the type of constant domain or
constant region possessed by its heavy chain. There are five major classes of antibodies: IgA,
IgD, IgE, 1gG, and IgM, and several of these may be further divided into subclasses (isotypes),
e.g., 1gGq, 1gGy, 1gGs, 1gGy, IgA¢, and IgAs. The heavy chain constant domains that

correspond to the different classes of immunoglobulins are called g, 9, €, y, and p, respectively.

[0085] The term "Fc domain" or "Fc region" herein is used to define a C-terminal region of an
immunoglobulin heavy chain that contains at least a portion of the constant region. The term
includes native sequence Fc regions and variant Fc regions. Although the boundaries of the Fc
region of an IgG heavy chain might vary slightly, the human IgG heavy chain Fc region is
usually defined to extend from Cys226, or from Pro230, to the carboxyl-terminus of the heavy
chain.

[0086] However, antibodies produced by host cells may undergo post-translational cleavage of
one or more, particularly one or two, amino acids from the C-terminus of the heavy chain.
Therefore an antibody produced by a host cell by expression of a specific nucleic acid
molecule encoding a full-length heavy chain may include the full-length heavy chain, or it may
include a cleaved variant of the full-length heavy chain (also referred to herein as a "cleaved
variant heavy chain"). This may be the case where the final two C-terminal amino acids of the
heavy chain are glycine (G446) and lysine (K447, numbering according to Kabat EU index).
Therefore, the C-terminal lysine (Lys447), or the C-terminal glycine (Gly446) and lysine
(K447), of the Fc region may or may not be present.

[0087] Amino acid sequences of heavy chains including Fc domains (or a subunit of an Fc
domain as defined herein) are denoted herein without C-terminal glycine-lysine dipeptide if not
indicated otherwise. In one aspect of the disclosure, a heavy chain including a subunit of an Fc
domain as specified herein, comprised in a T cell activating bispecific antigen binding molecule
according to the invention, comprises an additional C-terminal glycine-lysine dipeptide (G446
and K447, numbering according to EU index of Kabat). In one aspect of the disclosure, a
heavy chain including a subunit of an Fc domain as specified herein, comprised in a T cell
activating bispecific antigen binding molecule according to the invention, comprises an
additional C-terminal glycine residue (G446, numbering according to EU index of Kabat).
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Compositions of the invention, such as the pharmaceutical compositions described herein,
comprise a population of T cell activating bispecific antigen binding molecules of the invention.
The population of T cell activating bispecific antigen binding molecule may comprise molecules
having a full-length heavy chain and molecules having a cleaved variant heavy chain. The
population of T cell activating bispecific antigen binding molecules may consist of a mixture of
molecules having a full-length heavy chain and molecules having a cleaved variant heavy
chain, wherein at least 50%, at least 60%, at least 70%, at least 80% or at least 90% of the T
cell activating bispecific antigen binding molecules have a cleaved variant heavy chain. In one
aspect fo the disclosure a composition comprising a population of T cell activating bispecific
antigen binding molecules of the invention comprises an T cell activating bispecific antigen
binding molecule comprising a heavy chain including a subunit of an Fc domain as specified
herein with an additional C-terminal glycine-lysine dipeptide (G446 and K447, numbering
according to EU index of Kabat). In one aspect of the disclosure a composition comprising a
population of T cell activating bispecific antigen binding molecules of the invention comprises
an T cell activating bispecific antigen binding molecule comprising a heavy chain including a
subunit of an Fc domain as specified herein with an additional C-terminal glycine residue
(G446, numbering according to EU index of Kabat). In one aspect of the disclosure such a
composition comprises a population of T cell activating bispecific antigen binding molecules
comprised of molecules comprising a heavy chain including a subunit of an Fc domain as
specified herein; molecules comprising a heavy chain including a subunit of a Fc domain as
specified herein with an additional C-terminal glycine residue (G446, numbering according to
EU index of Kabat); and molecules comprising a heavy chain including a subunit of an Fc
domain as specified herein with an additional C-terminal glycine-lysine dipeptide (G446 and
K447, numbering according to EU index of Kabat). Unless otherwise specified herein,
numbering of amino acid residues in the Fc region or constant region is according to the EU
numbering system, also called the EU index, as described in Kabat et al., Sequences of
Proteins of Immunological Interest, 5th Ed. Public Health Service, National Institutes of Health,
Bethesda, MD, 1991 (see also above). A "subunit" of an Fc domain as used herein refers to
one of the two polypeptides forming the dimeric Fc domain, i.e. a polypeptide comprising C-
terminal constant regions of an immunoglobulin heavy chain, capable of stable self-
association. For example, a subunit of an IgG Fc domain comprises an IgG CH2 and an IgG
CH3 constant domain.

[0088] A "modification promoting the association of the first and the second subunit of the Fc
domain" is a manipulation of the peptide backbone or the post-translational modifications of an
Fc domain subunit that reduces or prevents the association of a polypeptide comprising the Fc
domain subunit with an identical polypeptide to form a homodimer. A modification promoting
association as used herein particularly includes separate modifications made to each of the
two Fc domain subunits desired to associate (i.e. the first and the second subunit of the Fc
domain), wherein the modifications are complementary to each other so as to promote
association of the two Fc domain subunits. For example, a modification promoting association
may alter the structure or charge of one or both of the Fc domain subunits so as to make their
association sterically or electrostatically favorable, respectively. Thus, (hetero)dimerization
occurs between a polypeptide comprising the first Fc domain subunit and a polypeptide
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comprising the second Fc domain subunit, which might be non-identical in the sense that
further components fused to each of the subunits (e.g. antigen binding moieties) are not the
same. In some embodiments the modification promoting association comprises an amino acid
mutation in the Fc domain, specifically an amino acid substitution. In a particular embodiment,
the modification promoting association comprises a separate amino acid mutation, specifically
an amino acid substitution, in each of the two subunits of the Fc domain.

[0089] The term "effector functions" refers to those biological activities attributable to the Fc
region of an antibody, which vary with the antibody isotype. Examples of antibody effector
functions include: C1q binding and complement dependent cytotoxicity (CDC), Fc receptor
binding, antibody-dependent cell-mediated cytotoxicity (ADCC), antibody-dependent cellular
phagocytosis (ADCP), cytokine secretion, immune complex-mediated antigen uptake by
antigen presenting cells, down regulation of cell surface receptors (e.g. B cell receptor), and B
cell activation.

[0090] As used herein, the terms "engineer, engineered, engineering", are considered to
include any manipulation of the peptide backbone or the post-translational modifications of a
naturally occurring or recombinant polypeptide or fragment thereof. Engineering includes
modifications of the amino acid sequence, of the glycosylation pattern, or of the side chain
group of individual amino acids, as well as combinations of these approaches.

[0091] The term "amino acid mutation" as used herein is meant to encompass amino acid
substitutions, deletions, insertions, and modifications. Any combination of substitution, deletion,
insertion, and modification can be made to arrive at the final construct, provided that the final
construct possesses the desired characteristics, e.g., reduced binding to an Fc receptor, or
increased association with another peptide. Amino acid sequence deletions and insertions
include amino- and/or carboxy-terminal deletions and insertions of amino acids. Particular
amino acid mutations are amino acid substitutions. For the purpose of altering e.g. the binding
characteristics of an Fc region, non-conservative amino acid substitutions, i.e. replacing one
amino acid with another amino acid having different structural and/or chemical properties, are
particularly preferred. Amino acid substitutions include replacement by non-naturally occurring
amino acids or by naturally occurring amino acid derivatives of the twenty standard amino
acids (e.g. 4-hydroxyproline, 3-methylhistidine, ornithine, homoserine, 5-hydroxylysine). Amino
acid mutations can be generated using genetic or chemical methods<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>