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DESCRIPTION

FIELD OF INVENTION

[0001] The present invention relates to proteins, such as antibodies, comprising a first
polypeptide and a second polypeptide which are inert in the sense that they do not induce any
Fc receptor-mediated functions leading to cell activation, resulting from three modifications in
the Fcregion.

BACKGROUND OF THE INVENTION

[0002] The effector functions mediated by the Fc region of an antibody allow for the
destruction of foreign entities, such as the killing of pathogens and the clearance and
degradation of antigens. Antibody-dependent cell-mediated cytotoxicity (ADCC) and antibody-
dependent cell-mediated phagocytosis (ADCP) are initiated by binding of the Fc region to Fc
receptor (FcR)-bearing cells, whereas complement-dependent cytotoxicity (CDC) is initiated by
binding of the Fc region to C1q, which initiates the classical route of complement activation.

[0003] Fc-mediated effector functions, such as ADCC and complement activation, have been
suggested to contribute to the therapeutic efficacy of monoclonal antibodies used for the
treatment of cancer (Weiner et al. Cell 2012, 148:1081-1084).

[0004] Previous efforts have been made to reduce unwanted effects caused by binding to the
Fc region, e.g. cytokine storm and associated toxic effects or platelet aggregation, by providing
antibody fragments or antibodies with mutated amino acid sequences. For example, antibody
fragments, such as Fab, F(ab'),, or scFv molecules, intrinsically lack Fc-effector functions, but

have a short in vivo half-life and may require additional modifications to extend the half-life.
Tao and Morrison (1989) describes studies of aglycosylated chimeric mouse-human 1gG. Bolt
et al. (1993) describes generation of a humanized, non-mitogenic CD3 monoclonal antibody
which retains in vitro immunosuppressive properties.

[0005] Canfield and Morrison (2003) describes the binding affinity of human IgG for its high
affinity Fc receptor is determined by multiple amino acids in the CH2 domain and is modulated
by the hinge region.

[0006] Hezarah et al. (2001) describes effector function activities of a panel of mutants of a
broadly neutralizing antibody against human immunodeficiency virus type 1.

[0007] Armour et al. (2003) describes differential binding to human FcgammaRlla and
FcgammaRllb receptors by human IgG wildtype and mutant antibodies.
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[0008] Idusogie et al. (2000) describes mapping of the C1q binding site on rituxan, a chimeric
antibody with a human IgG1 Fc.

[0009] Shields et al (2001) describes high resolution mapping of the binding site on human
IgG1 for FcyRI, FecyRII, ReyRIIl, and FcRn and design of IgG1 variants with improved binding
to the FcyR.

[0010] Oganesyan et al. (2008) describes structural characterization of a human Fc fragment
engineered for lack of effector functions.

[0011] Duncan et al. (2008) describes localization of the binding site for the human high-affinity
Fc receptor on IgG.

[0012] Parren et al, (1992) describes the interaction of IgG subclasses with the low affinity Fc
gamma Rlla (CD32) on human monocytes, neutrophils, and platelets.

[0013] Newman et al (2001) describes modification of the Fc region of a primatized 1gG
antibody to human CD4 retains its ability to modulate CD4 receptors but does not deplete
CDA4(+) T cells in chimpanzees.

[0014] Alternatively, the hinge region of the antibody has been reported to be of importance
with respect of interactions with FcyRs and complement. Dall'Acqua et al (2006) describes
modulation of the effector functions of a human IgG1 through engineering of its hinge region.
However, none of the previously engineered Fc regions are completely devoid of Fc-mediated
functions. Furthermore, the impact of these specific mutations on immunogenicity and in vivo
half-life is often unknown.

[0016] WO 2012/143524 relates to bispecific antibodies against HER2 and CD3.
WO02012/113813 relates to antibodies against human IL33R and uses thereof. Hinojosa et al.
(Hybridoma 29:2 (2010): 115-124) relates to the construction of a recombinant non-mitogenic
anti-human CD3 antibody. Bohua et al. (Immunology 116:4 (2005): 487-498) relates to the
construction and characterization of a humanized anti-human CD3 monoclonal antibody 12F6
with effective immunoregulation functions. Woodle et al. (Transplantation 68:5 (1999): 608-
616) relates to a phase | trial of a humanized, Fc receptor nonbinding OKT3 antibody,
huOKT3y1 (Ala-Ala) in the treatment of acute renal allograft rejection. Li et al. (mabs. Vol. 2.
No. 4. Taylor & Francis, 2010) relates to a phase | trial of a humanized, Fc receptor nonbinding
anti-CD3 antibody, hu12F6mu in patients receiving renal allografts.

[0016] As described above, there is a need of proteins incapable of inducing a range of
specific effector functions and at the same time have conserved pharmacokinetic properties.
The present invention relates to such proteins.

SUMMARY OF INVENTION
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[0017] The present invention relates to proteins and antibodies having a non-activating Fc
region as compared to a wild-type protein or antibody. Without being limited to theory, it is
believed that the proteins and antibodies are incapable of inducing a range of effector
functions caused by interaction between the Fc region and effector components, such as Fc
receptor binding.

[0018] Thus, in one aspect, the present invention provides a protein comprising a first
polypeptide and a second polypeptide, wherein said first and second polypeptide each
comprises at least a hinge region, a CH2 region and a CH3 region of a human IgG1
immunoglobulin heavy chain, wherein in both said first and second polypeptide the amino acids
at positions L234, L235, D265, N297 and P331 of the human IgG1 heavy chain, are F, E, A/ N
and P, respectively, wherein the amino acid positions are numbered according to the EU-index
of numbering.

[0019] In another aspect, the present invention provides a composition comprising a protein
according to the invention.

[0020] In another aspect, the present invention provides a pharmaceutical composition
comprising a protein according to the invention and a pharmaceutical acceptable carrier.

[0021] The present invention also provides a protein, composition, or pharmaceutical
composition according to the invention for use in the treatment of a disease.

Brief Description of the Drawings

[0022]

Figure 1: Binding curves of IgG1-CD3 (IgG1-huCLB-T3/4-F405L) or IgG1-HER2 (IgG1-HER2-
169-K409R) monospecific antibody variants and bslgG1-CD3xHER2 (IgG1-huCLB-
T3/4xHER2-169) bispecific antibody variants to their specific target on Jurkat (Figure 1A, B) or
AU565 cells (Figure 1C, D). Data shown are mean fluorescence intensities (MFI) of one
representative experiment for each cell line, as described in Example 2.

Figure 2: Binding curves of IgG1-CD3 (IgG1-huCLB-T3/4-F405L) or IgG1-HER2 (IgG1-HER2-
169-K409R) monospecific antibody variants and bslgG1 CD3 x HER2 (IgG1-huCLB-T3/4 x
HER2-169) bispecific antibody variants to their specific target on Jurkat (Figure 2A and 2B) or
AU565 cells (Figure 2C and 2D). Data shown are mean fluorescence intensities (MFI) of one
representative experiment for each cell line, as described in Example 2.

Figure 3: FACS analysis of CD69 expression on T-cells in PBMC cultures as described in
Example 3. The PBMC cultures were treated with titrated 1IgG1-CD3 (huCLB-T3/4) antibody
variants. Representative examples of three experiments are shown.
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Figure 4: T-cell proliferation measured in ELISA as described in Example 4. PBMCs were
incubated with antibody variants for three days. Representative results from two independent
experiments are shown.

Figure 5: Induction of T-cell mediated cytotoxicity by wild-type and antibody variants (N297Q,
LFLE, LFLENQ, LFLEDA, DANQ, LFLEDANQPS [Figure 5A-G]) was determined as described
in Example 5. The averages from one experiment performed in duplet are shown.

Figure 6: Induction of T-cell mediated cytotoxicity by wild-type and antibody variants (LFLEDA,
LALA [Figure 6A-C]) was determined as described in Example 5. The averages from two
experiments performed in duplet are shown.

Figure 7: Cytokine release in supernatant upon incubation of tumor cells and PBMCs with non-
activating monospecific IgG1-CD3 or bispecific IgG-CD3xHER2 antibody variants as described
in Example 5 (incubation with GM-CSF (Figure 7A), IFNy (Figure 7B), IL-1B (Figure 7C), IL-2
(Figure 7D), IL-6 (Figure 7E), IL-8 (Figure 7F), IL-10 (Figure 7G), IL-12 (Figure 7H), and
TNFa (Figure 71)).

Figure 8: Binding of C1q to monospecific IgG1-CD3 (Figure 8A, 8C) and bispecific 1gG1-
CD3xHER2 (Figure 8B, 8D), and non-activating antibody variants thereof was evaluated by
ELISA as described in Example 7. The results are representative for the experiments
performed twice.

Figure 9: Binding of IgG1-CD3 antibody variants (Figure 9A) N297Q, LFLE, LFLEDA,
LFLENQ, DANQ, and LFLEDANQPS and (Figure 9B) LFLEDA and LALA to the high affinity
FcyRl was evaluated by FACS analysis as described in Example 8. Averages of two
experiments are shown.

Figure 10: Pharmacokinetic (PK) analysis of the non-activating antibody variants was
compared to that of wild-type 1gG1-CD3 antibody as described in Example 9. Figure 10A
shows the plasma concentration of human IgG1 plotted against time. Figure 10B shows
plasma clearance rate calculated as described in Example 9. The horizontal dotted line
represents the average clearance rate of human IgG1 antibodies in SCID mice (10mL/day/kg).

Figure 11: Binding curves of (Figure 11A) monospecific antibody variants of IgG1-huCD3 and
(Figure 11B) bispecific antibody variants bslgG1 huCD3xHER2 to the human T-cell line Jurkat.
Data shown are mean fluorescence intensities (MFI) of one representative experiment, as
described in Example 10. The tables show the antibody concentrations (ug/mL) that result in
half-maximal binding (EC50).

Figure 12: Binding curves of (Figure 12A) monospecific antibody variants of IgG1-huCD3 and
(Figure 12B) bispecific antibody variants bslgG1 huCD3xHER2 to the cynomolgous T-cell line
HCS-F. Data shown are mean fluorescence intensities (MFI) of one representative experiment,
as described in Example 10.

Figure 13: IgG1-huCD3 antibody variants were titrated on PBMCs. Expression of CD69 on T-
cells in PBMC culture was measured by FACS analysis, as described in Example 11. These



DK/EP 2943507 T3

experiments were performed twice and representative results from one experiment are shown.

Figure 14: Human (Figure 14A) or cynomolgous (Figure 14B) PBMCs were incubated with
IgG1-huCD3 antibody variants for three days, after which proliferation was measured by a cell
proliferation ELISA, as described in Example 12. Representative results from two independent
experiments are shown.

Figure 15: Induction of human (Figure 15A) and cynomolgous (Figure 15B) T-cell-mediated
cytotoxicity by humanized CD3 (huCD3) antibody variants with non-activating LFLEDA
mutations were determined as explained in Example 13. Representative results from two
independent experiments performed in duplets are shown.

DETAILED DESCRIPTION OF THE INVENTION

[0023] As described herein, specific modifications in amino acid positions in the Fc region of an
antibody have proven to be non-activating modifications making the protein inert. Specifically, it
has been shown that a particular embodiment has an in vivo plasma clearance rate
comparable to the plasma clearance rate of the wild-type antibody.

[0024] The term "non-activating" as used herein, is intended to refer to the inhibition or
abolishment of the interaction of a protein with Fc Receptors (FcRs) present on a wide range
of effector cells, such as monocytes, or with C1q to activate the complement pathway.

[0025] The term "Fc region" as used herein, is intended to refer to a region comprising, in the
direction from the N- to C-terminal, at least a hinge region, a CH2 region and a CH3 region.

[0026] The present invention relates in one aspect to a protein comprising a first polypeptide
and a second polypeptide, wherein said first and second polypeptide each comprises at least a
hinge region, a CH2 region and a CH3 region of a human IgG1 immunoglobulin heavy chain,
wherein in both said first and second polypeptide the amino acids at positions L234, L235,
D265, N297 and P331 of the human 1gG1 heavy chain, are F, E, A, N and P, respectively,
wherein the amino acid positions are numbered according to the EU-index of numbering.

[0027] The term "protein" as used herein is intended to refer to large biological molecules
comprising one or more chains of amino acids linked to one another by peptide bonds. A single
chain of amino acids may also be termed "polypeptide"”. Thus, a protein in the context of the
present invention may consist of one or more polypeptides. The protein may be any type of
protein, such as an antibody or a variant of a parent antibody.

[0028] The term "antibody" as used herein is intended to refer to an immunoglobulin molecule,
a fragment of an immunoglobulin molecule, or a derivative of either thereof, which has the
ability to specifically bind to an antigen under typical physiological conditions with a half-life of
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significant periods of time, such as at least about 30 minutes, at least about 45 minutes, at
least about one hour, at least about two hours, at least about four hours, at least about 8
hours, at least about 12 hours, about 24 hours or more, about 48 hours or more, about 3, 4, 5,
6, 7 or more days, etc., or any other relevant functionally-defined period (such as a time
sufficient to induce, promote, enhance, and/or modulate a physiological response associated
with antibody binding to the antigen and/or time sufficient for the antibody to recruit an effector
activity). The binding region (or binding domain which may be used herein, both having the
same meaning) which interacts with an antigen, comprises variable regions of both the heavy
and light chains of the immunoglobulin molecule. The constant regions of the antibodies (Abs)
may mediate the binding of the immunoglobulin to host tissues or factors, including various
cells of the immune system (such as effector cells) and components of the complement system
such as C1q, the first component in the classical pathway of complement activation. As
indicated above, the term antibody herein, unless otherwise stated or clearly contradicted by
context, includes fragments of an antibody that retain the ability to specifically interact, such as
bind, to the antigen. It has been shown that the antigen-binding function of an antibody may be
performed by fragments of a full-length antibody. Examples of binding fragments encompassed
within the term "antibody" include (i) a Fab' or Fab fragment, a monovalent fragment consisting
of the V|, Vi, C and CHy1 domains, or a monovalent antibody as described in WO2007059782

(Genmab A/S); (ii) F(ab")2 fragments, bivalent fragments comprising two Fab fragments linked
by a disulfide bridge at the hinge region; (iii) a Fd fragment consisting essentially of the V4 and
CH1 domains; (iv) a Fv fragment consisting essentially of the V_ and V4 domains of a single

arm of an antibody, (v) a dAb fragment (Ward et al., Nature 341, 544-546 (1989)), which
consists essentially of a V4 domain and also called domain antibodies (Holt et al; Trends

Biotechnol. 2003 Nov;21(11):484-90); (vi) camelid or nanobodies (Revets et al; Expert Opin
Biol Ther. 2005 Jan;5.(1):111-24) and (vii) an isolated complementarity determining region
(CDR). Furthermore, although the two domains of the Fv fragment, V_ and V, are coded for

by separate genes, they may be joined, using recombinant methods, by a synthetic linker that
enables them to be made as a single protein chain in which the V_and Vg regions pair to form

monovalent molecules (known as single chain antibodies or single chain Fv (scFv), see for
instance Bird et al., Science 242, 423-426 (1988) and Huston et al., PNAS USA 85, 5879-5883
(1988)). Such single chain antibodies are encompassed within the term antibody unless
otherwise noted or clearly indicated by context. Although such fragments are generally
included within the meaning of antibody, they collectively and each independently are unique,
exhibiting different biological properties and utility. It also should be understood that the term
antibody, unless specified otherwise, also includes polyclonal antibodies, monoclonal
antibodies (mAbs), antibody-like polypeptides, such as chimeric antibodies and humanized
antibodies, and antibody fragments retaining the ability to specifically bind to the antigen
(antigen-binding fragments) provided by any known technique, such as enzymatic cleavage,
peptide synthesis, and recombinant techniques. An antibody as generated can possess any
isotype.

[0029] When the antibody is a fragment, such as a binding fragment, it is to be understood
within the context of the present invention that said fragment is fused to an Fc region as herein
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described. Thereby, the antibody may be a fusion protein which falls within the scope of the
invention. Thus, in one embodiment, the protein is a fusion protein.

[0030] The term "immunoglobulin heavy chain" or "heavy chain of an immunoglobulin" as used
herein is intended to refer to one of the heavy chains of an immunoglobulin. A heavy chain is
typically comprised of a heavy chain variable region (abbreviated herein as VH) and a heavy
chain constant region (abbreviated herein as CH) which defines the isotype of the
immunoglobulin. The heavy chain constant region typically is comprised of three domains,
CH1, CH2, and CH3. The term "immunoglobulin" as used herein is intended to refer to a class
of structurally related glycoproteins consisting of two pairs of polypeptide chains, one pair of
light (L) low molecular weight chains and one pair of heavy (H) chains, all four potentially inter-
connected by disulfide bonds. The structure of immunoglobulins has been well characterized
(see for instance Fundamental Immunology Ch. 7 (Paul, W.,, ed., 2nd ed. Raven Press, N.Y.
(1989)). Within the structure of the immunoglobulin, the two heavy chains are inter-connected
via disulfide bonds in the so-called "hinge region". Equally to the heavy chains each light chain
is typically comprised of several regions; a light chain variable region (abbreviated herein as
VL) and a light chain constant region. The light chain constant region typically is comprised of
one domain, CL. Furthermore, the VH and VL regions may be further subdivided into regions
of hypervariability (or hypervariable regions which may be hypervariable in sequence and/or
form of structurally defined loops), also termed complementarity determining regions (CDRs),
interspersed with regions that are more conserved, termed framework regions (FRs). Each VH
and VL is typically composed of three CDRs and four FRs, arranged from amino-terminus to
carboxy-terminus in the following order. FR1, CDR1, FR2, CDR2, FR3, CDR3, FR4 (see also
Lefranc MP et al, Dev Comp Immunol Jan:27(1):55-77 (2003)).

[0031] The term "full-length antibody" as used herein, refers to an antibody (e.g., a parent or
variant antibody) which contains all heavy and light chain constant and variable domains
corresponding to those that are normally found in a wild-type antibody of that isotype.

[0032] The term "human antibody", as used herein, is intended to include antibodies having
variable and constant regions derived from human germline immunoglobulin sequences. The
human antibodies of the invention may include amino acid residues not encoded by human
germline immunoglobulin sequences (e.g., mutations, insertions or deletions introduced by
random or site-specific mutagenesis in vitro or by somatic mutation in vivo). However, the term
"human antibody", as used herein, is not intended to include antibodies in which CDR
sequences derived from the germline of another mammalian species, such as a mouse, have
been grafted onto human framework sequences.

[0033] The term "first polypeptide" and "second polypeptide" as used herein refers to a set of
polypeptides which may be identical or different in amino acid sequence. Unless otherwise
stated or indicated in case of a wild-type protein, the first and second polypeptides have
identical amino acid sequences.

[0034] The term "isotype" as used herein refers to the immunoglobulin class (for instance
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IgG1, 1gG2, 1gG3, 1gG4, I1gD, IgA, IgE, or IgM) or any allotypes thereof, such as IgG1m(za) and
IgG1m(f)) that is encoded by heavy chain constant region genes. Thus, the protein may
comprise a heavy chain of an immunoglobulin of the 1gG1 class or any allotype thereof.
Further, each heavy chain isotype can be combined with either a kappa (k) or lambda (A) light
chain, or any allotypes thereof.

[0035] The term "hinge region" as used herein refers to the hinge region of an immunoglobulin
heavy chain. Thus, for example the hinge region of a human IgG1 antibody corresponds to
amino acids 216-230 according to the Eu numbering as set forth in Kabat (described in Kabat,
E.A. et al., Sequences of proteins of immunological interest. 5th Edition-US Department of
Health and Human Services, NIH publication No. 91-3242, pp 662,680,689 (1991)).

[0036] The term "CH2 region" or "CH2 domain" as used herein refers to the CH2 region of an
immunoglobulin heavy chain. Thus, for example the CH2 region of a human IgG1 antibody
corresponds to amino acids 231-340 according to the Eu numbering system. However, the
CH2 region may also be any of the other subtypes as described herein.

[0037] The term "CH3 region" or "CH3 domain" as used herein refers to the CH3 region of an
immunoglobulin heavy chain. Thus, for example the CH3 region of a human IgG1 antibody
corresponds to amino acids 341-447 according to the Eu numbering system. However, the
CHS3 region may also be any of the other subtypes as described herein.

[0038] The term "amino acid corresponding to positions" as used herein refers to an amino
acid position number in a human IgG1 heavy chain. Unless otherwise stated or contradicted by
context, the amino acids of the constant region sequences are herein numbered according to
the Eu-index of numbering (described in Kabat, E.A. et al., Sequences of proteins of
immunological interest. 5th Edition - US Department of Health and Human Services, NIH
publication No. 91-3242, pp 662,680,689 (1991)). Thus, an amino acid or segment in one
sequence that "corresponds to" an amino acid or segment in another sequence is one that
aligns with the other amino acid or segment using a standard sequence alignment program
such as ALIGN, ClustalW or similar, typically at default settings and has at least 50%, at least
80%, at least 90%, or at least 95% identity to a human IgG1 heavy chain. It is considered well-
known in the art how to align a sequence or segment in a sequence and thereby determine the
corresponding position in a sequence to an amino acid position.

[0039] In the context of the present disclosure, the amino acid may be defined by a
conservative or non-conservative class. Thus, classes of amino acids may be reflected in one
or more of the following tables:

Amino acid residue of conservative class

[0040]
| Acidic Residues iDand E |
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Basic Residues K R andH
Hydrophilic Uncharged Residues S, TN, and Q
Aliphatic Uncharged Residues G AVL andl
Non-polar Uncharged Residues C,M, and P
Aromatic Residues F, Y, and W

Alternative Physical and Functional Classifications of Amino Acid Residues

[0041]
Alcohol group-containing residues Sand T

Aliphatic residues L,V and M

Cycloalkenyl-associated residues FHWandyY

Hydrophobic residues ACFGHILLMRTVWandyY
Negatively charged residues Dand E

Polar residues C,DE,HKNQR,S andT
Positively charged residues H, K, and R

Small residues A CD GNPSTandV

Very small residues A G,and S

Residues involved in turn formation A CDEGHIKNAOQRSPandT
Flexible residues QTKS GPDE andR

[0042] In the context of the present disclosure, a substitution in a protein is indicated as:
Original amino acid - position - substituted amino acid;

[0043] Referring to the well-recognized nomenclature for amino acids, the three letter code, or
one letter code, is used, including the codes Xaa and X to indicate any amino acid residue.
Accordingly, the notation "L234F" or "Leu234Phe" means, that the protein comprises a
substitution of Leucine with Phenylalanine in the protein amino acid position corresponding to
the amino acid in position 234 in the wild-type protein.

[0044] Substitution of an amino acid at a given position to any other amino acid is referred to
as:
Original amino acid - position; or e.g. "L234".

[0045] For a modification where the original amino acid(s) and/or substituted amino acid(s)
may comprise more than one, but not all amino acid(s), the more than one amino acid may be
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separated by "," or "/". E.g. the substitution of Leucine for Phenylalanine, Arginine, Lysine or
Tryptophan in position 234 is:
"Leu234Phe,Arg,Lys, Trp" or "L234F,R,K,W" or "L234F/R/K/W' or "L234 to F, R, Kor W'

[0046] Such designation may be used interchangeably in the context of the disclosure but
have the same meaning and purpose.

[0047] Furthermore, the term "a substitution" embraces a substitution into any one of the other
nineteen natural amino acids, or into other amino acids, such as non-natural amino acids. For
example, a substitution of amino acid L in position 234 includes each of the following
substitutions: 234A, 234C, 234D, 234E, 234F, 234G, 234H, 2341, 234K, 234M, 234N, 234Q,
234R, 234S, 234T, 234V, 234\W, 234P, and 234Y. This is, by the way, equivalent to the
designation 234X, wherein the X designates any amino acid other than the original amino acid.
These substitutions can also be designated L234A, L234C, etc., or L234AC, etc., or
L234A/C/etc. The same applies by analogy to each and every position mentioned herein, to
specifically include herein any one of such substitutions. It is well-known in the art when an
amino acid sequence comprises an "X" or "Xaa", said X or Xaa represents any amino acid.
Thus, X or Xaa may typically represent any of the 20 naturally occurring amino acids. The term
"naturally occurring" as used herein, refers to any one of the following amino acid residues;
glycine, alanine, valine, leucine, isoleucine, serine, threonine, lysine, arginine, histidine,
aspartic acid, asparagine, glutamic acid, glutamine, proline, tryptophan, phenylalanine,
tyrosine, methionine, and cysteine.

[0048] The terms "amino acid" and "amino acid residue" may be used interchangeably.

[0049] According to the present invention, in both said first and second polypeptide the amino
acids at positions L234, L235, D265, N297 and P331 of the human IgG1 heavy chain, are F, E,
A, N and P, respectively, wherein the amino acid positions are numbered according to the EU-
index of numbering.

[0050] Also disclosed herein is a protein in which at least one of said first and second
polypeptides the amino acid in the positions corresponding to positions L234, L235 and D265
in a human IgG1 heavy chain, is not L, L, and D, respectively, and wherein the amino acids in
the positions corresponding to positions N297 and P331 in a human IgG1 heavy chain have
not been substituted. In this context, the term "have not been substituted" refers to the amino
acids in the amino acid positions N297 and P331 in a human IgG1 heavy chain which have not
been substituted with another naturally or non-naturally occurring amino acid. Thus, a "have
not been substituted" amino acid in a position corresponding to the position in a human 1gG1
heavy chain means the amino acid at the particular position is the same as the naturally
occurring amino acid in a human IgG1 heavy chain.

[0051] Fc-mediated effector functions form a part of the biological activity of human
immunoglobulin G (IgG) molecules. Examples of such effector functions include e.g. antibody-
dependent cell-mediated cytotoxicity (ADCC) and complement-dependent cytotoxicity (CDC)
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which are triggered by the binding of various effector molecules to the Fc region. In the context
of the present disclosure, "Fc binding", "Fc Receptor binding", "FcR binding", and "binding of
an antibody Fc region to FcR" refers to the binding of the Fc region to an Fc Receptor (FcR) or
an effector molecule. The terms "FcyR binding" and "FcyRI binding" refers to binding to or with
an Fc region to the Fc gamma Receptor and Fc gamma Receptor |, respectively. In some
cases, when a CD3 antibody binds T-cells the Fc region of the CD3 antibody binds to FcRs
present on other cells, e.g. monocytes, which leads to activation of the T-cell. Such non-
targeted activation of T-cells may be undesired. However, targeted T-cell activation may be
highly desirable for the treatment of a range of indications, such as cancer. Targeting of T-cells
to specific cells, e.g. tumor cells, may be facilitated by use of a bispecific antibody, wherein one
of the binding regions binds CD3 present on the T-cell and the other binding region binds a
target specific antigen, e.g. on a tumor cell. Undesired targeted T-cell activation via Fc-
mediated cross-linking should be avoided and may be disabled by making the Fc region inert
for such activity. Thereby, interaction between said inert Fc region with Fc Receptors present is
prevented. An antibody of the present invention has been proven to be completely inert when
tested in several different assays, i.e. see Examples 3 to 9 and 11 to 13. The CD3 antibody
comprising the amino acid substitutions L234F, L235E, and D265A, as described in the
Examples, showed abrogation of Fc-mediated T-cell proliferation, Fc-mediated CD69
expression on T-cells, unspecific killing and cytokine release in a cytotoxicity assay, as well as
in vitro C1q binding. Similarly, the antibody comprising the amino acid substitutions L234F,
L235E, and N297Q showed comparable results. Thus, a protein, such as an antibody, of the
present invention clearly shows superior results in several assays when compared to a wild-
type protein.

[0052] The term "inertness", “inert" or "non-activating" as used herein, refers to an Fc region
which is at least not able to bind any Fcy Receptors, induce Fc-mediated cross-linking of FcRs,
or induce FcR-mediated cross-linking of target antigens via two Fc regions of individual
proteins, such as antibodies, or is not able to bind C1q.

[0053] The term "cross-linking" as used herein, refers to the bridging of two proteins, which
may be surface proteins, by the bivalent interaction of an antibody or the bridging of two
proteins that are bound by antibodies through interaction of the antibody Fc-regions with an
FcR-bearing cell or the bridging of Fc Receptors to which antibodies are bound through
interaction of the antibody with their target antigen on target antigen-bearing cells.

[0054] The term "unspecific killing" as used herein, refers to the killing of cells by the cytotoxic
function of T-cells or other effector cells, through tumor target antigen-independent activation
of said cells.

[0055] The term "proliferation" as used herein, refers to cell growth in the contexts of cell
development and cell division.

[0056] Thus, the protein of the present invention may be one which does not enable Fc-
mediated T-cell activation, does not induce the complement system, does not bind Fcy
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Receptors, but at the same time has a plasma clearance rate which is comparable to the
plasma clearance rate of a wild-type protein. Such a protein may also be used in a bispecific
format.

[0057] Thus, the protein may have a plasma clearance rate which deviates from a wild-type
protein by no more than 10%, such as no more than 8%, no more than 7%, no more than 5%,
no more than 3%, no more than 1%, and no more than 0%.

[0058] The protein may have a plasma clearance rate (mL/day/kg) which deviates from a wild-
type protein by no more than 10%, such as no more than 8%, no more than 7%, no more than
5%, no more than 3%, no more than 1%, and no more than 0% wherein the plasma clearance
rate is calculated by the dose (ug/kg) administered to a subject divided by the area under the
curve (AUC), wherein the AUC value is determined from concentration-time curves.

[0059] The protein may have a plasma clearance rate which deviates from a wild-type protein
by no more than 10%, such as no more than 8%, no more than 7%, no more than 5%, no more
than 3%, no more than 1%, and no more than 0% when the plasma clearance rate (mL/day/kg)
is calculated based on absorbance at 405nm measured in a quantitative ELISA assay wherein
the test samples are blood samples, such as blood serum.

[0060] The term "quantitative ELISA" as used herein, refers to an ELISA which allows
evaluating whether a certain protein is present or absent within a sample and at the same time
provides a concentration value for the protein within the sample. In order to carry out
quantitative ELISA, an accurate standard curve must be generated to determine protein
concentrations in the samples. A standard curve is typically a serial dilution of a known-
concentration solution of the target molecule. Thus, in quantitative ELISA, the optical density
(OD) of the sample is compared to the standard curve.

[0061] The protein may have a plasma clearance rate which deviates from a wild-type protein
by no more than 10%, such as no more than 8%, no more than 7%, no more than 5%, no more
than 3%, no more than 1%, and no more than 0% when the plasma clearance rate (mL/day/kg)
is calculated based on absorbance at 405nm measured in a quantitative ELISA assay
comprising the steps of (i) a capture antibody, such as anti-human |gG-kappa antibody, (ii) a
detecting antibody recognizing the protein, such as anti-human IgG-HRP antibody.

[0062] The term "capture antibody" as used herein refers to an unlabeled antibody which is
coated to the ELISA plate. The capture antibody is used to detect/capture the protein of
interest from a sample to be measured.

[0063] The term "detecting antibody" as used herein refers to a labeled antibody which is used
to detect the protein of interest, which is bound to the capture antibody. The label consists of
an enzyme that can catalyze the conversion of a chromogenic substrate into colored products.
The colored product can be quantified by measuring at a specific OD, typically around 405nm
depending on the chromogenic substrate.
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[0064] The protein may have a plasma clearance rate which deviates from a wild-type protein
by no more than 10%, such as no more than 8%, no more than 7%, no more than 5%, no more
than 3%, no more than 1%, and no more than 0% when the plasma clearance rate (mL/day/kg)
is calculated based on absorbance at 405nm measured in an ELISA assay comprising the
steps of (i) coating an ELISA plate with mouse-anti-human IgG-kappa antibody, (ll) blocking
with 0.2% BSA/PBS, (iii) incubating with dilutions of blood samples, (iv) washing the plates, (v)
incubating with goat-anti-human IgG-HRP antibody, (vi) developing the plates with 1 mg/mL
2,2'-azino-bis (3-ethylbenzothiazoline-6-sulfonic acid), and (vii) adding 100 pL 2% oxalic acid to
stop the reaction.

[0065] The term "plasma clearance rate" as used herein, refers to a quantitative measure of
the rate at which a protein is removed from the blood upon administration to a living organism.
Evaluation of the plasma clearance of the antibodies may be evaluated in SCID mice, as
described in Example 9. Thus, the plasma clearance rate may be measured by an assay
comprising the steps of injecting 7-10 weeks old C.B-17 SCID mice (CB17/lcr-
Prkdcscid/lcricoCrl, Charles-River) with a single i.v. dose of 100 ug (5 mg/kg) of antibody,
taking blood samples with regular time intervals, collecting blood into heparin containing vials,
centrifuging for 5 minutes at 10,000 x g, coating 96-well ELISA plates overnight at 4°C with
mouse-anti-human IgG-kappa antibody in PBS, washing plates, blocking with 0.2% BSA/PBS
for 1 hr at room temperature, incubating with dilutions (1/50 to 1/2400 in 0.2% BSA/PBST) of
the blood samples or a standard curve for 1 hr at room temperature, washing plates with
PBST, incubating with a goat-anti-human IgG-HRP antibody for 1 hr at room temperature,
developing for about 30 min with 1 mg/mL 2,2'-azino-bis (3-ethylbenzothiazoline-6-sulfonic
acid), adding 100 pL 2% oxalic acid thereby stopping the reaction, measuring absorbance at
405 nm in a suitable microplate reader, quantifying the antibody, plotting the antibody plasma
concentration (pg/mL) over time (days) in a graph, and calculating plasma clearance rates
(mL/day/kg).

[0066] The plasma clearance rate (mL/day/kg) may be calculated based on the area under the
curve (AUC) according to the following equation;

Dose (ug/kg)

AUC (ug/ml/day)
wherein the AUC value is determined from the concentration-time curves.

Plasma clearance =

[0067] The term "deviates" as used herein when referring to the plasma clearance rate, refers
to a difference in the quantitative measure of the rate the protein is removed from the blood
upon administration to a living organism compared to the plasma clearance rate of a wild-type
protein. Thus, the deviation or difference may be given as a percentage difference.

[0068] The term "wild-type" as used herein in relation to the comparison of a protein of the
present invention, refers to a protein which is identical to the protein of the present invention to
which it is being compared with except for the three amino acid positions according to the
present invention. The wild-type protein comprises the naturally occurring amino acids of the
polypeptide chains at the amino acid positions of the three modifications of the present
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invention, i.e. a protein that does not comprise the amino acid modifications according to the
invention. Specifically, a wild-type antibody in relation to the invention comprises a Leucine at
positions 234 and 235, and Aspartic acid at position 265 when the antibody is an IgG1
antibody. Thus, a wild-type protein, such as an antibody, will remain an activating protein,
which is able to bind e.g. Fcy Receptors. A wild-type protein and a protein according to the
invention may comprise other amino acid modifications than those of the invention, e.g., in
order to make the protein bispecific, or the like. Thus, "wild-type" specifically refers to the
amino acids in positions corresponding to positions 234, 235 and 265 in a human IgG1 heavy
chain, wherein the amino acids have not been substituted to any other amino acid than
naturally occurring amino acids in said positions.

[0069] The term "ELISA" as used herein refers to enzyme-linked immunosorbent assay which
is a test that uses antibodies and color change to identify a substance. A first specific antibody
is attached to the plate surface. Thereby the protein from a sample is added wherein binding to
said first specific antibody is tested. A second antibody binding the protein from the sample is
added. The second antibody is linked to an enzyme, and, in the final step, a substance
containing the enzyme's substrate is added. The subsequent reaction produces a detectable
signal, most commonly a color change in the substrate. The concept of the ELISA method is
well-known within the art and various ways of performing an ELISA are contemplated to be part
of a method to evaluate the protein according to the invention. Thus, this interpretation is not to
be understood as limiting as various forms of ELISAs may be performed such as described in
Examples 4 or 5.

[0070] As used herein, the term "subject" is typically a human which responds to the protein of
the invention.

[0071] As can be seen in Example 9, the antibody comprising an amino acid substitution in the
amino acid positions corresponding to L234, L235, and D265, respectively, in a human IgG1
heavy chain, showed a comparable plasma clearance rate to the wild-type antibody which was
not expected. Another tested antibody comprising the amino acid substitutions L234F, L235E,
and N297Q, which showed comparable results when testing T-cell activation, T-cell
proliferation, unspecific killing, cytokine release and C1q, did not have comparable plasma
clearance rate to the wild-type antibody. The same was observed for an antibody comprising
only the amino acid substitution L234F and L235E, an antibody comprising the amino acid
substitutions L234F, L235E, D265A, N297Q, and P331S, and an antibody comprising the
amino acid substitutions D265A and N297Q.

[0072] The first and second polypeptide may be a first and a second heavy chain of an
immunoglobulin, respectively.

[0073] In cases where the protein is an antibody, the first and second polypeptides may have
the same purpose and meaning as a first and a second immunoglobulin heavy chain of an
antibody. Thus, the first polypeptide and second polypeptide may be understood as the first
heavy chain and the second heavy chain, respectively, of the antibody.
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[0074] The first and second polypeptide may further comprise a first and a second binding
region, respectively.

[0075] The term "binding region" as used herein, refers to a region of a protein which is
capable of binding to any molecule, such as a polypeptide, e.g. present on a cell, bacterium, or
virion. The binding region may be a polypeptide sequence, such as a protein, protein ligand,
receptor, an antigen-binding region, or a ligand-binding region capable of binding to a cell,
bacterium, or virion. Specifically, the binding region is an antigen-binding region. If the binding
region is e.g. a receptor the protein may have been prepared as a fusion protein of an Fc-
domain of an immunoglobulin and said receptor. If the binding region is an antigen-binding
region the protein may be an antibody, like a chimeric, humanized, or human antibody or a
heavy chain only antibody or a ScFv-Fc-fusion.

[0076] The term "binding" as used herein refers to the binding of a protein to a predetermined
antigen or target, such as a receptor, to which binding typically is with an affinity corresponding

to a Kp of about 106 M or less, e.g. 107 M or less, such as about 108 M or less, such as

about 10°2 M or less, about 10719 M or less, or about 10°'" M or even less when determined by
for instance surface plasmon resonance (SPR) technology in a BlAcore 3000 instrument using
the antigen as the ligand and the protein as the analyte, and binds to the predetermined
antigen with an affinity corresponding to a Kp that is at least ten-fold lower, such as at least 100

fold lower, for instance at least 1,000 fold lower, such as at least 10,000 fold lower, for instance
at least 100,000 fold lower than its affinity for binding to a non-specific antigen (e.g., BSA,
casein) other than the predetermined antigen or a closely-related antigen. The amount with
which the affinity is lower is dependent on the Kp of the protein, so that when the Kp of the

protein is very low (that is, the protein is highly specific), then the amount with which the affinity
for the antigen is lower than the affinity for a non-specific antigen may be at least 10,000 fold.
The term "Kp" (M), as used herein, refers to the dissociation equilibrium constant of a

particular antibody-antigen interaction.

[0077] The term "Kp" (M) as used herein, refers to the dissociation equilibrium constant of a

particular antibody-antigen interaction.

[0078] The term "Ka" (M") as used herein, refers to the association equilibrium constant of a

particular antibody-antigen interaction and is obtained by dividing the k5 by the kq.

[0079] The term "k4" (sec’’) as used herein, refers to the dissociation rate constant of a

particular antibody-antigen interaction. Said value is also referred to as the kq¢ value.

[0080] The term "k," (M x sec’!) as used herein, refers to the association rate constant of a

particular antibody-antigen interaction.
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[0081] The protein may further comprise a first and a second light chain of an immunoglobulin,
wherein said first light chain is connected with said first heavy chain via disulfide bridges and
said second light chain is connected with said second heavy chain via disulfide bridges,
thereby forming a first binding region and a second binding region, respectively.

[0082] The term "disulfide bridges" as used herein refers to the covalent bond between two
Cysteine residues, i.e. said interaction may also be designated a Cys-Cys interaction.

[0083] The protein according to the present invention may be monospecific, which in the
context of the present invention refers to a protein which binds to the same epitope with its
binding regions. However, the invention is not limited to monospecific proteins but also relates
to multispecific proteins, such as bispecific proteins. Thus, at least one of the first and second
binding regions may bind CD3. Said first binding region may bind CD3 and said second binding
region binds any other target of interest. Such other target may be a tumor-specific target or a
cancer-specific target.

[0084] The term "human CD3" as used herein, refers to the human Cluster of Differentiation 3
which is part of the T-cell co-receptor protein complex and is composed of four distinct chains.
In mammals, the complex contains a CD3y (gamma) chain (human CD3y chain 182 amino
acids, Swissprot P09693, and cyno CD3y 181 amino acids, Swissprot Q95L17), a CD3d (delta)
chain (171 amino acids, human CD30 Swissprot P04234 SEQ ID NO:14, and cyno CD3d
Swissprot Q95LI8), two CD3¢e (epsilon) chains (human CD3e 207 amino acids, Swissprot
P07766, mature human CD3 epsilon SEQ ID NO:13; cyno CD3¢ 198 amino acids, Swissprot
Q95LI5, mature cyno CD3 epsilon SEQ ID NO:21), and a CD3C-chain (zeta) chain (human
CD3C 164 amino acids, Swissprot P20963, cyno CD3( 166 amino acids, Swissprot Q09TKO).
These chains associate with a molecule known as the T-cell receptor (TCR) and generate an
activation signal in T lymphocytes. The TCR and CD3 molecules together comprise the TCR
complex.

[0085] At least one of said first and second binding region may bind the epsilon chain of CD3,
such as the epsilon chain of human CD3 (SEQ ID NO:14). At least one of said first and second
binding region may bind an epitope within amino acids 1-27 of the N-terminal part of mature
human CD3¢ (epsilon) (amino acid 1-27 of mature human CD3 epsilon as set forth in SEQ ID
NO:14). The protein may even further cross-react with other non-human primate species, such
as cynomolgus monkeys (mature cyno CD3 epsilon as set forth in SEQ ID NO:21) and rhesus
monkeys.

[0086] The term "mature" as used herein, refers to a protein which does not comprise any
signal or leader sequence. It is well-known to the skilled person to determine a mature protein,
or how to identify the sequence of the mature protein.

[0087] The amino acids in positions corresponding to L234, L235, and D265 in a human 1gG1
heavy chain of at least said first polypeptide may not be L, L, and D, respectively, and wherein
said first binding region binds CD3.
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[0088] Both the first and second binding regions may bind CD3.

[0089] The present inventors have evaluated Fcy receptor binding, Fc binding of complement
and further additional factors which are relevant for assessing the inertness of a protein, such
as an antibody. In the case of anti-CD3 antibodies, one of such additional factors is the
expression level of the T-cell activation marker CD69 which is the earliest inducible cell surface
glycoprotein required during lymphoid activation.

[0090] Thus, in one embodiment, the protein of the invention, when present as a monospecific
antibody binding CD3, may mediate reduced Fc-mediated T-cell activation compared to a wild-
type protein by at least 50%, such as at least 60%, at least 70%, at least 80%, at least 90%, at
least 99% and 100%, when the T-cell activation is determined by CD69 expression. The term
"when present as a monospecific antibody binding CD3" refer to such characteristics of the
protein which are observed when the protein is tested in said assay as a monospecific
antibody. However, it should not be understood as limiting the protein of the present invention
to a monospecific antibody binding CD3, as a protein of the present invention comprising such
characteristics may be used in other formats as described herein, such as in a bispecific or
multispecific antibody.

[0091] The protein, when present as a monospecific antibody binding CD3, may mediate
reduced Fc-mediated CD69 expression by at least 50%, such as at least 60%, at least 70%, at
least 80%, at least 90%, at least 99%, and 100% when compared to a wild-type protein, when
the CD69 expression is determined in a peripheral blood mononuclear cell (PBMC)-based
functional assay.

[0092] The protein, when present as a monospecific antibody binding CD3, may mediate
reduced Fc-mediated T-cell activation compared to a wild-type protein by at least 50%, such as
at least 60%, at least 70%, at least 80%, at least 90%, at least 99% and 100%, when the T-cell
activation is determined by CD69 expression in a peripheral blood mononuclear cells (PBMC)-
based functional assay.

[0093] The protein, when present as a monospecific antibody binding CD3, may mediate
reduced CD69 expression when compared to a wild-type protein by at least 50%, such as at
least 60%, at least 70%, at least 80%, at least 90%, at least 99%, and 100%, when the CD69
expression is measured in a peripheral blood mononuclear cell (PBMC)-based functional assay
comprising the steps of (i) incubating PBMCs with an antibody at 37°C in a 5% (vol/vol) CO»

humidified incubator for about 16-24 hrs., (ii) washing the cells, (iii) staining the cells at 4°C
with a mouse anti-human CD28-PE and mouse-anti-human CD69-APC antibody, and (iv)
determining the CD69 expression on CD28 positive cells by flow cytometry.

[0094] The term "reduced" as used herein when referring to expression level of the T-cell
activation marker CD69, refers to a reduction in expression level of CD69 when compared to
expression level of CD69 when the T-cell is bound by a wild-type protein provided that both the
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binding regions of the protein binds CD3. A protein's ability to reduce expression of CD69 may
be evaluated by a PBMC-based functional assay, as described in Example 3. Thus, expression
of CD69 may be measured by a method comprising the steps of incubating PBMCs with an
antibody in the range of 1-1000 ng/mL at 37°C in a 5% (vol/vol) CO5 humidified incubator for

16-24 hrs., washing the cells, staining the cells at 4°C with a mouse anti-human CD28-PE and
mouse-anti-human CD69-APC antibody, and determining CD69-expression on CD28 positive
cells by flow cytometry.

[0095] The term "CD69" as used herein, refers to Cluster of Differentiation 69 which is a
human transmembrane C-Type lectin protein encoded by the CD69 gene. Activation of T
lymphocytes and natural killer (NK) cells, both in vivo and in vitro, induces expression of CD69.
CD69 function as a signal transmitting receptor involved in cellular activation events including
proliferation, functions as a signal-transmitting receptor in lymphocytes, including natural killer
cells and platelets, and the induction of specific genes.

[0096] The term "peripheral blood mononuclear cell (PBMC)-based functional assay" as used
herein refers to an assay used for evaluating a functional feature of the protein of the present
invention, such as the ability of said protein to affect T-cell proliferation or CD69 expression,
wherein the only cells present are peripheral blood mononuclear cells. A PBMC-based
functional assay as described in Example 3 comprises the steps of (i) incubating PBMCs with
an antibody at 37°C in a 5% (vol/vol) CO, humidified incubator for about 16-24 hrs., (ii)

washing the cells, (iii) staining the cells at 4°C with a mouse anti-human CD28-PE and mouse-
anti-human CD69-APC antibody, and (iv) determining the CD69 expression on CD28 positive
cells by flow cytometry, when CD69 expression is evaluated.

[0097] The ability of anti-CD3 antibodies to induce T cell activation, or potentially agonistic
antibodies that can activate T-cells after binding and cross-linking, is dependent on their FcR
binding abilities. A protein which does not result in CD69 expression on T-cells indicates that
the protein does not enable Fcy Receptor binding. The term "Fcy Receptor” as used herein,
refers to a group of Fc Receptors belonging to the immunoglobulin superfamily and is the most
important Fc receptors for inducing phagocytosis of opsonized (coated) microbes. This family
includes several members, FcyRl (CD64), FcyRIIA (CD32a), FcyRIIB (CD32b), FcyRIIA
(CD16a), FcyRIIIB (CD16b), which differ in their antibody affinities due to their different
molecular structure.

[0098] The present inventors have shown that no or low expression of CD69 is observed when
a monospecific antibody comprising the amino acid substitutions L234F, L235E, and D265A
binds to the T-cell (see Example 3 and 11). Thus, the expression level of the T-cell activation
marker CD69 may be completely reduced.

[0099] The term "Fc-mediated T-cell activation" as used herein, refers to any activation of the
T-cells which are mediated by binding of an antibody Fc region to FcR on FcR-bearing cells.
The Fc region refers to a region of the protein comprising, in the direction from the N- to C-
terminal, at least a hinge region, a CH2 domain and a CH3 domain. An Fc region of an 1gG1
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antibody can, for example, be generated by digestion of an IgG1 antibody with papain.
[0100] The term "hrs." as used herein, refers to the abbreviation of "hours".

[0101] The protein, when present as a monospecific antibody binding CD3, may mediate
reduced Fc-mediated T-cell proliferation compared to a wild-type protein by at least 50%, such
as at least 60%, at least 70%, at least 80%, at least 90%, at least 99%, and 100%, when the T-
cell proliferation is measured in a PBMC-based functional assay.

[0102] The protein, when present as a monospecific antibody binding CD3, may mediate
reduced Fc-mediated T-cell proliferation by at least 50%, such as at least 60%, at least 70%, at
least 80%, at least 90%, at least 99%, and 100%, when the T-cell proliferation is measured in a
PBMC-based functional assay comprising the steps of (i) incubating PBMCs with an antibody at
37°C in a 5% (vol/vol) CO5 humidified incubator for three days, (ii) adding an agent capable of

incorporation into the cell DNA, (iii) incubating for 3 to 8 hrs., (iv) pelleting cells, (v) coating cells
to an ELISA plate, (vi) incubating with an anti-DNA incorporated agent for 60 to 120 min at
room temperature.

[0103] The protein, when present as a monospecific antibody binding CD3, may mediate
reduced Fc-mediated T-cell proliferation by at least 50%, such as at least 60%, at least 70%, at
least 80%, at least 90%, at least 99%, and 100%, when the T-cell proliferation is measured in a
PBMC-based functional assay comprising the steps of (i) incubating PBMCs with an antibody at
37°C in a 5% (vol/vol) CO, humidified incubator for three days, (ii) adding BrdU, (iii) incubating

for five hrs., (iv) pelleting cells, (v) coating cells to an ELISA plate, (vi) incubating with anti-
BrdU-peroxidase for 90 min at room temperature, (vii) developing the plate for about 30 min
with 1 mg/mL 2,2'-azino-bis (3-ethylbenzothiazoline-6-sulfonic acid), (viii) adding 100 pyL 2%
oxalic acid to stop the reaction, and (xi) measuring absorbance at 405nm.

[0104] The term "reduced" as used herein when referring to T-cell proliferation, refers to a
reduction in the ability of a protein to induce proliferation of T-cells when compared to the
induction of proliferation of T-cells bound by a wild-type protein provided that both the binding
regions of the protein binds CD3. The reduction in ability of a protein to induce T-cell
proliferation may be evaluated by a PBMC-based functional assay, as described in Example 4.
Thus, T-cell proliferation may be measured by a method comprising the steps of incubating
PBMCs with antibody in the range of 1-1000 ng/mL at 37°C in a 5% (vol/vol) CO, humidified

incubator for three days, adding a chemical compound, such as BrdU, which is incorporated
into the DNA of proliferating cells, incubating for five hrs., pelleting cells, drying cells, optionally
storing the cells at 4°C, coating cells to ELISA plates, incubating with anti-BrdU-peroxidase for
90 min at room temperature, developing for about 30 min with 1 mg/mL 2,2'-azino-bis (3-
ethylbenzothiazoline-6-sulfonic acid), adding 100 pL 2% oxalic acid to stop the reaction, and
measuring absorbance at 405 nm in a suitable microplate reader.

[0105] The term "BrdU" as used herein, refers to 5-bromo-2'-deoxyuridine, which is a
homologue to thymidine. When BrdU is added to cell culture for a limited period of time (e.g. 4
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hours) it will be incorporated into the DNA of proliferating cells. After fixing the cells, detection
of incorporated BrdU may be performed in an ELISA using anti-BrdU-peroxidase. BrdU
incorporation is therefore a measure for proliferation.

[0106] The T-cell proliferation may be completely reduced. Thus, no proliferation of T-cells
may be observed, or the level of proliferation may be equal to the proliferation of T-cells which
has not been treated with a protein according to the invention or has been treated with a wild-
type protein. An antibody comprising the amino acid substitutions L234F, L235E, and D265A
may result in absolutely no proliferation of T-cells, indicating that the antibody does not enable
Fcy Receptor binding, as described in Example 4 and 12.

[0107] Furthermore, an antibody according to the invention, i.e. an antibody comprising the
amino acid substitutions L234F, L235E, and D265A, has been shown to retain its ability to kill
tumor cells. As can be seen in Example 5, the amino acid substitutions according to the
present invention have little effect on efficacy of the antibodies. Testing a protein according to
the present invention for cytotoxicity efficacy, may be performed in a cytotoxicity assay
comprising the steps of (i) putting tumor cells in a cell plate, (ii) adding samples, such as
antibody dilutions, in a dose response series, (iii) incubating the cell plate for about 3 hrs., (iv)
adding isolated PBCMs from whole blood, (v) incubating plates for three days, (vi) washing
plates, (vii) incubating plates with culture medium containing 10% Alamar Blue for four hrs.,
and (viii) measuring cell viability.

[0108] A monospecific antibody fulfilling the assay conditions herein described may form the
basis of a bispecific antibody, i.e. in a bispecific antibody wherein one of the binding regions
binds CD3 may originate from any monospecific CD3 antibody tested for the ability of
mediating reduced CD69 expression and/or Fc-mediated T-cell proliferation in the functional
assays, and fulfilling the requirements, described herein.

[0109] The present inventors have shown, that a bispecific antibody comprising the amino acid
substitutions L234F, L235E, and D265A, and which first binding region binds CD3 and which
second binding region binds a cancer-specific antigen (HER2), that besides the ability of
inducing dose-dependent killing of AU365 cells with at least comparable efficacy compared to
the wild-type bispecific antibody without the non-activating mutation (as described in Example 5
and 13), a bispecific antibody according to the invention also showed cytokine release caused
by unspecific killing is inhibited, as described in Example 6. It was shown, that incubation of
target and effector cells in the presence of a bispecific antibody according to the invention, did
not lead to any cytokine production caused by unspecific killing (as described in Example 5),
whereas the wild-type antibody showed a higher cytokine production which is believed to be
due to the unspecific activation of T-cells via cross-linking with other effector cells. Also
disclosed herein is a protein in which the first and second polypeptides the amino acids in
positions corresponding to position L234, L235, and D265, in a human IgG1 heavy chain are
not L, L, and D, said first binding region binds CD3, and said second binding region binds a
tumor-specific target.
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[0110] The term "cytokine release" as used herein is intended to refer to the release of
cytokines, such as interleukins and interferons, upon activation of e.g. T-cells. Cytokines are
involved in a broad array of biological activities including innate immunity, adaptive immunity,
and inflammation. Cytokines may activate the cell types from which they have been released
and thus, stimulating to produce more cytokines.

[0111] The ability of a protein according to the invention to induce cytokine release may be
determined in an assay comprising the steps of (i) incubating supernatant from a cytotoxicity
assay as described above for about 1 to 2 hrs. at room temperature in a plate, (ii) incubating
further 1 to 2 hrs. with added solution comprising antibodies against the cytokines to be tested,
such solution may be a Detection Antibody Solution to the plate, (iii) washing the plate, (iv)
adding a conductor to enhance the signal to be read, such as a Read Buffer T, and (v)
measuring chemiluminescence.

[0112] As described above, complement activation is an effector function which some
antibodies are able to induce. The first step in the complement cascade is Fc binding of C1q
and therefore serves as an indicator for CDC capacity of antibodies. As the present invention
relates to inertness of antibodies, complement activation is not wanted and therefore,
deposition of C1q to antibodies was determined in by ELISA as described in Example 7. As
determined in said Example, an antibody according to the present invention abrogates C1q
binding which suggests that the antibodies of the present invention are not capable of inducing
CDC.

[0113] The term "C1q binding" as used herein is intended to refer to the binding of C1q to an
antibody, when said antibody is bound to its antigen. The term "bound to its antigen" as used
herein refers both to binding of an antibody to its antigen in vivo and in vitro.

[0114] Thus, the ability of a protein according to the present invention of C1q binding may be
determined by ELISA comprising the steps of adding an anti-human C1q and adding an anti-
rabbit IgG-Fc-HRP antibody.

[0115] Specifically, the ability of a protein according to the present invention of C1q binding
may be determined by ELISA comprising the steps of (i) coating an ELISA plate with a dilution
series of an protein, (ii) blocking the plate, (iii) adding 3% serum, (iv) incubating the plate for 1
hr at 37°C, (v) washing the plate, (vi) adding an anti-human C1q, (vi) incubating the plate for 1
hr at room temperature, (vii) washing the plate, (vii) adding an anti-rabbit 1gG-Fc-HRP
antibody, (ix) incubating the plate for 1 hr at room temperature, (x) washing the plate, (xi)
developing the plate, and (xii) measuring ODg4g5 nm.

[0116] Further analysis of a protein according to the present invention may include
determining FcyRI binding as described in Example 8. As described above, Fcy Receptors is a
group of Fc Receptors, which comprise of five different variants of Fcy Receptors. FcyRl is a
high affinity Fc receptor, which means that the binding between an FcyRI and an Fc region of a
protein is strong. If binding to the FcyRI can be inhibited or even abrogated, it is a good
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indicator of the inertness of a protein. Thus, evaluating the Fc binding of a protein to FcyRlI, is
another way of determining the inertness of said protein. In one embodiment the protein
according to the present invention has completely abrogated Fc binding to FcyRI. FcyRI
binding ability of a protein according to the present invention may be evaluated by flow
cytometry comprising the steps of (i) incubating FcyRI positive cells for approx. 30 min at 4°C
with an antibody to be tested; (ii) washing the cells, (iii) staining the cells for approx. 30 min at
4°C with an anti-human |gG-PE F(ab'); antibody, (iv) washing the cells, and (v) measuring the

mean fluorescence of the cells.

[0117] The term "approx." as used herein refers to an abbreviation of the term
"approximately".

[0118] As described herein an antibody according to the invention, wherein said first and
second polypeptides of said antibody comprise the amino acid substitutions L234F, L235E, and
D265A, and the first binding region binds CD3, has proven to completely reduce expression of
CD69 and thereby abrogating T-cell activation (Example 3), completely reduce T-cell
proliferation (Example 4), completely reduce unspecific killing (Example 5), completely reduce
cytokine release when present as a monospecific antibody binding CD3, i.e. the two binding
regions of the antibody binds the same target (Example 6), abrogate C1q binding (Example 7)
as well as completely reduce FcyRI binding (Example 8) when compared to a wild-type
antibody. Therefore, it is believed that the amino acid positions corresponding to positions
L234, L235 and D265 in a human IgG1 heavy chain are crucial positions in an antibody in
order to provide an antibody that has the before-mentioned features.

[0119] Also disclosed herein is a protein in which at least one of said first and second
polypeptides the amino acids corresponding to positions L234 and L235 in a human 1gG1
heavy chain are selected from the group consisting of; A, C, D, E,F, G, H, |, K, M, N, P, Q, R,
S T,V V, and W, and the amino acid corresponding to position D265 is selected from the
group consisting of, AAC,E,F,G,H I, KL, M,N,PQ,R,S, T,Y,V and W.

[0120] Also disclosed herein is a protein in which at least one of said first and second
polypeptides the amino acids in the positions corresponding to positions L234, L235 and D265
in a human IgG1 heavy chain are hydrophobic or polar amino acids.

[0121] The term "hydrophobic" as used herein in relation to an amino acid residue, refers to an
amino acid residue selected from the group consisting of, A, C,F, G, H, I, L, M, R, T, V, W, and
Y. Also disclosed herein is a protein in which at least one of said first and second polypeptides
the amino acid in the position corresponding to position D265 in a human IgG1 heavy chain is
selected from the group of amino acids consisting of, A, C,F, G, H, I, L, M, R, T, V, Wand Y,
and the amino acids in the positions corresponding to positions L234 and L235 in a human
IgG1 heavy chain are each selected from the group consisting of, A, C, F, G, H, I, M\, R, T, V,
W and Y.

[0122] The term "polar" as used herein in relation to amino acid residues, refers to any amino
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acid residue selected from the group consisting of, C, D, E, H, K N, Q, R, S, and T. Also
disclosed herein is a protein in which at least one of said first and second polypeptides the
amino acids in the positions corresponding to positions L234 and L235 in a human I1gG1 heavy
chain are each selected from the group of amino acids consisting of; C, D, E, H, K. N, Q, R, S,
and T, the amino acid in the position corresponding to position D265 in a human heavy chain is
selected from the group consisting of; C, E, H, K, N, Q, R, S, and T.

[0123] Also disclosed herein is a protein in which at least one of said first and second
polypeptides the amino acids in the positions corresponding to positions L234 and L235 in a
human IgG1 heavy chain are each selected from the group consisting of; A, C, D, E, F, G, H, |,
K,M,N,Q, R, ST,V W andY, and the amino acid in the position corresponding to position
D265 in a human IgG1 heavy chain is selected from the group consisting of; A, C, E, F, G, H, |,
K.L,M,N,QR,ST,VWandY.

[0124] Also disclosed herein is a protein in which both said first and second polypeptides the
amino acids in the positions corresponding to L234, L235, and D265 in a human IgG1 heavy
chain are hydrophobic or polar amino acids.

[0125] Also disclosed herein is a protein in which both said first and second polypeptides the
amino acid in the position corresponding to position D265 in a human 1gG1 heavy chain is
selected from the group of amino acids consisting of, A, C,F, G, H, |, L, M, R, T, V, Wand Y,
and the amino acids in the positions corresponding to positions L234 and L235 in a human
IgG1 heavy chain are each selected from the group consisting of, A, C, F, G, H, I, M\, R, T, V,
W and Y.

[0126] Also disclosed herein is a protein in which both said first and second polypeptides the
amino acids in the positions corresponding to positions L234 and L235 in a human I1gG1 heavy
chain are each selected from the group of amino acids consisting of; C, D, E, H, K. N, Q, R, S,
and T, the amino acid in the position corresponding to position D265 in a human heavy chain is
selected from the group consisting of; C, E, H, K, N, Q, R, S, and T.

[0127] Also disclosed herein is a protein in which both said first and second polypeptides the
amino acids in the positions corresponding to positions L234 and L235 in a human I1gG1 heavy
chain are each selected from the group consisting of; A, C,D,E,F, G, H, I, K. M, N, Q, R, S, T,
V, W, and Y, and the amino acid in the position corresponding to position D265 in a human
IgG1 heavy chain is selected from the group consistingof; A, C,E,F, G, H, I, K. L, M, N, Q, R,
S, T,V,W, andY.

[0128] Also disclosed herein is a protein in which at least one of said first and second
polypeptides the amino acids in the positions corresponding to positions L234, L235 and D265
in a human IgG1 heavy chain are aliphatic uncharged, aromatic or acidic amino acids.

[0129] The term "aliphatic uncharged" as used herein in relation to amino acid residues, refers
to any amino acid residue selected from the group consisting of: A, G, I, L, and V. Also
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disclosed herein is a protein in which at least one of said first and second polypeptides the
amino acid in the position corresponding to position D265 in a human 1gG1 heavy chain is
selected from the group consisting of; A, G, |, L, and V, and the amino acids in the positions
corresponding to positions L234 and L235 in a human IgG1 heavy chain are each selected
from the group consisting of; A, G, I, and V.

[0130] The term "aromatic" as used herein in relation to amino acid residues, refers to any
amino acid residue selected from the group consisting of: F, T, and W. Also disclosed herein is
a protein in which at least one of said first and second polypeptides the amino acids in the
positions corresponding to positions L234, L235 and D265 in a human IgG1 heavy chain are
each selected from the group consisting of; F, T, and W.

[0131] The term "acidic" as used herein in relation to amino acid residues, refers to any amino
acid residue chosen from the group consisting of: D and E. Also disclosed herein is a protein in
which at least one of said first and second polypeptides the amino acids in the positions
corresponding to positions L234, L235, and D265 in a human IgG1 heavy chain are each
selected from the group consisting of;, D and E.

[0132] Also disclosed herein is a protein in which at least one of said first and second
polypeptides the amino acid in the position corresponding to position D265 in a human 1gG1
heavy chain is selected from the group consisting of, A, E, F, G, I, L, T, V, and W, and the
amino acids in the positions corresponding to L234 and L235 are each selected from the group
consisting of; A, D, E, F, G, I, T, V, and W.

[0133] Also disclosed herein is a protein in which both said first and second polypeptides the
amino acids in the positions corresponding to L234, L235, and D265 in a human IgG1 heavy
chain are aliphatic uncharged, aromatic or acidic amino acids.

[0134] Also disclosed herein is a protein in which both said first and second polypeptides the
amino acid in the position corresponding to position D265 in a human IgG1 heavy chain is
selected from the group consisting of; A, G, |, L, and V, and the amino acids in the positions
corresponding to positions L234 and L235 in a human IgG1 heavy chain are each selected
from the group consisting of; A, G, I, and V.

[0135] Also disclosed herein is a protein in which both said first and second polypeptides the
amino acids in the positions corresponding to positions L234, L235, and D265 in a human
IgG1 heavy chain are each selected from the group consisting of; D and E.

[0136] Also disclosed herein is a protein in which both said first and second polypeptides the
amino acid in the position corresponding to position D265 in a human 1gG1 heavy chain is
selected from the group consisting of, A, E, F, G, I, L, T, V, and W, and the amino acids in the
positions corresponding to L234 and L235 are each selected from the group consisting of; A,
D,EFGITVand W
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[0137] Also disclosed herein is a protein in which at least one of said first and second
polypeptides, the amino acids corresponding to positions L234, L235 and D265 in a human
IgG1 heavy chain are F, E, and A; or A, A, and A, respectively.

[0138] In a protein according to the present invention, in both said first and second
polypeptides the amino acids at positions L234, L235, and D265 in a human IgG1 heavy chain
are F, E, and A, respectively.

[0139] The term "isotype" as used herein refers to the immunoglobulin class (for instance
IgG1, 1gG2, 1gG3, and 1gG4) or any allotypes thereof such as IgG1m(za) and IgG1m(f)) that is
encoded by heavy chain constant region genes. Further, each heavy chain isotype can be
combined with either a kappa (k) or lambda (A) light chain or any allotypes thereof.

[0140] Thus, the isotype of the immunoglobulin heavy chains may be selected from the group
consisting of 1gG1, 1gG2, 1gG3, and 1gG4. The immunoglobulin heavy chain may be any
allotype within each of the immunoglobulin classes, such as IgG1m(f) (SEQ ID NO:13). Thus,
the isotype of the immunoglobulin heavy chains may be an IgG1, or any allotype thereof, such
as 1gG1m(f).

[0141] At least said first binding region may be selected from the group consisting of;

1. a. a binding region comprising heavy chain variable region sequence as set out in SEQ
ID NO:6 and light chain variable region sequence as set out in SEQ ID NO:12;

2. b. a binding region comprising heavy chain variable region sequence as set out in SEQ
ID NO:8 and light chain variable region sequence as set out in SEQ ID NO:12; and

3. ¢. a binding region comprising heavy chain variable region sequence as set out in SEQ
ID NO:9 and light chain variable region sequence as set out in SEQ ID NO:10.

[0142] Both said first and second polypeptides may be as described above.

[0143] The second binding region may bind a different target than said first binding region.
Thus, the protein is a bispecific protein, such as a bispecific antibody. The term "bispecific
protein" or "bispecific antibody" refers to a protein or antibody having specificities for two
different, typically non-overlapping, epitopes, and comprises two different binding regions.
Such epitopes may be on the same or different targets. If the epitopes are on different targets,
such targets may be on the same cell or different cells or cell types.

[0144] The term "target" as used herein refers to a molecule to which the binding region of the
protein according to the invention binds. When used in the context of the binding of an

antibody includes any antigen towards which the raised antibody is directed.

[0145] Thus, the protein may be a bispecific antibody.
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[0146] There is a range of applications, such as receptor inhibition or T-cell recruitment by
bispecific antibodies, in which the Fc binding of the Fc region of therapeutic antibodies to
effector cells or complement is not required or even is undesired as it may contribute to
unwanted cytotoxicity. Thus, a bispecific antibody which binds with one binding region to
human CD3 will be able to recruit cytotoxic T-cells. CD3 bispecific antibodies with an activating
IgG Fc region can induce unwanted agonism in the absence of tumor cells through crosslinking
by FcyR-expressing cells, inappropriate activation of FcyR-expressing cells and subsequent
cytokine storm and associated toxic effects, or platelet aggregation. Thus, CD3 bispecific
antibodies with a non-activating Fc region are advantageous to prevent potential unwanted cell
activation.

[0147] A bispecific antibody according to the present invention is not limited to any particular
bispecific format or method of producing it.

[0148] Examples of bispecific antibody molecules which may be used in the present invention
comprise (i) a single antibody that has two arms comprising different antigen-binding regions,
(i) a single chain antibody that has specificity to two different epitopes, e.g., via two scFvs
linked in tandem by an extra peptide linker; (ii) a dual-variable-domain antibody (DVD-Ig),
where each light chain and heavy chain contains two variable domains in tandem through a
short peptide linkage (Wu et al., Generation and Characterization of a Dual Variable Domain
Immunoglobulin (DVD-Ig™) Molecule, In: Antibody Engineering, Springer Berlin Heidelberg
(2010)); (iv) a chemically-linked bispecific (Fab')> fragment; (v) a Tandab, which is a fusion of

two single chain diabodies resulting in a tetravalent bispecific antibody that has two binding
sites for each of the target antigens; (vi) a flexibody, which is a combination of scFvs with a
diabody resulting in a multivalent molecule; (vii) a so called "dock and lock" molecule, based on
the "dimerization and docking domain" in Protein Kinase A, which, when applied to Fabs, can
yield a trivalent bispecific binding protein consisting of two identical Fab fragments linked to a
different Fab fragment; (viii) a so-called Scorpion molecule, comprising, e.g., two scFvs fused
to both termini of a human Fab-arm; and (ix) a diabody.

[0149] In one embodiment, the bispecific antibody of the present invention is a diabody, a
cross-body, or a bispecific antibody obtained via a controlled Fab arm exchange (such as
described in WO 11/131746).

[0150] Examples of different classes of bispecific antibodies include but are not limited to (i)
IgG-like molecules with complementary CH3 domains to force heterodimerization; (ii)
recombinant IgG-like dual targeting molecules, wherein the two sides of the molecule each
contain the Fab fragment or part of the Fab fragment of at least two different antibodies; (iii)
IgG fusion molecules, wherein full length 1gG antibodies are fused to extra Fab fragment or
parts of Fab fragment; (iv) Fc fusion molecules, wherein single chain Fv molecules or stabilized
diabodies are fused to heavy-chain constant-domains, Fc-regions or parts thereof; (v) Fab
fusion molecules, wherein different Fab-fragments are fused together, fused to heavy-chain
constant-domains, Fc-regions or parts thereof; and (vi) ScFv-and diabody-based and heavy
chain antibodies (e.g., domain antibodies, nanobodies) wherein different single chain Fv
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molecules or different diabodies or different heavy-chain antibodies (e.g. domain antibodies,
nanobodies) are fused to each other or to another protein or carrier molecule fused to heavy-
chain constant-domains, Fc-regions or parts thereof.

[0151] Examples of IgG-like molecules with complementary CH3 domains molecules include
but are not limited to the Triomab/Quadroma (Trion Pharma/Fresenius Biotech; Roche,
WO2011069104), the Knobs-into-Holes (Genentech, WO09850431), CrossMAbs (Roche,
WO02011117329) and the electrostatically-matched (Amgen, EP1870459 and WO2009089004;
Chugai, US201000155133; Oncomed, W02010129304), the LUZ-Y (Genentech), DIG-body
and PIG-body (Pharmabcine), the Strand Exchange Engineered Domain body (SEEDbody)
(EMD Serono, WO2007110205), the Biclonics (Merus), FcAAdp (Regeneron, WO201015792),
bispecific IgG1 and 1gG2 (Pfizer/Rinat, WO11143545), Azymetric scaffold (Zymeworks/Merck,
WO02012058768), mAb-Fv (Xencor, WO2011028952), bivalent bispecific antibodies (Roche)
and the DuoBody (Genmab A/S, WO2011131746).

[0152] Examples of recombinant IgG-like dual targeting molecules include but are not limited
to Dual Targeting (DT)-lg (GSK/Domantis), Two-in-one Antibody (Genentech), Crosslinked

Mabs (Karmanos Cancer Center), mAb? (F-Star, W02008003116), Zybodies (Zyngenia),
approaches with common light chain (Crucell/Merus, US7,262,028), kABodies (Novimmune)
and CovX-body (CovX/Pfizer).

[0153] Examples of IgG fusion molecules include but are not limited to Dual Variable Domain
(DVD)-Ig (Abbott, US7,612,181), Dual domain double head antibodies (Unilever; Sanofi
Aventis, WO20100226923), IgG-like Bispecific (ImClone/Eli Lilly), Ts2Ab (Medimmune/AZ) and
BsAb (Zymogenetics), HERCULES (Biogen Idec, US007951918), scFv fusion (Novartis), scFv
fusion (Changzhou Adam Biotech Inc, CN 102250246) and TvAb (Roche, W02012025525,
W02012025530).

[0154] Examples of Fc fusion molecules include but are not limited to ScFv/Fc Fusions
(Academic Institution), SCORPION (Emergent BioSolutions/Trubion, Zymogenetics/BMS), Dual
Affinity Retargeting Technology (Fc-DART) (MacroGenics, WO2008157379, WO2010/080538)
and Dual(ScFv)>-Fab (National Research Center for Antibody Medicine - China).

[0155] Examples of Fab fusion bispecific antibodies include but are not limited to F(ab);

(Medarex’AMGEN), Dual-Action or Bis-Fab (Genentech), Dock-and-Lock (DNL)
(ImmunoMedics), Bivalent Bispecific (Biotecnol) and Fab-Fv (UCB-Celltech).

[0156] Examples of ScFv-, diabody-based and domain antibodies include but are not limited to
Bispecific T Cell Engager (BiTE) (Micromet, Tandem Diabody (Tandab) (Affimed), Dual Affinity
Retargeting Technology (DART) (MacroGenics), Single-chain Diabody (Academic), TCR-like
Antibodies (AIT, ReceptorLogics), Human Serum Albumin ScFv Fusion (Merrimack) and
COMBODY (Epigen Biotech), dual targeting nanobodies (Ablynx), dual targeting heavy chain
only domain antibodies.
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[0157] It is further contemplated that any monospecific antibody fulfilling the assay conditions
herein described may form the basis of a bispecific antibody, i.e. in a bispecific antibody
wherein one of the binding regions binds CD3 may originate from any monospecific CD3
antibody tested in the functional assays and fulfilling the requirements stated herein. Such
bispecific antibody may be provided by the methods described in WO 2011/1<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>