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Bispecific T cel activating antigen binding molecules

Field of the Invention

The present mvention 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 polynucieotides. The
mnvention further relates to methods for producing the bispecific antigen binding molecules of'the
mvention, and to methods of using these bispecific antigen binding molecules in the treatment of

disease,

3

Backgrown:

The selective destruction of an mdividual cell or a specific cell type is often degirable in a varicty
of clinical settings. For example, 1t i8 a primary goal of cancer therapy to specifically destroy
tumor cells, while leaving healthy cells and tissues intact and undamaged.

An attractive way of achieving this is by inducing an imumune response against the tumor, to
malke immune effector cells such as natural killer (NK) cells or cytotoxic T lymphocyies (CTLs)
attack and destroy tumeor ceils. CTLs constitute the most potent effector cells of the immune
aystern, however they cannot be activated by the effector mechanism mediated by the Fo domain
of conventional therapeutic antibodies,

¢

in this regard, bispecific antibodies designed to bind with one “arm” to a surface antigen on
target celis, and with the second “arm” to an achivating, invariant component of the T cell
recepter (TCR) complex, have become of mterest in recent vears. The simultancous 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 18 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 i is crucial that CTLs are only activated
when a farget cell 18 presenting the bispecific antibody to them, le. the iImmunological synapse is
mimicked. Particularly desirable are bispecific antibodies that do not require lymphocyte

preconditioning or co-stinmlation in order to elict efficient lysig of target cells.
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Several bispecific antibody formats have been developed and their suttability for T cell mediated
immunotherapy investigated. Out of these, the so-called BITE (bispecific T cell engager)
molecules have becn very well characterized and already shown some promise in the clinic
{reviewed in Nagorsen and Biuverle, Exp Cell Res 317, 1255-1260 (2011}, BiTEs are tandem
sci'v molecules whercin two sclv molecules are fused by a flexible linker. Further bispecific
formats being evaluated for T cell engagement include diabodies (Holliger et al., Prot Eng 9,
299-305 (1996)) and derivatives thereot, 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 dishody format but feature a C-termmal disulfide
bridge for additional stabilization (Moore et al, Blood 117, 4542-51 (2011)). The so-called
triomabs, which are whole hybrid mouse/rat IgG moelecules and alse currently being evaluated in
clinical trials, represent a larger sized format (reviewed in Seimetz ot al., Cancer Treat Rev 36,
458-467 (2010)).

The varicty of formats that are being developed shows the great potential attmbuted to T cell re-
direction and activation in immunotherapy. The task of generating bispecific antibodies suitable
therefor 1s, however, by no means trivial, but mvolves a number of challenges that bave to be
met related to efficacy, toxicity, applicability and produceability of the antibodics.

Small constructs such as, for example, BiTE wolecules — while being able fo efficiently crosslink
etfector and target cells — have a very short seram half Life requiring them to be administered fo
natienis by continuous nfusion. 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 moelecules. Their mmmunogenic potential constitutes another untavorable feature
of IeG-like bispecific antibodies, especially non-human formats, for successful therapeutic
development. Finally, a major challenge in the general development of bispecific antibodies hag
been the production of bispecific antibody constructs at a chinically sufficient quantity and
purity, dee to the mispairing of antibody heavy and hight chaing of different specificitics upon
co-expression, which decreases the vield of the correctly assembled congtruct and results in a
number of non-functional side products from which the desired bispecific antibody may be
difficult to separate.

(iven the difficulties and disadvantages associated with cwrrently available bispecific antibodies
tor T cell mediated iramunotherapy, there remains a need for novel, 1mproved formats of such

molecules. The present invention provides bispecific antigen binding molecules designed for T
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cell activation and re-direction that combine good efficacy and produceability with low toxicity

and favorable pharmacokinetic properties.

Summary

The present disclosure provides a T cell activating bispecific antigen binding molecule
comprising a first and a second antigen binding moiety, one of which is a Fab molecule capable
of specific binding to an activating T cell antigen and the other one of which is a Fab molecule

capable of specific binding to a target cell antigen, and an Fc domain composed of a first and a

‘second subunit capable of stable association; wherein the first antigen binding moiety is (a) a

single chain Fab molecule wherein the Fab light chain and the Fab heavy chain are connected by

‘a peptide linker, or (b) a crossover Fab molecule wherein either the variable or the constant

regions of the Fab light chain and the Fab heavy chain are exchanged.

In one aspect, there is provided a T cell activating bispecific antigen binding molecule
comprising a first and a second antigen binding moiety, one of which is a Fab molecule capable
of specific binding to an activating T cell antigen and the other one of which is a Fab molecule
capable of specific binding to a target cell antigen, and an Fc domain composed of a first and a
second subunit capable of stable association;
wherein the first antigen binding moiety is

(a) a single chain Fab molecule wherein the Fab light chain and the Fab heavy chain are

connected by a peptide linker, or
(b) a crossover Fab molecule wherein either the variable or the constant regions of the Fab

light chain and the Fab heavy chain are exchanged, and

wherein the first and the second antigen binding moiety are fused to cach other, optionally

via a peptide linker.

In a particular embodiment, not more than one antigen binding moiety 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). In particular embodiments, the first antigen
binding moiety is a crossover Fab molecule. In even more particular embodiments, the first
antigen binding moiety is a crossover Fab molecule wherein the constant regions of the Fab light

chain and the Fab heavy chain are exchanged.
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In some embodiments, the first and the second antigen binding moiety of the T cell activating
bigpecific antigen binding molecule are fused to each other, optionally via a peptide linker. In
one such embodiment, the second antigen binding moiety is fused at the C-terminus of the Fab
heavy chain to the N-terminus of the Fab heavy chain of the first antigen binding moiety. In
another such embodiment, the first antigen binding moiety is fused at the C-terminus of the Fab
heavy chain to the N-terminus of the Fab heavy chain of the second antigen binding moiety. In
yet another such embodiment, the second antigen binding moiety is fused at the C-terminus of
the Fab light chain to the N-terminus of the Fab light chain of the first antigen binding moiety. In
embodiments wherein the first antigen binding moiety is a crossover Fab molecule and wherein
gither (i) the second antigen binding moiety is fused at the C-terminus of the Fab heavy chain to
the N-terminus of the Fab heavy chain of the first antigen binding moiety or (i) the first antigen
binding moiety 1s fused at the C-terminus of the Fab heavy chain to the N-terminus of the Fab
heavy chain of the second antigen binding moiety, additionally the Fab light chain of the first
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antigen binding moiety and the Fab light chain of the second antigen binding moiety may be
fused to each other, optionally via a peptide linker.

In one embodiment, the second antigen binding moiety of the T cell activating bispecific antigen
binding 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 another embodiment, the first antigen binding moiety
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 one embodiment, the first and the second antigen binding moiety of the T cell activating
bispecific antigen binding 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 certain embodiments, the T cell activating bispecific antigen binding molecule comprises a
third antigen binding moiety which is a Fab molecule capable of specific binding to a target cell
antigen. In one such embodiment, the third antigen binding moiety is fused at the C-terminus of
the Fab heavy chain to the N-terminus of the first or second subunit of the F¢ domain. In a
particular embodiment, the second and the third antigen binding moiety of the T cell activating
antigen binding 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 antigen binding moiety is fused at
the C-terminus of the Fab heavy chain to the N-terminus of the Fab heavy chain of the second
antigen binding moiety. In another particular embodiment, the first and the third antigen binding
moiety of the T cell activating antigen binding 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
antigen binding moiety is fused at the C-terminus of the Fab heavy chain to the N-terminus of
the Fab heavy chain of the first antigen binding moiety. The components of the T cell activating
bispecific antigen binding molecule may be fused directly or through suitable peptide linkers. In
one embodiment the second and the third antigen binding moiety and the Fc domain are part of
an immunoglobulin molecule. In a particular embodiment the immunoglobulin molecule is an
IgG class immunoglobulin. In an even more particular embodiment the immunoglobulin is an
IgG, subclass immunoglobulin. In another embodiment, the immunoglobulin is an 1gG, subclass

immunoglobulin.

In another aspect, there is provided a T cell activating bispecific antigen binding molecule
comprising a first antigen binding moiety, a second antigen binding moiety, a third antigen
binding moiety, and an Fc domain composed of a first and a second subunit capable of stable

association, wherein
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(1) the first antigen binding moiety is a Fab molecule capable of specific binding to an activating
T cell antigen, and the second and the third antigen binding moiety are each a Fab molecule

capable of specific binding to a target cell antigen,

(i1) the first antigen binding moiety is a crossover Fab molecule wherein either the variable or the
constant regions, particularly the constant regions, of the Fab light chain and the Fab heavy chain

are exchanged; and

(111) the second and the third antigen binding moiety 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 antigen
binding moiety is fused at the C-terminus of the Fab heavy chain to the N-terminus of the Fab

heavy chain of the second antigen binding moiety, or

the first and the third antigen binding moiety 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 antigen binding
moiety is fused at the C-terminus of the Fab heavy chain to the N-terminus of the Fab heavy

chain of the first antigen binding moiety.

In a particular embodiment, the Fc domain is an 1gG Fc domain. In a specific embodiment, the
Fc domain is an IgG, Fe domain. In another specific embodiment, the Fc domain is an IgGs Fe

domain. In an even more specific embodiment, the Fc domain is an IgG,; Fe domain comprising
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the amino acid substitution S228P (EU numbering). In particular embodiments the Fc domain is
a human Fe domain.

In particular embodiments the Fc domain comprises a modification promoting the association of
the first and the second Fc domain subunit. In a specific such embodiment, an amino acid residue
in the CH3 domain of the first subunit of the F¢ 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.

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 IgG; Fc domain. In certain
embodiments the F¢ 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 selecied from the group of 1234, 1235, and P329 (EU 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, 1L.235A and P329G. In one such embodiment, the Fc domain is an IgG,
Fc domain, particularly a human [gG; Fe 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. In one such
embodiment, the Fc domain is an IgGy Fe domain, particularly a human IgGy Fe domain.

In one embodiment the Fc receptor is an Foy receptor. In one embodiment the Fec receptor is a
human Fe receptor. In one embodiment, the Fe receptor is an activating Fc receptor. In a specific
embodiment, the Fc receptor is human FeyRIla, FeyRI, and/or FeyRIlla. In one embodiment, the
effector function is antibody-dependent cell-mediated cytotoxicity (ADCC).

In a particular embodiment, the activating T cell antigen that the bispecific antigen binding
molecule is capable of binding is CD3. In other embodiments, the target cell antigen that the

bispecific antigen binding molecule is capable of binding is a tumor cell antigen. In one



10

15

20

25

_6-

embodiment, the target cell antigen is selected from the group consisting of: Melanoma-
associated Chondroitin Sulfate Proteoglycan (MCSP), Epidermal Growth Factor Receptor
(EGFR), Carcincembryonic Antigen (CEA), Fibroblast Activation Protein (FAP), CD19, CD20
and CD33.

According to another aspect, there is provided an isolated polynucleotide encoding a T cell
activating bispecific antigen binding molecule as defined herein or a fragment thereof. The
disclosure also encompasses polypeptides encoded by the polynucleotides as defined berein. The
disclosure further provides an expression vector comprising the isolated polynucleotide as
defined herein. In another aspect, there is provided a vector, particularly an expression vector,
comprising the isolated polynucleotide as defined herein. In another aspect, there is provided a
host cell comprising the isolated polynucleotide or the expression vector as defined herein. In
some embodiments the host cell is a eukaryotic cell, particularly 2 mammalian cell.

In another aspect, there is provided a method of producing the T cell activating bispecific antigen
binding molecule as defined herein, comprising the steps of a) culturing the host cell as defined
herein 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.
The disclosure also encompasses a T cell activating bispecific antigen binding molecule
produced by the method as defined herein.

In another aspect, there is provided a pharmaceutical composition comprising the T cell
activating bispecific antigen binding molecule as defined herein and a pharmaceutically
acceptable carrier,

Also encompassed by the disclosure are methods of using the T cell activating bispecific antigen
binding molecule and pharmaceutical composition as defined herein. In another aspect, there is
provided a T cell activating bispecific antigen binding molecule or a pharmaceutical composition
as defined herein for use as a medicament. In another aspect, there is provided a T cell activating
bispecific antigen binding molecule or a pharmaceutical composition as defined herein for use in
the treatment of a disease in an individual in need thereof. In a specific embodiment the disease

i$ cancer.
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Also provided is the use of a T cell activating bispecific antigen binding molecule as defined
herein for the manufacture of a medicament for the treatment of a disease in an individual in
need thereof; as well as 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 as defined herein in a pharmaceutically acceptable
form. In a specific embodiment the disease is cancer. In any of the above embodiments the

mndividual preferably is a mammal, particularly a human.

In another aspect, there is provided the use of the T cell activating bispecific antigen binding

molecule as defined herein for the manufacture of a medicament for the treatment of cancer.
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The disclosure also provides a method 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 as defined herein in the presence of a T cell, particularly a cytotoxic T cell.

In another aspect, there is provided a T cell activating bispecific antigen binding molecule as
defined herein for use in inducing lysis of a target cell, wherein said target cell is contacted with

said T cell activating bispecific antigen binding molecule in the presence of a T cell.

Brief Description of the Drawings

FIGURE 1. Exemplary configurations of the T cell activating bispecific antigen binding
molecules of the invention. Hlustration of (A) the “1+1 IgG scFab, one armed”, and (B) the *“1+1
1g(G sclab, one armed inverted™ molecule. In the “1+] IgG scFab, one armed” molecule the light
cham of the T cell targeting Fab is fused to the heavy chain by a linker, while the “1+1 1gG
sckFab, one armed inverted” moiecule has the linker in the tumor targeting Fab, (C) THustration of
the “2+1 IgG scFab” molecule. (D) lustration of the “1+1 IgG scFab” molecule. (E) Hlustration
of the “1+1 IgG Crossfab” molecule. (F) Iustration of the “2+1 IgG Crossfab” molecule. (G)
Hlustration of the “2+1 IgG Crossfab™ molecule with alternative order of Crossfab and Fab
components (“imverted”), (H) Hlustration of the “1+1 [gG Crossfab light chain (L.C) fusion”
molecule. (I) llustration of the “1+1 CrossMab” molecule. (§) Illustration of the “2+1 IgG
Crossfab, linked light chain” molecule. (K) Ilustration of the “I+1 IgG Crossfab, linked light
chain” molecule. (L} Hlustration of the “2+1 IgG Crossfab, inverted, linked light chain”
molecule. (M) Illustration of the “1+1 IgG Crossfab, inverted, linked light chain™ molecule.
Black dot: optional modification in the Fc domain promoting heterodimerization.

FIGURE 2. SDS PAGE (4-12% Bis/Tris, NuPage Invitrogen, Coomassiemétained) of “1+1 IgG
sckab, one armed” (anti-MCSP/anti-huCD3) (see SEQ ID NOs 1, 3, 5), non reduced (A) and
reduced (B), and of “1+1 IgG scFab, one armed inverted” (anti-MCSP/anti-huCD3) (see SEQ ID
NOs 7, 9, 11}, non reduced {(C) and reduced (D).

FIGURE 3. Analytical size exclusion chromatography (Superdex 200 10/300 GIL. GE Healthcare;
2 mM MOPS pH 7.3, 150 mM NaCl, 0.02% (w/v) NaCl; 50 pg sampie injected) of “1+1 1gG
scl'ab, one armed” (anti-MCSP/anti-huCD3) (see SEQ ID NOs 1, 3, 5) (A) and “1+1 IgG scFab,
one armed inverted” (anti-MCSP/anti-huCD3) {see SEQ ID NOs 7, 9, 11) (B).

FIGURE 4. SDS PAGE (4-12% Bis/Tris, NuPage Invitrogen, Coomassie-stained) of “1+1 IgG
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scFab, one armed” (anti-EGFR/anti-huCD?3) (see SEQ ID NOs 43, 45, 57), non reduced (A) and
reduced (B), and of “1+1 JgG scFab, one armed inverted” (anti-EGFR/anti-huCD3) (see SEQ ID
NOs 11, 49, 51), non reduced (C) and reduced (D).
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FIGURE 5, Analytical size exclugion chromatography (Superdex 200 10/300 GL GE Healtheare;
2 mM MOPS pH 7.3, 150 mM NaCl, 0.02% (w/v) NaCl 50 pg sample injected) of “i+1 TG
scFab, one armed” {(anti-EGFR/anti-huCD3) (see SEQ D NGs 43, 45, 47) (A} and “1+1 oG
sciab, one armed mverted” {anti-EGFR/anti-huCD3) (see 5EQ ID NOs 11,49, 513 (B).
FIGURE 6. (A, B) SDS5 PAGE {(4-12% Bis/Tris, NuPage Invitrogen, Coomassic-stained) of “1+]
16 oserab, one armed mverted” {anfi-FAP/anti-mCD3) {see SHG 1D NOs 11, 51, 553, non
reduced (A) and reduced (BY. (C) Analytical size exclusion chromatography (Superdex 200
10/200 GL GE Healthcare; 2 mM MOPS pH 7.3, 150 mM NaCl, 8.02% {(w/v) NaCl; 50 ug
saraple imjected) of “1+1 ig(5 scFab, one armed mverted” (anti-FAP/anti-huCD3

FIGURE 7. SDS PAGE (4-12% Bis/Trs, NuPage Invitrogen, Coomassie-stained) of (A “2+1
g5 scliab, P329G LALAY (anti-MOSF/anti-huCi3) (sce SEQ 1D NOs 5, 21, 23), non reduced

(lans 2y and reduced {gmc 3y of (B) “2+1 IpG scFab, LALAY {anti-MOSP/anti-huCD3) (see
SEQ I NOs 5, 17, 19), non reduced (lane 2) and reduced (lane 3); of (T “2-+1 TG sclab, wt”

{'anzi}MCS‘P/’a.ni.i~h'uﬁf)3) {see SEQ 11 MOs 5, 13, 15}, non reduced (lane 2) and reduced (lane 3);
and of {{3) "“2+1 Tg(G scFab, P325G LALA N297D7 {anti-MUSP/anti-huCD3) (see SEQ 1D NOs

Fay

5, 25,27y, non reduced (lane 2) and reduced (lane 3),

FIGURE 8. Apalytical size cxclusion chromatography (Superdex 200 16/300 GL GE Healthcare;
2 mh MOPS pH 7.3, 150 mM MNaCl, 0.02% (w/vy NaClL 50 ng sample injected) of (A) “2+1 IpG

sciab, P329G LALAY (anti-MCSP/anti-huCD3)Y (see SEG 1D NGs 5, 21, 23); of (B) “2+1 1eG
schab, LALA” {anti-MCSP/anti-huC3) (see SEQ 1D NGs 5, 17, 19% of {{‘.} “Z+] 1g( scFab,
wi” (anti-MOSP/anti-huD3) (see SEQ 1D NOs 5, 13, 15% and of (D) “2+1 TgG sclab, P329G
LALA NZOTD” {antt-MOSP/anti-huCD3) {see SEQ 1D NGs 5, 25, 27).

FIGURE 9. (A, B) 505 PAGE (4-12% Bis/Tris, NuPage invitrogen, Coomassic-stained) of *2-+
1gG scFaub, P329G LALAY {(anti-EGFR/anti-mCi3) {see SEQ 1D Ns 45, 47, 53), non reduced
(A) and reduced (B). (C) Analytical size exchusion chromatography (Superdex 200 10/300 GL
GE Healtheare; 2 mM MOPS pH 7.3, 1506 mM NaCl, 0.02% (w/v) NaCl; 50 ng sample injected)
of “I-41 1l selab, P329G LALAY( amt%---’EGE—”é’Uail{i~hu.CDE).

FIGURE 10, (A, B) SDS PAGE (4-12% Buws/Tris, NuPage Invitrogen, Coomassie-gtained) of
“21 e osckiab, P329G LALAY (anti-FAP/anti-huCD3) (see SEQ 1D NOs 57, 59, 61), non
reduced (A) and reduced (B). (C) Analytical size exclusion chromatography (Superdex 200
10/300 GL GE Healthcare; 2 mM MOPS pH 7.3, 150 mM NaCl, 0.02% (w/v) NaCl 53¢ ug
saraple ingected) of “2-+1 1gG actab, P329G LALAY (anti-FAP/ant-huCD3).

o,
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FIGURE 11, (A, B) SD8 PAGE (4-12% Tris-Acctate (A) or 4-12% Big/Tris (B), MNuPage
Invitrogen, Coomassic-stained) of “1+1 1gG Crossfab, Fe(hole) P329G LALA / Fe(knob) wi”
(anti-MCSP/anti-huCi3) (see SEQ 1D NOs 5,29, 31, 33), non reduced (A} and reduced {B). (C}
Analytical size exclusion chromatography {(Superdex 200 10/360 GL GE Healtheare, 2 mM
MOPS pH 7.3, 150 mM MNaCl, 6.02% (w/v) NaCl, 50 pg sample mjected) of “1+1 1gG Crossfab,
Fe(hole) P329G LALA / Fedknob) wt” (anti-MCSP/anti-huCiD3),
FIGURE 12. (A, B) 585 PAGE {(4-12% RBis/Tris, NuPage Invitrogen, Coomassic-siained) of
“2HL 1l Crossfab” (ant-MUBP/anti-huCD3) (see SEQ 1D MNOs 3, 5, 29, 33), non reduced {A)
and reduced (B). (C) Analytical size exclusion chromatography (Superdex 2060 10/300 GL GE
Healtheare; 2 mM MOFS oH 7.3, 150 mM NaCl, 8.02% (w/v) NaCl 50 pg sample injected) of
21 el Crosstab” (anti-MOSP/anti-huCD3).
FIGURE 13, (A, B) 8D3 PAGE (4-12% Bis/Tris, NuPage Invitrogen, Coomassic-statned) of
21 1 Crossfab” {ant-MUSF/ anti-cyCD3) (see SEG 1D NOGs 3, 5, 35, 37), non reduced (A)
and reduced (B). () Analytical size oxelusion chromatography (Superdex 200 10/300 GL GE
Hca}thoare; 2 mM MOPE pH 7.3, 156 mb MNaCl, 0.02% (wivy WNall; 50 pg sample injected) of
21 1gG Crosstab” {anti-MUEP/anti-cyCD3 ).
FIGURE 14. (A, By SDS PAGE {(4-12% Bis/Tris, MuPage Invitrogen, Coomassie-stained) of
“2+1 1gG Crogsfab, mverted” (anti-CEA/2nti-huCD3) (gee SEQ 1D NOs 33, 63, 63, 67), non
reduced {A) and reduced (B). (C) Analytical size exclusion chromatography (Superdex 200
H0/300 GL GE Heakthcare; 2 mM MOPS pH 7.3, 1506 mM NaCl, 0.02% (w/v) NaCl, 50 up
sample mjected) of “2+1 1gG Crossfab, mverted” (anti-CEA/anti-huCD3),
FIQURE 15 {A) Thermal stability of “(sclv)-Fe” and  “(dssctvi-Fo”  (anti-MOSP
(LOO0TVanti-baC3 (VOY). Dynamic Light Scatioring, measured in a temperature ramp from 25-
75°C at 0.05°C/min. Black curve: “(sciFv)e-Fe”, grey curver “(dsscFvi-Fe”. (8) Thermal
stability of “2+1 Ig(3 scFab” (sec SEQ 1D NOs 5, 21, 23) and “2+1 1gG Crossfab” {anti-
MOSP/ant-huCDB3) {see SEQ 1D NOs 3, 5, 29, 33). Dynamic Light Scattermg, measured in a
temperature ramp from 25-75°C at 0.05°C/min, Black curve: "2+1 1gG seFab”, grey curve: “2+1
1gls Crossiab”.
FIGURE 16, Biacore assay setup for (A) determination of interaction of various Fe-mutants with
hurcan FeyRIta, and for (B) stimultaneous binding of T cell bespecific constructs with tumor

target and human CO3v{G.53:C03s-AcTev-Foelknob)-Avi/Fe(holel,
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FIGURE 17, Stmultancous binding of T-cell bispecific constructs to the B3 domain of human
MCSP and human CD3v(G45):CD3e—AcTev—Felknob)y-Avi/Fe(hole). (A) “2+1 1gG Crossiab”
{sec SEQ 1D NOs 3, 3,29, 33), (B) “2+1 1gG scFab” (see SEQ 1D NOs 5, 21, 23).

FIGURE 18, Simultancous binding of T-cell bispecific constructs to human EGFR and human
C3v{Gy8)sCh3s-AcTev-Felknobj-Avi/Felhole). (A) “2+1 TG scFab” (sec SEQ 1D NOs 45,
47,53, {B) “1+1 {gG scFab, one armed” (sce SEQ 1D NOsg 43, 45, 473, (T “1+1 1g( scFab, one
armed mverted” (see SEG 1D NOs 11, 49, 513, and (D) “1+1 10 scFab” (see SEQ 1D NOs 47,
53, 213}

FIGURE 19, Binding of the “(scFv),” molecule (50 nM) to C3 expressed on Jurkat cells {A),
or to MCSP on Ceolo-38 cells (B) measured by FACS, Mean fluorescence intensity compared to
untreated cells and cells stained with the secondary antibody only is depicted.

FIGURE 20, Binding of the “2+1 JoG scFab, LALA” (sce SEQ 1D NOs 5, 17, 19) construct (50
oM} to CD3 expressed on Jurkat cells (A), or to MUSP on Colo-38 cells (B) measured by FACS.
Mean fluorescence intensity compared to celis treated with the reference anti-CD3 1gG (as
indicated), untreated cells, and cells stained with the secondary antibody only 1s depicted.
FIGURE 21, Binding of the “i+1 igG sclab, one armed” (see SEQ 1D NOCs 1, 3, 5) and “1+1
IgG sclab, one armed inverted” (see SEQ ID NOs 7, 9, 1Y) constructs (50 nM) to CD3
expressed on Jurkat cells (A}, or to MUSP on Colo-38 cells (B) measured by FACS. Mean
fluorescence intensity compared to cells treated with the refercnce anti-CD3 or anti-MCEP TgG
(as indicated), untreated cells, and cells stained with the secondary antibody only is depicted.

FIGURE 22, Dose dependent binding of the “2+1 TG scfFab, LALA” (see SEQ 1D NGy 5, 17

H

»

19) bispecific construct and the corresponding anti-MCSEP 1gG to MUSP on Colo-38 cells as
measured by FACS.

FIGURE 23, Surface expression level of different activation markers on human T cells after
mecubation with 1 aM of “2+1 1gG scFab, LALA” (sec SEQ 1D NGs 5, 17, 19) or “(scFv),”
CD3-MCSP bigpecific constructs in the presence or absence of Cole-38 tumor target cells, as
imdicated (E:T ratio of PBMCs to tumor cells = 10:1). Depicted 18 the expression level of the
early activation marker CD69 (A), or the late activation marker CD25 (B) on CDE' T cells after
15 or 24 hours incubation, respectively.

FIGURE 24. Surface expression Jevel of the late activation marker CD25 on human T celis afier
meubation with 1 oM of "2+1 1pG scFab, LALAY (see SEQ 1D NOs 5, 17, 19) or “schv)y”

CD3-MCSP bispecific constructs in the presence or absence of Colo-38 tumor target cells, as
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mdicated {E:T ratic = 5:1). Depicted is the cxpression level of the late activation marker CD25
on CD8 T cells (A or on CI347 T cells (B) after 5 days incubation.

FIGURE 25. Sarface expression level of the late activation marker C25 on cynomolgus CD8'
T cells from two different animals {cyno Nesgtor, cyno Nobu) after 43 hours incubation with the
mdicated concentrations of the “2+1 IgG Crossfab” bispecific construct (targeting cynomolgus
CD3 and human MOSP; see SEQ 1D NOs 3, 5, 35, 37), in the presence or absence of human
MUSP-expressmg MV-3 tumor target cells (BT ratio = 3:1). As contrels, the reference 1gGs
{anti-cynomolgus CD3 1gG, anti-human MOSP 1gG) or the unphysiologic stimulus PHA-M were
used.

FIGURE 26, TEN-y levels, secreted by hurnan pan T celis that were activated for 18.5 hours by

presence of USTMG tumor cells (E:T ratio = 5:1). As controls, the ce'rres_]t}onding anti-CH3 and
anti-MOSP 1gGs were admnistered.

FIGURE 27. Killing (as measured by LDH release) of MDA-MB-435 tumor cells upon co-
culture with human pan T cells (BT ratio = 5:1) and activation for 20 hours by different
concentrations of the “2+1 IgG selab™ (sec SEQ 1D NOs 5, 21, 23), “2+1 TpG Crossfab” {see
SEQ D NOs 3, 5,29, 335 and “(scFv),” bispecific molecules and corresponding TpGs.

FIGURE 28, Killing (as measured by LDI release) of MDA-MB-435 tumor cells upon co-
culture with human pan T cells {ET ratio = 5:1), and activation for 20 hours by different
concentrations of the bispecific constructs and cormresponding TgGs. “2+1 1gG scFab” constuct
differing in thew Fo-domam (having either a wild-type Fe domain {see SEQ 1D NQOs 5, 13, 15),
or a Fe-domain mutated to abolish (NK effector cell function: P329G LALA (see SEQ 1D NOs
5,21, 23, P329G LALA N2ZO7D (see SEG 1D NOs 5, 25, 27)) and the “2+1 1gG Crossfab” {see
SEQ 1D NGs 3, 5, 29, 33) construet were compared.

FIGURE 29, Killing (as measured by LDH releasc) of Colo-38 tumor cells upon co-culture with
human pare T cells (BT ratio = 5:1), treated with CD3-MOSP bispecific “2+1 IgG scFab,
LALA” (see 8HQ 1D NOs 5, 17, 19) construct, “(scbv)” molecule or corresponding 1gGs for
1%.5 hours.

FIGURE 30. Killing {as meuasurcd by LDH release} of Colo-38 tumor cells upon co-culiure with
human pan T cells (E:T ratio = 5:1), treated with CD3-MCSP bispecific “2+1 IgG scFab,
LALA” (see SEQ 1D NOs 5, 17, 19) construct, the “(scFvy,"” molecule or corresponding 1gGs for

18 hours.
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FIGURE 31. Killing {as measured by LDH releasc) of MIDA-MB-435 tumor cells upon co-
culture with human pan T cells (BT ratio = 5:1), and activation for 23.5 hours by different
concentrations of the CD3-MUSP bispecific “2+1 TgG scFab, LALA” {see SEQ 1D NOs 5, 17,
19) construct, “(scFv);” molecule or corresponding TgGs.

FIGURE 32, Killing {as measured by LDH release) of Colo-38 tumor cells upon co-culture with
hroman pan T cells {E:T ratio = 5:1) and activation for 19 hours by different concentrations of the
CO3-MUSP bispecific “1+1 fg( sclab, one armed” (see SEQ 1D NGs |, 3, 53, “1+1 1gG sciab,
one armed inverted” (see SEQ T NOs 7, 9, 11} or “{schv)o” constructs, or corresponding 1gGs.
FIGURE 33, Killing (as measured by LIDH release) of Colo-38 tumor cells upon co-culture with
human pan T cells (E/T ratio = 5:1), treated with “14+1 IgG scFab” CD3-MCSP bispecific
construct (see SEQ 1D NGs 5, 21, 213) or “(sebvy,” molecule for 20 hours.

FIGURE 34, Killing {as measured by LDH release) of MDA-MB-435 tumor cells upon co-
culture with human pan T cells {E:T ratio = 5:1}, and activation for 21 hours by different
concentrations of the bispecific constructs and concspmadmg} igls, The CO3-MUSP bispecific
241 1gG Crosstab” (see SEQ WD NOs 3, 5,29, 33y and “1+1 1gG Crossfab” (see 5EQ 1D NOs 5,
29, 31, 33) constructs, the “(scFvy,” molecule and corresponding 1gGs were compared.

FIGURE 35, Kzllfngo {as measured by LDH release) of different target cells (MCSP-positive
Colo-38 tumor target cells, mesenchyvmal stem cells dertved from bone marcow or adipose Hissue,
or pericytes from placenta; as indicated) induced by the activation of human U cells by 135
ag/ml or 1.35 ng/ml of the “2+1 1gG Crossfab™ CD3-MCSP bispecific construct (see SEQ 1D
NOs 3, 5,29, 33) (BT ratio = 25:1).

FIGURE 36. Killing {as measured by LDH release) of Colo-38 tumor target cells, measured
after an overnight incubation of 21h, upon co-culture with human PBMCs and different CD3-
MOSP bispecific constructs (“2+1 Ig(G scFab, LALA”Y (see SEQ ID NOs 5, 17, 19) and
“(scFv)") or a glycoenginecred anti-MCSP 1pG (GlycoMab), The effector to target cell ratio
was fixed at 25:1 {A), or varied as depicted {(B). PBMCs were isolated from fresh blood (A) or
from a Buily Coat (B},

FIGURE 37. Time-dependent cytotoxic effect of the “2+] TglG Crossfab” construct, targeting
cynomolgus CO3 and human MCSP (see SEQ 1D NOs 3, 5, 35, 37). Depicted 1s the LDH release
from human MCS?—@Xpwwng} MV-3 cells upon co-culture with primary cynomoigus PBMCs
{E:T ratio = 3:1) for 24 h or 43 h. As controls, the reference IgGs (anti-cyno CD3 [gG and anti-
human MCSP 1gl3) were used at the same molarsty, PHA-M served as a control for

(unphysiologic) T cell activation.
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FIGURE 38. Killing {as measured by LDH release) of huMCSP-positive MV-3 melanoma cells
upen co-culture with human PBMCs (BT ratio = 10:1), treated with different C1¥3-MCSP
bispecific constructs (241 IgG Crossfab” {sec SEQ 1D NOGs 3, 5, 29, 33) and “(scFv)y”) for ~26
hours.
FIGURE 39. Killing {(as measured by LDH release) of EGFR-positive L3-1747 tumor cells upon
co-culture with buman pan T cells (B:T ratio = 5:1), treated with different CID3-EGFR bispecific
constructs (“211 1gG sclab” (see SEQ 1D NOs 45, 47, 53, “1+1 {g schab” (see SEQ ID NOs
47, 53, 213) and “(scbv) ™y or veference TgGs for 18 hours,
FIGURE 40, Killing (as measured by LDH release) of EGFR-positive LS-1747 tumor cells upon
co-culture with human pan T cells (E:T ratio = 5:1), treated with different CD3-EGTR bispecific
constructs (“1+1 IgG solab, one armed” (see SEQ ID NQOs 43, 45, 47), “1+1 1gG scFab, one
armed inverted” (see SEQ 1D NOs 11, 49, 513, “1+1 1gG scFab” (see SEQ 1D NOs 47, 53, 213)
and “(scEFvi") or reference 1pGs for 21 hours.
FIGURE 41. Kalling (as measured by LDH release) of EGFR-positive LS-1747T tumor cells upon
co-culture with either human pan T cells {A) or human naive T cells (B), treated with different
CI3-EGER bispecific constructs {11 IgG sclab, onc armed™ (see SEQ 1D NGs 43, 45, 47,
“IL el sekab, one armed inverted” {sce SEQ 1D NOs 11, 49, 51) and “(sc¥v)”) or reference
1gGs for 16 hours. The effector to target cell ratio was 5.1,
FIGURE 42, Killing (as measured by LDH release} of FAP-positive GMO35389 fibroblasts upon
co-culture with human pan T cells (B:T ratio = 5:1), treated with different CD3-FAP bispecific
constructs ("1 1gli scPab, one armed mverted” (see SEQ D NOs 11, 51, 55), “1+1 IgiG
scFab” (see SEQ 1D NOs 57, 61, 213), “2+1 1gG scFab” {see SEQ ID NOs 57, 59, 61) and
(scEv),”y for ~18 hours.
CHGURE 43, Flow cyirometric analysis of expression levels of CD107a/b, as well as perforin
levels in CDE T celis that have been treated with different CD3-MCSP bispecific constructs
{7241 1gl solab, LALAY (see SEQ 1D NOs 5, 17, 19} and “(scFv),”) or corresponding control
IgGs i the presence (A) or absence (B} of target cells for 6h. Human pan T cells were incubated
with 9.43 oM of the different molecules in the presence or absence of Colo-38 tumor target cells
at an effector to target ratio of 5:1. Monensin was added afer the first hour of incubation to
mcrease intraceilular protein levels by preventing protein transport. Gates were set etther on all
CD107a/b positive, perforin-positive or double-positive cells, as depicted.
FIGURE 44. Relative proliferation of either CD8" (A) or CDM4" (B) human T cells upon

wcubation with 1 nM of different CD3-MUSP bispecific constructs (“2+1 1gG scFab, LALA”
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(sec BEQ 1D NOs 5, 17, 19) or “(scFv)™) or corresponding conirol 1gGs i the presence or
absence of Colo-38 tumor target cells at an effector to target cell ratio of 5:1. CFRE-labeled
human pan T cells were characterized by FACS. The relative proliferation level was determined
by setting a gate around the non-proliferating cells and using the cell number of this gate relative
to the overall measured cell number as the reference.

FIGURE 45, Levels of different cytokines measured in the supernatant of human PBMCs after
treatrnent with | aM of different CD3-MCSEP bispecific constructs ("2+1 IgG scFab, LALAY
{see BEG 1D NOs 5, 17, 19) or “(sckv)") or corresponding control fg(Gs in the presence (A) or
absence (B) of Colo-38 tumor cells for 24 hours, The effector fo target cell ratio was 101
FIGURE 46, Levels of different cytokines measured in the supernatant of whole blood after
treatment with 1 aM of different CI3-MOSP bispecific constructs (“2-+1 1gG scFab”, “2+1 IgG
Crossiab” {see SEQ 1D NOs 3, 5, 29, 33) or “(scFv”} or corresponding contro] {gUs m the
presence (A, B) or absence (C, D) of Colo-38 tumor cells for 24 hours, Among the bispecific
constructs were different “2+1 IgG scFab” constructs having either a wild-type Fe domain {see
SEGID NGs 5, 13, 154, or an Fe domain mutated to abolish (NE) effector cell function {LALA
{see SEG 1D NGs 5, 17, 19), P3290C LALA (sce SEQ 1D NOs 3, 2, 23) and P320G LALA
N297D (see SEQ 1D NOs 5, 25, 27)).

FIGURE 47 CE-BDS analvses. Electropberogram shown as B80S PAGE of 2+1 1gG Crossfab,
tinked Hght cham {see SEQ 1D NOs 3, 5, 29, 179). {lane 1: reduced, lane 2: non-reduced).
FIGURE 48. Analytical size exclusion chromatography of 21 1gG Crossfab, linked light chain
{see SEQ ID NOs 3, 5,29, 179) {final product). 20 ug sample were injected.

FIGURE 49, Killing (as measured by LDH release) of MCSP-positive MV-3 tumor cells upon
co-culture by human PRMCs (BT ratic = 10:1), treated with different CD3-MCSP b'ispeciﬁc
constructs for ~ 44 hours (241 IpG Crossfab” (sec SEQ 1D NOs 3, 5, 29, 33) and “2+1 IgG
Crossiab, linked LC” (see SEQ 1D NOs 3, 5, 29, 179)). Human PBMCs wore isolated from fresh
blood of healthy volunteers.

FIGURE 50, Killing (as measured by LDH release) of MCSP-positive Colo-38 tumor cells upon
co-culture by human PEMCs (H:T ratio = 10:1), treated with different CD3-MCUSP bispecific
constructs for ~22 hours (“2+1 {gG Crossfab” (see SEQ 1D NOs 3, 5, 29, 33) and “2+1 1gG
Crosstab, linked LC” (see SEQ 1D NGs 3, 5, 29, 179)), Human PBMCs were 1solated from fresh
blood of healthy volunteers,

FIGURE 51, Killing (as measured by LDH releage) of MUSP-positive Colo-38 tumor cells upon

co-culture by human PEMUCs (BT ratio = 10:1), treated with different CD3-MCSP bispecific
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constructs for ~22 hours (“2+1 IgG Crossfub” (sce SEQ ID NOs 3, 5, 29, 33) and “2+1 1pG
Crosstab, Iinked 1O (see SEQ 1D NGs 3, 5, 29, 179)). Human PBMUs were 1solated from fresh
blood of healthy volunteers.
FIGURE 52, Killing (as measured by LDH release) of MUSP-positive WM266-4 cells upon co-
cultyre by human PBMCs (T ratio = 10:1), treated with different CD3-MCSEP bispecific
constructs for ~22 hours ("21 igl Crosstab” (see SEQ 1D NOs 3, 5, 29, 33) and “2+1 1gG
Crosafab, linked TO7 (see SEQ 1D NOs 3, 5, 29, 179)). Human PBMCs weore 1solated from fresh
bload of bealthy volunteers.

GURY 53, Surface exprs;mi{m level of the early activation marker CD69 (A) and the late
activation marker CD25 (B) on human CD8™ T cells after 22 hours incubation with 10 aM, &0
pM or 3 pM of different CD3-MUSP bispecific constructs (241 1gG Crossfab” {(see SEG ID

e

Gs 3, 5,29, 33y and “2+1 1gG Crossfab, Hnked LU {sec SEG 1D NOs 3, 5, 29, 179)) in the
presence or absence of human MCSP-expressing Colo-38 tumor target cells (87T ratio = 10:1).
FIGURE 54, CE-5D5 analyses. (A) Electropherogram shown as SDS-PAGE of 141 IgG
Crossfab; VLV exchange (LCOOT/VO) (see SEQ 1D NOs 5, 29, 33, 181y 2) non-reduced, b)
reduced. (B) Electropherogramn shown as SDS-PAGE of 1+1 CrossMab;, CL/CHT exchange
(LCOGT/VYY {see SEQ 1D NOs 3, 23, 183, 185y a) reduced, by non-reduced. (C)
Electropberogram shown as SDS-PAGE of 2+1 1gG Crossfab, inverted; CL/CH! exchange
(LCOOTIVY) (sec SEQ 1D NOCs 5, 25, 183, 187y ) reduced, by non-reduced. (I
Blestropherogram shown ag SDS-PAGE of 2+1 1gG Crosstfab; VI/VH exchange (M4-3 MLZ/V9)
{see SEQ 1D NG 33, 189, 191, 193} a) reduced, D) non-reduced. (F) Electropherogram shown

a8 SDE-PAGE of 2+1 1aG Crossfab; CL/CH! exchange {M4-3 MLZ/VS) (see SEQ 11D NOs 183,
189, 193, 195} a) reduced, b) non-reduced. (F) Electropherogram shown as SDS-PAGE 952%5
taly Crosstab, inverted; CL/ACHT exchange (CHIATA/VOY (see SEQ 1D MNOs 65, 67, 183, 197 a)
reduced, b) non-reduced. () Electropherogram shown as SDS-PAGE of 241 1gG Crossfab;
CLACHT exchange (M4-3 ML2/FZC) (see SEQ 12 NOs 189, 193, 199, 201): a) reduced, b) non-
reduced, {1} Electropherogram shown as SDE-PAGE of 2+1 gl Crossfab, wnverted; CL/CHI
xchange (A31/26/V9) (see SEQ 1D NOs 183, 203, 205, 207): a) reduced, b} non-reduced. (1)
Electropherogram shown as SDS-PAGE of “2+1 120 Crossfab Hght chain fusion” ({CHIALA/NS)
{see SEQ D NOs 183, 209, 211, 213} a) reduced, b) non-reduced. {1} SDS PAGE {(4-12%
Bis/Tris, MNubage Invitrogen, Coomassie-stained) of “2+1 I1gG Crossfab” (anti-MCSP/anti-
haCD3) (sec BEQ 1D NOs 5, 23, 215, 217, non-reduced (left) and reduced (righty. (K}

Electropheropgram shown as BD5-PAGE of “2+1 1gG Crossiah, mverted” {anti-MCSP/anti-
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huC3) (sce SEQ 1D NOs 5, 23, 215, 219): a) reduced, b) non-reduced. (L) SDS PAGE (4-12%
Bis/Tris, NuPage Invitrogen, Coomassie-stained) of “1+1 Igl Crosstab” (anti-CD33/anti-huCi3)
(see SEQ I NGs 33, 213, 221, 223), reduced (left) and non-reduced (right). (M) SDS PAGE (4-
12% Bis/Tris, NuPage Invitrogen, Coomassic-gtained) of “2+1 1gG Crosstab” (anti-CD33/anti-
huCi33) {see SEQ 1D NOg 33, 221, 223, 225), reduced {lef) and non-reduced (right). (N) SDS
PAGE (4-12% Bis/Tris, NuPage Invitrogen, Coomassie-stained) of "2+1 {gG Crossfab” (anti-
CD20/anti-huCD3) (see SHQ 1D NOs 33, 227,229, 231), non-reduced.
FIGURE 55, Binding of bispecific constructs (CEA/CD3 “2+1 1gG Crossfab, inverted (VL/VHY”
(see HEQ Y NOs 33, 63, 65, 67y and * TG Crosstab, mverted {(CL/CEHT)
2 (see SEQ 1D NOs 65, 67, 183, 197)) to human €133, expressed by Jurkat cells (A), or to human
CEA, expressed by LS-174T cells (B) as determined by FACS, As a control, the equivalent
maximum conceniration of the reference IgGs and the background staining due to the labeled
Zndary  antibody (goat anti-human FITC-conjugated  AffiniPure F(ab™)2  Fragment, Foy
Fragment-speeific, Jackson Immuno Research Lab # 109-6%6-098) were agsessed as well,
FIGURE 56, Binding of '%)'ispf:{:iﬁs constructs constructs (MCSPATD3 241 TG Crogsfab” (see
SEG D NOs 3, 5, 29, 33) and 241 1gG Crossfab, inverted” {see SEQ 1D NGs 3, 23, 183, 187y
to human CD3, expressed by Jurkat cells (A), or to human MCEP, expressed by WM266-4
tumor cells (B) as determined by FACS.

FIGURE

57. Binding of the “I+1 I1gG Crogsfab light chain fusion” (see SEQ 1D NOs 183, 209,
211, 213) to human CD3, cxpressed by Jurkat cells (A), or to human CEA, expressed by LS-
V7470 cells (Y as determined by FACS

FIGURE 58, Binding of the “2+1 1gG Crossfab” {sce SEQ 1D NOs 5, 23, 215, 217) and the “2+1
Ta( Crossfab, inverted” (sec SEG 1D NGs 5, 23, 215, 219) construets to human C13, expressed
by Jarkat cells (A), or human MUSP, expressed by WM266-4 tumor celis (B) as detormined by
FACS. |

FIGURE 59, Surface expression level of the early activation marker CD69 (AY or the late
activation marker CD25 (1B3) on buman CD4" or CDB" T cells after 24 hours incubation with the
mdicated concentrations of the CHA/MCUSEP “11 CrossMab” (see SEQ ID NOs 5, 23, 183, 185),
T TG Crosstab” (see SEQ 1D NOs 5, 29, 33, 181) and “2+1 1gG Crossfab” (see SEG 1D NOs
3, 5, 25, 33) constructs, The assay was performed in the presence or absence of MV-3 target
cells, as mdicated.

FIGURE 60. Surface expression level of the early activation marker CD25 on CD4 or CDE T

ceils from two different cynomelgus monkeoys (A and B) in the presence or absence of huMUSP-
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positive MV-3 tumor cells upon co-culture with cynomelgus PBMCs (E/T ratio = 3:1,
normalized to CD37 numbers), treated with the “2+1 1gG Crossfab” (see SEQ ID NOs 5, 23, 215,
217y and the “2+1 1oG Crossfab, inverted” {sce SEQ 1D NOs 5, 23, 215, 219) for ~41 hours.
FIGURE 6}, Killing (as measured by LIDH release) of MKN-45 (Ay or LS-1747T (B) tumor cells
upon co-culture with human PBMCs (5:T ratic = 10:1) and activation for 28 hours by different
concentrations of the “2+1 IpG Crossfab, inverted (VI/VH)” (seo SEQ HY NOs 33, 63, 65, 67)
vorsus the “2+41 lpG Crossfab, inverted (CL/CHTY (see SEQ 1D MNOGs 65, 67, 183, 197)
constract,
FIGURE 62, Killing (as measured by LEH release) of WM266-4 turnor cells upon co-culture
with human PBMCs (BT ratic = 10:1) and activation for 26 hours by different concentrations of
the “2+1 1gG Crossfab (VL/VHY” (see SEQ D NOs 33, 189, 191, 193} versus the “2+1 IgG
Crossfab (CLACHDY” (see SEG 1D NOs 183, 189, 193, 195) construct.
FIGURE 63, Killing (as measured by LDH release) of MV-3 tumor cells upon co-culture with
hurman PRMCs (BT ratio = 16:1) and activation for 27 hours by different concentrations of the
241 gl Crosstab (VH/VLY (see SEQ 1D MNOs 33, 189, 191, 193) versus the 2+ igG
Crossfab (CLACHTDY” (see SEQ 1D NOs 183, 189, 193, 195) constructs.
FIGURE 64, Killing (as measured by LDH release) of human MCSP-positive WM266-4 (A) or
MV-3 (B} tumor cells upon co-culture with human PBMCs (E:T ratio = 10:1) and activation for
I hours by different concentrations of the “2-+1 1gG Crossfab” {sce SE 1D NOs 3, 5, 29, 33),
the “1+1 CrossMab” (see SEG 1D NQOs 5, 23, 183, 185), and the “I+1 1gG Crossfab” (see SEQ
D NOs 5,29, 33, 181), as indicated.
FIGURE a5, Killing (as measured by LDH release} of MEN-45 (A) or L3-174T (B} tumor cells
upon co-culture with human PEMCs (E:T ratio = 10:1) and activation for 28 hours by different
concentrations of the “1+1 IgG Crosstab LC fusion” (sce SEQ 113 NOs 183, 209, 211, 213).
STGURE 66, Killing {as measured by LDH release) of MC38-huCEA tumor cells upon co-
culture with human PBMCs {E:T ratio = 10:1) and activation for 24 hours by different
concentrations of the “1+1 IgG Crogstab LC fusion™ {(see SEQ 1D NGs 183, 209, 211, 213
versus an untargeted “2+1 IgG Crossfab” reference.
FIGURE 67, Killing (a8 measured by LDH release} of human MUCEP-positive MV-3 (A) or
WM266-4 (B) tumor cells upon co-culture with human PBMCs (BT ratic = 10:1), treated with
the “2+1 1gG Crossfab (VO)” (sce SEQ 1D NOs 3, 5, 29, 33) and the “2+1 1gG Crossfab, mverted
(VO {see SEQ 1D NOs 5, 23, 183, 187), the “Z+1 Tg( Crossfab (anti-CD3)” (see SEQ 1D NOs
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5, 23,215, 217) and the “2+1 1gG Crossfab, inverted (anti-Ci23) (see SEQ D NOs 5, 23, 215,

219) constructs.

Detailed Deseription of the Invention

Definitions

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

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

The term “bispecific” means that the antigen binding molecule is able to specifically bind to at
feast two digtinct antigenic determinants. Typically, a bispecific antigen binding molecnle
compriscs two antigen binding sites, cach of which is specific for a different antigenic
determinant. In certain embodiments the bispecific antigen binding molecule is capable of
simultancously binding two antigenic determinants, particularly two antigenic determinants
cxpressed on two distinct cells,

The term “valent” as used herein denotes the presence of a specified number of antigen binding
sttes 1 an antigen binding molecule. As such, the termn “monovalent binding to an antigen”
denotes the presence of one {and not more than one) antigen binding site specific for the antigen
in the anfigen binding molecule.

An “antigen binding site” refers to the site, Le. 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 amine acid residues from the complementarity determining regions
{CIDRs). A native immunoglobulin molecule typically has two antigen binding sites, & Fab
molocule typically has a single antigen binding site.

As used herein, the term "antigen binding moilety” refors to a polypeptide molecule that
specifically binds to an antigenic determinant. In one embodiment, an antigen binding moiely is
able to direct the entity to which it is attached {e.g. a second antigen binding molety) to a target
site, for example to a specific type of tumor cell or tumor stroma bearing the anfigenic
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
moleties mclude antibodies and fragments thereof as further defined herein, Particolar antigen

binding moicties include an antigen binding domain of an antibody, comprising an antibody
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heavy chain vartable region and an antibody fight chain variable region. In certam cinbodiments,
the antigen binding moieties may comprise antibody constant regions as further defined herein
and koown m the art, Useful heavy chain constant regions include any of the five isotypes: o, 8,
£, v, or i Useful lght chain constant regions include any of the two isotypes: k and A,

As used herem, the term "antigenic determinant” is synonymous with "antigen" and “epitope,”
and refors to a site {e.g. a contiguous streteh of amino acids or a conformational configuration
made up of differcnt regions of non-contiguous amine acids) on a polypeptide macromolecule 1o
which an antigen binding moiety binds, forming an antipen binding moiety-antigen complex.
Usctul 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 i blood serum, and/or in the extraceilular raatoix (ECM). The proteins referred to as
antigens herein (e.g, MCSP, FAP, CEA, EGFR, CD33, 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 ermbodiment the antigen is 2 human
protein. Where reforence s made to a specific protein herein, the term encompasses the “full-
iength”, 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, c.g. splice variants or
allelic variants. Exemplary human proteins useful as antigens include, but are nol Hmited to
Melanoma-associaled Chondroitin Sulfate Proteoglycan (MOSP), also known as Chondroitin
sulfate Proteoglycan 4 (UniProt no. QeUVED (version 70), NCBI Refleq o, WP (018887,
Fibroblast Activation Protein {FAP), also known as Beprase {Uni Prot nos. Q12884 Q88Z29,
(99998, NIUBI Accession no. NP_004451), Carcinoembroynic antigen (CEA), also known as
Carcinoembryonic antigen-related cell adhesion molecule 5 (Unifrot no. PO6731 (version 119),
NCBI RefSeq no. NP 004354.2); CD33, also known as gpd7 or Siglec-3 (UniProt no. P20138,
NCUBI Accession nos. NP 001076087, NP 001171079y, Epidermal Growth Factor Recentor
(BGFR), also known ag ErbB-1 or Herl {UniProt no. PO0S3, NCBL Accession nog. WP 958439,
3‘\!.9}%&84-49), ang CD3, particudarly the epsilon subunit of D3 (see UniProt no. PO7766 (version
130y, NCBI RefSeq no. WP 000724, 1, SEQ ID NO: 265 for the hurman sequence; or UniProt no.

QOSLIS (version 493, NCBE GenBank no. BABTI849.1, SEQ 1D NO: 266 for the cynomolpus

[Macaca fascicularis] sequence). In certain erabodiments t

el. he T cell activating bispecific antigen

binding molecule of the invention binds to an epitope of an activating T cell antigen or a target

i

cell antigen that 15 conserved among the activating T cell anfigen or target antigen from different

SpeCies.
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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
molcty to bind to a specific antigenic determinant can be measured either through an enzyme-
linked iramunosorbent assay (ELISA) or other techmiques familiar to one of skill in the art, e.g
gurface plasmon resonance (SPR) technique (analyzed on a BlAcore instrument) (Liljeblad et al,,
Glyco J 17, 323-329 (2000)), and traditional binding assays {Heeley, Endocr Res 28, 217-229
(20602, In one embodiment, the extent of bmding of an antigen binding meoiety to an unrelated
protein s less than about 10% of the binding of the antigen binding moiety to the antipen as
measured, e.g., by SPR. In certain embodiments, an antigen binding motety that binds to the
antigen, or an antigen binding molecule coraprising that antigen binding moicty, has a
dissociation constant (Kp) of << 1 pM, < 100 nM, < 10 oM, <1 oM, < 0.1 oM, < 0.01 nM, or <
0.001 nM (c.g. 107 M or less, e.g. from 10" Mto 107 M, e, from 107 M to 107 M.
“Affmity™ refers to the strength of the sum total of non-covalent interactions befween a single
binding site of a molecule {¢.g., a receptory and its binding pariner {¢.g., a ligand). Unless
indicated otherwise, as used herein, “buding affinity” refers to intrinsic binding affinity which
reflects a 101 mteraction between members of a binding pair {c.g., an antigen binding moicty and
an anfigen, or a receptor and s ligand). The affinity of a molecule X for g partner Y can
generally be ropresented by the dissociation constant (Kp), which is the ratio of dissociation and
association rate constanis (Ko and ko, respectively), Thus, equivalent affinitics 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, mcluding those described herein. A
particular method for measuring affinity 18 Surface Plasmon Resonance {SPR).

“Reduced bindmg”, for example reduced binding to an Fo 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), Le. complete abolishment of the interaction. Conversely, “increased binding” refers to
ar increase in binding affinity for the respective mteraction.

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 18 capable of inducing T
cell activation upon interaction with an antigen binding moelecule. 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.
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“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 bispectfic antigen bindmg molecules of the invention are capable
of mducing T cell activation. Sutable assays to measure T cell activation are known 1w the art
deseribed herein.

A “arget cell anfigen” as used herein refers to an antigenic deterrmnant presented on the surface
of a tarpet cell, for example a cell in a turnor such as a cancer cell or a cell of the tumor stroma.
As used herein, the terms “first” and “second” with respect to antigen binding moieties ete., are
used for convenience of distinguishing when there 18 more than one of each type of motety. Use
of these terms is not intended to confer a specific order or orientation of the T cell activating
bigpecific antigen binding molecule unless explicitly so stated.

A “Fab molecule” refers to a protein consisting of the VH and CHI domain of the heavy chain
{(the “Fab heavy chain™) and the VL and CL domain of the light chain (the “Fab light cham™) of
An INIMung giob ulin.,

By “fused” is meant that the compoenents {e.g. a Fab molecule and an Fo domain subunit) are
linked by peptide bonds, either directly or via one or more neptide linkers

As used herein, the torm "single-chain” refers to a molecule comprising amino acid monomers
lincarly linked by peptide bonds. In certam embodiments, one of the antigen binding moieties is
a single-chain Fab molecule, 1.e. a Fab molecule wherein the Fab light chain and the Fab heavy
chain are comnected by a peptide linker to form a gingle peptide chamn, Tn a particular such
embodiment, the C-terminus of the Fab light cham is connected to the N-terminus of the Fab
heavy chain in the single-chain Fab molecule.

By a “crossover” Fab molecule {also termed “Crosstab”) 1s meant a Fab molecule wherein erther
the variable regions or the constant regions of the Fab heavy and light chain are exchanged, ie.
the crossover Fab molecule comprises a peptide chain composed of the light cham variable
region and the heavy chain constant region, and a peptide chain composed of the heavy chain
variable region and the hight chain constant region. For clarify, in a crossover Fab molecule
wherein the variable regions of the Fab light chain and the Fab heavy chain are exchanged, the
peptide chain comprising the heavy chain constant region 18 referred to herem as the “heavy
chain”™ of the crossover Fab molecule. Conversely, 1 a crossover Fab molecule wherein the

constant regions of the Fab light chain and the Fab heavy chain are exchanged, the peptide chain
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comprising the heavy chain variable region is referred to herein as the “heavy chain™ of the
crossover Fab molecule,

37

The term “imwnunoglobulin molecule” refors to a protein having the structure of a naturally
occurring antibody. For example, immunogiobufing of the IglG class are heterotetrameric
giycoproteins of about 150,000 daltons, composed of two light chains and two heavy chains that
are disulfide-bonded. From M- to {-terminus, each heavy chain has a variable region {VH), also
called a variable heavy domain or a heavy chain variable domain, followed by three constant
domains (CH1, CH2, and CH3), also called a heavy chain constant region. Similarly, from N- to
C-ternmnus, each light chain has a variable region (VL), also called a variable Heht domain or a
light chain variable domain, followed by a constant lght (CLY domain, also called a light chain
constant region, The heavy cham of an immunocglobulin may be assigned to one of five types,
called @ (IgA), 6 (fgl), e (IgE), v (1g0), or p (IgM), some of which may be further divided into
subtypes, e.g. vy dgGi), v2 (gGay, vs (gGa), va TG, o JoAy) and wp (gAo). The light chain of
an immunoglobulin may be assigned to one of two types, called kappa () and lambda (1), based
on the amino acid sequence of its constant domain. An immunoglobulin essentially consists of
two Fab molecules and an Fe domain, linked via the mmunoglobulin hinge region.

The termn "antibody” herein is used i the broadest sense and encompasses various antibody
structures, including but not limited to monoclonal antibodies, polyclonal antibodies, and
antibody fragments so long as they exhubit the desired antigen-binding activity.

An Mantibedy fragment” refors to a molecule other than an intact antibody that comprises a
portion of an mtact antibody that binds the antigen to which the mtact antibody binds. Examples
of antibody fragments include but are not limited to Fv, Fab, Fab', Fab’-5H, Flab,, diabodies,
linear antibodies, single-chain antibody molecules (e.g. scFv), and single-domain antibodies. For
a review of certam antibody fragments, sec Hudson ot al, MNat Med 9, 129-134 (2003). For a
review of seb'v fragiments, see e.g. Plickthun, in The Pharmacology of Monoclonal Antibodies,
vol. 113, Rosenburg and Moore eds., Springer-Verlag, New York, pp. 260-315 (1994); sec also
WO 93/16185; and U5, Patent Nos. 5,571,894 and 5,587,458, For discussion of Fab and F(ab),
fragments comprising salvage receptor binding epitope residues and having increased in vivo
half-life, sce U.5. Patent No. 5,869,046, Disbodies are antibody fragments with two antigen-
binding sites that may be bivalent or bispecific. See, for example, EP 404,097, WO 1993/61161;
Hudson et al, MNat Med 9, 126-134 {2603); and Hollinger et al., Proc Natl Acad Sci USA 90,
6444-644% {1993). Triabodies and tetrabodies are also described in Hudsen et al, Nat Med 9,

129-134 (2003). Single-domam antibodies are antibody fragments comprising all or a portion of
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the heavy cham variable domain or all or a portion of the light chain variable domain of an
aptibody. In certain ernbodiments, a single-domain antibody is a human gingle-domain antibody
(Domantis, Inc., Waltham, MA; see ¢.g. U.S. Patent No. 6,248,516 B1). Antibody fragments can

be made by various techniques, including but not Hmited to pr@‘f@o!ytic digestion of an intact

antibody as well as production by recombinant host cells {e.g. B, coli or phage), as desoribed
herein,

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

The term “varisble region” or “variable domain” refers to the domain of an antibody heavy or
tght chain that s tmvolved 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 1‘egions {(FRs) and three
hypervariable regions (HVRs). See, e.g., Kindt et al,, Kuby Immunology, 67 ¢d., W.H. Freeman
and Co., page 91 {20607). A single VH or VL domain may be sufficient to confer antigen-binding
specificity.

The term “hypervariable region” or “HVR”, as used herein, refers to cach of the regions of an

antibody variable domain which are hypervariable in sequence and/or frm structurally defined

loops (“hypervariable loops™). Generally, native four-chain antibodies comprise six HVRs, three

i the VH (H1, H2, H3), and three in the VL (1.1, L2, L3, HVRs generally comprise amino acid
residues from the hypervariable loops and/or from the complementarily determining regions
(CI3Rs), the latter being of highest scquence varisbility and/or involved in antigen recognition.
With the exception of CORL in VH, CDRs generally comprise the amine 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 antipen binding regions. This particular region has
been described by Kabat et al, U8, Dept. of Health and Human Services, Sequences of Proteins
of Immunological Interest (1983} and by Chothia ot al., § Mol Biol 196:901-917 (1987), where

the definitions include overlapping ov subsets of amine acid residues when compared apainst
each other. Nevertheless, application of efther definttion to refer to a DR of an antibody or
z I S

vartants thereol 1 intended to be within the scope of the term as defined and used herein. The
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appropriate amino acid residues which encompass the CDHRs as defined by cach of the above

cited references are set forth below in Table | as a comparison. The exact residuc numbers which
enoompass a parbicular COR will vary depending on the sequence and size of the CDR, Those
skilled 1n the art can roufinely deterpune which restdues comprise a particular CDR given the

variable region amino acid sequence of the antibody.

TABLE 1. CDOR Definitions’

COR Kabat Chothia AbN?
Yy, DRI 31-35 2632 26-35
Vi CDR2 50-65 52-58 50-58
Yy CDR3 95-1072 §5-102 95-102
Ve CDRI 24-34 26-32
Y. CDR2 50-56 50-52 w() 56
Y, CDR3 89-97 G196 8997

‘Numbering of all C ?‘!R definittons in Table I 18 according to the nunbering conventions
ci forth oy Kabat et al. (see below).

S ALM with a Lm-el case “b7 as used in Table 1 refers to the CDIRs as

defmed by Oxford Molecular's "AbM" antibody modeling software,

Kabat ¢t al, also defined 2 numbering system for variabie region sequences that 1s applicable to

any antibody, One of ordinary skill m the art can unambiguously assipn this system of "Kabat
numbering” to any variable region sequence, without reliance on any experimental data beyond
the scquence itself. As used herein, "Kabat numbering” refers to the numbering system set forth
by Kabat et al, US. Dept. of Health

and Fuman Services, "Scquence of Proteins of

Immunological Tnferest” (1983), Unless otherwise specified, references to the numbering of
specific amine acid residee positions in an antibody variable region are according (o the Kabat
numbering system.

The polypeptide sequences of the seguence listing {Lc., SEQ D NGs 1,3, 5, 7,6, 11, 13, 15 ate)
are not numbered according to the Kabat numbering system. However, it i well within the
ordinary skill of one in the art to convert the numbering of the sequences of the Sequence Listing
to Kabat numbering.

"Framework" or "FR" refers o variable domain residues other than hypervariable region (HVR)
residucs. The FR of a variable domain generally consists of four FR domams: FR1, FR2, FR3,
and FR4. Accordingly, the HVR and FR se

VH {or VL): FRIFO(LT-FR2Z-H2(L2)-FR3-H3(L3)-FR4.

quences generally appear i the following sequence in

The “clags” of an antibody ot imoyunoglobulin refers o the type of constant domain or constant

region possessed by ity heavy chain. There are five major classes of antibodies: IgA, 1gD, Iph,
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gy, and IgM, and several of these may be further divided mito subclasses (isotypes), e.g., 1oG,,
1y, TgGs, 1gGy, gy, and lgAg. The heavy chain constant domains that correspond to the
different classes of immounoglobuling are called «, 6, €, v, and p, respectively,
The term “Fe domain” or “Fo region” herein i3 used to deline a C-terminal region of an
immunoglobulin heavy chain that confaing at least a portion of the constant region. The term
includes native scquence Fe regions and variant Fo regions. Although the boundaries of the Fe
region of an lgG heavy chain might vary slightly, the humean [gG heavy chain Fe region 18
usually defined to extend from CysZ26, or from Pre230, to the carboxyl-terminus of the heavy
chaig. However, the Cuerminal tysine (Lysdd7y of the Fe region may or may not be present.
Unless otherwise specified herein, numbering of amino acid residucs in the Fe region or constant
region iy according to the EU numbering system, also called the EU index, as deseribed in Kabat
et al., Bequences of Proteins of Immunological Interest, Sth Ed, Public Health Service, National
institutes of Health, Bethesda, MD, 1991, A “subunit” of an Fc domain as used herein refers to
one of the two polypeptides forming the dimeric Fo domain, ie. & polypeptide comprising €~
ferminal constant regions of an mmmunoglobulin heavy chain, capable of stable self-association.
For example, a subunit of an 1gG Fe domain comprises an 1gG CH2 and an 1pG CH3 constant
dormain.
v tmedification promoting the association of the first and the second subunit of the Fe domain”
is a manipulation of the peplide backbone or the post-translational modifications of an Fe
domain subunit that reduces or prevents the association of a polypeptide comprising the Fe
domain subunit with an identical polypeptide to form a homodimer. A modification promoting
association as used herein particularly mcludes separate modifications made to cach of the two
Fe domain subunits desived to asseciate (Le. the first and the second subunit of the Fo domain),
wherein the modifications are complementary to each other so as to promote association of the
two Fo domam subunits. For example, 2 modification promoting association may alier the
structure or charge of one or both of the Fo domain subunits so as to make their association
sterically or clectrostatically favorable, respectively. Thus, (hetero)dimerization occurs botween
a polypeptide comprising the first Fo domain subunit and a polypeptide comprising the sccond
Fe domain subunit, which might be non-identical in the sense that further components fused to
each of the subunits {c.g. antigen binding moieties) are not the same. In some embodiments the
modification promoting association comprises an amine acid mutation in the Fo domain,

specifically an amino acid substitution. In a particular embodiment, the modification promoting
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asgociation comprises a separate amine acid mutation, specifically an amino acid substitution, in
cach of the two subunits of the Fo domam.

The term “effector functions” refers to those biological activities attributable to the Fe region of
an antibody, which vary with the antibody isotype. Examples of antibody effector functions
inchide: Clg 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
activalion.

As used herein, the terms “engineer, engincered, cngmeering”, are considered to mclude any
manipulation of the peptide backbone or the post-translational modifications of a naturally
oceurring ot recombinant polypeptide or fragment thereof. Engineering includes modifications of
the amino acid sequence, of the glycosylation pattern, or of the side cham group of mdividual
amine acids, as well ag combinations of these approaches.

The term “amine acid mutation” as used herein is meant to encompass amino acid substifutions,
deletions, ingertions, and modifications. Any combination of substitution, delefion, insertion, and
modificativn can be made to arrive at the {inal construct, provided that the final construct
possesses the desired characteristics, e.g., reduced binding to an Fe receptor, or increased
association with ancther peptide. Amino acid sequence deletions and insertions include amino-
and/or carboxy-terminal deletions and msertions of amine acids. Particular amino acid mutations
are amino actd substitutions, For the purpose of altering e.g. the binding characteristics of an Fe
region, non-conservative amine acid substitutions, ic. replacing one aming acid with another
amino acid having different structural and/or chemical propertics, are particularly preferred.
Amine acid substitutions inchide 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, S-hydroxylvsine). Amino  acid
mutations can be generated using genetic or chemical methods well known in the art. Genetic
methods may melude site-directed mutagenesis, PCR, pene synthesis and the lke. It is
contemplated that methods of altering the side chain group of an amino acid by methods other
than genetic engineering, such as chemical modification, may alio be useful Various
designations may be used herein to indicate the same amino acid mutation. For example, a
substitution from proline at position 329 of the Fe domain to glyeine can be mdicated ag 3290,

(G329, Uage, P3200G, or Pro329Gly.
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As used herein, term "polvpeptide” refers to a molecule composed of monomers (aming acids)
linearly linked by amide bonds {also known as peptide bonds). The term "polypeptide” refers to
any chain of two or more amino acids, and does not refer to a specific length of the product.

Thus, peptides, dipeptides, tripeptides, oligopeptides, "protein,” "amine acid chain," or any other
term used to refer to a chain of two or more amino acids, are wneluded within the definition of
"polypeptide,” and the term "polypeptide” may be used nstead of, or Interchangeably with any
of these terms. The term "polypeptide” is also intended to refer to the products of post-expression
modifications of the polypeptide, including without limitation glycosylation, acetylation,
phosphorylation, amidalion, derivatization by known protecting/blocking groups, proteolytic
cleavage, or modification by non-naturally occurring amino acids. A polypeptide may be derived
from a natural biological source or produced by recombinant technology, but is not necessarily
translated from a demignated nucleo acid sequence, it may be penerated in any manner, inchiding
by chemical synthesis, A polypeptide of the invention may be of a size of about 3 or more, 5 or
more, 10 or more, 20 or more, 25 or more, 30 or more, 73 or more, 100 or more, 200 or more,
508 or more, 1,000 or more, or 2,600 or more amino acids. Polypeptides may have a defined
three-dimensional structure, although they do not necessarily have such structure, Polypeptides
with & defined three-dimensional structure are referred to as folded, and polypeptides which do
not possess a defined three-dimensional structure, but rather can adopt a large number of
different conformations, and are referred to as unfolded.

By an "wsolated” polypeptide or a varant, or dervative thereof 18 intended 2 polypeptide that 18
not i its natural miliew. No particular level of purification is required. For example, an isolated
polypeptide can be removed from its native or natural environment. Recombinantly produced
poiypeptides and proteins expressed in host cells are considered isolated for the purpose of the
mvention, as are hative or recombinant polypeptides which have been separated, fractionated, or
partially or substantially purified by any suitable techmique.

“Percent (%) ammo acid sequence dentity” with respect to a reference polypeptide seguence i
defined as the percentage of amino acid residues in a candidate sequence that arve identical with
the amino acid residucs m the reference polypeptide sequence, afier aligning the sequences and
introducing gaps, if necessary, to achieve the maximum percent sequence identity, and not
considering any conservative substitutions as part of the sequence identity. Alignment for
surposes of determining percent amino acid sequence identity can be achieved in various ways
that are within the skill in the act, for stance, usmg publicly avatlable computer software such

BLAST, BLAST-2, ALIGHN or Megalign (DNASTAR) software. Those skilied n the art can

el
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determine appropriate parameters for aligning sequences, meluding any algorithms needed fo
achieve maximal alignment over the full length of the sequences being compared. For purposces
herein, however, % amino acid sequence identity values are generated using the seguence
comparison computer program ALIGN-2. The ALIGN-Z sequence comparison computer
program wags authored by Genentech, Inc., and the source code has been filed with user
documentation in the US. Copynight Othee, Washington D.C., 20539, where 1t 18 registered
under U5, Copyright Registration Mo, TXUS 10087, The ALIGN-2 program 15 publicly available
from Genentech, fnc., South San Francisce, California, or may be compiled from the source code.

The ALIGM-2 program should be compiled for use on a UNIX operating system, including
digital UNDC V40D, All sequence comparison parameters are set by the ALIGN-2Z program and
do not vary, In-sttuations where ALIGH-2 15 craployed for amino scid sequence compaﬂsnm,
the % amino acid sequence dentity of & given amino acid sequence A to, with, or against a given
amine acid sequence B {which can alternatively be phrased as a given amino acid sequence A
that has or comprises a cortain % amine acid sequence identity fo, with, or against a given amino

acid scquence B) is calculated as follows:
{00 tmes the fraction X/Y

where X 18 the number of amino acid residues scored as identical matches by the sequence
alignment program ALIGN-2 1n that program’s alignment of A and B, and where Y is the total
number of amino acid residues i B, It will be appreciated that where the length of amine acid
sequence A 18 not equal to the length of amino acid sequence B, the % amino acid sequence
wdentity of A to B will not equal the % amino acid sequence identity of B to A Unless
specifically stated otherwise, all % amino acid sequence identity values used heremn are obtained
ag described in the immediately preceding paragraph using the ALIGN-2 computer program.

The term "polynucleotide” refers to an isolated nucleic acid melecule or construct, c.g
messenger RNA (mRMA), virally-derived RNA, or plasmid DNA (pDNA). A polynucleotide
may comprise a conventional phosphodiester bond or a non-conventionat bond {e.g. un amide
bond, such as found in peptide nucleic acids (PMA). The ferm "nucleie acid molecule” refers to
any one or more nucleic acid segments, c.g. DNA or RMNA fragments, present inoa
poiynucieotide,

By "solated” nucleic acid molecule or polynucieotide is intended a nucleic acid molecule, DMNA
or BNA, which has been removed from its native environment., For gxample, a recombinant

polynucleotide encoding a polypeptide countained m a vector 15 considered solated for the
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purposes of the present mvention. Further cxamples of an isclated polynucleotide include
recombinant polynucleotides mainfained in heterologous host cells or purified (partially or
substantially) polynucleotides i solution. An isolated polynucicotide includes a polynuclestide
molecule contamed in cells that ordinarily contain the polynucieotide molecule, but the
potynucieotide molecule is present extrachromosomally or at a chromosomal location that is
different from #ts natural chromosomal location. Isolated RNA melecules include in vivo or in
vitro RNA transeripts of the present invention, as well as positive and negative strand forms, and
double-stranded  forms. fsoiated polynucieotides or nucleic acids sccording to the present
invention further include such molecules produced synthetically. In addition, a polynucieotide or
a nucleic acid may be or may mclude a regulatory element such as a promoter, ribosome binding
site, ot a transeription terminator.

By a nucleic acid or polynucleotide havisg a nucleotide sequence at least, for example, 95%
"ideptical” to a reference nucleotide sequence of the present invention, i is intended that the
nucleotide sequence of the polynucleotide is identical to the reference sequence except that the
polynucleotide sequence may nclude up to five point mutations per each 100 nucleotides ofthe
reference nucleotide sequence. In other words, to obtain a polynucleotide having a nucleotide
sequence at least 95% identical to a reference nucleotide sequence, up to 5% of the nucleotides
in the reference sequence may be deleted or substituted with another nucleotide, or a number of
nucleotides up to 5% of the total nucleotides m the reference segquence may be inserted into the
reference sequence. These alterations of the reference sequence may occur at the 57 or 3°
termuinal positions of the reference nucleotide sequence or anywhere between those terminal
positions, interspersed etther mdividually among residues in the reference sequence or in one or
more contiguous groups within the reforepce sequence. As a practical matter, whether any
particular polynuclcotide sequence is at least B0%, 85%, 90%, 95%, 96%, 97%, 98% or 99%
identical to a nuclectide sequence of the present invention can be determined conventionally
using known computer programs, such as the ones discussed above for polypeptides (c.g.
ALIGN-2).

The term “expression cassette" refers to a polynucleotide gencrated recombinantly or
synthetically, with a series of specified nucleic acid elements that permit transcription of a
particular nucleic acid i a target cell. The recombinant expression cassette can be incorporated
mto a plasmid, chromosome, mitochondrial DNA, plastid DNA, virus, or aucleic acid fragment.
Typically, the recombinant expression cassette portion of an expression vector includes, among

other sequences, a nucleic acld sequence to be franscribed and a promoter. In certain
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embodiments, the expression cassctte of the mvention comprises polynucleotide sequences that
encode bispecific antigen binding melecules of the mvention or fragments thereof.
The term “vector” or "expression vector” 18 synonymous with "expression construct” and refers
to a DNA molecule that is used to introduce and direct the expression of a specific gene to which
it is operably associated in a target cell. The term includes the veetor as a selfsreplicating nueleic
acid structure as well as the vector incorporated into the genome of a host cell into which it has
been mtroduced. The expression vector of the present invention comprises an expression
cassette. Expression vectors allow transcription of large amounts of stable mRNA. Cnce the
expression vector 15 inside the target cell, the ribonucleic acid molecule or protein that is
encoded by the gene is produced by the celtular transcription and/or fransiation machinery. In
one embodiment, the expression vector of the invention comprises an expression cassetie that
orprises polynucleotide sequences that encode bispectfic antigen binding molecules of the
mvention or fragments thereof.
The terms "host cell”, "host cell line,” and "host cell culture” are used interchangeably and refer
to cells into which exogenous mucleic acid has been introduced, including the progeny of such

4

cells. Host cells include "transformants” and "transformed cells,” which include the primary
transiormed cell and progeny derived therefrom without regard to the number of passages.
Progeny may not be completely identical in nucleic actd content to a2 parent cell, but may contain
mutations. Mutant progeny that have the same function or biclogical activity as screened or
sclected for in the origmally transformed cell are mcluded berein. A host cell is any type of
cellular system that can be used to generate the bispecific anfigen binding molecules of the
present mvention. Host cells include cultured cells, e.g. mammalian cultured cells, such as CHO
cells, BHE colls, WSO cells, SP2/0 cells, YO myeloma cells, P3X63 mouse myeloma cells, PER
cells, PER.CO cells or hybridoma cells, yeast cells, insect cells, and plant cells, to name only a
fow, but also cells compnised within a transgenic animal, transgenic plant or cultured plant or
animal tissue.

An “activating Fo receptor” i3 an Fo receptor that following engagement by an Fo domain of an
antibody elicits signaling cvents that stimulate the receptor-bearing cell to perform effector
functions. Human activating F¢ receptors include FeyRilla (CD16a), FoyRI {CD64), FeyRlila
(CD32), and FeoR! (CDEY).

Antibody-dependent cell-mediated cytotoxicity {ADCC) is an immmune mechanism leading to the
lysis of antibody-coated target cells by immune effector cells. The target cells are cells to which

antibodics or derivatives thereol comprising an Fo region gpecifically bind, generaily via the
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protein part thai 18 N-terminal to the Fe region. As used heveimn, the term “reduced ADCC” i3
defined as either a reduction in the number of target cells that are lysed in a given time, at a
given concentration of antibody in the medinm surrounding the target cells, by the mechanism of
ADCC defined above, and/or an increase in the concentration of antibody in the medium
surrounding the tarpet cells, required to achieve the lysis of a given number of target cells in a

r

given time, by the mechanism of ADCC. The reduction in ADCC i relative to the ADCC
mediated by the same antibody prodaced by the same type of host cells, using the same standard
production, purification, formulation and storage methods (which are known to those skilled in
the art), but that has not been enginecred. For example the reduction in ADCC mediated by an
antibody comprising in its Fo domam an amino acid substitution that reduces ADCC, is relative
i the ADCC mediated by the same antibody without this aming acid substitution in the Fe
doroaimn. Suitable assays to measure ADCT are well known in the art (see e.g. PCT publication
no. WO 2006/082515 or PCT patent application no. PCT/EP2012/055393).

An "effective amount” of an agent refers o the amount that is necessary to result in a
physiological change in the cell or tissue to which 1t 15 administered.

A "therapeutically effective amount”™ of an agent, e.g. a pharmaceutical composition, refers to an
amount effective, at dosages and for periods of iime necessary, to achieve the desired therapeutic
or prophylactic result. A therapeutically effective arnount of an agent for example eliminates,
decreases, delays, minimizes or prevents adverse effects of a disease.

An “mdividual” or “subject” s a memmal. Mammals dnclude, but are not limited to,
domesticated animals (e.g. cows, sheep, cats, dogs, and horses), primates {e.g. humans and non-
human privoates such as monkeys), rabbits, and rodents (e.g. mice and rats), Particularly, the
mdividual or subject is a hurnan.

The term "pharmaccutical composition” refers to a preparation which is m such form as to permit
the biological activity of an active ingredient contained therein to be effective, and which
contains no additional components which are unacceptably toxic to a subject to which the
formulation would be administered.

A “pharmaceutically acceptable carrier” refers to an ingredient in a pharmaceutical composition,
other than an active ingredient, which is nontoxic to a subject. A pharmaceutically acceptable
carrier nchudes, but 1 not hmited to, a buffer, excipient, stabilizer, or 'pmscrva‘tive.

As used herein, “treatment” (and grammatical variations thereol such as “treat” or “ireating™)
refers to clhinical intervention in an attempt to alter the natural course of a discase in the

individual being treated, and can be performed either for prophylaxis or during the course of
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clinical pathology. Desirable effects of freatment include, but are not limited to, preventing
oceurrence or recurrence of disease, alleviation of symptoms, diminishment of any direct or
mdirect pathological consequences of the disease, preventing metastasis, decreasing the rate of
discase progression, amelioration or palliation of the disease state, and remission or improved
prognoesis. In some embodiments, T cell activating bispecific antigen binding molecules of the
mvention are used to delay development of a diseasc or to slow the progression of 2 discase.

The term “package nsert” {5 used to refer to instructions customarily included i commercial
packages of therapeutic products, that contain information about the indications, usage, dosage,
adrministration, combination therapy, contraindications and/or warnings concerning the usc of

such therapeutic products.

Detalled Deseription of the Embodirnents
v a first aspect the invention provides a T cell activating bispecific antigen binding molecule
comprising a first and & second antigen binding moiety, one of which 18 a Fab molecule capable
of specific binding to an activating T cell antigen and the other one of which is a Fab molecule
capable of specific binding to a farget cell antigen, and an Fe domain composed of & first and a
second subunit capable of stable association;
wherein the first antigen binding moicty is
{2} asingle chain Fab molecule wheremn the Fab light chain and the Fab heavy ¢hain are
connected by a peptide linker, or
(b) & crossover Fab molecule wherein cither the variable or the constant regions of the Fab
light chain and the Fab heavy cham are exchanged.

T eell activating bispecific antig

Yoy

en binding molevule formats

The components of the T cell activating bispecific antigen binding molecule can be fused to each

other in a variety of configurations. Exemplary configurations are depicted i Figure 1.

in some embodiments, the second antigen binding motety 18 fused at the C-terminng of the Fab
heavy chain to the N-terminus of the first or the sccond subunit of the Fe domam.

inn a particular such embodiment, the first antigen binding moiety is fused at the C-terminus of
the Fab heavy chain to the N-terminus of the Fab heavy cham of the second antigen binding
moiety. In a gpecific such embodiment, the T cell activating bispecific antigen binding molecule
essentially consists of a first and a second antigen binding moiety, an Fo domain composed of a

first and a second subunit, and optionally one or more peptide linkers, wherein the first anfigen
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binding moiety is fused at the C-terminus of the Fab heavy chain to the N-terminus of the Fab
heavy cham of the second antigen binding moiety, and the sccond antigen binding moiety is
fused at the C-terminus of the Fab heavy chain to the N-terminng of the first or the second
subunit of the Fo domain. In an even more specific embodiment, the first antigen binding moiety
is a single chain Fab mwolecule. Alternatively, n a particular embodiment, the first antigen
binding moiety is a crossover Fab molecule, Optionally, if the first antigen binding moiety is a
crossover Fab molecule, the Fab light chain of the first antigen binding moiety and the Fab light
chain of the second antigen binding moiety may additionally be fused to each other.

In an alterpative such embodiment, the first antigen binding moiety is fused at the C-terminus of
the Fab heavy chain to the N-terminus of the first or second subunit of the Fe domain. {n a
specific such embodiment, the T cell activating bispecific antigen binding molecule essentially
consists of a first and a second antigen binding moiety, an Fo domain composed of a first and a
sccond subuntt, and optionally one or wmore peptide linkers, wherein the first and the second
antigen binding moiety are each fused at the Ceorminus of the Fab heavy cham to the N-
termunus of one of the subunits of the Fo domain. In an even more specific emboediment, the first
anfigen binding motety is a simgle chain Fab molecule. Alternatively, in a particuiar embodiment,
the first antigen binding moiety is a crossover Fab molecule

i1 yet another such embodiment, the second antigen binding moiety is fused at the C-terminus of
the Fab hight chain to the N-termimus of the Fab light chain of the first antigen binding moiety. In
a spectlic such cmbodiment, the T cell activatimg bispecific antigen binding molecule essentially
consists of a first apd 2 second antigen binding motety, an Fe domain composed of a first and a
second subunit, and optionally one or more peptide linkers, wherein the first am'%gcn bindmg
moiety is fused at the N-lerminus of the Fab light chain to the C-erminus of the Fab Hght chain
of the second antigen binding moiety, and the second antigen binding moiety is fused at the -
terminus of the Fab heavy chain to the N-terminus of the first or the second subunit of the Fe
domain. In an even more specific embodiment, the first antigen binding modety is a crossover

Fab molecule.

in other embodiments, the Brst antigen binding moiety is fuged at the C-terminus of the Fab
heavy chain to the N-terminus of the first or second subunit of the Fo domain.

in a particular such embodiment, the second antigen binding moiety is fused at the C-terminus of
the Fab heavy chain fo the N-terminus of the Fab heavy chain of the first antigen binding moiety.
in a specific such embodiment, the T cell activating bispecific antigen binding molecule

essentially consists of a first and a second antigen binding meiety, an Fe domain composed of a
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first and a sccond subunit, and optionally one or more peptide linkers, wherein the second
antigen binding moiety is fused at the C-terminus of the Fab heavy chain to the N-terminus of
the Fab heavy chain of the first antigen bindmg moiety, and the first antigen binding molety 1s
fused at the C-terminus of the Fab heavy chain to the N-terminus of the first or the second
subunit of the Fe domain. In an even more specific embodiment, the first antigen binding moiety
is a crossover Fab molecule. Optionally, the Fab light chain of the first antigen binding moety
and the Fab lght chain of the second antigen binding moicty may additionally be fused to each

other.

In particular of these embodiments, the first antigen binding moiety is capable of specific
binding to an activating T cell antigen. In other cmbodiments, the first antigen binding moiety is
capable of specific binding o a target cell antigen.

The antigen binding moietics may be fused to the Fo domain or to each other directly or through

a peptide linker, comprising one or more aming acids, typically about 2-20 amino acids. Peptide
finkers are known in the art and are described herein, Suitable, non-immunogenic peptide linkers
mclude, for cxample, (Gad)n, (8Gah, (Gad), or G{5CG), peptide linkers., “n” 18 generally a
number between | and 10, typically between 2 and 4. A particularly sustable peptide linker for
fusing the Fab light chaing of the first and the second antigen binding moiety to each other 1
((GaS¥. An exemplary peptide linker suitable for connecting the Fab heavy chams of the first and
the second antipen binding molety is EPKSC(IN-{GyS) (BEQ 1D NGs 150 and 151).
Additionally, linkers may comprise (a portion of) an immupeglobulin hinge region. Particularly
where an antigen bindiog moiety is fosed to the M-terminus of an Fo domain subunit, it may be
fused via an Immunoglobulin hinge region or a portion thereof] with or without an additional
peptide linker,

AT cell activating bispecific antipen binding molecule with a single anfigen binding moicty
capable of specific binding to a target cell antigen (for exarple as shown in Figure 1A, 1B, 12,
1E, 1, 11, 1K or IM) is useful, particularly in cascs where mnfernalization of the target ocll
aptigen is to be expected following binding of a high affinity antigen binding molety. In such
cases, the presence of more than one antigen binding moiety specific for the target cell antigen
may enhance internalization of the target cell antigen, thereby reducing its availablity,

in many other cases, however, it will be advantageous to have a T cell activating bispecific
antigen binding molecule comprising two or more antigen binding moicties specific for a target
cell antigen {see examples in shown in Figure 1C, 1F, 1G, 1J or IL), for example to optimize

targeting to the target site or to allow crosslinking of target cell antigens.
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Accordingly, i certain embodiments, the T cell activating bispecific antigen binding molecule
of the invention further comprises a third antigen binding moiety which is a Fab molecule
capable of specific binding to a target cell antigen. Tn one embodiment, the third antigen binding
molety is capable of specific binding to the same target cell antigen as the first or second antigen
binding moiety. In a particuler embodiment, the first antigen binding meiety is capable of
specilic binding to an activating T cell antigen, and the sccond and third antigen binding
moietics are capable of specific binding to a target cell antigen.

in one embodiment, the third antigen binding moiety s fused at the C-terminus of the Fab heavy
chain to the N-ferminus of the first or sccond subunit of the Fe domain. In a particular
embodiment, the second and the third antigen binding moiety are each fused at the C-terminus of
the Tab heavy chain to the N-terminus of one of the subunits of the Fo domain, and the first
antigen binding moiety is fused at the C-terminus of the Fab heavy chain to the N-terminus of
the Fab heavy chain of the second antigen binding moiety. In one such embodiment the first
antigen binding moiety 18 a single chain Fab molecule. In a particular such embodiment the first
antigen binding moiety is a crossover Fab molecule. Optionally, if the first antigen binding
molety is a crossover Fab molecule, the Fab tght chain of the first antigen binding moiety and
the Fab light chain of the second antigen binding moiety may additionally be fused to each other.
The second and the third antigen binding moicty may be fused to the Fo domain directly or
through a peptide linker. Tn a particular embodiment the second and the third antigen binding
moiety are each fused to the Fe domaim through an immonoglobulin hinge region. In a specific
embadiment, the immunoglobulin hinge region s & human Ig(, hinge region. In one
embodiment the second and the third antigen binding moiety and the Fe domain are part of an
mmmunoglobulin molecule. In a particular embodiment the immunoglobulin molecule is an 1¢G
class immucoglobulin. In an even more particular embodiment the immunoglobulin is an 1g(h
subclass immuroglobuling In another embodiment the immunoglobulin s an I1gGy subclags
mumunoglobulin, Tn 2 further particular embodiment the immunoglobulin is a human
imunoglobulin, In other embodiments the immunoglobulin is a chimeric immunoglobulin or a
humanized immunoglobulin. In one embodiment, the T cell activating bispecific antigen binding
rolecule essentielly consists of an Bmmunoglobulin melecule capable of specific binding to a
target cell antigen, and an anfigen binding moiety capable of specific binding to an activating T
cell antigen wherein the antigen binding moiety 18 a single chain Fab molecule or a crossover
tab molecule, particularly a crossover Fab molecule, fused to the MN-terminus of one of the

immuneglobulin heavy chains, optionally via a peptide finker.
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in an alternative embodiment, the first and the third antigen binding moiety are cach fused at the
C-terminus of the Fab heavy chain o the N-terminus of one of the subunits of the Fc domain,
and the second antigen binding moiety is fused at the C-terminus of the Fab heavy chain to the
N-terminus of the Fab heavy chain of the first antigen binding moiety. In a specific such
embodiment, the T cell activating bispecific antigen binding molecule essentially consists of a
firsf, a second and a third antigen binding moiety, an Fc domain composed of a first and a second
subunit, and optionally one or more peptide linkers, wherein the second anfigen binding moiety
is fused at the C-terminus of the Fab heavy chain to the N-lerminus of the Fab heavy chain of the
first anfigen binding motety, and the first antigen binding moiety is fused at the Cterminus of
the Fab heavy chain to the N-terminus of the first subunit of the Fc domain, and wherein the
third antigen binding moiety is fused at the C-terminus of the Fab heavy chain to the N-terminus
of'the second subunit of the Fe dorain. In a particular such embodiment the first antigen binding
molety i a crossover Fab molecule. Optionally, the Fab light chain of the first antigen binding
moiety and the Fab light chain of the second antigen binding moiety may additionally be fused to

each other,

In some of the T cell activating bigpecific antigen binding meolecuie of the i'ﬂ,venﬁon, the Hab
light chain of the first antigen binding moiety and the Fab lght chain of the second antigen
binding moiety are fused to ecach other, optionally via a linker peptide. Depending on the
configuration of the first and the second antigen binding moicty, the Fab light chain of the first
antigen binding moiety may be fused at its C-terminus to the MN-terminus of the Fab Light chain of
the second antigen binding moiety, or the Fab Light chain of the second antigen binding moiety
may be fused at its C-terminus to the N-terminus of the Fab light chain of the first antigen
binding moiety. Fusion of the Fab Light chains of the first and the second antigen binding moiety
further reduces mispairing of unmatched Fab heavy and light chains, and also reduces the
aumber of plagmids needed for cxpression of some of the T cell activating bispecific antigen

binding molecules ofthe invention,

In certam embodiments the T cell activating bispecific antigen binding molecule comprises a
polypeptide wherein a first Fab Jight chain shares a carboxy-terminal peptide bond with a peptide
lnker, which m twm shares a carboxy-terminal peptide bond with a first Iab heavy chain, which
in turn shares a carboxy-terminal peptide bond with an Fo domain subunit (VL-CL-linker-VH-
CHI-CHZ-CH2Z(-CH4)), and a polypeptide wherein a sccond Fab heavy chain shares a carboxy-

terminal peptide bond with an Fo domam subunit (VH-CHI-CH2-CH3(-CH4)). In some
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embodiments the T cell activating bispecific antigen binding molecule further comprises a
second Fab light chain polypeptide (VL-CL). In certain embodiments the polypeptides are

covalently imked, e.g., by a disulfide bond.

in some embodiments, the T cell activating bispecific antigen binding molecule comprises a
polypeptide wherem a first Fab light cham shares a carboxy-terminal peptide bond with a pephide
Iinker, which i turn shares a carboxy-terminal peptide bond with a fizst Fab heavy chain, which
in furn shares a carboxy-terminal peptide bond with a second Fab heavy chain, which @ tumn
shares a carboxy-terminal peptide bond with an Fo domam subunit (VL-CL-linker-VH-CHI-
VH-CHI-CHZ-CH3{-CH4)). Tn one of these embodiments that T cell activating bispecific
antigen binding molecule further comprises a second Fab light chain polypeptide (VL-CL). The
T cell activating bispecific antigen binding molecule according to these embodiments may
further comprise {1} an Fe domain subunit polypeptide (CH2-CH3(-CHAY, or (i) a polypeptide
wherein a third Fab h.cavy chain shares a carboxy-terminal peptide bond with an Fo domain
subunit (VH-CHI-CH2-CH3(-CH4)) and a third Fab light chain polypeptide (VE-CL). In certain

embodiments the polypeptides are covalently linked, e.g., by a disuifide bond.

In certain embodiments the T cell activating bispecific antigen binding molecule compriscs a
polypeptide wherein a first Fab light cham varable region shares a carboxy-terminal peptide
bond with a first Fab heavy chamn constant region (Le. a crossover Fab heavy chain, wherein the
heavy chain variable 1‘egion is replaced by a light chain variable region), which in tum shares a
carboxy-terminal peptide bond with an Fe domain subunit (VL-CHI-CH2-CH2(-CH4)), and a
polypeptide wherein a second Fab heavy chain shares a carboxy-terminal peptide bond with an
Fe domain subunit (VH-CHI-CH2-CHZ(-CH4)). In some embodiments the T cell activating
bispecific antigen binding molecule further comprises a polypeptide wherein a Fab heavy chain
variable region shares a carboxy-terminal peptide bond with a Fab light chain constant region
(VH-CL) and a Fab light chain polypeptide (VL-CL). In certain embodiments the polypentides

are covalentiy Hinked, e.g., by a disulfide band.

In alternative embodiments the T cell activating bispecific antigen binding molecule comprises a
polypeptide wherein a first Fab heavy chain variable region shares a carboxy-terminal peptide
bond with a first Fab lght chai constant region {i.e. a crossover Fab heavy chain, wherein the
heavy cham constant region is replaced by a light chain constant region), which in turn shares a
carboxy-terminal peptide bond with an Fe domain subunit (VH-CL-CH2-CH2(-CH4Y), and a

polypeptide wherein a second Fab heavy chain shares a carboxy-terminal peptide bond with an
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Fo domain subunit (VH-CHI-CHZ-CH3(-CH4)), In some embodiments the T cell activating
bispectlic antigen binding molecule further comprises a polypeptide wherein a Fab light chain
variable region shares a carboxy-terminal peptide bond with a Fab heavy chain constant region
(VL-CH1) and a Fab light chain polypeptide (VL-CL}. Tn certain embodiments the polypeptides

are covalently linked, e.g., by a disulfide bond.

s

¥

in some cmbodiments, the T cell activating bispecific antigen binding molecule comprises a
polypeptide wherein a first Fab hight chain varable region shares a carboxy-terminal peptide
bond with a first Fab heavy chain constant region {i.¢. a crossover Fab heavy chain, wherein the
heavy chain variable region 18 replaced by a light chain variable region), which in turn shares a
carboxy-terminal peptide bond with a sceond Fab heavy chain, which in turn shares a carboxy-
terpinal peptide bond with an Fo domain subunit (VI-CHVH-CHI-CHZ-CHOCHAY),
other cmbodiments, the T cell activating bispecific antigen binding molecule comprises a
polypeptide wherein a first Fab heavy chain variable region shares a carboxy-terminal peptide
bond with & first Fab Hght chain constant region (ie. 2 crossover Fab heavy chain, wherein the
heavy chain constant region 15 replaced by a light chain constant region), which In turn shares a
carboxy-terminal peptide bond with a sccond Fab heavy chain, which in turn shares a carboxy-
terrinal peptide bond with an Fe domam subunit (VH-CL-VH-CHI-CH2-CH3(-CH4Y). In still
other embodiments, the T cell activating bispecific antigen binding molecule comprises a
polypeptide wherein a sccond Fab heavy chain shares a carboxy-terminal peptide bond with a
frst Fab fight chan variable region which n turn shares a carboxy-terminal peptide bond with a
first Uab heavy chain constant region (1L.e. a crossover Fab heavy chain, wherein the heavy chain
variable region s replaced by a light chain variable region), which in turn shares a carboxy-
terminal peptide bond with an Fe domain sabunit (VH-CHI-VL-CHI-CH2-CH3(-CH4)). In
other embodiments, the T cell activating bispecific antigen binding molecele comprises a
polypeptide wherein a gsecond Fab heavy chain shares a carboxy-terminal peptide bond wiih a
first f'ab heavy chain variable region which in turn shares a carboxy-terminal peptide bond with
a first Fab light chain constant region (1.e. a crossover Fab heavy chain, wherein ihe heavy chain
constant region 18 replaced by a light cham constant region), which in turn sharcs a carboxy-
termimal peptide bond with an Fo domain subunit (VH-CHI-VH-CL-CHZ-CHB(-CHD)),

In some of these embodiments the T cell activating bispecific antigen binding molecule further
comprises a crossover Fab light chamn polypeptide, wherein a Fab heavy chain variable region
shares a carboxy-terminal peptide bond with a Fab hight chain constant region (VH-CL), and a

Fub tight chain polypeptide (VL-CL). In others of these embodiments the T cell activating
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bigspecific antigen binding molecule further comprises a crossover Fab light chain polypeptide,
wherein a Fab hght chain variable region shares a carboxy-terminal peptide bond with a Fab
heavy chain constant region (VIL-CHU), and a Fab light chain polypeptide (VL-CL). In still
others of these embodiments the T cell activating bispecific antigen binding molecule further
comprises a polvpeptide wherein a Fab light chain variable region shares a carboxy-terminal
peptide bond with a Fab heavy chain constant region which in turmn shares a carboxy-terminal
peptide bond with a Fab light chain polypeptide (VL-CHI-VL-CL)}, a polypeptide wherein a Fab
heavy chain variable region shares a carboxy-terminal peptide bond with a Fab light cham
constant region which in turn shares a carboxy-terminal peptide bond with a Fab light chain
polypeptide {VH-CL-VE-CLY, a polypeptide wherein a Tab hght chain polypeptide shares a
arboxy-terminal pentide bond with a Fab light chain variable region which w turn shares a
carboxy-terminal peptide bond with a Fab heavy chain constant region (VL-CL-VL-CHI), or a
nolypentide wherein a Fab Hght chain polypeptide shares a carboxy-terminal peptide bond with a
Fab heavy chain variable region which in turn shares a carboxy-terminal peptide bond with a Fab
Hght chain constant region (VL-CL-VH-CL).
The T cell activating bispecific antigen hinding molecule according to these embodiments may
further comprise (1) an Fe domain subunit polypeptide (CH2-CEI3(-CH4)), or (ii) a polypeptide
wherein a third Fab heavy chain shares a carboxy-terminal peptide bond with an Fe domam
subunit (VH-CHI-CH2-CH3(-CH4Y) and a third Fab hight chain polypeptide (VL-CL). In certam

erabodiments the polypeptides are covalently linked, e.g., by a disulfide bond.

in one embodiment, the T cell activating bispecific antigen binding molccule comprises a

polypeptide wherein a second Fab light cham shares & carboxy-terminal peptide bond with a first
Fab light chain variable region which in turn shares & carboxy-terminal peptide bond with a first
Fab heavy chaip constant region (Le. a crossover Fab light chain, wherem the bight cham
constant region I8 replaced by a heavy chaip constant region) {VL-CL-VL-CH1), a polypeptide
wherein a second Fab heavy chain shares a carboxy-terminal peptide bond with an Fe domam
subunit (VH-CHI-CHZ-CH3-CHAY, and a polypeptide wherein a first Fab heavy cham variable
region shares a carboxy-termingl peptide bond with a first Fab Light chain constant region {VH-
CLy. In another embodiment, the T cell activating bispecific antigen binding molecule comprises

a polypeptide wherein a second Fab light cham shares a carboxy-terminal peptide bond with a
first Fab heavy chain variable region which in turn shares a carboxy-terminal pepiide bond with
a first Fab fight chain constant region (Le. a crossover Fab Hght chain, wherein the light chain

variable region ig replaced by a heavy chain variable region) (VL-CL-VH-CL), 2 polypeptide
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wherein a second Fab heavy chain shares a carboxy-terminal peptide bond with an Fc domain
subunit (VH-CH1-CH2-CH3(-CH4)), and a polypeptide wherein a first Fab light chain variable
region shares a carboxy-terminal peptide bond with a first Fab heavy chain constant region (VL-
CH1). The T cell activating bispecific antigen binding molecule according to these embodiments
may further comprise (i) an Fc domain subunit polypeptide (CH2-CH3(-CH4)), or (ii) a
polypeptide wherein a third Fab heavy chain shares a carboxy-terminal peptide bond with an Fc
domain subunit (VH-CHI1-CH2-CH3(-CH4)) and a third Fab light chain polypeptide (VL-CL).

In certain embodiments the polypeptides are covalently linked, e.g., by a disulfide bond.

According to any of the above embodiments, components of the T cell activating bispecific
antigen binding molecule {e.g. antigen binding moiety, Fc domain) may be fused directly or
through various linkers, particularly peptide linkers comprising one or more amino acids,
typically about 2-20 amino acids, that are described herein or are known in the art, Suitable, non-
immunogenic peptide linkers include, for example, (G4S), (SGa)n, (GaS)n or Ga(SGy), peptide

linkers, wherein n is generally a number between 1 and 10, typically between 2 and 4.

Fec domain

The Fc domain of the T cell activating bispecific antigen binding molecule consists of a pair of
polypeptide chains comprising heavy chain domains of an immunoglobulin molecule. For
example, the Fc domain of an immunoglobulin G (IgG)} molecule is a dimer, each subunit of
which comprises the CH2 and CH3 IgG heavy chain constant domains. The two subunits of the
Fc domain are capable of stable association with each other. In one embodiment the T cell
activating bispecific antigen binding molecule of the invention comprises not more than one Fc
domain.

In one embodiment according the invention the Fc domain of the T cell activating bispecific
antigen binding molecule is an IgG Fc domain. In a particular embodiment the Fe domain is an
IgG Fe domain. In another embodiment the Fe domain 1s an 1gGs Fc domain. In a more specific
embodiment, the Fc domain is an IgGs Fe domain comprising an amino acid substitution at
position S228 (EU numbering), particularly the amino acid substitution S228P. This amino acid
substitution reduces in vivo Fab arm exchange of IgGy antibodies (see Stubenrauch et al., Drug
Metabolism and Disposition 38, 84-91 (2010)). In a further particular embodiment the Fc domain
is human. An exemplary sequence of a human 1gG; Fe region 1s given in SEQ ID NO: 149.
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Fo domain modifications promoting heterodimerization

T cell activating bispecific antigen bmnding molecules according to the invention comprise
ditferent antigen bindmg moieties, fused to one or the other of the two subunits of the Fe domain,
thus the two subunits of the Fo domain are typically comprised in two non-identical polypeptide
chains. Recombinant co-cxpression of these polypeptides and subsequent dimerization leads fo
several possible combinations of the two polypeptides. To mwnprove the vield and purity of T cell
activating bispecific antigen binding molecules W recombinant production, 1t will thus be
advanfageous to nbtroduce in the Fo domain of the T cell activating bigpecific antigen binding
melecule a modification promoting the association of the desired polypeptides.

Accordingly, in particular embodiments the Fo domain of the T cell activating bispecific antigen
binding molecule according to the mvention comprises a modification promoting the association
ot the first and the second subunit of the Fo domain, The site of most extensive protein-protein
mteraction between the two subunits of a human TgG Fe domain is in the CH3 domain of the Fe
domain, Thus, in one embodiment gaid modification is in the CH2 domain of the Fe domain.

h]

In a specific embodiment said modification i a so-cailed “knob-info-hole” modilication,
comprising & “knob” modification i one of the two subunits of the Fo domain and a “hole”
modification in the other one of the two subunits of the Fo domain.

The knob-nte-hole technology is descrnibed e.g. in US 5,731,168, US 7,695,936, Ridoway et al,,
Prot Eng 9, 617-621 {1996} and Carter, § fmmunol Meth 248, 7-15 {280¢1). Generally, the
method involves mtroducing a protuberance (Mknob”) at the interface of a first polypeptide and a
corvesponding cavity (“hole™ in the interface of a sccond polypeptide, such that the
protuberznce can be positioned in the cavity $o as to promote heterodimer formation and hinder
nomodimer formation. Protuberances are constructed by replacing Smaﬂ aming agcid side chaing
ﬁ"om the interface of the first polypeptide with larger side chaing {e.g. tyrosine or tryptophan),
Compensatory cavities of identical or simmlar size to the protuberances are created in fhe
mterface of the second polypeptide by replacing large amino acid side chaing with smaller ones
{e.g. alaning ot threorine).

Accordingly, in & particular embodiment, 1 the CH3 domain of the first subunit of the Fe
domain of the T cell activating bispecific antigen binding molecule an amino acid residue 18
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 CH3Z domain of the second subunit of the Fo

domain an aming acid residuc 8 replaced with an amine acid residoe having 2 smaller side chain
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volume, thereby generating a cavity within the CH3 domain of the sccond subunit within which
the protuberance within the CH3 domain of the first subunit is positionable.

The protuberance and cavity can be made by altering the nucleic acid encoding the polypeptides,
e.g. by sife-specific mutagenesis, or by peptide synthesis.

In a specific embodiment, in the CH3 domain of the first subunit of the Fo domain the threonine
regidue at position 366 is replaced with a tryptophan residue (T366W), and m the CH3 domain of
the second subunit of the Fo domain the tyrosme residue at position 407 1s replaced with a valine
vesidue (Y407V). In one embodiment, in the second subunit of the Fe domain additionally the
threonine residue at position 366 1s replaced with a serine residue (13665) and the leucine
residue at position 368 is replaced with an alanine residus (L368A).

In yet & further emnbodiment, m the frst subunit of the Fe domam additionally the serine residue
at position 354 1s replaced with a cysteine residue (8354C), and n the second subunit of the Fe
domain additionally the tyrosine residue at position 349 15 replaced by a cysteme residue
(Y3490, {otroduction of these two cysteine residues results in formation of & disulfide bridge
between the two subunits of the Fo domain, further stabilizing the dimer (Carter, J Immunol
Methods 248, 7-15 (2001)).

in a particular embodiment the antigen binding moiety capable of binding (0 an activating T cell
antigen is fused (optionally via the antigen binding moiety capable of binding to a target cell
antigen) to the first subunit of the Fe domain {comprising the “knob” modification). Without
wishing {0 be bound by theory, fusion of the antigen binding moicty capable of binding to an
activating T cell antigen to the knob-containing subunit of the Fe domain will {further) minimize
the generation of antigen binding molecules comprising two antigen binding moictics capable of
binding to an activating T cell antigen {(steric clagh of two knob-containing polypeptides).

In an alternative cmbodiment a modification promoting association of the first and the second
subunit of the Fo domain comprises & modification mediating electrostatic steering offocts, ¢.p.
as described m PCT publication WO 2009/069004, Generally, this method involves replacement
of one or more amino acid residues at the mterface of the two Fe domain subunits by charged
aming acid residues so that homodimer formation becomes electrostatically unfavorable but

heterodimerization electrostatically favorable.

Fe domain modifications reducine Fe peceptor binding and/or effector function

The Fo domain confers to the T cell activating bispecific antigen binding molecule favorable
pharmacokinetic properties, mncluding a leng scrum half-life which contributes to good

accumulation in the tareet tissue and a favorable tissue-blood distribution ratio. At the same time



25

WO 2013/026833 PCTEP2012/066215

43

t may, however, lead fo undesirable targeting of the T cell activating bispecific antigen binding
molecule to cells expressing Fe receptors rather than to the preferred antigen-bearing cells.
Moreover, the co-activation of Fo receptor signaling pathways may lead to cytokine release
which, in combination with the T cell activating propertics and the long half-life of the antigen
binding molecule, results w excessive activation of cytokine receptors and severe side effeots
upon systemic administration. Activation of {Feo receptor-bearing) imrune cells other than T
cells may even reduce efficacy of the T cell activating bispecific antigen binding molecule due to
the potential destruction of T cells 2., by NK cells.

Accordingly, in particular embodiments the Fe domain of the T cell activating bispecitic antigen
binding molecules ac;cmding to the invention exhibits reduced binding affinity to an Fo receptor
and/or reduced effector function, as compared to & native 1gG; Fe domain. In one such

ernbodiment the Fe domain (or the T cell activating bigpecific antigen binding molecule

comprising said Fo domain} exhibits less than 50%, preforably less than 20%, more preferably
less than [0% and most preferably than 5% of the binding alfinity to an Fe receptor, as

compared to a native 1gG) Fe domain (or a T cell activating bispecific antigen binding molecule
comprising a native lgs Fe domam), and/or less than 30%, preferably less than 20%, more
preferably less thun 10% and most preferably less than 5% of the effector function, as compared
0 a native Igl) Fo domain domam (or a T cell activating bispecific antigen binding molecule
comprising a native IgG; Fe domain). Tn one embodiment, the Fo domain domain (or the T cell
activating bigpecific antigen binding molecule comprising said Fo domain) dec not substantially
bind to an Fe receptor and/or induce effector function, In a particular embodiment the Fe
receptor is an Iey receptor. In one embodiment the Fo receptor is a human Fe receptor. In one

embodiment the Fo receptor is an activating Fc receptor. In a specific embodiment the Fe
receptor is an activating human Foy receptor, more specifically buman FeyRIlla, FoeyRI or
FeyRile, most specifically human FoyRilla. In one embodiment the effector function is one or
more selected from. the group of CDU, ADCC, ADCP, and cytokine secretion. in a particular
ernbodiment the effector function is ADCC, In one embodiment the Fe domain domain exhibits
substantially similar binding affinity to neonatal Fo receptor (FoRn), as compared to a native

Igis Fo domain domain. Substantially similar binding to FeRn is achieved when the Fo domain

{

or the T cell activating bispecific antigen binding molecule comprising said Fe domain) exhibits
greater than about 70%, particularly greater than about 80%, more particularly greater than about
90% of the bindmg atfinity of a native 1gG; Fo domain {or the T cell activating bispecific antigen

binding molecule comprising a native IgG, Fo domain) to FeRn.
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In certain embodiments the Fe domain is engineered to have reduced binding affinity to an Ve
receptor and/or reduced effector function, as compared to a non-engineered Fe domaim. In
particular embodiments, the Fc domain of the T cell activating bispecific antigen binding
molecule comprises one or more amino acid mutation that reduces the binding affinity of the Fe
domain to an Fe receptor and/or effector function. Typically, the same one or more amino acid

mutation i5 present in each of the two subunits of the Fo domaln. In one embodiment the amino

acid mutation reduces the binding affinity of the Fo domain to an Fe receptor. In one
embodiment the amino acid mutation reduces the binding affinity of the F¢ domain to an Fc
receptor by at least Z-fold, af least 5-fold, or at least 10-fold. In embodiments where there is
more than one amino acid mutation that reduces the binding affinity of the Fo domain to the Fe
receptor, the combination of these amino actd mutations may reduce the binding affinity of the
Fc domain to an Fc receptor by at least 10-fold, af least 20-fold, or even at least 56-Bld, In one
embodiment the T cell activating bispecific antigen binding molecule comprising an engineered
Fo dornain exhibits less than 20%, particularly tess than 10%, more particularly less than 5% of
the binding effinity to an Fo receptor as compared to a T cell activating bispecific antigen
vindmng molecule comprising a non-enginecred Fe domain. In a particular embodiment the Fo
receptor 18 an Fey receptor. In some embodiments the Fe receptor is a human Fo receptor. In
some embodiments the Fo receptor 1s an activating Fo receptor. In a specific embodiment the Fo
receplor 15 an activating human Foy receptor, more specifically human FoyRila, FeyRY or
FoyRIa, most specifically human FoyRI1Ua, Preferably, binding fo cach of these receptors is
reduced. [n some embodiments binding affinity to a complement component, specifically
binding affintty to Clg, 18 also reduced. In one embodiment binding affinity to neonatal Fe
receptor (FeRn) 18 not reduced. Substantially sunilar binding to FeRn, ic. preservation of the
binding affinity of the Fo domain to said receptor, is achieved when the Fe domain {or the T cell
activating specific antigen binding molecule comprising said Fe domain) exhibits grester than
about 70% of the binding affinity of a non-engineered form of the Fe domain {or the T cell
activating bispecific antigen binding molecule comprising said non-engineered form of the Fe
domain} to FcRa, The Fo domain, or T cell activating bispecific antigen binding molecules of the
invention comprising said Fe domain, may exhibit greater than about 80% and even greater than
about 90% of such affinity. In certain embodiments the Fo domain of the T cell activating
bispecific antigen binding molecule is engineered to have reduced effector function, as compare

to a non-engineered Fe domain. The reduced effector function can include, but is vot Hmited to,

one or more of the following: reduced complement dependent cyiotoxicity (CDC), reduced
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antibody-dependent cell-mediated cytotoxicity (ADCC), reduced antibody-dependent cellular
phagocytosis {ADCP), reduced cytokine secretion, reduced immune complex-mediated antigen
uptake by anfigen-presenting cells, reduced binding to NK cells, reduced binding to
macrophages, reduced binding to monocytes, reduced binding to p{)l,ym@rpho'miclear cells,
reduced direct signaling inducing apoptosis, reduced crossiinking of target-bound antibodies,
reduced dendritic cell maturation, or reduced T cell priming. in one embodiment the reduced
cffector function 18 one or wmore selected from the group of reduced UDC, reduced ADCC,
reduced ADCP, and reduced cytokine secrction. In a particular embodiment the reduced effector
function is reduced ADCC. In one embodiment the reduced ADCC s less than 20% of the
ADCC induced by a non-engincered Fo domain (or a T cell activating bispecific antigen binding
molecule comprising a non-engimeered Fo domatn).

In one embodiment the aming acid mutation that reduces the binding affinity of the Fo domain (o
an be receptor and/ot effector function 1s an amine acid substitution. In one embodiment the ¥e
dormain comprises an amino acid substitution at a position sclected from the group of E233,
1234, 1235, N257, P331 and P329, In a more specific embodiment the Fo domain comprises an
aming acid substitution at a position selected from the group of 1234, L2335 and P329. In some
embodiments the Fe domain comprises the amine acid substitutions L234A and L235A. In one
uch embodmment, the Fo domain 1s an 1gG, Fo domain, particularly a human le(y Fe domain. In
one embodiment the Fo domain comprises an amino acid substitution at position P329. In a morc
spectfic embodiment the amino acid substitution is P329A or P329G, particularly P3290. In one
ernbodiment the Fo domain comprises an amino acid substitution at position P329 and & further
amine acid substitution at a position selected from E233, 1234, 1.235, N297 and P331. In a more
specific embodiment the further amino acid substdution is H233P, L2344, L235A, L235E,
NZ9TA, N297D or P3315. In particular embodiments the ¥Fe domain comprises amino acid
substitutions at positions P329, £.234 and 1235, In more particular embodiments the Fe domain
comprises the amino acid mutations L234A, L235A and P329G ("P329G LALA™). In one such
embodiment, the Fo domain 18 an gl Fe domam, particularly a human IgGy Fe domsin. The
“P329G LALA” combination of amino acid substitutions almost completely abolishes Foy
receptor binding of a human IgG, Fe domain, as described in PCT patent application no.
PCT/EP2G12/055393, Incorporated herein by reference in ity entirety. PCT/EP2012/055393 also
describes methods of preparing such mutant Fo domains and methods for determining its

properties such as Fo receptor binding or effector functions.
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Tg(, antibodics exhubit reduced binding affinity to Fe receptors and reduced effector functions as
cornpared to lgG; antibodics. Hence, m some embodiments the Fo domain of the T cell
activating bispecific antigen binding molecules of the invention is an 1gGy Fo domain,
particularly a human 1gGs Fe domain. In one embodiment the 1y Fe domain comprises amino
acid substitutions at position 8228, specifically the amino acid substitution S228P. To further
roduce its binding affinity to an Fo receptor and/or its effector function, in one embodiment the
{pGy Fe domain comprises an amino acid substitution at position L235, specifically the amino

cid substitution L2358, In another embodiment, the gy Foe domain comprises an amine acid
substitution at position P329, specifically the amino acid substitution P329G. In a2 particular
embodiment, the 1gGy Fe domain comprises amino acid substitutions at positions 5228, 1.235
and P329, specifically amine acid substitutions 5228P, L2358 and P329G. Such gy Fe domain
mutants and their Foy receptor binding properiies are described in PCT patent application no.
PCT/EP2012/055393, incorporated herein by reference o its entirety.

o

in a particular embodiment the Fe domaim exhibiting reduced binding affinity to an ¥e receptor

and/or reduced effector function, as compared to & native gy, Fe domain, 18 a human igGy Fe
domain comprising the amino acid substifutions L234A, 1.235A and opti(}naﬂy P329G, or &
human 1gGy Fe domain comprisimg the amino acid substitutions S228P, L2358 and optionally
P329G.
In certam embodiments N-glycosylation of the Fo domain has been climiated. In one such
cmbodiment the Fo domain comprises an amino acid mutasion at position N297, particularly an
araino acid substitution veplacing asparagine by alanine (M297 A} or aspartic acid (N29712).
In addition to the Fo domams described hercinabove and in PCT patent application no.
PUT/EP2012/055393, Fe domains with reduced Fe receptor binding and/or effector function also
nciude those with substitution of one or more of Fo domain residuces 238, 285, 269, 276, 297,
327 and 329 (U8, Patent Mo, 6,737,056). Such Fo mutants include Fo mutents with substitutions
at two or more of amino acid posiions 265, 269, 270, 297 and 327, including the so-called
“DANAY Fo mutant with substitution of residues 265 and 297 to alanine {US Patert Mo,
7,332,581,
hWutant Fe domains can be prepared by amino acid deletion, substitution, sertion or
modification using genetic or chemical methods well koown 1o the art. Genetic methods may
mclude stte-specific mutagenesis of the encoding DNA sequence, PUR, gene synthesis, and the

Hike, The correct nucleotide changes can be verified for example by sequencing,
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Binding to Fe receptors can be easily determined e.g. by ELISA, or by Surface Plasmon
Resonance (SPR) using standard mstrumentation such as a BlAcore instrument (GE Healtheare),
apd Fo receplors such as may be obtained by recombinant expression. A suttable such binding
assay 18 described herein. Alternatively, binding affinity of Fc domains or cell activating
bispecific antigen binding molecules comprising an Fe domain for Fe receptors may be evaluated
using ccll lines known to cxpress particular Po receptors, such as human NK cells expressing
Fovliia receptor.
Effector function of an Fe domain, or a T cell activating bispecific antigen binding molecule
comprising an Fo domain, can be measured by methods known in the art. A suitsble assay for
measuring ADCC s described herein. Other examples of in vitro assays to assess ADCO activity
of 2 molecule of Interest are described 1 ULS. Patent MNo. 5,500,362; Hellstrom et al. Proc Natl
Acad Sci USA 83, 7055-7063 (1986) and Hellstrom et al, Proc Natl Acad Sci USA 82, 1499-
1502 (1985); Us, Patent No. 5,821,337; Bruggemann ct al., J Exp Med 166, 13511361 (1987,
Alternatively, non-radicactive assays methods may be emploved (see, for example, ACTI™ non-
radioactive cytotoxicity assay for flow cytometry (CellTechnelogy, Inc. Mountain View, CA);
nd CytoTox 96% non-radicactive cytotoxicity assay (Promega, Madison, W_i_)). Usclul effector
cells for such assays include peripheral blood mononuclear cells (PBMC) and Natural Killer (INK)
cells. Alternatively, or additionally, ADCC activity of the molccule of inferest may be assessad
in vivo, e.g. i a animal model such ag that disclosed in Clynes et al,, Proc Natl Acad SciUSA 95,
652-656 {1998}
in some embodiments, binding of the Fo domain to a complement component, specifically to
Clg, 15 reduced. Accordingly, in some embodiments wherein the Fo domain is engineered to
have reduced effector function, said reduced effector function includes reduced CDC. Clg
binding assays may ve carricd out to determine whether the T cell activating bispecific antigen
bindmg molecule is able to bind Clq and hence has COC activity, See e.g., Clg and Cle binding
ELISA in WO 2006/025879 and WO 2005/100402. To assess complement activation, a CDC
assay may be performed {see, for example, Gazzano-Santore et al., J Immunoe! Methods 202, 163
{1996}, Uragg et al, Blood 101, 1045-1052 (2603); and Cragg and Glennie, Blood 103, 2738
2743 {2004y,

Antigen Binding Moieties
The antigen binding melecule of the wnvention is bispecific, i.e. it comprises at least two anligen

binding moieties capable of specific binding to two distinet antigenic determinants. According to
Y ] 124 & :
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the mvention, the antigen binding moietics are Fab molecules (Le. antigen binding domaing
composed of a heavy and a light chain, each comprising a variable and 2 constant region). In one
embodiment said Fab molecules are human. in another embodiment said Fab molecules are
humanized. In yet another embodiment said Fab molecules comprise human heavy and light
chain constant regions.

At least one of the antigen binding moietics is a single chain Fab molecule or a crossover Fab
molecule. Such moedifications prevent mispairing of heavy and hight chains from different Fab
moleciles, thereby tmproving the yield and purity of the T cell activating bispecific antigen
binding molecule of the invention in recombimant preduction. In a particular single chain Fab
malecule useful for the T cell activating bispecific antipen binding melecule of the invention, the
C-terminus of the Fab lght chain is connected to the N-terminug of the Fab heavy chain by a
peptide linker. The peptide linker allows arrangement of the Fab heavy and light chain to form a
functional antigen binding moilety, Peptide linkers suitable for connecting the Fab heavy and
Hpht chain include, for example, {548)%-GG (SEG 1D NGO 152) or (5G3-{SEG){8G-5G
BEQ 1D NG: 153). In a particular crossover Fab molecule useful for the T cell activating
bispectic antigen bindimg molecule of the myvention, the counstant regions of the Fab light chain
and the Fab heavy chain are exchanged. In another crossover Fab molecule useful for the T cell
activating bispecific antigen binding molecule of the mvention, the variable regions of the Fab
Light chain and the Fab heavy chain are exchanged.

In a particular embodiment according to the nvention, the T cell activating bispecific antigen
binding molecule it capable of simultanecus hinding to a target cell antigen, particularly a tumor
cell antigen, and an activating T cell antigen. In one embodiment, the T cell activating bispecific
antigen binding molecule is capable of crosslinking a T cell and a target cell by simultaneous
binding to a target cell antigen and an activating T cell antigen. In an even more particular
embodiment, such simultaneous binding results In lysis of the target cell, particularly a tumor
cell. In one embodiment, such simultancous binding results n activation of the T cell. In other
embodiments, such simultancous binding results in a cellular response of a T lymphocyte,
particularly a cytotoxic T lymphocyte, selected from the group of! proliforation, ditferentiation,
cytokine secretion, cviotoxic effector molecule release, eyiotoxic activity, and expression of
activation markers. In one embodiment, binding of the T cell activating bispecific antigen
binding molecule to the activating T cell antigen without simultancous binding 1o the target cell

antigen does not result in T cell activation.
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in one embodiment, the T cell activating bispecific antigen binding molecule is capable of re-
directing cytotoxic activity of a T cell to a target cell. In a particular embodiment, said re-
direction is independent of MHC-mediated peptide antigen presentation by the target cell and
and/or specificity of the T cell,

Particularly, a T cell according to any of the embodiments of the invention is a cytotoxic T cell.

In some embodiments the T cell is a CD47 or a CD8" T cell, particularly a CD8' T cell.
p v

Activating T cell autigen binding moiety

The T cell activating bispecific antigen binding molecule of the invention coraprises at least one
antigen binding moiety capable of binding to an activating T cell antigen (also referred to hercin
ag an “activating T cell antigen binding moiety’™). In a particular embodiment, the T cell
activating bispecific antigen binding molecule comprises not more than one antigen binding
moiety capable of specific binding to an activating T cell antigen. In one embodiment the T cell
activating bispecific antigen binding molecile provides monovalent binding to the activating T

cell anfio:

._')

en. The activating T cell antigen binding molety can either be a conventional Fab
molecule or a modified Fab molecule, Le. a single chain or crossover Fab molceule. In
embodiments where there is more than one antigen binding moiety capable of specific binding to
a tarpet cell antigen comprised in the T cell activating bispecific antigen binding molecule, the
antigen binding moiety capable of specific binding to an activating T cell antigen preferably is a
madified Fab molecule,

In a particular embodiment the activating T cell sntigen is CD3, particularly human CD3 (SEQ
i NGO 265) or cynomolgus CD3 (SEQ 1D NO: 266), most particularly human CD3. In a
particular embodiment the activating T cell antigen binding moiety is cross-reactive for (i.c.
specifically binds to) humean and cynomolgus CD3. In some embodiments, the activating T celt
antigen is the epsilon subunit of CD3.

In one embodiment, the activating T cell antigen binding moiety can corapete with monoclonal
antibody H2C (described in PCT publication no. WOZ008/119567) for binding an epitope of
CD3. In another embodiment, the activating T cell antigen binding moiety can compete with
monoclonal antibody V9 {described in Rodrigues et al, Int J Cancer Suppl 7, 45-50 (1992) and
US patent no. 6,054,297 for binding an epitope of CD3. In vet another embodiment, the
activating T cell antigen binding meiety can compete with monoclonal antibody FNI18
{described in Nooij et al, Eur 1 Immunol 19, 981-984 (1986)) for binding an epitope of CD3. In

a particular embodiment, the activating T ccll antigen binding moiety can compete with
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menoclonal antibody SP34 {described in Pessano et al., EMBO § 4, 337-340 (1985} for binding
an epitope of CD3. In one embodiment, the activating T cell antigen binding moiety binds fo the
same epitope of CE3 as monoclonal antibody S5P34. In one embodiment, the activating T cell
antigen binding moiety comprises the heavy chain CDRI of SEQ ID NO: 163, the heavy chain
CDR2 of SEQ 1 MNO: 165, the heavy chain CDRY of SEQ 1D NO: 167, the light chain CORT of
SEQ D NO: 171, the Hght chain CBR2 of SEQ 1D MNO: 173, and the light cham CDR3 of 8EG
1D NG 175, In e further embodiment, the activating T cell antigen binding moiety comprises a
heavy chain variable region sequence that is af least about 80%, 85%, 90%, 95%, 96%, 97%,
98%, 99% or 100% identical to SEQ 1D NG 169 and a light chain variable region sequence thaf
15 at least about 80%., 85%, 90%, 95%, 96%, 97%, 98%, 99% or 100% identical to SEQ 1D NO:
1777, or vartants thereof that retain functionality
In a particular embodiment, the activating T cell antigen binding molety comprises the heavy
chain CDOR1 of SEQ 1O NO: 249, the heavy cham CDR2 of SEQ 1D NOG: 251, the heavy chain
CDR3 of SEGQ 13 NG: 253, the light chain TDRI of SEQ 1D NG; 237, the light chain CDR2Z of
SEG 1D NG: 259, and the hight chamm CDR3Z of SEQ ID NG: 261 in one embodiment, the

activating T cell antigen binding molety can compete for binding an eptiope of CO3 with an

amtigen binding molety comprising the heavy chain CIRY of BEQ 1D NGO 249, the heayv chain
CDR2 of SEQ ID NO: 251, the beavy chamm CDR3 of BEQ 1D NO: 253, the hight chain CORT of

BECQ 1D NGO 257, the Hight chain CDRZ of SEQ 1D NG: 259, and the Hight chain CDE3 of 5EG
D NO: 2610 In one embodiment, the activating T cell antigen binding moiety binds to the same
eptiope of D3 as an antigen binding moiety comprizing the heavy cham CDRI of SEQ 1D NO:
249, the heavy chain CORZ of SEQ TD NO: 251, the heavy chain CDR3 of SEQ 1D NG 253, the
light chain CORI of SEQ 1D NO: 257, the light chain CDR2Z of SECQ 1D NO: 259, and the light
chain COR3 of SEQ 112 WO 261, In a further erabediment, the activating T cell a;nijgcn binding
moicty comprises a heavy chain variable region sequence that is at least about 80%, 85%, 0%,
95%, 96%, 97%, 98%, 99% or 100% wentical to SEQ 1D NG: 255 and a light chain variable
region scquonce that is at least about 80%, 85%, 90%, 95%, 96%, 97%, 98%, 99% or 100%
identical to SEQ 13 NGO 263, or variants thereof that vetain functionality. In one cmbodiment,
the activating I cell antigen binding moiety can compete for binding an epitope of CD3 with an
anfigen binding moiety comprising the heavy cham varable region sequence of SEQ ID NO
255 and the light chain variable region sequence of SEQ 1D NGO 263, In one embodiment, the
activating 7 cell antigen binding moiety binds to the same epitope of T3 as an antigen binding

moicty comprising the heavy chain variable region sequence of SEQ 1D NO: 255 and the light
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cham variable region sequence of SEQ 1D NO: 263, In another embodiment, the activating T cell
antigen binding moiety comprises a humanized version of the heavy chain variable region
sequence of SEQ ID NO: 255 and a humanized version of the light chain variable region
sequence of SEQ 1D NO: 263, In one embodiment, the activating T cell antigen binding moicty
cor.nprises the heavy chain CDR1 of SEQ 11 NG 249, the heavy chain CDRZ of SEG 1D NG
251, the heavy chain CDR3 of SEQ 1D NO: 253, the light chatn CDRI of SEGQ 1D NG: 257, the
light chain COR2 of SEG 1D NO: 259, the hight chain CDR3 of SEQ 1D NG: 261, and human

heavy and light chain variable region framework sequences

Target cell antigen binding moiety

The T cell activating hispecific antigen binding roolecule of the invention comprises af least one
antigen binding molety capable of binding to a target cell antigen {also referred to herein as an
“target cell antipen binding moiety”y. In certam embodiments, the T cell activating bispecific
antigen bimdmg molecule comprises two antigen binding moicties capable of binding to a target
cell antigen. In a parbicular such embodirnent, each of these antigen binding moieties specitically
binds to the same antigenic determinant. in one embodiment, the T cell activating bispecilic
antigen binding molecule comprises an imnmuncglobulin molecule capable of specific binding to

Ll

a target cell antigen. In one erabodiment the T cell activating bispecific antigen binding molecule
cornprises not tore than two antigen binding meicties capable of binding to a target cell antigen.
The target cell antigen binding moiety 8 geonerally a Fab molecule that binds to a specific
antigenic determinant and is sble to direct the T cell activatmg bispecific antigen binding
molecule to a target site, for example to a specific type of fumor cell that bears the antigenic
defermunant.

In certain embodiments the target cell antigen binding moiety s directed to an antigen associated
with a pathological condition, such as an antigen presented on a tumor cell or on a virus-infected
cell, Suitable antigens are cell surface anfigens, for example, but not Hmiied to, cell surface
receptors. In particular embodiments the antigen is a humean anfigen. In a speaific embodiment
the target cell antigen is selected from the group of Fibroblast Activation Protein {(FAP),
Melanoma-assoeciated Chondrotim Bulfate Protesglyecan (MCSP), Epidermal Growth Factor
Receptor (EGER), Carcinoembryonic Antigen (CEA),CD19, CDZ0 and CID33.

In particular embodiments the T cell activating bispecific antigen binding molecule comprises at
least one antigen binding moiety that 18 specific for Melanoma-associated Chondroitin Sulfate

Proteoglycan (MCSP). In one embodiment the T cell activating bispecific antigen binding
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molecule comprises at least one, typically two or more antigen binding moietics that can
compete with monoclonal antibody LCO07 (see SEQ D NOs 75 and 83, and European patent
apphication no, EP 111783932, incorporated herein by reference in its entirety) for binding to an
epitope of MCEP, In one embodiment, the antigen binding moiety that i specific for MCSP

comprises the heayy chain CDRI of SEQ 11D NG: 69, the heavy chain CDBR2 of SEQ 1D NO: 71,
the heavy chain CDR3 of SEQ 1D NO: 73, the light chain CORI of 5EHQ 1D NO: 77, the light
cnain CDRZ of SEQ ID NG: 79, and the light chain CDR3 of SEQ 1D NO: 81, In a further
embodiment, the antigen binding moicty that 15 speeific for MUSBP comprises a heavy chain
variable region sequence that is at least about 80%, 85%, 90%, 95%, 96%, 97%, 98%, 99% or
{00% identical to SEQ 1D NO: 75 and a light chain variable region sequence that 18 at least
about 80%, 85%, 50%, 95%, 96%, 97%, 98%, 99% or 100% identical to SEQ 1D MNO: 83, or
variants thereof that retain functionality. In particular embodiments the T cell activating
bispecific antigen binding molecule comprises at lcast one, typically two or more antigen
binding moleties that can compete with monoclonal antibody M4-3 MLZ {see SEQ 1D NOs 239
and 247, and Furopean patent application no. EP 11178393 .2, incorporated herein by reference
i ity entiretyy for bindig fo an epitope of MCSP. In one embodiment, the antigen binding
moiety that 18 specific for MUSP binds to the same epitope of MCUSP as monoclonal antibody
Md-3 ML2. in one embodiment, the antigen binding moiety that 18 specific for MUSP comprises
the heavy chain CDR1 of SEG 1D NO: 233, the heavy chain CIDRZ of 5 1D NO: 235, the
heavy chain CHR3 of SEQ 1D NG: 237, the light chain CORI of SEQ 15 NOG: 241, the lght
chain CDR2 of SEQ 1D NO: 243, and the light cham CDR3 of BEQ 11D NOG: 245, In a further
cmbodiment, the antigen binding mowety that is specific for MCSP comprises a heavy chain
variable region sequence that is at least about 80%, 85%, 90%, 95%, 96%, 97%, 98%, 99% or
100%, pasticularly about 98%, 99% or 100%, identical to SEQ 1D NO: 239 and a light chain
variable region sequence that s at least about 80%, 85%, 90%, 95%, 96%, 97%, 98%, 99% or
100%, particularly about 98%, 99% or 100%, dentical to SEQ 1D NO: 247, or variants thereof
that retain functionality. in one cmbodiment, the antigen binding moiety that is specific for
MOSP comprises the heavy and Lght chamn variable region seguences of an affinity matured
version of monoclonal antibody M4-3 MLZ. In one embodiment, the antipen binding moiety that
is specific for MCSP cornprises the heavy chain variable region sequence of SHQ 11D NO: 239
with one, two, three, four, five, six or seven, particularly two, three, four or five, amino acid
substitutions; and the light chain variable region sequence of SEQ 1D NO: 247 with one, two,

three, four, five, 3ix or seven, pmhmﬂazly twa, three, four or Hve, amino acid substitutions. Ajw
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amino acid residue within the variable region sequences may be substituted by a different amino
acid, mcluding amino acid resudues within the CDR regions, provided that binding to MCSP,
particularly human MOUSP, 18 preserved. Preferred variants are those having a binding affinity for
MCSP at least equal {or stronger) to the binding affinity of the antigen binding moicty
comprising the unsubstituted variable region sequences.

In one embodiment the T cell activating bispecific antigen binding molecule comprises the
poiypeptide sequence of SEQ 1D NO: 1, the polypeptide sequence of SEG 1D NG: 3 and the
polvpeptide sequence of SHQ 1D NO: 5, or variants thereof that retain functionality. In a further
cmbodiment the T cell activating bispecific antigen binding molecule comprises the polypeptide
sequence of SEQ 1D NG: 7, the polypeptide sequence of SEQ 1D NO: 9 and the polypeptide

.

sequence of SEQ 1D NO: 11, or variants thereof that rvetain finctionality, In yet another
embodiment the T cell activating bispecific antigen binding melecule comprises the polypeptide
secuence of SEQ 1D NO» 13, the polypeptde sequence of SEQ 1D NO: 15 and the polypeptide
sequence of SEQ 1D NO: 5, or variants thereof that retain functionality. In vet another
ernbodiment the T cell activating bispecific antigen binding molecule comprises the polypeptide
sequence of SEQ 113 NG: 17, the polypeptide sequence of SEQ [ NO: 19 and the polypeptide
sequence of SHQ 1D NO: 5, or variants thereof that retain functionality, In another embodiment
the T cell activating bigpecific antigen binding molecule comprises the polypeptide sequence of
SEQ 1D NG: 21, the polypeptide sequence of SEQ 1D NO: 23 and the polypeptide sequence of
SEQ ID NO: 5, or variants thereotf that retain functionality. Tn still another embodiment the T
cell activating bigpecific antigen binding molecule comprises the polypeptide sequence of SEQ
T MG 25, the polypeptide sequence of SEQ 1D NO: 27 and the polypeptide sequence of SEQ
I MG: 5, or vartants thereof that retamm functionality. In another embodiment the T cell
activating bispecific antigen binding molecule comprises the polypeptide sequence of SEQ 1D
NG 29, the polypeptide sequence of SEQ 1D NO: 31, the polypeptide sequence of SEQ 1D NO:
33, and the polypeptide sequence of SEQ 1D NO: 5, or variants thereof that retain functionality.
In another embodiment the T cell activating bispecific antigen binding molecule comprises the
polypeptide scquence of SEGQ 1D NG: 29, the polypeptide sequence of SEQ D MNO: 3, the
polypeptide sequence of SEQ 1D NO: 33, and the polypeptide sequence of SEQ 1D NO: 5, or
variants thercof that retain functionality. In another embodiment the T cell activating bispecific
antigen binding moelecule comprises the polypeptide sequence of SEQ 1D NO: 35, the

polypeptide sequence of SEQ ID NO: 3, the polypeptide sequence of SEQ 113 NO: 37, and the

T

polypeptide sequence of SEQ 1D NO: 5, or variants thercof that retain functionality. In another
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embodiment the T cell activating bispecific antigen binding molecule comprises the polypeptide
scquence of SHQ ID NO: 39, the polypeptide sequence of SEQ 1D NO: 3, the polypeptide
sequence of SEQ 1D NO: 41, and the polypeptide sequence of SEG 1D NO: 5, or variants thereof
that retain functionality, In vyet another embodiment the T cell activating bispecitfic antigen
binding molecule comprises the polypeptide sequence of SEQ ID NO: 29, the polypeptide
sequence of BEQ 1D NO: 3, the polypeptide sequence of SEQ ID NO: 5 and the polypeptide
sequence of SEQ 1D NG: 179, or variants thereof that retain functionality. In one embodiment
the T cell activating bispecific antigen binding molecule comprises the polypeptide sequence of
SEQ D MO: S, the pelypeptide sequence of SEQ 1D NG 29, the polvpeptide sequence of SEQ
113 NO: 33 and the polypeptide sequence of SEQ 1D NO: 181, or variants thereof that retain
functionality. In one embodiment the T cell activating bispecific antigen binding molecule
comnprises the polypeptide sequence of SEQ D NG: 5, the polypeptide sequence of SEQ 1D NO:
23, the polypeptide sequence of SEQ 1D NO: 183 and the polypeptide sequence of SEQ 1D NO:
185, or varianis thereof that vetain functionality. In one embodiment the T cell activating
bispecific anligen binding molecule comprises the polypeptide sequence of SEQ 1D NO: 5, the

polypeptide sequence of SEQ 1D NG: 23, the polypeptide sequence of SEQ 1D NO: 183 and the
;r,n{)ly'pc_a_?tédc sequence of BEQ 1D NO: 187, or variants thereof that retain functionality, In one
cmbodiment the T cell activating bispecific antigen binding molecule comprises the polypeptide
sequence of SEQ 1D NO: 33, the polypeptide sequence of SEQ 1D NO: 189, the polypeptide
sequence of SEG 1D NO: 191 and the polypeptide sequence of SEQ ID NO: 193, or variants

-

thereof that refam functionality. In one embodiment the T cell activating bigpecific antigen
binding molecule c:mnpri.s;es the polypeptide sequence of SEQ 1D NO: 183, the polypeptide
sequence of SEQ 1D NO: 189, the polypeniide sequence of SEQ 1D NG: 193 and the polypeptide

sequence of SEQG I 195, or variants thereof that retain functionality. In one cmbodinent

SEQ H MG 189, the polvpeptide sequence of BEQ 1D NO: 193, the polvpeptide sequence of
SEQ 1D NO: 199 and the polypeptide sequence of SEQ 1D NO: 201, or variants thereol that
retain functionality, In one embodiment the T cell activating bispecific antigen binding molecule
comprises the polypeptide sequence of BEQ 13 NO: 5, the polypeptide sequence of SEQ ID NO
23, the polypeptide sequence of SEQ 1D NO: 215 and the poelypeptide sequence of SEQ 1D NO:
217, or variants thereof that retain functionality. In one embodiment the T cell activating

bigpecific antigen binding molecule comprises the polypeptide sequence of SEQ 1D NGO 5, the
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polypeptide scquence of SEQ ID NO: 23, the polypeptide sequence of SEQ D NO: 215 and the
polypeptide seguence of SEQ 1D NO: 219, or variants thercof that retain functionality.

In a specific embodiment the T cell activating bispecific antigen binding molecule comprises a
polypeptide sequence encoded by a nolynucleotide sequence that iz at least about 80%, 835%,
90%, 95%, 90%, 97%, 98%, 99% or 100% identical to a sequence sclected from. the group of
SEE D NO: 70, SEQ 1D NO: 72, SEQ 1D NO: 74, S5EQ 1D NO: 76, 8EQ [D NO: 78, SEQ 1D
NG: 80, SEQ 1D NG 87, SEQ 1D NO: 84, SEQ 1D NO: 234, SEQ 1D NO: 236, SEQ 1D NO:
238, SEQ D NO: 240, SEG 1D NO: 242, SEQ 1D NO: 244, SEQ 1D NO: 246, SEQ 1D NG: 248,
SEG D NG 2, SEQ 1D NGO 4, SEG 1D NO: 6, SEQ D NO: &, 5EQ 1D NO: 10, SEG 1D NO:
12, SEQ D NGO 14, SEQ 1D NG 16, SEQ ID NO: 18, SEQ ) NO: 20, SEQ ID NG 22, SEQ
I8 NGO 24, SEQ D NG: 26, SEG 1D NO: 28, SEQ 1D NO: 30, SEQ ID NO: 32, SEQ ID NO:
34, SEQ 1D NG: 36, 5EG 1D NG: 38, SEQ 1D N2 40, SEQ 1D WO: 42, SEQ 1D NO: 180, SEQ
1 NO: 182, SEQ 1D NG: 184, SEQ ID NG 186, SEQ 1D NO: 188, BEQ 1D NO: 190, SEQ iD
WNO: 192, SEQ D NO: 194, 3EQ 15 NO: 196, SEQ 13 NO: 200, SEQ 1D NO: 202, BEQ 1D N
216, BEQ T NO: 218 and SEQ 1D NO: 220,

In one embodiment the T cell activating bispecific antigen binding molecule comprises at least
one antigen binding moiety that 15 specific for Epidermal Growth Factor Receptor (EGFR). In
another embodiment the T cell activating bispecific antigen binding molecule comprises at least
one, typically two or more antigen binding roieties that can compete with monoclonal antibody
GAZ01 for binding to an epitepe of EGFR. See PCT publication WO 2006/082515, mcorporated
herein by reference in s entrety. In one embodiment, the antigen binding meiety that is specific
for EGFR comprises the heavy chain CDRI of SEQ 13 NG: 85, the heavy chain CDR2 of SEQ
D NGO 87, the heavy chain CDR3 of SEQ 1D NO: 89, the Hght chaimn COR1 of SEQ T NO: 93,
the light chain CDRZ of SE( 1D NO: 95, and the light chain CDR3 of SEQ ID NG 97. Ina
further embodiment, the antigen binding moiety that is specific for EGFR comprises a heavy
chain variable region sequence that 18 at least sbout B0%, 85%, 90%, 95%, 96%, 97%, 98%, 90%
or 100% identical to SEQ 1D NO: 91 and a light chatn variable region sequence that s at least
about 80%, 85%, 90%, 95%, 96%, 97%, 98%, 99% or 100% identical to SEQ ID NO: 99, or
variants thereof that retain functionality,

In yet another embodiment the T cell activating bigpecilic antigen binding molecule comprises
the polypeptide sequence of SEQ [D NO: 43, the polypeplide sequence of SEG ID NGO 45 and
the polypeptide sequence of SHQ 1D NO: 47, or variants thereot that retain functionality. In a

further embodiment the T cell activating bispecific antigen binding molecule comprises the
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polypeptide sequence of SEQ 1D NO: 49, the polypeptide sequence of SEGQ 1D MG: 51 and the
polypeptide sequence of SEQ 1D NG 11, or variants thereof that retain functionality. In yet
another embodiment the T cell activating bispecilic antigen binding molecule comprises the
polypeptide sequence of SEQ 1D NO: 53, the polypeptide sequence of SEQ 1D NG 45 and the
polypeptide sequence of SEQ 1D NO: 47, or variants thereof that retain functionality.

In a spectfic embodiment the T cell activating bispecitic antigen binding melecule comprises a
polypeptide sequence encoded by a polynucleotide sequence that 1s at least about 80%, 85%,
0%, 95%, 96%, 97%, 98%, 99% or 100% ideatical to a sequence selected from the group of
SEQ D NG: 86, SEQ 1D NO: 88, BEQ 1D NO: 90, SEQ 1D NOG: 92, SEQ 1D NO: 64, SEQ 1D
NO: 96, SEG 1D NO: 98, SEQ 1D NOG: 160, SEQ 1D NO: 44, SEQ 1D NO: 40, SEQ 1D NO: 48,
SEQID NG: 50, SEQ D NG: 52, SEQ 1D NG: 54 and SEQ ID NG 12

In one embodiment the T cell activating bispecific antigen binding molecule comprises at least
one antigen binding maiety that is specific for Fibroblast Activation Protein {(FAP). In another
embodiment the T cell activating bispecific antigen binding molecule comprises at least one,
typically two or more aptigen binding moieties that can compete with monoclonal antibody 32
for binding to an epitope of FAP, See PCT publication WO Z012/020006, incorporated herem by
reference o its entivety. In one embodiment, the antigen binding moiety that is specific for FAP
coraprises the heavy chain CDRI of SEQ 1D NO: 101, the heavy chaim CDRZ of SEQ D NG:
163, the heavy chain CDR3 of SEQ 1D NO: 105, the hight chain CDRT of SEG 1D MNO: 109, the
fight chain TDRZ of SEQ 1D NO: 111, and the light cham CDR3 of BEQ 1D NO: 113, In a
further embodiment, the antigen binding moicty that 15 specific for FAP comprises & heavy chain
variable region sequence that s at least about 80%, 85%, 90%, 95%, 96%, 97%, 98%, 99% or
100% identical to SEQ 1D NO: 107 and a light chain variable region sequence that is at least
about 80%, 85%, 90%, 95%, 96%, 97%, 98%, 99% or 100% identical to SEQ 1D NO: 115, or
variants thereof that retain functionality.

in yet another embodiment the T cell sctivating bispecific antigen binding molecule comprises
the polypeptide sequence of SEQ 1D WNO: 55, the polypeptide sequence of SEQ 1D NG: 51 and
the polypeptide sequence of SEQ ID NO: 11, or vanants thereof that retain functionality. In a
further embodiment the T cell activating bispecific antigen binding mefecule comprises the
polypeptide sequence of SEQ 1D NO: 57, the polypeptide sequence of SEQ TD NO: 59 and the
polypeptide sequence (‘;fSEQ iD NGO 61, or variants thereof that retam ﬁi‘f]d}'.@f‘;&iﬁ}f.

polypentide sequence encoded by a po}.fymm!cu'{iide sequence that i at least about 80%, 85%,



W 20130206833 POT/EPOIZ/A6601A
-57-

90%, 93%, 96%, 97%, 98%, 99% or 100% identical to a scquence selected fram the group of

SEQID NO: 102, SEQ 1D NG: 104, SEQ 1D NO: 106, 5EQ 1D NO: 108, SEQ 1D NG 110, SEQ
3 NO: 112, SEQ 1D NO: 114, SEQ D NO: SEQ 1D NO: 56, SEQ 1D NO: 58, SEQ 1D

NO: 60, SEQ ID NG: 62, 5EQ D NO: 52 and SEQ 1D NO: 12,

In particular embodiments the T cell activating bispecific antigen binding molecule comprises at

least one antigen binding moiety that 15 specific for Carcincembryonic Antigen (CEA). In one

embodiment the T cell

activating bispecific antigen bindmg molecule comprises at least one,
?_ypica}}y two or more antigen bmding moleties that can compete with menecional antibody
BWA31/26 {described mn Buropean patent no. EP 160 897, and Bosslet ot al, Tnt § Cancer 36, 75-
84 (1985)) for binding to an epitope of CEAL In one embodiment the T cell activating bispectfic
antigen bmding molecule comprises af least one, typieally two or more antigen binding moietics
that can compete with monoclonal antibody CHIALA (sec SEQ 1D NGy 123 and [31) for
binding to an epitope of CEA. See PCT patent publication number WO 201 1/023787,
incwpmatc:d herein by reference o its entivety. In one embodiment, the antigen binding moicty
that is specific for CHA binds to the samo epttope of CEA as monoclonal antibody CHIATA In
one embodiment, the antigen binding moicty that is ﬁ;p@ci:ﬁc for CEA compriscs the heavy chain
CDRI of SEG ID NG 117, the heavy chain CDRZ of 1D WO 119, the heavy cham CDR3
of SEG 1D NO: 121, the Heht chain CDRI o0 SEQ 1D NO: 125, the light chain CDR2 of SEQ 1D
MO: 127, and the tight chain CBR3 of SEG 1D NMO: 129, In a further embodiment, the antigen
binding moiety that is specific for CEA comprises a heavy chain variable region sequence that is
at least about 80%, 85%, 90%, 95%, 96%, 7%, 98%, 99% or 100%, particudarly about 98%,
G9% or 160%, wentical to SEQ 1D NO: 123 and a light chain variable region sequence that is at
least about 80%, 85%, 50%, 95%, 96%, 97%, 98%, 99% or 100%, particularly about 98%, 99%
or 100%, wentical to SHG 1D MO 131, or varants thereof that retain functionality, In one
embodiment, the antigen binding moiety that 18 specific for CEA comprises the heavy and hight
chain wvariable region sequences of an affinity matured version of monoclonal antibody
CHIATA. In one embodiment, the antigen binding moiety that is specific for CEA comprises the
heavy chain variable region sequence of SEQ 1D NO: 123 with one, two, three, four, five, six or
seven, particularly two, three, four or five, amino acid substitutions; and the hight chamn variable
region sequence of BEQ 13 NO: 131 with one, two, three, four, five, six or seven, particularly
fwo, three, four or five, anuno acid substitutions. Any amine acid residue withm the variable
rogion sequences may be substituted by a different amine acid, including amino acid residues

within the CIDR regions, provided that binding to CEA, particularly human CEA, s preserved.
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Preferred variants are thoese having a binding affinity for CEA at least equal (or stronger)} to the
bmding atfinity of the antigen binding moicty comprising the unsubstituted variable region
SEQUCHCRS.

In one cmbodiment the T cell activating Dispecific antigen bmdmg molecule comprises the
polypeptide sequence of SEQ 1D NO: 63, the polypeptide sequence of SEQ 1D NO: 65, the
polypeptide sequence of BEQ 1D NO: 67 and the polypeptide sequence of SEQ 11D NO: 33, or
variants thercof that retain functionality, In cne embodmment the T cell activating bispecific
antigen binding molecule comprises the polypeptide sequence of BEQ D NG 65, the
polypeptide sequence of SEQ 1D NG 67, the polypeptide sequence of SEQ ID NG 183 and the
polypeptide sequence of SEQ 11 NO: 197, or variants thereof that retain functionality. In one
embodment the T cell activating bispecific antigen binding molecule cemprises the polypeptide
sequence of S’E.Q 1B NG 183, the polypeptide sequence of SEQ 1D NO: 203, the polypeptide
sequence of SEQ 1D NGO 205 and the polypeptide sequence of SEQ 1D NO: 207, or variants
thereot that retain functionality, In one embodiment the T cell activating bispecific antigen
binding moelecule comprises the polypeptide sequence of SEQ 1D NO: 183, the polypeptide
sequence of BEQ T NG: 209, the polypepiide sequence of SEQ 1D NG: 211 and the polypeptide
equence of SEQ 1D NO: 213, or variants thereof that retain functionality.

In a specific embodiment the T cell activating bispecific antigen binding molecule comprises a
polypeptide scquence encoded by a polynucleotide sequence that is at least about B0%, 85%,
S0%, 95%, 96%, 97%, 8%, 99% or 100% identical to a scquence selected from the group of
SEOIDNO: 118, SEQ 1D NO 120, SEQ D NO: 122, 5EQ HD NG: 124, SEQ 1D NO: 126, SEQ
T MO 128, 5EG 1D NO: 130, SEQ 1D NG 132, 5EQ 1D NG: 64, SEQ 1D NO: 66, SEQ I
NO: 68, SE 3 1D NO: 34, SEQ TD NO: 184, BEQ 1D WO 198, BEQ 1D NO: 204, 5EQ 1D M
206, SEQ ID NOC: 208, SEQ ID NG 210, SEQ 1D NG: 212 and SEQ ID NO: 214

in one embodiment the T cell activating bispecific antigen binding molecule comprises at least
one anfigen binding moicty that g specific for CD33. In one embodiment, the antigen h'inding
moiety that is specific for CD33 comprises the heavy chain CUDRI of 5EQ 1D NO: , the _
heavy chain CDR2 of SEQ 1D NO: 135, the heavy chain CDR3 of SEQ 1D NO: 137, the light
chain CDRT of SEQ 1D MO 141, the light chamm CDR2Z of SEQ 1D NO: 143, and the light chamn
CDR3 of SEG D NO: 145 In a further cmabodiment, the antigen binding moiety that is specific
for C33 comprises a heavy chain variable region sequence that s at least aboul 80%, 85%,

G906%, 95%, 96%, 97%, 98%, 99% or 100% identical to SEQ 1D NO: 139 and & light chain
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variable region sequence that 1s at least about 80%, 85%, 90%, 95%, 96%, 97%, 98%, 99% or
100% identical to SEQ 1D INO: 147, or variants thereof that retain functionality,

In one embodiment the T cell activating bispecific antigen binding molecule comprises the
polypeptide scquence of SEQ D NO: 33, the polypeptide sequence of SEQ 113 NO: 213, the
polypeptide sequence of SEQ 1D NO: 221 and the polypeptide sequence of SEQ 10D NO: 223, or
variants thereof that retain functionality. In one embodiment the T cell activating bispecific
antigen binding molecule comprises the polypeptide sequence of SEQ ID NO: 33, the
polypeptide sequence of SEQ 1 NO: 221, the polypeptide sequence of SEQ 1D ™NO: 223 and the
polypeptide scquence of SEQ 1D MNO: 223, or variants thercof that retain functionality.

In a specific embodiment the T cell activating bispecific anfigen binding molecule comprises a
polypeptide sequence encoded by a polynucleotide sequence that 1s at least about 80%, 85%,
B0%, 5%, 96%, 97%, 98%, 99% or 100% 1dentical to a scquence sclected from the group of
SEQID NG: 134, 3EG 1D MO: 136, SEQ [ NO: 138, SEQ IDNG: 140, SEQ 1D NO: 142, SEQ
10D NG 144, SEQ 1D NO; 146, SEQ 1D NGO 48, SEG 1D NO: 34, SEG 1D MO: 214, 8EG 1D
NO: 222, BEQ D NO: 224 and SEG 15D NO: 226,

Folynnclestides

The invention further provides isolated polynucleotides encoding a T cell activating bispecific
aptigen binding molecule as described herein or a fragment thereof.

Polynucleotides of the nvention include those that are at least about 80%, 85%, 90%, 95%, 56%,
97%, 98%, 99%, or 100% identical to the sequences set forth n SEQ 1D NGs 2, 4, 6, 8, 10, 12,
14, 16, 18, 20, 22, 24, 26, 28, 30, 32, 34, 36, 38, 40, 42, 44,46, 48, 50, 52, 54, 36, 58, 60, 62, 64,
66, 08, 70, 72, 74, 76, T8, 80, 82, 84, 86, 88, 60, 62, 94, 96, 98, 100, 102, 104, 106, 108, 110
112, 114, The, 118, 120, 122, 124, 126, 128, 130, 132, 134, 136, 138, 140, 142, 144, 146, 148,
led, 166, 168, 170, 172, 174, 176, 178, 180, 182, 184, 180, 188, 190, 192, 194, 186, 198, 200,
202, 204, 206, 208, 210, 212, 214, 216, 218, 220, 222, 224, 226, 228, 230, 232, 234, 236, 238,
240, 242, 244, 246, 248, 250, 252, 254, 256, 258, 260, 262 and 264, including functional
fragments or varianis thereof

The polynucleotides encoding T cell activating bispecific antigen binding molecules of the
ivention may be expressed as a single polynucleotide that encodes the entive T cell activating
owspecific antigen binding molecule or as multiple {e.g., two or more} polynucieotides that are
co-expressed. Polypeptides encoded by polynucleotides that are co-expressed may associate

through, c.p. disullide bonds or other means to form a functional T cell activating bispecific
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antigen binding molecule. For example, the light chain portion of an antigen binding moiety may
be encoded by a separate polynucleotide from the portion of the T cell activating bispecific
antigen binding molecule comprising the heavy chain portion of the antigen binding moiety, an
Fe domain subunit and optionally (part of) avother antigen binding moiety. When co-expressed,
the heavy chain polypeptides will associate with the light chain polypeptides to form the antigen
binding moiety. In another example, the portion of the T cell activating bispecific antigen
binding molecule comprising one of the two Fe domain subunits and optionaily (part of) one or
more antigen binding moieties could be encoded by a separate polynucieotide from the portion
of the T cell activating bispecific antigen binding molecule comprising the the other of the two
Fe domain subunits and optionally (part of) an antigen binding moiety, When co-expressed, the
Fo domain subunits will associate to form the Fe domain.

In certain embodiments, an isolated polynucleotide of the invention encodes a fragment of a T
cell activating bispecific anfigen binding molecule comprising a first and a second antigen
bmding moiety, and an Fo domain consisting of two subunits, wherein the first antigen binding
moicty 18 a single chain Fab molecule. In one embodiment, an isolated polynucleotide of the
mvention encodes the first antigen binding moiety and a subunit of the Fe domain. In a more
specific embodiment the solated polynucleotide encodes a polypeptide wherein a single chain
rab molecule shares a carboxy-terminal peptide bond with an Fo domain subunit. In another
embodiment, an solated polynucleotide of the invention encodes the heavy chain of the second
antigen binding moiety and a subunit of the Fe domain. In a more specific cmbodiment the
isolated polynucleotide encodes a polvpeptide wherein a Fab heavy chain shares a carboxy
terminal peptide bond with an Fo domain subunit, In vet another embodiment, an isolated
polynucleotide of the nvention encodes the first antigen binding moiety, the heavy chain of the
second antigen binding moiety and a subunit of the Fe domain, In a more specific embodiment,
the isolated polynucleotide encodes a polypeptide wherein a gingle chain Fab molecule shares a
carboxy-terminal pepiide bond with a Fab heavy chain, which in tum shares & carboxy-terminal
peptide bond with an Fe domain subunit,

In certain embodiments, an isolated polynucleotide of the invention encodes a fragment of a T
cell activating bispecific antigen binding molecuic comprising a first and a second antigen
binding moicty, and an Fc domain consisting of two subunits, wherein the first antigen binding
molety 1s a crossover Fab melecule. In one embodiment, an isolated polynucleotide of the
mvention encodes the heavy chain of the first antigen binding molety and a subunit of the Fo

domain. In a more specific embodiment the isolated polynucleotide encodes a polypeptide
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wherein Fab light cham variable region shares a carboxy terminal peptide bond with a Fab heavy
chain constant region, which in turm shares a carboxy-terminal peptide bond with an Fc domain
subunit. In another specific embodiment the isolated polynucleotide encodes a polypeptide
wherein Fab heavy chain variable region shares a carboxy terminal peptide bond with a Fab light
chain constant region, which in turn shares a carboxy-terminal peptide bond with an Fo domain
subunit. In another embodiment, an isolated polynucleotide of the invention encodes the heavy
chain of the second antigen bmding moiety and a subunit of the Fo domain. In a more specific
embodiment the isolated polynucleotide encodes a polypeptide wherein a Fab heavy chain shares
a carboxy termmal peptide bond with an Fo domain subunit. In yet ancther embodiment, an
iwolated polynucicotide of the invention encodes the heavy chain of the first antigen binding
moeicty, the heavy chain of the second antigen binding moiety and a subunit of the Fe domain. in
a more specilic embodiment, the isolated polynucleotide encodes a polyneptide wherein a Fab
light cham variable region shares a carboxy-terminal peptide bond with a Fab heavy chain
constant region, which in turn shares a carboxy-terminal peptide bond with a Fab heavy chain,
which i turn shares a carboxy-terminal peptide bond with an Fe domain subunit. In another
speeitic embodiment, the isolated polynucleotide encodes a polypeptide wherein a Fab heavy
chain variable reglon shares a carboxy-terminal peptide bond with a Fab light chain constant
region, which in turn shares a carboxy-termingl peptide bond with a Fab heavy chain, which in
turn shares a carboxy-terminal peptide bond with an Fe domain subunit, In yet anocther specific
embodiment the isolated polynucleotide encodes 2 polypeptide wherein a Fab heavy chain shares
a carboxy-terminal peptide bond with » Fab light chain vaviable region, which m turn shares a
carboxy-terminal peptide bond with a Fab heavy chain constant region, which in turn sharcs a
curboxy-terminal peptide bond with an Fe domain subunit. In still another specific embodiment
the isolated polynucleotide encodes a polypeptide wherein a Fab heavy chain shares a carboxy-
terminal peptide bond with a Fab heavy chain variable region, which in turn shares a carboxy-
terminal peptide tond with & Fab light chain constant region, which in turn shares a carboxy-
terminal peptide bond with an Fe domain subunit,

In further embodiments, an isolated polynucleotide of the mvention encodes the heavy chain of a
third antigen binding moiety and a subunit of the Fc domain. In a more specific embodiment the
isclated polynucleotide encodes a polypeptide whercin a Fab heavy chain shares a carboxy
terminal peptide bond with an Fo domam subunit.

In ﬁzrthcr emboediments, an wolated polynucleotide of the nvention encodes the Hght chain of an

antigen binding moeiety. In some cmbodiments, the isolated polynucleotide cncodes a
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polypeptide wherein a Fab light chain variable region shares a carboxy-terminal peptide bond
with a Fab heavy chain constant region. hi other embodiments, the isolated polynucleotide
encodes a polypeptide wherein a Fab heavy chain variable region shares a carboxy-terminal
neptide bond with a Fab Light cham constant region. In still other embodiments, an isolated
polynuecleotide of the invention cncodes the light chain of the first antigen binding moicty and
the light chain of the second antigen binding moiety. In a more specific embodiment, the isolated
polynucleotide encodes a polypeptide wherein a Fab heavy chain variable region shares a
carboxy-terminal peptide bond with a Fab Hight chain censtant region, which in turn shares a
carboxy-terminal peptide bond with a Fab light chain. In another specific embodiment the
isolated polynucieotide encodes a polypeptide wherein a Fab light chain shares a carboxy-
terminal peptide bond with a Fab heavy chain variable region, which in turn shares a carboxy-
terminal peptide bond with a Fab light chain constant region. In yet another specific
embodiment, the isolated polynucleotide cncodes a polypeptide wherein a Fab light chain
variable region shares a carboxy-terminal peptide bond with a Fab heavy chain constant region,
which mn turn shares a carboxy-terminal peptide bond with a Fab light chain. In vet another
specific embediment the isolated polynucleotide encodes a polypeptide wherein a Fab hight chain
shares a carboxy-terminal peptide bond with a Fab light chain variable region, which in tum
shares a carboxy-terminal peptide bond with a Fab heavy chain constant region.

In apother ercbodiment, the present mvention is directed to an isolated polynucleotide encoding
a T cell activating bispecific antigen binding molecule of the invention or a fragment thereot,
wherein the polynueleotide comprises a sequence that encodes a variable region seguence as
shown in SEQ T NGs 75, 83, 91, 99, 107, 115, 123, 131, 139, 147, 169, 177, 239, 247, 255 and
263, In another ernbodiment, the present invention is directed to- an isolated polynucleotide
encoding a T cell activating bispecific antigen binding molecule or fragment thereof, wherein the
oolynucleotide comprises a sequence that encodes a po iypeptéd@ sequence as shown in SEQ ID
NOs 1, 3,5 7,9, 11, 13, 15, 17,19, 21, 23, 25, 27,29, 31, 33, 35, 37,39, 41, 43, A5 47 49 51,
53,55, 57, 59,61, 63, 65, 67, 179, 181, 183, 185, 187, 189, 191, 193, 195, 197, 199, 201, 203,
205, 207, 209, 211, 213, 215, 217, 219, 221, 223, 225, 227, 229 and 231. In another
embaodiment, the invention is further directed fo an isolated polymucleotide encoding a T cell
activating bispecific antigen binding molecule of the invention or a fragment thereof, wherein
the polynucleotide comprises a sequence that is at least about 80%, 85%, 90%, 95%, 96%, §7%,
28%, or 59% wentical to a nucleotide sequence shown in SEQ ID NGs 2, 4, 6, 8, 10, 12, 14, 16,

18,20, 22, 24, 26, 28, 30, 32, 34, 36, 38, 40, 42, 44, 46, 48, 50, 52, 54, 56, 58, 60, 02, 64, 66, 68,
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70,72, 74, 76, 78, 80, 82, 84, 86, 88, 90, 92, 94, 06, 98, 100, 102, 104, 106, 108, 110, 112, 114,
Ple, 118, 120, 122, 124, 126, 128, 130, 132, 134, 136, 138, 140, 142, 144, 146, 148, 164, 166,
for, 170, 172, 174, 176, 178, 180, 182, 184, 186, 188, 190, 192, 194, 196, 198, 200, 202, 204,
200, 208, 210, 212, 214, 216, 218, 220, 222, 224, 226, 228, 230, 232, 234, 236, 238, 240, 242,
244,246, 248, 250, 252, 254, 256, 258, 260, 262 or 264, In another embodiment, the invention is
directed fo an isolated polynucleotide encoding a T cell activating bispecific antigen binding
molecuic of the invention or a fragment thereof, wherein the polynuclectide comprises a nucleic
acid sequence shown in SEQ 1D NOs 2, 4, 6, 8, 10, 12, 14, 16, 18, 20, 22, 24, 26, 28, 30, 32, 34,
36, 38, 40, 42, 44, 46, 48, 50, 52, 54, 56, 58, 60, 62, 64, 66, 68, 70, 72, 74, 76, 78, 80, 82, 84, 86,
88, 90, 92, 04, 96, 98, 100, 162, 104, 106, 108, 110, 112, 114, 116, 118, 120, 122, 124, 126, {28,
130, 132, 134, 136, 138, 140, 142, 144, 146, 148, 164, 166, 188, 170, 172, 174, 176, 178, 180,
182, 184, 186, 188, 196, 192, 194, 196, 198, 200, 262, 204, 206, 208, 210, 212, 214, 216, 218,
20,222,224, 226, 228, 230, 232, 234, 236, 238, 240, 242, 244, 246, 248, 250, 252, 254, 256,

B

258, 260, 262 or 264, In another cmbodiment, the mvention is directed o an isolatcd
polynucleotide encoding a T cell activating bispecific antigen binding molecule of the invention
or a fragment thereof, wherein the polynucleotide comprises a sequence that encodes a variable
region sequence that is at least about 80%, 85%, 90%, 95%, 96%, 97%, 98%, or 99% identical to
an aming acid sequence in SEQ D NOs 75, 83, 91, 99, 107, 115, 123, 131, 139, 147, 169, 177,
23%0 247, 255 or 263, In another embodiment, the mvention s directed to an isolated
polynuciectide encoding a T cell activating bispecific antigen binding molecule or fragment
thereof, wherein the peolynucleotide comprises a sequence that encodes a polypeptide sequence
that is at least 80%, 85%, 90%, 95%, 96%, 97%, 98%, or 99% identical to an amino acid
sequence in SEQ 1D NGs 1, 3,5, 7,9, 11, 13, 15, 17, 19, 21, 23, 25, 27, 29, 31, 33, 35 37, 39,
41, 43,45, 47,49, 51, 53, 55,57, 59, 61, 63, 65, 67, 179, 181, 183, 185, 187, 189, 191, 193, 195,
157, 199, 201, 203, 205, 267, 200, 211, 213, 215, 217, 219, 221, 223, 225, 227, 229 or 231, The
invention encompasses an 1solated polynucleotide encoding a T cell activating bispecific antigen
binding molecule of the mvention or a fragment thereof, wherein the polynucleotide comprises a
sequence that encodes the varable region sequence of SEQ 1D NOs 75, 83, 91, 99, 107, 115,
123, 131, 139, 147, 169, 177, 239, 247, 255 or 263 with conservalive amino acid substitufions.
The invention also encompasses an isolated polynucleotide encoding a T cell activating
bispecific antigen Dbinding mwolecule of the invention or fragment thereof, wherein the
polynuclestide comprises a sequence that encodes the polypeptide sequence of SEQ 1D NOs 1,
3

3.5,7,0, H1, 13, 15, 47,19, 21, 23, 25, 27, 29, 31, 33, 35, 37, 39, 41, 43, 45, 47,48 51 53, 55,

Lot
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57,59, 61, 63, 65,67, 179, 181, 183, 185, 187, 189, 191, 193, 195, 197, 199, 201, 203, 205, 207,
209, 211, 212, 215, 217, 219, 2

E\\)
L

1, 223, 225, 227, 225 or 231 with conservative amino acid
substitutions.

In certain embodiments the polynuclectide or nucleic acid 18 DNA. In other embodiments, &
polynucieotide of the present invention is RMA, for example, in the form of messenger RINA

{mRMAY. RNA of the present invention may be single stranded or double stranded.

Recombinant Mutheds

T cell activating bispecific antigen binding molecules of the invention may be obtained, for
cxample, by solid-state peptide synthesis (e.g. Merrifield solid phase synthesis) or recombinant
production. For recombinant production once or more polynucieotide encoding the T cell
activating bispecilic antigen binding molecule (fragment), e.g., as described above, is isolated
and mserted 1nto one or more vectors for further cloning and/or expression in a host cell Buch
polyaucleotide may be readily isclated and scquenced using conventional procedures. In one
combodiment a vector, preferably an expression vector, comprising one or more of the
nolynucleotides of the invention 1s provided. Methods which are well known to those skilled in
the art can be used to construct expression vectors containing the coding sequence of a T cell
activating  bigpectic  antigen  binding  melecule  (fragment)  along  with  appropriaie
transeriptional/ransiational control signals, These methods include in vigro recombinant DNA
techniques, synthetic techniques and /m vive recombination/genctic rocombination. See, for

example, the technigues described in Maniatiz et al, MOLECULAR CLONING: A LABORATORY
ManNUAL, Cold Spring Harbor Laborafory, MY, (1989), and Ausubel et al, CURRENT
PROTOCOLS IN MOLECULAR BIOLOGY, Greene Publishing Associates and Wiley Interscience,
NY {(1989), The expression veotor can be part of a plagmid, virus, or may be a nucleic aeid
fragiment. The expression vector meludes an expression cassette into which the polynucleotide
encoding the T cell activating bispecific antipen binding moleeule {(fragment) {ie. the coding
region) s cloned in operable association with a promoter and/or other transcription or translation
conitrol elements. As used herein, a "coding region” is a portion of nucleic acid which consists of

codons translated nfe amimo acids. Although a "stop codon”™ (TAG, TGA, or TAA) is not
translated mnto an amino acid, it may be considered to be part of & coding region, if present, but
any  flanking  sequences, for example promoters, ribosome binding sites, transcriptional
termmators, mtrons, 5 and 37 untranslated regions, and the like, are not part of a coding region.

Two or more coding regions can be present in a single polysucleotide construct, c.g. on a single
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vector, or m separate polynucleotide constructs, ¢.g. on separate {different) vectors, Purthermore,
any vector may contain a single coding region, or may comprise two or more coding regions, e.g.
a vector of the present invention may encode one or more polypeptides, which are post- or co-
franslationally separated mio the final proteins via proteolytic cleavage. In addition, a vector,
polynucleotide, or nucleic acid of the invention may encode heterologous coding regions, either
tused or unfused to a polynucleotide encoding the T cell activating bispeciﬁ{: antigen hinding
molecule {fragment) of the invention, or variant or derivative thereof Hetemlogous coding
regions include without limitation specialized clements or motifs, such as a secretory signal
pepiide or & heterologous functional domain, An operable association is when a coding region
for a gene product, ¢.p. & polypeptide, 18 assoclated with one or more regulatory sequences in
such o way as fo place expression of the gene proeduct under the influence or control of the
regulatory sequence(s). Two DINA ﬁfﬂgmeﬂm (such as a polypeptide coding region and a
promoeter assoclated therewith) arve "operably associated” 1f induction of promoter function
resuits in the transeription of mRNA encoding the desired gene product and if the nature of the
linkage between the two DMA frapments does not interfore with the ability of the expression
regulatory sequences to direct the expression of the gene product or interfere with the ability of
the DINA template to be transcribed. Thus, a promoter region would be operably associated with
a nucleic acid onwdiﬂg a pelypeptide if the promoter was capable of effecting transcription of
that nucleic acid, The prometer may be a cellspecific promoter that divects substantial
trapscription of the DNA only in predetermined cells. Other trasscription control elements,

besides a promoter, for example e

i

ATCErS, Operators, repressors, and trapseription fermination

synals, can be operably associated with the polynucieotide to direct cell-specific transcription.
Suitable promoters and other transcription control regions are disclosed herein. A variety of
ranseription control regions are known to those skilled in the art. These include, without
Hmitation, transcription control regions, which function in vertebrate cells, such as, but not
limited to, promoter and enhancer segments from cytomegaloviruses {e.g. the immediate early
oromoter, i conjunction with infron-A), simian virus 40 {c.g. the ecarly promotfer), and
retroviruses (such as, ¢.g. Rous sarcoma virus). Other transeription control regions include those
derived from vertebrate genes such as actin, heat shock proteln, bovine growth hormone and
rabbit d-globin, as well as other sequences capable of controlling gene expression in eukaryotic
cells. Additional suitable transcription control regions include tissue-specific promoters and
enhancers as well as inducible promoters {e.g. promotfers mducible tetracycling). Similarly, a

vartety of transiation control elements are known to those of ordinary skill in the art. These



A

B

b
L

WO 2613/026833 PUL/EP2GI2/0606213
-66-

include, but are not Imited to sibosome binding sites, translation initiation and termmnation
codons, and elements derived from viral systerns {particularly an miternal ribosome entry site, or
IRES, also referred to as a CITE sequence). The expression cassette may also include other
features such as an origin of replication, and/or chromosome integration elements such as
retroviral fong terminal repeats (LTRs), or adenoc-associated viral (AAV) inverted terminal
repeats (JTRs}

Polynucleotide and nucleic acid coding regions of the present invention may be associated with
additional coding regions which encode secrotory or signal peptides, which direct the secretion
of'a polypeptide encoded by a polynucleotide of the present invention. For example, if secretion
of the T cell activating bispecific antigen binding molecule 1s desired, DNA encoding a signal
sequence may be placed upstream of the nucleic acid encodimg a T cell activating bispecifie
antigen binding moelecule of the mvention or a fragment thercof According to the signal
hypothesis, proteins scereted by mammalian celis have a signal peptide or secretory leader
sequence which is cleaved from the mature protein once export of the growing protein chain
across the rough endoplasmic reticulum has been fntiated. Those of ordinary skill in the art are
aware that polypeptides secreted by vertebrate cells generally have a signal peptide fused to the
Neterminus of the polypentide, which is cleaved from the translated polypeptide to produce a
seorefed or "mature” form of the polypeptide. In certain embodiments, the native signal peptide,
e.g. an immunogiobulin heavy chain or hight chain signal peptide 18 used, or a functional
derivative of that sequence that retaing the ability to direct the secretion of the polypeptide that is

operably associated with it Alternatively, o heterclogous mammalian signal peptide, or a

)
functional derivative thercof, may be used. For example, the wild-type leader sequence may be
substituted with the leader sequence of human tissue plagminogen activator {TPA) or mouse P-
glucuronidase, Exemplary arnine acid and polynucleotide sequences of seerctory signal peptides
are given in SEQ 1D NOs 154162,

DINA encoding a shott protemn sequence that could be used to facditate later purification (o.g. a
histidine tag) or assist in labeling the T cell activating bispecific antigen binding molecule may
be mchided within or at the ends of the T cell activating bispecific antigen binding molecule
(fragment} cncoding polynucleotide.

In a further embodiment, a bost cell comprising one or more pelynuclectides of the invention is
provided. In certain embodiments a host cell comprising one or more vectors of the invention is
vrovided. The polynucleofides and vectors may mcorporate any of the features, singly or in

cornbination, described herein in relation to polynucieotides and vectors, respectively. fn one
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such embodiment a host ccll comprises (c.g. has been transformed or transfected with) a vector
comprising a polynucleotide that encodes (part of) a T cell activating bispecific antigen binding

t

molecule of the mvention. As used herein, the term "host cell” refers to any kind of cellular
system which can be engineered to generate the T cell activaling bispecific antigen binding
molecules of the mvention or fragments thercof. Host cells sultable for replicating and for
supporting expression of T cell activating bispecific antigen binding molecules are well known
in the art. Such cells may be transfected or transduced as appropriate with the particular
expression vector and large quantities of vector contaimmg cells can be grown {or seeding large
seale fermenters fo obtam sufficient quantities of the T cell activating bispecific antigen binding
melecule for clinical applications. Suitable host cells include prokaryotic microorganisms, such
as H. coli, or various eukaryotic cells, such as Chinese hamster ovary cells (CHO), insect cells, or
the Like. For cxzimpie, polypeptides may be produced in bacteria in particular when glycosylation
1s not necded. After expression, the polypeptide may be iselated from the bacterial cell paste in a
oluble fraction and can be further purified. In addition to prokaryotes, eukaryotic microbes such
as filamentous fungt or veast are suitable cloning or expression hosts for polypeptide-encoding
veetors, including fungl and yeast strains whose glycosylation pathways have been “humamzed”,
resulting in the production of a polypeptide with a partiaily or fully mman glycosylation pattern.
See Gerngross, Nat Blotech 22, 1409-1414 (20043, and Li et al,, Nat Biotech 24, 210-215 (2006).
Suitable host cells for the expression of (glycosylated) polypeptides are also derived from
multicellnlar organisms (invertcbrates and vertebrates). Examples of mvertebrate cells include
plant and insect cells, MNumerous baculoviral straing have been identified which may be used in
conjunction with insect cells, particularly for transfection of Spodoptera frugiperda cells. Plant
cell cultures can also be utilized as hosts, Bee e US Patent Nos. 5,959,177, 6,040,498,
6,420,548, 7,125,978, and 6,417,429 (describing PLANTIBODIES™ technology for producing
antibodies i transgenic planis). Vertebrate cells may also be used as hosts. For example,
mamnalian cell lines that are adapted to grow in suspension may be useful. Other examples of
usciul mammalian host cell hines are monkey kidney CV1 line transtormed by SV40 (COS-7),
human embryonic kidney lne (293 or 2937 cells as described, ¢.g., in Graham et al., J Gen Viro!
36, 59 {19773), baby hamster kidney cells (BHK), mouse sertoli cells (TM4 cells as described,

e.g., in Mather, Biol Reprod 23, 243-251 (1980)), monkey kidney cells {CV 1), African green
morkey kidney cells (VERO-76), human cervical carcinoma cells (HELA), canine kidney cells
(MIDCK), buffalo rat liver cells (BRL 3A), human lung cells (W138), human liver cells (Hep

G72), mouse mammary tumor cells (MMT 060562), TRI cells {(as deseribed, e.g., in Mather et al.,
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Annals MY, Acad 5S¢t 383, 44-068 (1982}, MRC 5 cells, and F54 cells. Other useful mammalian
host cell lines inclade Chinese hamster ovary {CHO) cells, including dhfr CHO celis (Urlaub et
al,, Proc Mail Acad Sct USA 77, 4216 (1980)); and myeloma cell lines such as Y, INEG, P3X63
and Sp2/0. For a review of certain mammalian host cell Hnes suitable for protein production, see,
¢.g., Yazalki and Wu, Methods in Molecular Biology, Vol 248 (B.K.C. Lo, ¢d., Humana Press,
Totowa, NI}, pp. 255-268 (2003}, Host cells include cultured cells, ¢.g., mammalian cultured
cells, yeast cells, insect cells, bacterial cells and plant cells, to name only & few, but also cells
comprised within a transgenic animal, transgenic plant or cultured plant or animal tissue. In one
embodiment, the host cell is a cukaryotic cell, preferably a mammalian cell, such as a Chinese
Famster Ovary (CHO) cell, a human embryonic kidney (HEK) cell or a tymphoid cell (e, YO,
MED, Sp20 cell).

standard technelogies are known in the art {o express foreign penes w these systems. Ce
expressing a poiypeptide comprising either the heavy or the light chain of an antigen binding
domain such as an antibody, may be engineered 50 as to also express the other of the antibody
chains such that the expressed product 18 an antibody that has both a heavy and a light chain.

in one embodiment, a method of producing a T cell activating bispecific antigen bindmg
molecule according to the invention is provided, wherein the method comprises culturing a host
cell comprising a polynucleotide encoding the T cell activating bispecific antigen binding
molecule, as provided herein, under conditions suitable for expression of the T cell activating
bispecific antigen binding molecule, and recovering the T cell activating bispecific antigen
binding molecule from the host cell {or host cell cuiture medium).

The components of the T cell activating Wispecific antigen binding molecule are genetically
fused to ecach other. T cell activating bispecific antigen binding molecule can be designed such
that its components are {used directly to each other or indirectly through a linker sequence. The
composition and length of the linker may be determined in accordance with methods well known
m the art and may be tested for efficacy. Examples of linker sequences between different
components of T cell activating bispecific antigen binding molecules are found in the sequences
provided herein. Additional sequences may also be included to incorporate a cleavage sife to
separate the individual components of the fusion if desired, for example an endopeptidase
recognition sequence,

In certain embodiments the one or more antigen binding moieties of the T cell activating
bispecific antigen binding molecules comprise at least an antibody variable region capable of

binding an antigenic determinant, Variable regions can form part of and be derived from
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naturally or non-naturally cccurring antibedies and fragments thereof, Methods to produce
polyclonal antibodies and monoclonal antibodies are well known in the art {see e.g. Harlow and
Lane, "Antibodies, a laboratory manual”, Cold Spring Harbor Laboratory, 1988} MNon-naturally
occurrmg antibodies can be constructed using solid phase-peptide synthesis, can be produced
recombinantly (e.g. as described m U5, patent Ne. 4,188,567} or can be obtained, for example,
by screening combinatorial bbraries comprising variable heavy chams and variable hight chaing
{see e.g. U5, Patent. Wo. 5,969,108 to McCatleriy).

Any antmal species of antibody, antibody fagment, antigen binding domain or variable region
can be used m the T cell activating bispecific antigen binding molecules of the invention. Non-
Himiting antibedies, antibody fragments, antigen binding domaing or variable ;?egim’s.f; useful in
the present invention can be of murine, primate, or human origin. If the T cell activating
bispecific antigen binding molecule i8 intended for human use, a chimeric form of antibody may
be used wherein the constant regions of the antibody are from a human. A humanized or fully
human form of the antibody can also be prepared in accordance with methods well known in the
art {sec e g ULS. Patent Mo, 5,565,332 to Winter), Humanization may be achieved by various

methods including, but not limited to {a) grafting the non-human {(e.g

., donor antibodyy TDRs
onto human {c.g. rocipient antibody} framework and constant regions with or without rotention
of critical framework residues (e.g. thase that are fmportant for retaining good antigen binding

affinity or antibody functions), (b) grafting only the non-human specificty-determining regions
{50Rs or a-UiRs; the residues critical for the antibody-antigen mteraction} onte human
framework and constant regions, or {¢) transplanting the entire non-human variable domams, but
"cloaking” them with a human-like section by replacement of surface residuecs, Humanized
antibodies and methods of making them are veviewed, e.g., in Almagro and Fransson, Front
Biose: 13, 1619-1633 (2008), and are further described, g, in Riechmann et al., Nature 332,
323-328 (1988); Queen et al, Proc Nat! Acad Sc1 USA 86, 10029-10033 (1986); US Patent Nos.
5,821.337, 7,527,791, 6,982,321, and 7,087,409, Jones et al, Nature 321, 522-325 {1586);
Morrison et al, Proc Matl Acad Sci 81, 6851-6855 (1984); Morrison and O, Adv Tromunot 44,
65-92 (1988), Verhoeven of al., Science 239, 1534-1536 (1988, Padian, Molec hmmun 31(3),
169-217 (1994); Kashyniri ot al, Methods 36, 25-34 (2005) (describing SDR (a-CDR) grafimg);
Padlan, Mol tmmuncl 28, 489-498 (199 1) (describing “resurfacing”); Dall’ Acqua et al., Methods
36, 43-60 (2005) {deseribing “FR shutlling™}; and Osbourn et al., Methods 36, 61-68 (2005 and
Klimka et al, Br J Cancer 83, 252-260 (2600) {describing the “guided selection” approach to FR

shatfling). Human antibodies and human varmable regions can be produced using various

T
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techniques known 1 the art. Human antibodies are described generally i van Dk and van de
Winkel, Curr Opin Pharmacol 5, 368-74 (2601) and Lounberg, Carr Opm Immunol 20, 450-459
(2008). Human variable regions can form part of and be derived from human monoclonal
antibodies made by the hybridoma method (see e.g. Monoclonal Antibody Production
Techniques and Applications, pp. 51-63 {(Marcel Dekker, Inc., New York, 1987). Human
antibodies and human variable regions may also be prepared by admimstermg an immunogen o
a transgenic animal that has been modified fo produce intact human antibodies or intact
antibodies with human variable regions in respounse o antigenic challenge (see e.g. Lonberg, MNat
Biotech 23, 1117-1125 (2005). Human antibodies and human variable regions may also be
generated by isclating Fv clone variable region sequences selected from human-derived phage
display libraries (see e.g., Hoogenboorm et al. m Methods in Molecular Biclogy 178, 1-37
(O Brien et al., ed., Human Press, Totowa, NJ, 2001); and McCafferty et al, Nature 348, 552-
554; Clackson et al, Nature 352, 624-02% (1891}, Phage typically display antibody fragments,
either as single-chain Fv {sclv) fragments or as Fab fragments.

In certam embodiments, the antigen binding moicties useful in the present mvention are
engineered to have enhanced binding affinity according to, tor example, the methods disclosed m
LS, Pat. Appl Publ. Mo, 2004/0132066, the entire contents of which are hereby incorporated by
reference. The ability of the T cell activating bispecific antigen binding molecule of the
mvention to bind to a specific antigenic determinant can be measured either through an enzyme-
linked mamunosorbent assay (ELISA) or other techmques familiar to one of skill in the art, c.g.
surface plasmon resonance technique (analyzed on a BIACORE T100 syster) (Lilieblad, et al.,
Glyeo J 17, 323-329 (2600)), and traditional binding assays (Heeley, Endocr Res 28, 217-229
(2002, Competition assays may be used to identify an antibody, antibody fragment, antigen
binding domain or variable domain that competes with a reference antibody for binding to a
parficular antigen, e.g. an antibody that competes with the V9 antibody for bmding to CB3. In
certain embodiments, such a competing antibody binds to the same cpitope {(e.g. a lincar or a
conformational epitope) that s bound by the reference antibody. Detailed exemplary methods for
mapping an epitope to which an antibody binds are provided in Morris (1996) “Epitope Mapping
Protocols,” in Methods in Melecular Biology vol 66 (Humana Press, Totows, Ni). In an
exemplary competifion assay, immobilized antigen {(c.g. CD3) i incubated in a solution
comprising a first labeled antibody that binds to the antigen {e.g. V9 antibody) and a second
unlabeled antibody that is being tested for its ability to compete with the first antibody for

binding to the antigen. The second antibody may be present in a hybridoma supernatant. As &
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ontrol, immobilized antigen is incubated in a solution comprising the first labeled antibody but
not the second unlabeled antibody. After mcubation under conditions permissive for binding of
the first antibody to the antigen, excess unbound antibody is removed, and the amount of labe]

associated with immobilized antigen is measured. If the amount of label associated with
immobilized antigen is substantially reduced in the test sample relative to the control sample,
then that indicates that the sccond antibody is competing with the first a:n'tibod.y for binding 1o
the antigen. See Barlow and Lane (1988) Antibodies: A Laboratory Manual ch.14 (Cold Spring

larbor Laboratory, Cold Spring Harbor, NY),
T cell activating bispecific antigen binding molecules prepaved as described herein may be
purified by art-known techniques such as high performance liquid chromatography, ion
exchange chromatography, gel elecirophoresis, affuuty chromatography, swe  exclusion
chromatography, and the like. The actual conditions used to purily a particular protein will
depend, in part, on factors such as net charge, hydrophobicity, hydrophilicity etc., and will be
apparcnt to those having skill in the art. For affinity chromatography purification an antibody,
figand, receptor or antigen can be used to which the T cell activating bispecific antigen binding
molecule binds. For example, for affinity chromatography purification of T cell activating
bispecific antigen binding molecules of the nvention, a matrix with protein A or protein & may
be used. Sequential Protein A or G affinity chromatography and size exclusion chromatography
can be used to isolate a T cell activating bispecific antigen binding molecule essentially as
described i the Exaraples. The purity of the T cell activating bispecific antigen binding
molecule can be determined by any of a variety of well known analytical methods including gel
electrophoresis, high pressure ié_q,'uid chromatography, and the like. For example, the heavy chain
fusion proteins expressed as described in the Examples were shown to be intact and properly
assembled as demonstrated by reducing SDS-PAGE (see e.g. Figure 23, Three bands were
resolved at approximately Mr 25,000, Mr 50,000 and Mr 75,000, corresponding to the predicted
molecular weights of the T cell activating bispecifie antigen binding molecule light chain, heavy

chain and heavy chain/hight chain fusion protein,

Assays
T cell activating bispecific antigen binding molecules provided herein may be identified,
screened for, or characterized for their physical/chemical vroperties and/or biological activities

by various assavs known in the art.
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Affinity assays

The affinity of the T cell activating bispecific antigen binding molecule for an Fe receptor or a
target antigen can be determined m accordance with the methods set forth in the Examples by
surface plasmon resonance (SPR), using standard instrumentation such as a BlAcore instrurment
(GE Healthcare), and receptors or target protens such as may be obtained by recombinant
expression. Alternatively, binding of T cell activating bispecific antigen binding molecules for
different receptors or target antigens may be evaluated using cell lines expressing the particular
receptor or target antigen, for example by flow cytometry (FACS), A specific lNustrative and
exemplary embodiment for measuring binding affinity is described in the following and in the
Examples below.

According to one embodiment, Kp 1s measured by surface plasmon resonance using a
BIACORE® T100 machine (GE Healtheare) at 25 °C.

To analyze the interaction between the Fe-portion and Fo receptors, His-tagged recombinant Fe-
receptor 18 captured by an anti-Penta His antibody (Qiagen) immobilized on CMS chips and the
bispecific constructs are used as analytes. Briefly, carboxymethylated dextran biosensor chips
(CMS, GE Heslthcare) are activated with N-cthyl-N-(3-dimethylaminopropyly-carbodiimide
hydrochloride (EDC) and N-hydroxysuceimimide (NHSY according to the supplier’s instructions,
Anti Penta-His antibody 18 diluted with 10 mM sodium acetate, pH 5.0, to 40 ug/ml before
injection at a flow rate of 5 plimin to achicve approximately 6500 response units (RUY of
coupled protein. Following the mjection of the ligand, I M ethanolamine is injected to block
unreacted groups. Subsequently the Fe-receptor is captured tor 608 at 4 or 10 aM. For kinetic
measurements, four-fold serial dilutions of the bispeaific construct (range between 500 nM and
4000 nM)y are mjocted i HBS-EP (GF Healthcare, 10 mM HEPES, 150 mM NaCl, 3 mM BDTA,
0.05 9% Surfactant P20, pH 7.4 at 25 °C at a flow rate of 30 pl/min for 120 s.

To determine the affinity to the target antigen, bispecific constructs are captured by an anti
human Fab specific antibody (GE Healthecare) that is irmmobilized on an activated CMS-sensor
chip surface as described for the anti Penta-His antibody. The final amount of coupled protein is
is approximately 12000 RU. The bispecific constructs are captured for 90 s ab 360 nM. The
target antigens are passed through the flow cells for 180 s at a concentration range from 250 fo
1000 aM with a fowrate of 30 pl/min. The dissociation 1s mounitered for 180 s.

Bulk refractive index differences are corrected for by subiracting the response obtained on
reference flow cell. The steady state response was used to derive the dissociation constant Ky by

non-linear curve fifting of the Langmuir binding 1sotherm. Asscciation rates (ko) and
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dissociation rates (ko) are calculated using a simple onc-to-one Langmuir binding model
(BIACORE® T100 Bvaluation Software version 1.1.1) by simullancously fitting the association
and dissociation sensorgrams. The equilibrium dissociation constant {Kp) s calculated as the
ratio kop'kon. See, e.g., Chen et al, I Mol Biol 293, 865-881 (1599),

=2

Activity assavs

sSwlogical activity of the T cell activating bispecific antigen binding molecules of the invention
can be measured by various assays a3 deseribed in the Bxamples. Riological activities may for
example inchyde the induction of proliteration ol T cells, the mduction ofsignaling in T cells, the
induction of expression of activatbion markera in T cells, the induction of eytokine secretion by T
cells, the mduction of lysis of target cells such as tumor cells, and the induction of tumor
regression and/or the improvement of survival,

£
i

i_ff{s\;f'ﬁg;ﬁ{s-aiia@m srmulations, and Houles of Administration

In a further aspect, the mvention provides pharmaceutical compositions comprising any of the T
cell activating bispecific antigen binding molecules provided herein, c.g., for use in any of the
below th@mpeutic methods. In one conbodiment, a pharmacceutical composition comprises any of
the T cell activating  bispecific  antigen  binding  molecules provided herem  and 2
pharmaceutically acceptable carrier. In another embodiment, a pharmaccutical composition

~

comprises any of the T cell activating bispecific anfigen binding molecules provided herein and

at least one additional therapeutic agent, ¢.g., as described below.

turther provided 15 a method of producing a T cell activating bispecific antigen binding
molecule of the invention in a form suitable for administration fn vivo, the method comprising (a)
obtaining a T cell activating bispecific antigen binding molecule sccording to the nvention, and
{by foroulating the T cell activating bispecific antigen binding molecule with at least one
pharmaceutically acceptable carrier, whereby a preparation of T cell activating bispecific antigen
binding molecule s formulated for administration n vive.

Pharmaceutical compositions ol the present invention corsprise a therapeutically effective
amount of one or more T cell activating bispecific antigen binding melecule dissolved or
dispersed 1 a pharmaceutically  acceptable carrier. The phrases  "pharmaceutical or
pharmacologically acceptable” refers to molecular entities and compositions that are generally
non-toxic to recipients at the dosages and concentrations employed, te. do not produce an

adverse, allergic or other untoward reaction when administered to an animal, such as, for
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example, a human, as appropriate. The preparation of a pharmaceutical composition that containg
at least one T cell activating bispecific antigen binding molecule and optionally an additional
active mgredient will be known to those of skill in the art in hight of the present disclosure, as
exemplified by Remington's Pharmaccutical Sciences, 18th Ed. Mack Printing Company, 1990,
meorporated herein by reference. Moreover, for antmal (e.g., human) administration, it will be
understood that preparations should meet sterility, pwrogenicity, general safety and purity
standards as required by FDA Office of Biological Standards or corresponding authorities m
other couniries. Preforred compositions are Ivophilized fornmlations or agueous solutions. As

used herein, "pharmaceutically acceptable carrier” includes any and all solvents, buffers,
dispersion media, coatings, surfactants, antioxidants, preservatives (e.g. antibacterial agents,
antifungal agents), sotonic agents, absorption delaving agents, salts, preservatives, antioxidants,
proteins, drugs, drug stabilizers, polymers, gels, binders, excipients, disintegraion agents,
lubricents, sweetoning agents, flavoring agents, dyes, such like materials and combinations
thereof, as would be known to one of ordinary skill in the art (see, for example, Remington's

s

Pharmaceutical Sciences, 18th Ed. Mack Printing Company, 1990, pp. 1289-1329, incorporated
herem by reference). Except mnsofar as any conventional carrer is incompatible with the active
mgredient, s we in the therapeutic or pharmaceutical compositions 18 contemplated.

The composition may comprise different types of carriers depending on whether 1 is o be
administered in solid, Hguid or acrosol form, and whether it need te be sterile for such routes of
administration as injection. T cell actvating bispecific antigen binding molecules of the present
mvention (and  any addifional therapeutic  agenty can be administered  intravenously,
intradermally, intraarterially, intraperitoneally, intralesionally, intracranially, infraarticularly,

4

intraprostatically, trasplenically, intrarenally, intrapleurally, intratracheally, intranasally,
mtravitreally, intravaginally, intrarectally, intratumorally, intramuscularly, intraperitoncally,
subcutaneocusly,  suhconjunctivally,  intravesicularlly,  mucosally,  intrapericardially,

mirawmbitically, intraocularally, orally, topically, locally, by whalation {o.g. aerosoel inhalation),
miection, nfusion, continuous infusion, localized perfusion bathing target cells directly, via a
catheter, via a lavage, m cremes, in lipid compositions {e.g. iposomes), or by other method or
any combination of the forgoing as would be known to one of ordinary skill in the art (see, for
cxample, Remington's Pharmaceutical Sciences, 18th HEd. Mack Printing Company, 1990,
meorporated herein by reference}. Paventeral administration, In particular intravenous injection,
is most commonly used [or administering polvpeptide molecules such as the T cell activating

bispectfic anhigen binding moeiecules of the invention,
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Parenteral  composttions  include those designed for  admunistration by injection, e.g.
suboutaneous, miradermal, mtralesional, miravenous, ndrasrterial miramuscular, mtrathecal or
infraperitoneal injection. For injection, the T cell activating bispecific antigen binding molecules
of the mvention may be formulated in agueous solutions, preferably in physiclogically
compatible buffers such as Hanks' solution, Ringer's solution, or physiclogical seline buffer. The
solution may contain formulatory agents such as suspending, stabilizing and/or dispersing
agents, Alternatively, the T cell activating bispecific antigen binding molecuies may be in
nowder form for constitution with 2 suitable vehicle, e.p., sterile pyrogen-free water, before use.
Sterile injectable solutions are prepared by incorporating the T cell activating bispecific anfigen
binding molecules of the tnvention in the required amount in the appropriate selvent with various
of the other ingredients enumerated below, as required. Sterility may be readily accomplished,

., by filtration through sterile fAltration membranes. Generally, dispersions are prepared by
incﬁrpoz'e:zting the varwous sterilized active wngredients into a stertde vehicle which coutams the
basic dispersion medium and/or the other ingredients. In the case of sterile powders for the
preparation of sterile mjectable solutions, suspensions or emulsion, the preferred methods of
preparation are vacuum-drying or freeze-drying techniques which yield a powder of the active
ingredient plus any additional desired ingredient from a previously sterile-filtered liquid medium
thereot. The liquid medium should be suitably buffered f necessary and the liguid diluent first
rendered 1sotonic orior to micction with sufficient salme or glucose. The composition must be
stable under the conditions of manutacture and storage, and preserved against the contaminating
action of microorganisms, such as bacteria and fungt It will be appreciated that endotoxin
contamination should be kept mintmally at a safe level, for example, less that 4.5 ng/me protein.
Suitable pharmaceutically acceptable carriers include, but arc not Hmited to: buffers such as
phosphate, citrate, and other organic acids; antioxidants including ascorbic acid and muinmmg
preservatives (such as octadecyldimethylbenzyl ammonium chloride; hexamethonium chmrade;
bepzalkonium chloride; benzethonum chloride; phenol, butyl or benzyl alechol; alkyl parabens
such as methy!l or propyl paraben; catechol; resorcinel; cyclohexanocl; 3-penianol; and m-cresol);
low molecular weight {less than about 10 residues) polypeptides; protemns, such ag scrum
atbumin, gelatin, or wmmunoglobuling; hydrophilic polymers such as polyvinyipyrrolidone
amine  acids such  as  glycine, ghutamine, asparagine, histidine, srginine, ov  lysine,
monosaccharides, disaccharides, and other carbohydrates including glucose, mannose, or
dextrins; chelating agents such as EDTA; sugars such as sucrose, mannitol, trehalose or sorbitol;

salt-forming counter-ions such as sodiurm; metal complexes {e.g. Zn-protein complexes); and/or
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non-ionic surfactants such as pelyethylene glyeol (PEG). Aqueous injection suspensions may
contain compounds which increase the wviscosity of the suspension, such as sodium
carboxymethyl cellilose, sorbitol, dextran, or the like. Optionally, the suspension may also
contain suitable stabilizers or agents which increase the solubility of the compounds to allow for
the preparation of highly concentrated solutions. Additionally, suspensions of the active
compounds may be preparcd ag appropriate oly injection suspensions. Suitable lipophilic
solventis or vehicles melude fatty oils such as sesame oil, or synthetic fatty acid esters, such as
ethyl cleats or trighycerides, or iposomes.

Active ingredients may be entrapped in microcapsules prepared, for example, by coacervation
techniques or by interfacial polymermzation, for example, hydroxymethyicellulose or gelatin-
microcapsules and poly-{methylmethacylate) microcapsules, vespectively, in colloidal drug
defivery aystems (for example, liposomes, alburmin  microspheres, microemulsions, nano-
particles and nanocapsules) or in macroemulsions, Such techniques are disclosed in Remington's
Pharmaccutical Sciences {18th Ed. Mack Printing Company, 1990} Sustained-release
preparations may be prepared. Suitable exaraples of sustained-release preparations include
semipermeable matrices of solid hydrophobic polymers containing the polypeptide, which
matrices are in the form of shaped articles, eg. films, or microcapsules, in particular
smbodiments, prolonged ebsorption of an mijectable composition can be brought about by the
uge in the compositions of agents delaying absorpfion, such as, for example, aluminum
monostearate, gelatin or combinations thercot.

in addition to the compositions described previously, the T cell activating bispecific antigen
binding molecules may also be formulated as a depot preparation. Such long acting formulations
may be admimstered by itmplantation (for example subcutanecusly or intramuscularly) or by
intramuscuiar mjection. Thus, for example, the T cell activating bispecific antigen bimnding
moelecules may be formulated with suitable polymeric or hydrophobic matenals (for example as
an emulsion in an acceptable oil) orion exchange tesins, or as sparmgly soluble dertvatives, for
example, as a sparingly soluble salt.

Pharmaceutical compositions comprising the T cell activating bispecific antigen binding
molecules of the fnvention may be manufactured by means of conventional mixing, dissolving,
emulsifying, encapsulating, entrapping or lyophilizing precesses. Pharmaceutical compositions
may be formmlated in conventional manner using ong orf more physiclogically acceptable

carriers, diluents, excipients or auxiliarics which facilitate processing of the proteins into
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preparations that can be used pharmaceutically, Proper formulation is dependent upon. the route
of administration chosen.

The T cell activating bispecific antigen binding molecules may be formulated into a composition
in a free acid or base, neutral or salt form. Pharmaceutically acceptable salis are salts that
substantially retain the biological activity of the free acid or base, These include the zeid addition
salts, e.g., those tormed with the free amno groups of a protemaceous composition, or which are
formed with inorganic acids such as for example, hydrochloric or phosphoric acids, or such
orpanic acids ag acetic, oxalic, tartaric or mandclic acid. Balts formed with the free carboxyl
groups can also be derived from morganie bases such ag for example, sodium, potassium,
ammenium, calcium or ferric hydroxides; or such orpanic bases as  isopropylamine,
trimethylamine, histidine or procaine. Pharmaceutical salts tend to be more soluble in aqueous
and other protic solvents than arc the corresponding free base forms.

a'a)

Therapeutic Methods and Compositions

Any of the T cell activating bispecific antigen binding molecules provided herein may be used in
therapeutic methods. T cell activating bispecific antigen binding molecules of the invention can
be used as immunctherapeutic agents, for example in the freatment of cancers.

For use in therapeutic methods, T cell activating bispecific antigen binding molecules of the
mvention would be formulated, dosed, and administered in a fashion consisteni with good
medical practice. Factors for consideration m this context include the particular disorder being
treated, the particular mammal bemg treated, the clinieal condition of the ndividual patient, the
cause of the disorder, the site of delivery of the agent, the method of adminisiration, the
scheduling of administration, and other factors known to medical practitioners,

inone aspect, T cell activating bispecific anbigen binding molecules of the mvention foruse as a
medicament are provided. In further aspects, T cell activating bispecific antigen binding
molecules of the invention for use m treating a disease are provided. In certain embodiments, T
cell activating bspecific antigen binding mwolecules of the mvention for use in a method of
treatment are provided. In one embodiment, the invention provides a T cell activating bispecific
antigen binding molecule as described herein for uge m the freatment of a disease W an
individual in need thereof. In certain embodiments, the invention provides a T cell activating
bispecific antigen binding molecule for use in a method of treating an individual having a disecase
comprising adminisiering to the individual a therapeutically effective amount of the T cell

activating bispecific antigen binding molecule. In certain embodiraents the disease to he treated
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18 a proliferative disorder. In a particular embodiment the discase is cancer. In cortain
embodiments the method further comprises admimnistering to the individual a therapeutically
effective amount of at least one additional therapeutic agent, e.g., an anti-cancer agent if the
disease to be freated 18 cancer. In further embodiments, the mvention provides a T cell activating
bispecific antigen binding molecule as described herein for use in inducing lysis of a target celi,
particularly a tumor cell. In certain embodiments, the invention provides a T cell activating
bispecific antigen binding molecule for use in 2 method of inducing lysis of a target cell,
particularly & tumor cell, m an individual conprising administering to the individual an effective
amount ol the T cell activating bispecific antigen binding molecule to induce lysis of a target
cell. An “individual” according to any of the above emboedimentis is a mammal, preferably a
human.

In a further aspect, the invention provides for the use of a T cell activating bispecific antigen
binding molecule of the mvention i the manufacture or preparation of a medicament. In one
embodiment the medicament 1 for the treatraent of a disease m an individual in need thereot In
a further embodiment, the medicament is for use in a method of treating & disease comprising
administering to an individual having the disease a therapeutically effective amount of the
medicament. In certain embodiments the disease to be weated 18 a proliferative disorder. In a
particular embodiment the disease is cancer. In one embodiment, the method further comprises
administerimg to the mdividual a therapeutically effective amount of at least one additional

therapeutic agent, c.g

£

an anti-cancer agent 1f the disease to be treated is cancer. In a further
embodiment, the medicament 18 for inducing ivsis of a target cell, particularly a tumor cell. in
still a further ernbodiment, the medicament is for use  a method of inducing lysis of a target
cell, particularly a tumor cell, 1 an individual comprising administering to the individual an
effective amount of the medicament to mduce lysis of a target cell. An “mdividual” according to
any of the above embodiments may be a2 mammal, preferably a human,

in a further aspect, the mvention provides a method for treating a disease. In one embodiment,
the method cornprises administering to an mdividual having such disease a therapeutically
effective amount of a T cell activating bispecific antigen binding molecule of the invention. In
one embodiment a composition is administered to said invididual, comprising the T cell
activaiing bispecific antigen binding molecule of the mvention in a pharmaceutically acceptable
form. In certain embodiments the discase 1o be freated is a proliferative disorder. In a particular
embodiment the discase is cancer. In certamn embodiments the method further comprises

administering to the mdividual a therapeutically effective amount of at least one additional
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therapeutic agent, ¢.g., an anti-cancer agent if the discase to be freated 18 cancer. An “individual”
according to any of the above embodiments may be a mammal, preferably a human.

In a further aspect, the invention provides a method for inducing lysis of a target cell,
particularly a tumor cell. In one embodiment the method comprises 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 eytotoxic T cell. In a further aspect, a method for inducing lysis of a target
cell, particularly a tumor cell, in an individual is provided. In one such embodiment, the method
comprises administering to the individual an effective amount of a T cell activating bispecific
antigen binding molecule to mnduce lyais of a target cell. In one embodiment, an “individual” is a
humarn.

In certain embodiments the disease to be treated is a proliferative disorder, particularly cancer.
Mon-limiting examples of cancers include bladder cancer, brain cancer, head and neck cancer,
pancreatic cancer, lung cancer, breast cancer, ovarian cancer, uterine cancer, cervical cancer,
endometrial cancer, esophageal cancer, colon cancer, colorectal cancer, rectal cancer, gastric
cancer, prostate cancer, blood cancer, skin cancer, squamous cell carcinoma, bone cancer, and
kidney cancer, Other cell proliferation disorders that can be treated using a T cell activating
bispocific antigen binding molecule of the present invention include, but are not limited to
neoplasms located in the! abdomen, bone, breast, digestive system, Hver, pancreas, peritonewm,
endocrine glands (adrenal, parathyroid, pituitary, testicles, ovary, thymus, thyroid), eye, head and
neck, nervous systern {central and peripheral), lymphatic system, pelvic, skin, soft tissue, spleen,
thoracic region, and urogenital system. Also included are pre-cancerous conditions or lesions and
cancer metastases. In certain embodiments the cancer 18 chosen from the group consisting of
renal cell cancer, skin cancer, lung cancer, colorectal cancer, breast cancer, brain cancer, head
and neck cancer. A skilled artisan readily recognizes that in many cases the T cell activating
bispectfic antigen binding molecule may not provide a cure but may only provide partial benefit,
In some embodiments, a physiological change having some benefit 18 also considered
therapeutically beneficial. Thus, in some embodiments, an amount of T cell activating bispecific
antigen binding 'ﬂ]bi@@glﬁ: that provides a physiclogical change s considered an “effective
amoupt” or a "therapeutically effective amount”. The subject, patient, or individual in need of
treatment 18 typically a mammal, more specificaily 4 human,

In some embodiments, an cffective amount of a T cell activating bispecific antigen binding

molecule of the invention 18 administered fo a cell In other embodiments, a therapeutically
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cflective amount of a T cell activating bispecific antigen binding molecule of the invention is
administered to an individual for the treatment of discase.

For the prevention or treatment of disease, the appropriate dosage of a T cell activating bispecific
antigen binding melecule of the invention (when used alone or in combination with one or more
other additional therapeutic agents) will depend on the type of discasce to be ireated, the route of
administration, the body weight of the patient, the type of T cell activating bispecific antigen
binding molecule, the severity and course of the disease, whether the T cell activating bispecific
antigen binding molecule s administered for preventive or therapoutic purposes, previous or
concurrent therapeutic intorventions, the patient's clinical history and response to the T cell
activating bispecific antigen binding molecule, and the discretion of the attending physician. The
practitioner responsible for admimistration will, in any event, determine the conceniration of
active ingredieni(s) in a composition and appropriate dosels) for the individual subject. Varicus
dosimg schedules mcluding but not hmited o single or multiple administrations over various
fime-points, bolus administration, and pulse infusion are contemplated herein.

The T cell activating bispecific antigen binding molecule is suitably administered to the patient
at one time or over a serics of treatrnents. Depending on the type and severity of the discase,
about I pglkg to 15 mglkg (e 0.1 mg/kg — 10 mg/ke) of T cell activating bispecific antigen
binding melecule can be an mitia!l candidate dosage for administration to the patient, whether,
for example, by one or more separate adminisirations, or by continuous mfusion. One typical
daily desage might range from about 1 ug/kg to 100 mp/kg or more, depending on the factors
mentioned above. For repeated administrations over several days or longer, depending on the
condition, the freatment would generally be sustained until a desived suppression of disease
symptoms oceurs, One exemplary dosage of the T cell activating bispecific antigen binding
molecule would be m the range from about 0.005 mg/kg to about 10 mg/ke. I other non-
limiting examples, a dose may alse comprise from about | mim:og"am’kg body weight, about 5
microgram/kg body weight, about 10 microgranvkg body weight, about 50 microgram/kg body
weight, about 100 microgram/ky body weight, about 200 microgram/kg body weight, about 350
micragran/ky body weight, about 300 microgram/kg body weight, about 1 milligram/kg body
welght, about 5 milligram/kg body weight, about 10 milligram/ke body weight, about 50
mithigram/kg body weight, about 160 milligran/ke body weight, about 260 milligram/kg body

weight, about 350 milligram/kg body weight, about 500 malligram/kg body weight, to about

r

14300 mg/kg body weight or more per administration, and any range derivable therein. In non-

limiting examples of a derivable range from the numbers listed herem, a vange of about 5 mp/kg
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body weight to about 100 mp/ke body weight, about 5 microgram/kg body weight to about 500
milligrarn/kg body weight, ete., can be administered, based on the numbers described above.
Thus, one or more doses of about 0.5 mg/kg, 2.0 mg/kg, 5.0 mg/keg or 10 mp/ke (or any
combination thereof) may be administered to the patient. Such doses may be administered
intermittently, e.g. every week or every three weeks (e.g. such that the patient receives from
about two to about twenty, or e.g. about six doses of the T cell activating bispecific antigen
Binding molecule}. An mitial higher loading dose, followed by one or more lower doses may be
administered. However, other dosage regimens may be usefid. The progress of this therapy is
casily monitored by conventional techniques and assays.

The T cell activating bispecific antigen binding molecules of the mvention will generally be used
in an amount effective to achicve the intended purpose. For use fo freat or prevent a disease
condition, the T cell activating bispecific antigen binding molecules of the invention, or
pharmaceutical compositions thereof, are admimistered or applied i a therapeutically effective
amount. Determination of a therapeutically effective amnount 18 well within the capabilities of
those skilled i the art, capecially in light of the detailed disclosure provided herei.

For systemic administration, a therapeutically effective dose can be cstimated initially from i
vitro assays, such as cell culture assavs. A dose can then be formulated in animal models to
achieve a circulating concentration range that mwcludes the 1Cs as determined in cell culture.
Such information can be used to more accurately determine vsefl doses in hurans.

tnitial dosages can also be estimated from in vive date, e.g

ti

animal models, ssing techniques that
are well known in the art, One having ordmary skill i the art could readily optimize
administration to humans based on animal data.

Dosage amount and interval may be adjusted mdividoally to provide plasma levels of the T cell
activating bispecific antigen binding molecules which are sufficient to maintain therapeutic
effect. Usual patient dosages for administration by injection range from about 0.1 to 50
mg/kyg/day, typically from about 0.5 to 1 mg/kg/day. Therapeutically effective plagma levels may
be achieved by administering multiple doses each day. Levels in plasma may be measured, for
example, by HPLC

in cases of local administration or selective uptake, the effective local concentration of the T cell
activating bispecific antigen binding molecules may not be related to plasma concentration. One
having skill in the art will be able to optimnze therapeutically effective local dosages without

undue experimeniation.
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A therapeutically effective dose of the T cell activating bispecific antigen binding molecules
deseribed heremn will generally provide therapeutic benefit without causing substantial toxicity,
Tozicity and therapeutic cfficacy of a T cell activating bispecific antigen binding molecule can
be determined by standard pharmaceutical procedures in cell culture or experimental animals.
Cell culture agsays and animal studics can be used fo determine the LIds (the dose lethal to 50%

of a population) and the EDsg {the dose therapeutically effective in 50% of a populati

dose ratio between toxic and therapeutic effects is the therapeutic index, which can be expressed
as the ratio LDso/EDsg. T cell activating bispecitic antigen binding molecules that exhibit large
therapeutic indices are preferred. In one embodiment, the T cell activating bispecific antigen
binding molecule according to the present wmvention exhibits a high therapeutic index. The data
obtained from cell culture assays and animal studies can be used m formulating a range of
dosages suitable for use in humans, The dosage les preforably within a range of circulating
concentrations that include the EDsy with Hittle or no toxicity. The dosage may vary within this
range depending upon a variety of factors, ¢.g., the dosage form employed, the route of
administration utilized, the condition of the subject, and the like. The exact formulation, route of
administration and dosage can be chosen by the mdividual physician in view of the patient’s
condition (see, e.g., Pingl et al., 1975, in: The Pharmacological Basis of Therapeutics, Ch. 1, p.
1, ncorporated herein by reference in its entirety).

The attending physician for patients treated with T cell activating bispecific antigen binding
molecudes of the mvention would know how and when to terminate, inforrupt, or adjust
administration due fo toxicity, organ dysfunction, and the like. Conversely, the attending
physician would also know to adjust treatment to higher levels if the clinical response were not

adequate (precluding toxicity). The magnitude of an administered dose in the management of the
disorder of mterest will vary with the severity of the condition to be treated, with the route of
administration, and the like. The severity of the condition may, for example, be evaluated, in part,
by standard prognostic evaluation methods. Further, the dose and perhaps dose frequency will

also vary according fo the age, body weight, and response of the individual patient.

Other Agents and Treatmenis

The T cell activating bispecific antigen binding molecules of the invention may be administered

in combination with one or more other agents in therapy. For instance, a T cell activating
bispectfic antigen binding melecule of the invention may be co-administered with at least one

additional therapeutic agent. The term "therapeutic agent” encompasses any agent administered
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to treat a symptom or discase m an individual in need of such freatment. Such additional
therapeutic agent may comprise any active ingredicnts suitable for the particular indication being
treated, preferably those with complementary activities that do not adversely affect each other, In
certam embodiments, an additional therapeutic agent is an immunomodulatory agent, a eytostatic
agent, an inhibitor of cell adhesion, a cytotoxic agent, an activator of ceil apoptosis, or an agent
that mcreases the sensitivity of cells to apoptotic inducers. In a particular embodiment, the
additional therapeutic agent is an anti-cancer agenf, for example a microtubule disruptor, an
antimetabolite, a topoisomerase inhibitor, a DNA intercalator, an alkylating agent, a hormonal
therapy, a kinase inhibitor, a receptor antagonist, an activator of tumor cell apoptosis, or an
antiangiogenic agent.

Such other agents are suitably present in combination in amounts that are effective for the
purpose intended. The effective amount of such other agents depends on the amount of T cell
activating bispecific antipen binding molecule used, the type of disorder or treatment, and other
factors discussed above. The T cell activating bispecific antigen binding molecules are generally
used i the same dosages and with sdministration routes as described herein, or about from 1 o
99% of the dosages described herein, or in any dosage and by any roule that is
empirically/clinically determined to be appropriate.

Such combination therapies noted above encompass combined administretion (where two or
more therspeutic agents are included in the same or scparate compositions), and separate
administration, in which case, adminstration of the T cell activating bispecific antigen binding
molecule of the invention can occur prior to, simultanecugly, and/or ollowing, admnistration of
the sdditional therapeutic agent and/or adjuvant. T cell activating bispecific antigen binding

molecules of the invention can also be used in combination with radiation therapy.

Articies of Manufaciure

In another aspect of the invention, an article of manufacture containing materials useful for the
treatment, prevention and/or diagnosis of the disorders described above 1s provided. The article
of manufacture comprises a container and a label or package insert on or associated with the
contamer. Sutiable containers mclude, for example, bottles, vials, syringes, IV solution bags, ete.
The containers may be formed from a variety of materials such as glass or plastic. The countainer
helds a composition which is by itself or combined with another composition effective for
treating, preventing and/or diagnosing the condition and may have a sterile access port {for

example the contamer may be an intravenous solution bag or a vial having a stopper pierceable
£ B : I
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by a hypodermic injcction needle). At least one active agent in the composition is a T cell
activating bispecific antigen binding mclecule of the invention. The label or package insert
mdicates that the composttion is used for treating the condition of choice. Moreover, the article
of manufacture may comprise {a} a first container with a composition contained thercin, wherein
the composition comprises a T cell activating bispecific antipen binding molecule of the
mvention; and {b) a sccond container with a composition contained therein, wherein the
composition comprises a further cytotoxic or otherwise therapeutic agent., The article of
manufacture n this embodiment of the imvention may further comprise a package insert
indicating that the compositions can be used to treat a particular condition. Alternatively, or
additionally, the article of manufacture may further comprise a second (or third) container
comprising a pharmaccuticaliy-accentable buffer, such as bacteriostatic water for injection
(BWET), phosphate-buffered saline, Ringer's solution and dextrose sclution. Tt may further
include other materials desirable from a commmercial and user standpoint, including other buffers,

diluents, filiars, needles, and syringes.

Examples

The following are examples of methods and compositions of the invention. It is understood that

various other embodiments may be practiced, given the general deseription provided above.

Creneral methods

Recombinant DMNA Technigues

Standard methods were used to manipulate DMNA as described in Sambrook of al., Molecular
clonmmg: A laboratory manual; Celd Spring Harbor Laboratory Press, Cold Spring Harbor, Mew
York, 1989, The molecular biclogical reagents were used according to the manufacturery’
mstructions. General information regarding the nucleotide sequences of human tmmunoglobuling
light and heavy chains iz given m: Kasbat, E.A. et al, (1991) Sequences of Proteins of

Immunological Interest, 5™ ed., NIH Publication No. 91-3242.

BMNA Sequencing

DNA scquences were determined by double strand sequencing.

Gene Synthesis
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Desired gene segments where required were either generated by PCR using appropriate
templates or were syathesized by Geneart AG (Regensburg, Germanyy from synthetic
oligonucleotides and PCR products by automated gene synthesis. In cases where no exact gene
sequence was available, oligonucleotide primers were designed based on sequences from closest
homologues and the genes were 1solated by RT-PCR from RNA originating from the appropriate
tissue, The gene segments flanked by singular restriction endonuclease cleavage sites were
cloned o standard cloning / sequenecing vectors. The plasmid DNA was purified from
transformed bacteria and concentration determined by UV spectroscopy. The DNA sequence of
the subcioned genc fragments was confirmed by DMNA sequencing. Gene segments were
designed with suitable restriction sites to allow sub-cloning into the respective expression
vectors. All constructs were designed with & 57-end DNA sequence coding for a leader peptide
which targets proteins for secretion in eukaryotic cells. SEQ 1D NQs 154-162 give excmplary

teader peptides and polynucieotide sequences encoding them, respectively.

Isplation of primary human pan T cells from PBMCs

Peripheral  blood mononuclear cells (PBMCs) were prepared by Histopaque  density
cenirifugation from enriched lymphocyte preparations (buffy coats) ebtained from local blood
banks or from fresh bloed from heaithy human donors, Briefly, bload was diluted with sterile
PBS and carefully layered over & Histopague gradient {Sigma, %388%9) After centrifugation for
30 munutes at 450 x g af room femperature (brake switched off), part of the plasma above the
PEMOC containing interphase was discarded. The PBMCs were transferred imto new 50 mi
Falcon tubes and tubes were filled up with PBS to a total volume of 50 ml The mixture was
cenirifuged atl room temperature for 10 minutes at 400 x g (brake switched on). The supernatant
was discarded and the PBMC pelict washed twice with sterile PBS (centrifugation steps at 4°C
for 10 minutes at 350 x g). The resuliing PBMC population was counted automaticelly (ViCell)
and stored in RPMIIGA0 medium, contaming 10% FCS and 1% L-alanyl-L-glutamine
{Biochrom, K030Z) at 37°C, 5% COy in the tncubator until assay start.

T cell enrichment from PBMCs was performed using the Pan T Cell fsolation Kit 11 (Miltenyi
Bictec #1 "’O (91-156), according to the manufacturer’s instructions. Bricfly, the cell pellets were
diluted m (} il cold buffer per 10 million cells (PBS with 0.59 BSA, 2 mM EDTA, sterile
filtered) and ncubated with 10 pl Biotin-Antibody Cocktail per 10 million cells for 10 min at
470, 30 pleold buffer and 20 pl Anti-Biotin magnetic beads per 10 million cells were added, and

the mixture mcubated for another 15 min at 4°C. Cells were washed by addmg 10-20% the
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current volume and a subscquent centrifugation step at 300 x g for 10 min. Up to 100 million
cells were resuspended m 500 ul buffer. Magnetic separation of uniabeled human pan T cells
was performed using LS columns (Miltenyi Blotec #130-042-401) according to the
manufacturer’s mstructions. The resulting T cell population was counted antomatically (ViCelly
and stored in AIM-V medmm at 37°C, 5% C0Oy in the incubator until assay start (not longer than

24 h).

Isolation of privmary human naive T cells from PBMCs
Peripheral blood mononuclar cells (PBMCs) were prepared by Histopaque density centrifugation
from euriched lymphocyte preparations (buffy coats) obtaimed from local blood banks or from
fresh blood from healthy homan donors. T-cell enrichment from PBMCs was performed using
the Naive UD8" T coll isolation Kit from Miltenyi Biotee (¥ 130»093—244)? according to the
manufacturer’s nstructions, but skipping the last isolation step of CD8" 2l (also see
description for the isolation of primary human pan T cells).

Iselation of roaving pan T cells from splenocyies

Spleens were solated from CS7BL/G mice, ransterred into a GentleMACSE C-tube (Miltenyi
Biotech #130-093-237) containing MACSE buffer (PBS + (.5% BSA + 2 mM EDTA) and
cissociated with the GentleMACS Drissociator to obtain single-cell suspensions according to the
manufacturer’s nstructions, The cell suspension was passed through a pre-separation filter to
remove remaining undissociated tissue particles. After centrifugation at 400 x g for 4 min at 4°C,
ACK Lysis Buffer was added to lyse red blood cells {incubation for 5 min at room temperature).
The remaining cells were washed with MACS buffer twice, counted and used for the isolation of
murine pan 1 cells, The negative {magnetic) selection was performed using the Pan T Cell
Isolation Kit fromn Miltenyt Biotec (#136-090-861), following the manufacturer’s instructions.
The resulting T cell population was automatically counted (ViCell) and immediately used for

further assays.

isofation of primary cynomoigus PBMCs from beparinized bload

Peripheral blood mononuclar cells (PBMUs) were prepared by density centrifugation from fresh
blood from heaithy cynomolgus donors, as follows: Heparmized blood was diluted 1:3 with
sterile PR, and Lymphoprep medinm (Axon Lab #1114545) was dihuted to 90% with sterile

PRE. Twe volumes of the diluted blood were layered over one volume of the diluted density
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gradient and the PBMC fraction was separated by centrifugation for 30 min at 520 x g, without
brake, at room femperature. The PBMC band was transferred into a fresh 50 ml Falcon tube and
washed with sterile PBS by centrifugation for 10 min at 400 x g at 4°C. One low-speed
centrifugation was performed o remove the platelets (15 min at 150 x g, 4°C), and the resulting

PRMC population was automatically counted (ViCell) and immediately used for further assays.

Targef cells
For the assessment of MOSP-targeting bispecific antigen binding molecules, the following tumor
cell Tines were used: the human melanoma cell ling WM266-4 (ATCC #CRL-1676), derived
from a metastatic stte ot a malignant melanoma and expressing high levels of human MCSP; and
the human melanoma cell line MV-3 (a kind gift from The Radboud University Nijmegen
Mediczl Centre), expressing medium levels of human MCSP
ror the assessment of CEA-targeting bispecific antigen binding molecules, the ollowing tumor
cell Tines were used: the human gustric cancer cell ine MEKMN4S (DEMZ #ACC 409), expressing
Very hi,{gi tevels of human CEA; the human female Caucasian colon adenocarcinoma cell line
-174T (ECACC #87060401), expressing medium to low levels of human CEA; the human
epitheliold pancreatic carcinoma cell line Panc-1 (ATCC H#CRL-1469), expressing {very) low
levels of human CEA; and a murine colon carcinoma cell line MU3B-hu(CTA, that was
engineered in-house to stably express buman CEA.
In addition, a human T cell feukaermia cell line, Jurkat (ATCC #TIB-152), was used to assess

bindmng of different bispecific constructs to human CD3 on cells.

Ezample ¥

Preparation, purification and characterization of bispecific antigen binding molecules

The heavy and light chain variable region sequences were subcloned in frame with either the
coustant heavy chain or the constant light chain pre-inserted into the respective recipient
mammalian expression vector. 'The antibody expression was driven by an MPSV promoter and a
synthetic polyA signal sequence is located at the 37 end of the CI3S. In addifion cach vector
contained an EBV OriP sequence.

The molecules were produced by co-transfecting HEK293 EBNA cells with the mammalian
expression vectors. Exponentially growing HEK293 EBNA cells were transfected using the

calcrum phosphate method. Alternativety, HEK293 EBNA cells growing in suspension were



i0

~r

W 213/026833

\—-v-c

5

HEEOR SR Y WAL T YA 1

T"

transfected using polyethylenimine (PET). For preparation of “I+1 IgG sclab, one armed / one
armed inverted” constructs, cells were transfected with the corresponding expression vectors in a
el ratio (Mvector heavy chain™ ¢ “vector light chain” @ “vector heavy chain-scFab™). For
preparation of “2+1 IgG sclab” constructs, cells were transfected with the corresponding
expression vectors m a 1:2:1 ratio (“vector heavy chain® : “vector light chain” : “vector heavy
chain-scHab”). For preparation of “I-+1 1gG Crosstab” constructs, cells were transfected with the
corresponding expression vectors i a 111l ratio (Mvector second heavy chain™ ; “vector first
light cham” : “vector light chain Crossfab” @ “vector first heavy chain-heavy chain Crossfab™).

For preparation of “2

201 FpG Crossfab” constructs cells were (ransfected with the corresponding
expression vectors in a 1:2:1:1 ratio ("vector second heavy chain™ : “vector Hght chain” @ “vector
first heavy cham-heavy chain Crossfub)” : “vector light chain Crossfab”. For preparation of the
21 TeG Crosstfab, linked Hght chain” construct, cells were tranglected with the corresponding
expression veotors n a 11101 ratio (Mvector heavy chain® @ “vector light chain” @ “vector heavy
chain {Crosstab-rab-F¢)” ; “vector linked light chain™). For preparation of the “1+1 CrossMab”

construct, cells were transfected with the corresponding expression vectors in a 1:1:1:1 ratio

{*vector first heavy chain” @ “vector second heavy chain” 7 “vector first light chain™ @ “vector
second light chain™). For preparation of the “1+1 IpG Crossfab light chain fusion ™ construct,

cells were transfected with the corresponding expression vectors in a 1:1:1:1 ratio (“vector first
heavy cham™ : “vector second heavy chain” @ “vector light chain Crossfab”  “vector second light
chain’).

For transfection using calcium phosphate cells were grown as adherent monolaver cultures in T-
flasks using DMEM culture medium supplemented with 10 % (v/v} FCS, and transfected when
they were between 50 and 80 % confluent. For the transfection of a T150 flask, 15 million cells
were sceded 24 bours before transfection in 25 ml DMEM culture medium supplemented with
FOS (at 10% viv ﬁnd,l}, and cells were placed at 37°C m an incubator with a §% CO, atmosphere
overnight. For cach T150 flask to be transfected, a solution of DNA, Calll and water was
prepared by mixing 94 pg total plasmid vector DINA divided in the corresponding ratio, water to
a final vohume of 469 pl and 469 wlofa 1 M CaCly solution. To this solution, 938 ul of'a 50 mM
HEPES, 280 mM NaCl, 1.5 mM Na,HPO; solution at pH 7.05 were added, mixed immediately
tor 10 s and left to stapd at room temperature for 20 5. The suspension was dituted with 10 ml of
DMEM supplemented with 2 % (v/v) FCS, and added to the TT150 i place of the existing
medium. Subsequently, additional 13 ml of transfection medium were added. The cells were

incubated at 37°C, 5% CO, for about 17 to 20 hours, then medium was replaced with 25 ml
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DMEM, 10 % FCS. The conditioned culture medium was harvested approximately 7 days post-
media exchange by centrifugation for 15 min at 210 x g, sterile filtered {(0.22 m filter),
supplemented with sodium azide to a final concentration of 0.01 % (w/v}, and kept at 4°C.

For transfection using polyethylenimine (PEI} HEK293 EBNA cells were culfivated in
suspension in serun free OO CHO culture medium. For the production in 5300 ml shake flasks,
400 million HERKZ93 EBNA cells were seeded 24 hours before transfection. For transfection
cells were centrifuged for 5 min at 210 x g, and supernatant was replaced by 26 ml pre-warmed
CD CHO medium. Expression vectors wore mixed in 20 ml CD CHO medium to a final amount
of 200 ug DNA. After addition of 540 ¢! PEL the mixture was vortexed for 155 and
subsequently ncubated for 10 min at room temperature, Afterwards cells were mixed with the
DINA/PED solution, transferred to a 500 ml shake flask and incubated for 3 hours at 37°C in an
meubator with a 5% CO; atmosphere. After the incubation time 160 ml F17 medium was added
and cells were cultivated for 24 hours. One day after transfection I mM valproic acid and 7%
Feed 1 (Lowzay were added. Affer a cultivation of 7 days, supernatant was collected for
purification by centrifugation for 15 min at 210 x g, the solution was sterile filtered (0.22 um
filter}, suppiemented with sodium azide to a final concentration o 0.01 % w/v, and kept at 4°C
The secreted proteins were purified from cell culture supernatants by Protein A affinity
chromatography, followed by a size exclusion chromatography step.

For affinity chromatography supernatant was loaded on a HiTrap ProteinA HP column (CV = 5
ml, GE Healthcare) equilibrated with 23 ml 20 mM sodium phosphate, 20 mM sodium citrate,
pH 7.5 or 40 m} 280 mM sodium phosphate, 20 mM sodium citrate, 0.5 M sodium chloride, pH
7.5. Unbound protein was removed by washing with at least ten column volumes 20 mM sodium
phosphate, 20 mM sodium citrate, 0.5 M sodium chloride pH 7.5, followed by an additional
wash step using six column volumes 10 mM sodivm phosphate, 20 mM sodium citrate, 0.5 M
sodium chloride pH 545, Subsequently, the column was washed with 20 ml 16 M MES,
100 mM sodmum chloride, pH 5.0, and target protein was ehuted in six cohumn volumes 20 mM
sodium citrate, 100 mM sodum chloride, 100 mM glyeine, pH 3.0, Alternatively, target protein
wes eluted using a gradient over 20 column volumes from 20 mM sodium citrate, 0.5 M sodium
chloride, pH 7.5 to 20 mM sodium citrate, 6.5 M sodium chloride, pH 2.5, The protein solhution
was neuiralized by adding /10 of 0.5 M sodivm phosphate, pH 8. The target protein was
concentrated and filtrated prior to loading on a HiLoad Superdex 200 column (GE Healthcare)

equilibrated with 25 mM potassium phosphate, 125 mM sodium chloride, 100 mM glveing
p i : ¥
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sotution of pH 6.7, For the purification of [+1 TG Crosstab the column was equilibrated with 20
mM histidine, 140 mM sodmim chioride solution of pH 6.0.
The protein concentration of purified protein samples was determined by measuring the optical
density (OD) at 280 nm, using the molar extinction coefficient calculated on the basis of the
amino acid sequence. Puarity and molecular weight of the bispecific constructs were analyzed by
SD5-PAGE in the presence and sbsence of a reducing agent (5 mM [, 4-dithiotreitol) and
staining with Coomassie (BimpleBlue™ SafeStain from Invitrogen) using the NuPAGE® Pre-
Cagt gel system (Invitrogen, UBA)Y was used according to the manufacturer’s instructions (4-12%
Tris-Acetate gels or 4-12% Bis-Tris). Alternatively, purity and molecular weight of molecules
were analyzed by CE-SDE analyses in the presence and zbsence of a reducing agent, using the
Caliper LabChip GXI systom (Caliper Lifescience) according to the manufacturer’s instructions.
The aggregate content of the protein samples was analyzed using a Superdex 200 10/200GL
apalytical size-exclusion chromatography column {(GE Healthcare) m 2 mM MOPS, 150 mi
Na(l, 0.02% (w/v) NaNs, pH 7.3 running buffer at 25°C, Alternatively, the aggregate content of
antibody samples was analyzed using & TSKgel G3000 5W X1, analytical size-exclusion column
{Tosch} in 25 mM K HPO,, 125 mM NaCl, 200 mM L-arpinine monohydrocloride, 8.02% (w/v)
Nalls, pH 6.7 running buffer at 25°C.
Figures 2-14 show the results of the 508 PAGE and analytical size exclusion chromatography
and Table 2A shows the vields, aggregate content after Protetn A, and final monomer content of
the preparations of the different bispecific constracts.
Figure 47 shows the result of the CE-SDS apalyses of the anti-CD3/anti-MCSE bispecific “2+1
1 Crossfab, linked light chain” construct {see SEQ 1D NOs 3, 5, 29 and 179} 2 ug sample was
used for analyses. Figure 48 shows the result of the analytical size exclusion chromatography of
the final product (20 ng sample injected).
Figure 54 shows the results of the CE-505 and 5Db PAGE analyses of various constructs, and
Table 2A shows the yields, aggregaie content after Protein A and final monomer content of the

preparations of the different bispecilic constructs.

TABLE 2A. Yields, aggregate content after Protein A and final monomer confent.

Coustruet Yiekd Agoregate UMW | LMW | Monomer |
[mg/i] content alter 196] 191 P71
Protein A 19%]
MLSP
241 1gG Crossfab; VI/VL 12.8 2.2 U 0 160

exchange (1.CO0O7/V9)
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(SEQID NOs 3, 5,29, 33y

PUT/EPZGLLG66235

21 1eG Crosstab; VH/VL
exchange (LOCOOT/FNIE)
(5EQID WNOs 3, 5, 35, 37)

0.4

99.6

241 1l schab, P320G LALA
( LQ D NOs 5, 21, 23)

99.7

1 1pG sciab, 1 m/x
{9,,{ OIDNOs 5, 17, 19)

0

0

241 159G scliab, .?3:29@ LALA
'M'z,@"/s,:} (SEQ 1D NOs 5, 25, 27)

+1 Il sclab, wt
{SQL 1D NOs 5, 13, 15)

El I igd sckab
SEQID NOs 5, 21, 213)

a:—l fel sclab “one armed”
(SEQID NOs 1,3, 5

7.6

11 igG sebab “one armed
mverted” (SEQ ID NOs 7,9, 11)

9.1

I+11gG Crossfab; VH/VL
exchange (LCO07/VO)
(SEQ D NOs 5,29, 31, 33)

0.8

ol

21 igl Crosstab, linked light
chain; VL/VH exchange
(LCCOTV9)

(BEQ B MNOs 3, 5,29, 179

=
[SEER
BN

i

44

i1 igl Crosstab; VI/VH
exchange (LCO07/VS)
(SEQ 1D Ns 5, 29, 33, 181)

fanY
o

O

i+1 CrossMah;, CL/CHI exchange
{(LTO0/VO)
(BEQ 1D NOs 5, 23, 183, 185

6.91

1.7

2-+1 1pG Crossiab, inverted;
CL/CHT exchange (LCOOT/VS)
{(SEQID NOs 5, 23, 183, 187

9.45

6.1

0.8

99.2

2ri by Crossfab; VI/VH
exchange (M4-3 MLZ/VS)
= LQ [ NGs 33, 189, 191, 193)

36.6

9.5

LA
(9]

21 1gl Crosstab; CL/ CHI
"\{, hange (M4-3 ML2/V9)
{(SEG 1D NOs 183, 189, 193, 195)

2.02

z--: P g Crosstab; CL/CHI
exchange (M4-3 MEL2/H2C)
(SEQID NOs 189, 193, 199, 201)

2975

0

2+1 'gﬂ ’(‘mss ’ab (‘]? /C?ﬂ

{x,, Q D NUs 5,23, 2.15, 217

1.25

97.1

21 TG Crossfab, mverted;
CL/CHT exchange (LCOO7/anti-
D32

7.82

100
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{fQID‘\]OsS 23,215,219

z‘LJ ‘éﬁR

1 1gG scFab 5.2 53 0 30 70
(SFQ 1D NOs 45, 47, 53)

1 1gG soFab 34 66.6 0 1.6 98.4
,ﬁ:Q iD NOs 47, 53, 213)

1+1 1gG scFab “one armed” 9.05 60,8 0 0 100
(SEQID NGs 43, 45, 47y

1+1 1g(G sclab “one armed 3.87 588 {0 0 100
mmverted” {SEQ 1D NOs 11, 49, 513

AP

2+ 1gG scFab 12.57 53 0 0 10
(SEQ 1D NGs 57, 59, 61)

[ 1gG scFab 17.95 4] 0.4 { 99.6
{%‘? Q1D MNGs 57,61, 213}

11 gl sciab “one du‘r}(‘d 744 HY 8.6 O 9.4
inverted” (SEQ 1D MOs 11, 51, 55)

Ak %

2—% [ leC Crossfab, inverted; VL/VH 13 4.4 0 95.6

xehange (CHIATA/VD)

<o
[ 8]
I

[
-3
o
(53

1 g Crosstab, mverted; 2. 0 { 100
41 exchange (CFHK‘&}A/‘V'F}}
1

D MNOs 65, 67, 183, 197)

(QfQ 1D NOs 33, 63, 65, 67)
7
T

JCE
”(

A—-\,s-\.

(SEQID NOs 183, 203, 205, 207)

i\..l

1 1l Crossfab, mverted; 7.1 20 4] 0 H
( L/CHT exchange (4 %1/26/\/"(})

27 43 1 3n 92.5

(e
h
hS

1+1 Tgli-Crossfab light chain fusion 7.3
(CHIATA/NVG}
(5EQ 1D NOsg 1853, 209, 211, 213)

As controls, bispecific antigen binding molecules were generated in the prior art tandem scHv
format {{(scFv),”) and by fusing a tandem scFv to an Fo domamn (“{se¥Fv)-Fe™). The molecules
were produced in HEKZ293-EBNA cells and purified by Protein A affimty chromatography
followed by a size exclusion chromatographic step in an analogous manner as described above
for the bispecific anifgen binding molecules of the nvention. Due to high aggregate formation,
some of the samples had to be further purified by applying eluted and concentrated samples from
the HiLoad Superdex 200 column (GE Healthcare) to a Superdex 10/300 GL column (GE
Healthcare) equilibrated with 20 mM histidioe, 140 mM sodium chloride, pH 6.7 in order to
obtam protein with high monomer content. Subscquently, protein concentration, purity and
molecular weight, and aggregate content were determined as described above.

Yields, aggregate content alter the first purification step, and final menomer content for the

control molecules 8 shown m Table 2B, Comparison of the aggrepate content after the first
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purification step (Protein A) indicates the superior stability of the 1gG Crossfab and igQ schab
consfructs compared to the “(scFvy-Fo” and the disulfide bridge-stabilized *“{dssckv)-¥c”

molecules.

TABLE 2B, YVields, ageregate content after Protein A and final monomer content.

Construct Yield Aggregates atfer Final
Img/l ProfeinA %]

FHCW | LMY | Monomer
9] 171 [ Yol

{(scFv-Fe 765 40 (.5 i 895
(antiMCSP/ant: huCD3)

| {(antiMCSP/anti huC3) ” s

(dsscFvY,-Fe 2.65 a8 73 8.0 4.7

Thermal stabidity of the proteins was monitored by Dynamic Light Scattering {DLS). 30 g of
filtered protein sample with a protemn concentration of | mg/nﬂ was applied m duplicate to a
Diynapro plate reader (Wyatt Technology Corporation; USA). The temperature was ramped from
25 w75°C at 0.05°C/min, with the radius and fotal scattering intensity being collected. The
results are shown in Figure 15 and Table 2C. For the "(scBFvy2-Fe” (antiMCOSP/anti hulD3)
molecule two aguregation points were obyerved, at 49°C and 68°C. The “(dsscHv-Fe” construct
has an mercased aggregation temperature {(57°C) as a result of the troduced disulfide bridge
{(Figure [5A, Table 2C). Both, the *2+1 IgG scFab” and the “2+1 1gG Crossfab” constructs are
agpregating at temperatures higher than 60°C, demonstrating their superior thermal stability as

compared to the “(scFvi-Fe” and “{dsscFvi-Fe” formats {Frgure 158, Table 20).

TARLE 2C. Thermal stability determuined by dynamic light scattering,

Caonstruet Tage 1°C]
241 1ol scFab (LCO0T/VY) 68

241 1gG Crossfab (LCOOW/VYY | 65
Fo-(scFv)2 (LCO0T/V9) 49/68
| Fo-(dsscFv)2 (LCOOT/V9) 57

Kxample 2

Hurface Plasmon resonance analysis of Ie recepior and target antigen hinding
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All surface plasmon resonance (SPR) experiments are performed on a Biacore T100 at 25°C
with HES-EP as running buffer (0.61 M HEPES pH 7.4, 0.15 M NaCl, 3 mM EDTA, §.005%
Surfactant P20, Biacore, Freiburg/Germany).

Analysis of FeR binding of different Fe-variants

The assay setup is shown i Figure 16A. For analyzing mteraction of different Fe-variants with
hrnan FoyRiTa-V138 and murine FoyRIY direct coupling of around 6,500 resonance uniis (RU)
of the anti-Penta His antibody {(Qiagen) 1s performed on a CMS5 chip at pH 5.0 using the standard
amine coupling kit (Biacore, Freiburg/Germany). HuFoyRIIa-VISE8-KO6HS and mulFcoyRIV-
aviHis-biotin are caphured for 60 s at 4 and 10 nM respectively.

Constructs with different Fo-mutations are passed through the flow cells for 120 s at a
concentration of 1000 oM with a flow rate of 36 pl/min. The dissociation is monttored for 220 s.
Bulk refractive index differences are corrected for by subtracting the response obtained in a
reference flow cell. Here, the Fe-variants are flown over a surface with immobilized anti-Penta
His antibody but on which HBS-EP has been injected rather than HuFoyRITIa-V 158 T{()Hé or
muFeyRIV-aviHis-bictin,  Affinity for human FoyRIMTe-V158 and murine FoyRIV  was
determined for wild-type Fo using a concentration range from 500 - 4000 nM.

The steady state response was used fo derive the dissociation constant Kp by non-linear curve
{itting of the Langmuir binding isotherm. Kinetic constants were derived using the Biacore T100
Fvaluation Software (vAA, Blacore AB, Uppsala/Sweden}, to 6t rate equations for 1.1 Langmuir
binding by numerical infegration.

Kesult

The interaction of Feo variants with humnan FeyRila and murime FeyREY was monttored by
surface plasmon resonance. Binding to captured huFeyRITTa-VI58-K6H6 and muFoyRIV-
avitlis-bigtin s significantly reduced for all analyzed Fo mutants as compared to the construct
with a wild-type (wt) Fe domain,

The Fo mutants with the lowest binding to the human Foy-receptor were P329G L234A LZ35A
(LALA} and P329G LALA N297D. The LALA mutation alone was not enough to abrogate
oinding to huFeyRiTla-VI158-K6H6, The Fo variant carrying only the LALA mutation had a
residual binding affinity to human FeyRilla of 2,160 nM, while the wi F¢ bound the human
FoyRifla receptor with an affinity of 600 nM (Table 3). Both ¥ values were derived by 111

binding model, using a single concentration.
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Aflinity to human FoyRITa-V158 and murine FeyRIV could only be analyzed for wt Fe. Kp
values are histed i Table 3. Binding to the murine FoyRTV was slmost completely eliminated for

all analyzed Fe mutants.

TABLE 3. Affinity of Fe-variants to the human FeyRE1a-V 158 and murine FeyRIV,

a*’ w innivi hurnan ?%!‘{:”{é?&ﬂf&.a—'v.ﬁﬂiﬁé? murine FeyRIY

---- = PR

Kingtic sieady state kinstic steady state

He-wit 600* (1200) 3470 576 1500
(SEQID NOs 3, 13, 15)
Fo-LALA 2130% i.d. d.
(SEQ I NGs 5,17, 19)
Fe-P329G LALA n.d, n.d.
SEQIDNOs 5, 21,23
Fe-P3290 LALA N297D n.d, n.d
(SEG I NOs 5,25, 273

Tdetermined v mn.g one concentration (1600 nh)

Analysis of simultaneous binding to tumor anticen and CD3

Analysis of simultanecus binding of the T-cell bispecific constructs to the tumor antigen and the
human T3¢ was performed by direct coupling of 1650 resonance units (RU) of biotinylated D3
domatin of MUSP on a sensor chip SA using the standard coupling procedure. Human EGFR was
immobilized using standard amino coupling procedure. 80600 RU were immobilized on a CMS
sensor chip at pH 5.5, The assay setup 15 shown in Figure 168,

Different T-cell  bispecific  constructs  were  captured for 605 at 200 0M. Human
CD3y(G48)sChEe-AcTev—Felknob)y-Avi/Felhole) was subsequently passed at a concentration of
2000 oM and a How rate ot 40 ul/min for 60 s. Bulk refractive index differences were corrected
for by subtracting the response obtained on a reference flow cell where the recombinant CD3e
was flown over a surface with immebilized D3 domaimn of MCSP or BEGFR without captured T-
cell bispecific constructs,

Result

Simultaneous binding to both tumor antigen and human CD3e was analyzed by surface plasmon
resonance {(Figure 17, Figure 18). All constructs were able to bind the tumor antigen and the
03 simultaneously. For most of the constructs the binding level (RU) after injection of human
133 was higher than the binding level achieved after injection of the construct zlone reflecting

that both fumor antigen and the human CD3g were bound to the construct.
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Example 3
Binding of bispecific constrnets io the respective tavpef antizen on cells
Binding of the different bispecific constructs to CD3 on Jurkat cells (ATCC #T113-152), and the
respective tumor antigen on target cells, was determined by FACS. Briefly, cells were harvested,
counted and checked for viability. 0.15 — 0.2 million cells per well {in PBRS containing 0.1%
BSA; 90 pby were plated in a round-bottom 96-well plate and incubated with the indicated
concentration of the bispecific constructs and corresponding 1gG controls (10 1l for 30 min at
4°C. For a better comparison, all constructs and 1gG controls were normalized to same molarity.
After the ncubation, cells were centrifuged (5 min, 350 x g), washed with 150 pl PBS
contamning 0.1% BSA, resuspended and incubated for further 30 man at 4°C with 12 ul/well of a
FITC-or PE-conjugated  secondary a}'ztéb{')dy. Bound copstructs were  detected using 2
FACSCantoll (Software FACS Diva). The “(scbFv)” molecule was detocted using a FITC-
corgugated anti-His antibody {Lucerna, #RHIS-45F.7). For all other molecules, a FITC- or PE-

cormjugated AfhiniPure #{ab’)2 Fragment goat anti-human {gG Foy Frag

i)
e

ment Specific {Jackson
tomuno Research Lab # 109-096-008 / working solution 1:20, or #109-116-170 / working
solution 1:8G, respectively) was used. Cells were washed by addition of 120 ul/well PBS
containing 0.1% BEA and centrifugation at 350 x g for 5 min. A second washiﬂg step was
performed with 150 pl/well PBS containing 0.1% BSA. Unless otherwise indicated, cells were
fized with 100 ulwell fixation buffer (BD #354655) for 15 min at 4°C in the dark, centrifuged
for 6 min at 400 x g and kept in 200 plwell PES containing 0.1% BSA until the samples were
measured with FACS Cantoll. ECS50 values were caleulated using the GraphPad Prism software.
In a fiest experiment, different bispecific constructs targeting human MCSP and buman D3
were analyzed by flow eyiometry for binding to human CD3 expressed on Jurkat, human T cell
leukacemia cells, or to human MCSP on Colo-38 human melanoma cells.

Resulty are presented in Figure 19-21, which show the mean fluorescence intensity of cells that
were incubated with the bispecific molecule, control Tg(, the secondary antibody only, or left
untreated.

As shown m Figure 19, for both antigen binding moietics of the “(scFv)y” molecule, i, CD3
(Figure 191A) and MCSP (Figure 19B), a cicar binding signal is observed compared to the
control samples,

The “2+1 Igl scFab” molecule (SEQ 1D NGs 5, 17, 19) shows good binding to huMCSP on
Cole-3% cells {(Figure 20A). The CD3 moiety binds CD3 slightly better than the reference anti-
human CD3 1gG (Figure 20B).
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As depicted in Figure 21A, the two “14+17 constructs show comparable binding signals to human
CD3 on cells. The reference anti-human CD3 1gG gives a shightly weaker signal. In addition,
both constructs tested (“1+1 IgG scFab, ong-armed” (SEQ 1D NOs 1, 3, 5y and “1+1 IgG scFab,
one-armed inverted” (SEQ 1D NOs 7, 9, 11}) show comparable binding to human MCSP on cellg
{(Figure 21B). The binding signal obtained with the reference anti-human MUSP Ie( 15 slightly
weaker,

In another experiment, the purified “2+1 IgQG sclfab” bispecific construct (SEQ 1D NOs 5,17, 19)
and the corresponding anti human MOSP 1gG were analyzed by flow cytometry for dose-
dependent binding to human MCEP on Cole-38 human melanoma cells, to determine whether
the bispecific construct binds to MUSP via one or both of its “arms”. As depicted in Figure 22,
the “2+1 1 scFab™ construct shows the same binding pattern as the MCSP TpG.

fn vet another experiment, the binding of CD3/CEA “2+1 TG Crosstab, mverted” bispecific
constructs with etther & VL/VH (see SEQ 1D NOs 33, 63, 65, 67) or 2 CL/CH!T exchange {see
SEC D MNOs 66, 67, 183, 197} in the Crossfab fragruont to human (123, expressed by Jurkat
cetls, or to human CEA, expressed by LE-1747 cells, was assessed. As a control, the equivalent
maximum concentration of the corresponding IgGs and the background staimng due to the
labeled Zndary antibody {(goat anti-human FITC-conjugated AffiniPure F(ab’)2 Fragment, Foy
Pragment-specific, Jackson Immuno Research Lab # 109-0%96-G98) were assessed as welll As
Hlustrated w Figure 55, both consiructs show good binding to human CEA, as well as to human
{3 on cells, The caleudated ECS0 values were 4.0 and 3.9 oM (CD3), and 9.3 and 6.7 nM
(CEAY for the “2+1 1gG Crossfab, inverted (VI/AVEDL and the “2+1 1gG Crossfab, inverted
{(CL/CHLY constructs, respectively,

in another experiment, the binding of CD3/MCSP “2+] igG Crossfab” {see SEQ 1D NOs 3, 5, 29,
33y and 21 Eg‘G Crossfab, mverted” (see SEQ 1D NOs 5, 23, 183, 187) constructs to human

CD3, expreased by Jurkat cells, or to human MCSP, expressed by WM266-4 cells, was assessed.
Figure 56 shows that, while binding of both constructs to MUSP on cells was comparably good,
the binding of the “inverted” constrizet to CD3 was reduced compared 1o the other construct. The
calculated ECS50 values were 6.1 and 1.66 nM {CDFJ), andl 0.57 and 0.95 oM (MTSP) for the
“2+1 1gG Crossiab, toverted” and the “Z+1 TG Crossiab” constructs, respectively,

In a further experiment, binding of the “1+1 1g(h Crossfab Hght chain {LO) fusion” construct
(SEQ T NOs 183, 200, 211, 213} to human T3, expressed by Jurkat cells, and to human CEA,
expressed by LS-174T cells was determimed. As a comtrol, the equivalent maximum

congentration of the corresponding anti-C3 and anti-CEA 1eGs and the backeround staining
J |4 24
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due to the labeled Zndary antibody {goat anti-human FITC-conjugated AffiniPure Flab))2
Fragment, Foy Fragment-specific, Jackson Immuno Research Lab #109-096-098) were asscssed
as well. As depicted in Figure 57, the binding of the “i+] IgG Crosstab LC fusion” to CEA
appears to be greatly reduced, whereas the binding to CD3 was at least comparable to the
reference 1gG.

in a fmal experiment, binding of the “Z2+1 lgG Crossfab” (SEQ 1D WNOs 5, 23, 215, 217) and the
D igG Crossfab, imverted” (SEQ 1D NOs 5, 23, 215, 219) constructs to human D3,
cxpressed by Jurkat cells, and to hurman MCSP, cxpressed by WM266-4 tumor cells was
determined. As depicted in Figure 58 the binding to human CD3 was reduced for the “2+1 G
Crossfab, mverted” compared to the other construct, but the binding fo human MCSP was
cornparably good. The calculated ECS0 vatnes were 10.3 and 32.0 ndM (CD3), and 3.1 and 3.4
oM (MOEP) for the “24+1 TgG Crossfab” and the “211 1gG Crossfab, inverted” construct,

respectively.

Example 4

FACE analysis of surface aclivation markers on primary

Bwman T cells npon engagement of bispecific constiructs
The purified buMCBP-huCD3-targeting bispecific “2+1 IpG scFab”™ (SEQ 1D NOs 5, 17, 19Y and
“(selvyy” molecules were tested by flow eytometry for thewr potential to up-regulate the carly
surface activation marker CD69, or the late activation marker CD725 on CD8T T cells in the
presence of human MOSP-expressing tomor cells,
Briefly, MUEP-positive Colo-38 cells were harvested with Cell Dissociation buffer, counted and
checked for viability. Cells were adjusted fo 0.3 x 10° (viable) cells per mi in AIM-V medium,
00 ul of this cell suspension per well were pipetted into a round-bottom 96-well plate (as
mndicated). 50 pd of the (diluted) bispecific construct were added to the cell-contaiming wells to
obtain a faal concentration of 1 oM. Human PBMC effector cells were isolated from fresh blood
of a healthy donor and adjusted to 6 x 10° (viable) cells per ml in AIM-V medium. 50 ul of this
cell suspenston was added per well of the assay plate (see above) fo obtain a final BT ratio of
t0:1. To analyze whether the bispecific constructs are able to activate T cells exclusively in the
presence of target cells expressing the tumor antigen huMOSP, wells were included that
confained I nM olthe respective bispecific molecules, as well ags PBMUs, but no target cells.
After incubation for 15 h (CD69), or 24 h {CDI5) at 37°C, 5% Oy, cells were centrifuged (5

min, 350 x g} and washed twice with 150 ulfwell PRS containing 0.1% BSA. Surface staming
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for CD8 (mouse TpGlx; clone HIT8a;, BD #5 55635), C69 fmouse 1pGl; clone L78; BD
#340560) and CDZS5 (mouse 1gGlx; clone M-A2ST; B #555434) was performed at 4°C for 30
min, according {o the suppher’s suggestions. Cells were washed twice with 150 nl/well PBS
containing 0.1% BSA and fixed for 15 min at 4°C, using 100 uliwell fixation buffer (BD
#554655). After centrifugation, the samples were resuspended in 200 ul/well PBS with 0.1%
B5A and analyzed using a FACE Cantoll machine {Boftware FACS Diva),
Figure 23 depicts the expression level of the early activation marker D69 (A), or the late
activation marker CD25 (B) on CDE T cells afler 15 hours or 24 hours incubation, respectively.
Both constructs induce up-regulation of both activation markers exclusively in the presence of
target cells. The “(scFv),” molecule scems to be slightly more active in this assay than the “2+1
1e(G sclab” construct,
The purified huMCSP-huCD3-targeting hispecific “2+1 IpG scFab” and “(scPvy” molecules
were further tested by flow eytometry for thetr potential to up-regulate the late activation marker
CD25 on CDRT T cells or 4" T cells in the presence of human MCOSP-expressing tumor cells.
Experimental procedures were as described above, using human pan T effector cells at an BT
ratio of 5.1 and an wacubation time of five days.
frgure 24 shows that both constracts induce up-regulation of CD25 exclusively in the presence
of target cells on both, CIIR™ (A} as well as CD4A7 (B T cells. The “2+1 1g0 scFab” constract

A

seems to mduce less up-regulation ot CDZS in this assay, compared to the “(scFv),” molkecule. In
general, the up-regnlation of CD25 is more pronounced on CDY than on CD47 T colls
in another @xpa?rim.@.n.ﬁ purified “2+1 1gC Crossfab” targeting cynomolgus CO3 and buman
ACSE (SEG 1D NOs 5, 5, 33, 37y was analyzed for its pofential to up-reguiate the surface
activation marker €025 on CD8' T cells in the presence of tumor target cells. Briefly, human
MOSP-expressing MV-3 tumor target cells were harvested with Cell Dissociation Buffer,
washed and resuspendend in DMEM containing 2% PCS and 1% GlutaMax, 30 000 cells per
well were plated m a round-bottom 96-well plate and the respective antibody difution was added
at the indicated concentrations (Figure Z5). The bispecific construct and the different lgG
controls were adiusted to the same molarity. Cynomelgus PEMC effector cells, isolated Gom
biood of two healthy animals, were added to obtam a final E:7 ratic of 3:1. After an incobation
for 43 hoat 37°C, 5% C0,, the cells were centrifuged at 350 x g for 5 min and washed twice with
PBE, containing 0.1% BBSA. Surface staining for CO8 (Miltenyi Biotech #130-080-601) and

CI25 (B #557138) was ]E‘)(:‘t‘fbf‘l”ﬁ.t:d acc@ﬁ:ding to the 5‘;11;3‘_[)!';'@“5 :;uggcs%,iom. Cells were washed
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fixation buffer (BD #554655). Afler centrifugation, the samples were resuspended in 260 uliwell
PBS with 0.1% BSA and analyzed using a FACS Cantoll machine {Software FACS Diva).
As depicted m Figure 25, the bispecific construct induces concentration-dependent up-regulation
of CD25 on CDS' T cells only in the presence of target cells. The anti cyno €03 Tg( {clone FN-
18} is also able to induce up-regulation of CD25 on CD8T T cells, without being crosslinked (see
cata obtained with cyne Nestor). There is no hyperactivation of cyno T cells with the maximal
concentration of the bispecific construct {in the absence of target cells).
In another experiment, the CD3-MCSP <241 1gG Crossfab, linked light chain® (see SEQ 1 NOs
29, 179 was compared to the CD3-MUSP *2+1 1gG Crossfab” (sec SEG 1D NOs 3, 5, 29,
33_} for its potential to up-reguiate the carly activation marker CID69 or the late activation marker
C25 on CO8T T cells in the presence of tumor target cells. Primary human PRMCs (isolated ag
deseribed above) were incubated with the indicated concentrations of bigpecific constructs for at
teast 22 h in the presence or absence of MUSP-positive Colo38 target cells. Briefly, 0.3 million
primary human PBMCs were plated per well of a flat-bottom 96-well plate, containing the
MOSP-positive target cells {or medium). The final effector to target cell (E:T) ratio wag 10:1.
The cells were incubated with the indicated concentration of the bispecific constructs and
controls for the mndicated incubation times at 37°C, 5% (O, The effector cells were stained for
CDE, and CD6Y or CD25 and analyzed by FACE Cantoll,
Figure 53 shows the result of this experiment. There were no significant differences detected for
CD6% (AY or CD25 up-regulation (B) between the two 241 {pG Crossfab molecules (with or
without the linked hght chain}.
in yvet ancther experiment, the CO3/MCSP “2+1 1gG Crossfab™ (see 5EQ 1D NGs 3, 5, 29, 33)
and “I+1 IgG Crossiab” (see SEQ 1D NOs 5, 29, 33, 18 1) constructs were compared to the <141
CrossMab” construct (see SEQ 1D NOa 5, 23, 183, 185} for their potential to up-regulate €69
or D25 on UD4” or CD8 T cells in the presence of tumor target cells. The assav was
performed as described above, i the presence of absence of human MOSP expressing MY-3
fumor cells, with an incubation time of 24 k.
Ag shown in Figure 59, the “I+] [gG Crossfab” and “2+1 1gG Crossfab” constructs induced
more pronounced upregulation of activation markers than the “1+1 CrossMab” moleculs.
in a final experiment, the CO3/MUSP "2+ 1gG Crossfab” (see SEQ 1D NOg 5, 23, 215, 217)
and 2+ IgG Crossfab, inverted” {sce SEQ 1D NOs 5, 23, 215, 219) constructs were assessed

for their potential to up-regulate CD25 on CD4" or CD87 T cells from two different cynomolgus

monkeys in the presence of tomor target cells. The assay was performed as deseribed above, in
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the presence of absence of human MCSP expressing MV-3 tumor cells, with an B:7 ratio of 3:1
and an incubation time of about 41 h

As shown in Figure 60, both constructs were able to up-regulate CD25 on CD4" and CDY' T
cells m a concentration-dependent manner, without significant differonce between the two
formats. Control samples without antibody and without target cells gave a comparable signal to

the sarnples with antibody but no targets (not shown).

HFyample 5
Interforon-y secretion upon activation of hwman pan T cells with CD3 §3i;pe«s:§:ﬁa: eonstracts
Purified “2+1 Tg( sclab” targeting human MOSP and human CD3 (SEQ 1D NOs 5, 17, 19) was
analyzed for its potential to mduce T cell activation in the presence of human MCSP-positive U-
QTMEG cells, measured by the release of hwman wterferon (IFNY-y into the supernatant. As
controls, ant-human MOSP and anti-human CD3 TgGs were used, adjusted to the same molarity,

(ECACC

Brietly, huMCSP-cxpressmyg  U-87MG  ghoblastoma  astrocytoma  target
89081402} were harvested with Cell Dissociation Buffer, washed and resuspendend in AIM-V
medium (Invitrogen #12055-091). 20 000 cells per well were plated in a round-botiom 96-well-
plate and the respective antibody dilution was added to obtain & final concentration of 1 nM.
Human pan T effector cells, solated from Bufty Coat, were added to obtain a final E:7 ratio of
5:1. After an overnight meubation of 18.5 hoat 37°C, 5% COy, the assay plate was centrifuged for
5 min at 350 x g and the supematant was fransferred mte a fresh 96-well plate. Human IFN-y
levels in the supernatant were measured by ELISA, according to the manufacturer’s instructions
(B3 OptETA human IFN-y ELISA Kit 1l from Becton Dickmson, #550612).

As d&i)inLG in Figure 26, the reference Ig(s show no t0 weak induction of IFN-y seerction,

whereas the “2+1 1gili scFab” construct 18 able to activate human T cells to secrete IFN-y.

Frample 6
He-dirzcted T cell eviotoxicity mediaied by cross-linked bispecific constructs

Fr(i

targeting CD3 on

& “ ey

cells and MOSP or EGFR on tumor cells (LIDH release assay)

in a first series of experiments, bispecific constructs targeting CD3 and MOUSP were analyzed for
their potential to induce T cell-mediated apoptosis i tumor target cells upon crosslinkage of the
construct via bindmg of the antigen binding moieties to their respective target antipens on cells

(Figures 27-38}.
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[z one experiment purified “2+1 {gG scFab” (SEQ 1D NOs 5, 21, 23) and “2+1 igG Crossfab”
(SEQ ID NOs 3, 5, 29, 33) constructs fargeting hurnan CD3 and human MCSP, and the
corresponding “(scFvy” molecule, were compared. Briefly, huMCUSP-expressing MDA-MB-435
hurnan melanoma target cells were harvested with Cell Dissociation Buffer, washed and
resuspendend in AIM-V medium {(Invitrogen # 12055-091}. 30 000 cells per well were plated in
a round-bottom 96-well plate and the respective dilution of the construct was added at the
mdicated concentration. All constructs and corresponding control 1gGs were adjusted to the same
molarity. Human pan T effector cells were added to obtain a final BT ratio of 5:1. As a positive
control for the activation of human pan T cells, | pp/ml PHA-M (Sigma #1.8902; mixture of
isolecting solated from Phaseolus vulgaris) was used. For normalization, maximal lysis of the
target cells (= 100%; wuas determined by incubation of the target cells with a final concentration
of 1% Trton X-100. Minimal lysis (= 0%) refers to target cells co-incubated with effector cells,
but without any construct or a@:xtﬁbody. viter an overnight incubation of 20 h at 37°C, 5% COy,
LDH release of apoptotic/necrotic target cells into the supernatant was measured with the LDH
detection kit (Roche Applied Science, #11 644 793 001), according to the manufacturer’s
instructions.

As depicted in Figure 27, both “2+17 constructs induce apoptosis in target cells comparable
the “{sclv),” molecule.

Further, purified “2+1 {g( Crossfab” (SEQ 1D NOs 3, 5, 29, 33) and “2+1 TG scFab” constructs
differing in their Fo domain, as well as the “{scFv)y” molecule, were compared. The different
mutations in the Fo domain (1234A+1235A (LALA), P329G and/or N297D, as indicated)
reduce or abolish the (NKj effector cell function induced by constructs containing a wild-type
{wt) Fo domain. Experitental procedures were as described above.

Figore 28 shows that all constructs mduce apoptogis in targel cells cornparable to the “(sclFv)y’
moiecule.

Figure 29 shows the result of a comparison of the purified “2+1 1gG scFab” (SEQ 1D NOs 5, 17,
19} and the “(scFv),” molecule for their potential to induce T cell-mediated apoptosis in tumor
target cells, Experimental procedures were as decribed above, using huMCSP-expressing Colo-
38 human melanoma target cells at an E:T ratio of 511, and an overnight incubation of 18.5 h. As
depicted in the figure, the “2+1 TgG scFab” construct shows coraparable cytotoxic activity to the
“{setvy” molecule,

Similarly, Figure 30 shows the result of & comparison of the purified “2+1 1gG scFab” construct

(BEQ D NOs 5, 17, 19)and the “(scbv)y” molecule, nsing huMCSP-expressing Colo-38 human
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melanoma target cells at an ET ratio of 3:1 and an moubation time of 18 k. As depicted in the
figure, the “2+1 lg scHab” construct shows comparable cytotoxic activity to the (scbv),
moiecule. '
Figure 31 shows the result of a comparison of the purified “2+1 1g( sc¥ab” construct (8EQ 1D
MNGs 5, 17, 19) and the “{scbv),” molecule, using huMCSP-expressing MDA-MB-435 human
melanoma target cells at an BT ratio of 3:1 and an overnight incubation of 23.5 h. As depicied
the figure, the construct induces apoptoss in target cells comparably to the “(sclvy,” molecule.
The “2+1 1gC scFab” construct shows reduced efficacy at the highest concentrations
Furthermere, different bispecific constructs that are monovalent for both targets, human €3
and human MCSP, as well as the corresponding “(scEv)y,” melecule were analyzed for their
potential to mduce T cell-mediated z:}po;)tosis. .F'E.g[,lre 32 shows the results for the 141 lgG
sclab, onc-armed” (SEQ 1D NGs 1, 3, 5) and * 1oG scFab, onc-armed verted” (SEQ 1D
NOs 7,9, 11) constructs, using huMUCSP-expressing Colo-38 human melanoma farget cells at an
E:T ratio of 5.1, and an incubation time of 19 h. As depicted in the figure, both “1+17 constructs
are less active than the “{scPv)” meolecule, with the “i+1 1pG sclab, one-armed” molecule
being superior to the “1-1 1gG scFab, one-armed inverted” molecule in this assay,
Zf?igns;“ ¢ 33 shows the results for the “i+1 TG scFab” constroct (SEQ 13 NGs 5, 21, 213), using
ACSP-expressing Colo-38 human melanoma target cells at an BT ratio of 5:1, and an
incubation time of 20 h. As depicted in the figure, the “1+1 igG scFab” construct is less
cyictowic than the “(scFvyy” molecule.

In a further experiment the purified “2+1 1gG Crossfab” (SEQ 1D NQOs 3, 5, 29, 33), the “I+1

LpG Crossfab” (SEQ 1D NOs 5, 29, 31, 33) and the “{sclv)y” molecule were analyzed for their
potential to induce T cell-mediated apoptosis in tumor farget celis upon crosslinkage of the

construct via binding of both target antigens, CI3 and MCUSP, on cells. huMCSP-expressing

HDA-MB-435 human melanoma cells were used as target cells, BT ratio was 5:1, and the
incubation time 20 k. The results are shown in Figure 34. The fp( Crossfab” construc
mnduces apoptosis in target cells coraparably to the “(scFv)” molecule. The comparison of the

mono- and bivalent “IgG Crossfab” formats clearly shows that the bivalent one is much more
potent.

in yet another experiment, the purthed “2+1 IgG Crosstab” (S5EG 1D NOs 3, 5, 29, 33) construct
was analyzed for its potential to induce T cell-mediated apoptosis in different (fumer) target
cells, Briefly, MCSP-positive CUolo-38 tumor target cells, mesenchymal stem cells (dertved from

Ly

bone marrow, Lonza #PT-2501 or adipose tissue, Tnvitrogen #R7788-115) or pericytes (fiom
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placentia; PromoCell #C-12980), as indicated, were harvested with Cell Dissociation Bufier,
washed and resuspendend o AIM-V medium {(Invitrogen #12055-091). 30 000 cells per well
were plated m a round-bottom 96-well plate and the respective antibody dilution was added at
the indicated concentrations, Huoman PBMC effector cells isolated from fresh blood of a healthy
donor were added to obtain a final BT ratio of 25:1. Adter an incubation of 4 h at 37°C, 5% C(y,
1L.DH relcase of apoptotic/necrotic target celis into the supernatant was measured with the LI
detection kit {Roche Applied Science, #11 644 793 001}, according to the manufacturer’s
instructions,

As depicted 1o Figure 35, significant T-cell mediated cytotoxicity could be observed only with
Colo-38 cells, This result is in line with Colo-38 cells expressing significant levels of MCSP
whereas mesenchymal stem cells and pericytes express MCSP only very wealkly.

The purified “2+1 1gG scFab” (BEQ TD NOs 5, 17, 19) construct and the “{scFv)y” molecule
were also compared to a glycoengimeered anti-human MOSP lp(G antibody, having a reduced
proporiion of fucosylated M-glycans in its Fo domam (MCHEP GlycoMab), For this experiment
huMOSP-expressimg Colo-38 human melanoma target cells and human PBMC effector cells
were used, either at a fixed BT ratio of 2511 (Figure 30A), or at different E!'7V ratios from 20:1 10
1010 {Figure 368). The different molecules were used at the concentrations indicated in Figure
36A, or at a fixed concentration of 1667 pM (Figure 36B). Read-out was done after 21 h
meubation. As depicted in Figure 36 A and B, both bispecific constructs show a ligher potency
than the MSCP GlyeoMab.

In another experiment, purified “2+1 IgG Crossfab” targetmg cynomolgus CD3 and human
MUOSP (SEG 1D NOs 3, 5, 35, 37) was analyzed. Briefly, human MUCSP-expressing MV-3 tumor
target celis were harvested with Cell Dhssociation Buffer, washed and resuspendend in DMEM
containing 2% FCS and 1% GlutaMax. 30 000 cells por weil were plated in a round-bottom 96-
well plate and the respective dilution of construct or reference IgG was added at the
concenirations indicated. The bispecific construct and the different 1gG controls were adjusted to
the same rmoolarty. Cynomelgus PBMO effector cells, isolated fom blood of healthy
cvnomolgus, were added to obtain a final BT ratio of 3:1. Affer incubation for 24 h or 43 h at
37°C, 5% COy, LDH release of apoptotic/necrotic target cells into the supernatant was measurcd
with the LIDH detection kit (Roche Applied Science, #11 644 793 001), according to the

manufacturer’s iNstructions,
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As depicted in Figure 37, the bispecific construct induces concentration-dependent LDH release
from target cells. The effect is stronger after 43 h than after 24 h. The anti-cynoCD3 1gG (clone
FN-18) 15 also able to induce LIDH release of target cells without being crosshinked.

Figure 38 shows the result of a comparison of the purified “2+1 1gG Crossfab” (SEQ 1D NOs 3,
5,29, 33 and the "{scFv)" constroct, using MCSP-cxpressing human melanoma cell line (MV-
3) as target cells and human PBMUCs as effector cells with an BT ratio of 10:1 and an incubation
time of 26 h. As depicted m the fipure, the “2+1 1gG Crossfab” construct is more potent in terms
of ECS50 than the “(scbv)" molecule.

I a second series of experiments, bispecific constructs targeting CD3 and EGFR were analyzed
for thew potential to induce T cell-mediated apgpm&ig i tumor target cells upon crosshimkage of
the construct via binding ot the antigen binding moieties to thewr respective target antigens on

Ha (Figures 36-417,

in one experiment purified “2+1 {0 sclab” (SEQ 1D NOs 45, 47, 53) and “1+1 1gG scFab”
1 2 g

SEQ I NOGs 47, 33, 2133 rm"ssmu,ts targeting CD3 and BEGER, and the corresponding “{seiviy”

molecule, were compared. Briefly, human BGFR-expressing £5-1747 tumor target cells were
harvested with trypsin, washed and resuspendend in AIM-Y medium (Invitrogen # 12055-091)
30 600 cells per well were plated in a round-bottom 96-well-plate and the respective antibody
dilution was added at the mdicated concenirations. All constructs and contrals were adjusted to
the same molarity, Human pan T cffector cells were added to obtain a final E:7 ratio of 5.1, As a
positive conirol for the activation of human pan T cells, T pg/mi PHA-M (Sigma #18902) was
used. For normalization, maximal lvsis of the target cells (= 100%) was determmed by
incubation of the target cells with a final concentration of 1% Triton X-100. Mintmal lysis (= 0%)
refers to target cells co-incubated with effector cells, but without any construct or antibody. After
an Ovctfni.ght meubation of 18 hat 37°C, 5% CO,, LDH release of apoptotic/necrotic target cells
mio the supernatant was measured with the LD detection kit {Roche Applied Science, #11 644
793 0013, accordmg to the manufacturer’s mstructions.

As depicted o Figure 39, the “2+1 1gG scFab” construct shows comparable eytotoxic activity to
(st vy molecule, whereas the “1+1 1gG sclab” construct is loss active.

in another experiment the purified “i+1 1gli sclab, one-armed” (SEQ 1D NOs 43, 45, 47, “1+1

1g(s scFab, one-armed mverted” {SEQ 1D NOs 11, 40, 513, "1+ IgG scFab” {(8EG 3 NGs 47,

53, 213), and the “(scbv),” melecule were compared. Experimental conditions were as described

above, except for the meubation time which was 21 h
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As depicted in Figure 40, the “1+1 IgGG scPab” construct shows a shightly lower cytotoxic
activity than the “(seFv),” molecule in this assay. Both “1+1 IgG scFab, one-armed (inverted)”
constructs are clearly less active than the “(sckv)” molecule.

In yet a further cxperiment the purified “1+1 [g( scFab, one-armed” (SEQ 1D NO 43, 45, 47)
and “1+1 1gG scFab, onc-armed inverted” (SEQ 113 NGs 11, 49, 51) constructs and the “(scFv),”
moelecule were corapared. The incubation time in this experiment was 16 h, and the resuit is
depicted in Figure 41. Incubated with human pan T cells, both “1+1 IgG scFab, oue-armed

2

{invertedY’ constructs are less active than the “{scfv).” molecule, but show concentration-
dependent release of LN fom target cells {Figure 41A). Upon co-cultivation of the L5-174T
tumor cells with naive T cells 1solated from PBMCs, the constructs had only a basal activity ~
the most active among them being the “(sckvy” molecule (Figure 418).

In a further experiment, purified “1+1 Tg( scFab, one-armed inverted” (SEQ 1D NOs 11, 51,
55y, “141 IgG osetab”™ (57, 61, 213), and “2+1 IgG scFab” {57, 59, 61 targeting CD3 and
Fibroblast Activation Protemn {FAP), and the corresponding “(scFv),” molecule were analyzed
for thelr potential to induce T cell-mediated apoptosis in human FAP-expressing fibroblasts
GMO538% cells upon crosslinkage of the construct via binding of both targeting moietics to their
respective target antigens on the cells. Briefly, human GMO5389 target cells were barvested with
trypsin on the day before, washed and resuspendend i AIM-Y medinm (Invitrogen #12055-091},
30 000 cells per well were plated m a round-bottom 96-well plate and incubated overnight at
37°C, 5% CO) to allow the cells to recover and adhere. The next day, the cells were centrifuged,
the supernatant was discarded and fresh medium, as well as the respective dilution of the
constructs or refercnce TpGs was added at the indicated concentrations. All constructs and
controls were adiusted to the same molarity, Fuman pan T effector cells were added to obtain a
final BT ratio of 5:1. As a positive control for the activation of human pan T cells, 5 ug/mi
PHA-M {Sigma #1802 was used. For norimalization, maximal fvsis of the target cells (= 160%)
was determined by incubation of the target cells with a final concentration of 1% Triton X-100.
Minimeal lysis (= 0%) refers to target cells co-meubated with effector cells, but without any
construct or antibody. After an additional overnmight incubation of 18 b at 37°C, 5% CO,, LDH
release of apoptotic/necrotic tarpet cells into the supernatant was measured with the LDH
detection kit (Roche Applied Science, #11 644 793 001), according to the manufacturer’s

mstructions.
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As depicted o Figure 42, the “2+1 IgG scFab” construct shows comparable eylotoxic activity to
the “{sclv)y” molecule in terms of BECS0 values. The “1+1 lglG scHab, oneg-armed inverted”
construct s less active than the other constructs tested in this assay.

In another set of experiments, the CD3/MUCSP “2+1 {pG Crosstab, hinked light cham” {see SHEQ
I NGs 3, 5,29, 179) was compared to the CD3/MCSP “2+1 1ol Crossfab” (see SEQ 1D NOg 3,
5,29, 33). Brefly, i‘arg@t cells (human Colo-38, human MV-3 or WM266-4 melanoma cells)
were harvested with Cell Dissociation Buffer on the day of the assay (or with trypsin one day
before the agsay was started), washed and resuspended w the appropriate cell culture medinm
(RPMI1640, mcehuding 2% FCS and 1% Glutamax). 20 800 - 30 000 cells per well were plated in
a flat-botiom 96-well plate and the respective antibody dilution was added as mdicated
{triplicates). PBMCs as effector cells were added to obtain a final offector-fo-target cell (E:T)
ratio of 10:1. All constructs and controls were adjusted to the same molarity, incubation time was

)2 4. Detection of LOH release and normalization was done as described above.

;\\

Figure 49 to 52 show the resnlt of four assays porformed with MV-3 melanoma cells (Figure 49),
Colo-38 cells (Figure 50 and 531y or WMZ66-4 cells (Figure 52). Asg shown in Figure 49, the
congstruct with the linked light chain was less potent compared to the one without the linked hght
chain 1w the assay with MV-3 cells ag target ceils. As shown i Figure 50 and 51, the construct
with the linked light chain was more potent compared to the one without the Hnked .iigh_t chain
the assays with nigh MOSP expressing Colo-38 cells as target celis. Finally, as shown n Figure
52, there was no significant difference between the two constructs when high MCSP-cxpressing
WIMZ66-4 cells were used as target cells,

in another cxperiment, two CHA-targeting “2+1 1gG Crossfab, nverted” constructs were
compared, wherein in the Crossfab fragment either the V regions (VL/VH, see SEQ 1D NOs 33,

63, 65, 67y or the C t‘egi(ms (CL/CHIT, see SEQ 1D NOs 65, 67, 183, 197) were exchanged. The

assay was performed as described above, using human PBMCs as effector celis and human
CEA-expressing target celis. Target cells (MKN-45 or LE-174T tumor cells) were harvested with

trypsin-EDTA (LuBiosciences  #25360-096), washed and  resuspendend  in RPMI1640
(nvifrogen #42404042)3, including 1% Glotamax (LuBiosciences #35050087) and 2% FCS. 30
Q00 cells per well were plated in a round-bottom 96-well plate and the bispecific congtructs were
added at the indicated concentrations. All constructs and controls were adjusted to the same
molarity. Human PBMC effector cells were added to obtain a final E:T ratio of 10:1, incubation

time was 28 h. BEC50 values were calculated using the GraphPad Prism § software.
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As shown in Figure 61, the construct with the CL/CHT exchange shows slightly better activity
on both target cell lines than the construct with the VIL/VH exchange. Calculated BCS0 values
were 115 and 243 oM on MKN-45 cells, and 673 and 955 pM on LS-1747T cells, for the
CL/ACH -exchange construct and the ¥V Z,/V.E%in-exc.%wngc construct, respectively.

T

5 Bimilarly, two MCSP-targeting “2+1 1gG Crossfab” constructs were compared, wherein in the
Crossfab fragment cither the V oregions (VL/VE, see BEQ D NOs 33, 189, 191, 163) or the C
regions {CL/CHL, see SEQ 1D NOs 183, 189, 193, 195) were exchanged. The assay wasg
nerformed as deseribed above, using human PBMCUs as effector cells and human MCSP-

expressing target cells. Target cells (WM266-4) were harvested with Cell Dissociation Buffer

10 (LuBiosciences #13151014), washed and resuspendend in RPMII64D (Invitrogen #42404042),

mcluding 1% Glutamax (Luldiosciences #35050087) and 2% FCUS. 36 0600 cells per well were

plated 1n a round-bottorn %6-well plate and the constructs were added the mdicated
concentrations. All constructs and controls were adjusted to the same molarity. Fuman PBMC

eftector cells were added to obtain a final B/7 ratio of 10:1, ncubation time was 26 h. BEC30
15 values were caleulated using the GraphPad Prizm 5 software,

As depicted m Figure 62, the two constructs show comparable activity, the copstruct with the

CL/CHID exchange having a shightly lower ECS50 vahie (12.9 pM for the CL/CH-exchange

construct, compared to 16.8 pM for the VI/VH-exchange construct).

Figure 63 shows the result of a similar assay, performed with human MOSP-cxpressing MV-3

B2
o]

target cells. Again, both constructs show comparable activity, the construct with the CL/CH!
Bied fie]

exchange having a slightly lower 8050 value (spproximately 117 pM for the CL/CHI-exchange
consiruct, compared to approxumnately 82.2 pM for the VL/Vil-exchange construct). Exact EC50
values could nol be caloulated, since the killing curves did not reach a plateau at high
concentrations of the compounds.

25 Inoa further experiment, the CD3/MCEP “2+1 TgG Crossfab” (see SEQ 1D NOs 3, 5, 29, 33) and
I IgC Crossfab” (see SEQ 1D NOs 5, 28, 33, 181) constructs were compared to the
CD3MMCEP "0 CrossMab” (see SEQ 1D NGs 5, 23, 183, 185). The assay was performed as

described above, using human PRMCs as effector cells and WM266-4 or MV-3 target cells (BT

30 As shown in Figure 64, the "2+ IgG Crossfab” construct is the most potent molecule in this
agsay, followed by the “1+1 Igl Crossfad” and the “I+1 CrossMab”. This ranking is even more

VT

pronounced with MV-3 cells, expressing medium lovels of MOCEP, compared to high MCEP

cxpressing WM206-4 cells. The calculated ECS0 values on MV-3 cells were 9.2, 40.9 and 88.4
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oM, on WMZ266-4 cells 33.1, 28.4 and 53.9 pM, for the “2+1 lgG Crossfab”, the “1+1 lpG
Crossfab” and the “1+1 CrossMab”, respectively.

In a further experiment, different concentrations of the “1+1 IpG Crossfab LC fusion™ construct
(SEQID NOs 183, 209, 211, 213) were tested, using MEN-45 or LS-174T tumor target cells and
human PBMC ctfector cells at an BT ratio of 10:1 and an incubation time of 28 hours. As shown
in Figure 65, the “1+1 g Crosstab LC fugion” constiuet induced apoptosis in MEN-45 target
cells with a calculated BC30 of 213 pM, whereas the calculated EC50 is 1.56 nM with LS-174T
cells, showing the influence of the different tumor antigen expression levels on the potency of

the bispecific constructs within a certain period of time,

i yet another expertment, the “I41 1gG Crossfab LO fusion™ construct {SEQ 1D NOs 183, 209,
Y I

2501, 213) was compared to a untargeted 21 TG Crossfab” molecule, MC38-huCEA tumor
cells and human PEMCs (E:T ratio = 10:1) and an incubation time of 24 hours were used. As
shown in Figure 66, the “14+1 120G Crosstab LO fusion” construct induced apoptosis of target
celis in a2 concentration-dependent manner, with a calculated EC30 value of approximately 3.2
oM. In contrast, the untargeted “Z+1 IgG Crossfab” showed antigen-indepondent T cell-mediated
kitling of target cells only at the highest concentration.
In a final experiment, the “2+1 1gG Crossfab (VO {8EQ 1D NOs 3, 5, 29, 33), the “2+] 1gG
Crossfab, inverted (“\/9}” (SEQ ID MNGs 5, 23, 183, 187, the “2+1 1oG Crosstab (anti-CD3Y”
SEQID NOs 5, 23, 215, 217, the “2-+1 IgG Crossfab, inverted {anti-CD3Y” (SEG 1D NOs 5, 23,
215, 219Y were compared, using numan MCOSP-positive MV-3 or WM266-4 tumor cells and
human PEMCs (B0 ratio = 10:1), and an incubation time of about 24 hours. As depicted in
Figure 67, the T cell-mediated kalling of the “2+1 106 Crossfab, inverted” constructs seems to be
slightly stronger or at least equal to the one induced by the “2+1 TgG Crossfabt” constructs for

both CD3 binders, The caleulated BEC30 values were as follows:

BCS0 [phil | 2+1 1gC Crossfab | 241 [pG Crossfab I 1g(G Crossfab | 2+ 10 Crossfab,
(VO inverted (V9) {anti-CD3) nverted {anti-CD3)

MV-3 16.0 4.1 11.0 3.0

WM266-4 12.4 3.7 ' 113 7.1

fxample 7

CD107a/b assay




[
o5

LA

&

W 2013026833 POTEP2012/066215
110-

Purified “2+1 IgG sclab” construct (SEQ 1D MNOs 5, 17, 19) and the “(scbv),” molecule, both
targeting human MCOSP and human CD33, were tested by flow cytometry for their potential to up-
regulate CD107a and intracellular perform levels i the presence or absence of human MCSP-
expressmg tumor cells,

Briefly, on day one, 30 000 Colo-38 tumor target ceils per well were plated in a round-bottom
96-well plate and incubated overnight at 37°C, 5% CO; to let thern adhere. Primary human pan T
cells were 1solated on day 1 or day 2 from Bufty Coat, as described.

On day two, 0,15 mulion eflector cells per well were added to obtain a final E:T ratio of 5:1.
FITC-conjugated CD107a/b antibodies, as well as the different bispecitic constructs and controls
are added. The different bispecific molecules and antibodies were adjusted fo same molarities to
obtain a final concentration of 9.43 oM. Following a 1 h incubation step at 37°C, 5% CO,,
monensin was added to inhibit sceretion, but also to neutralize the pli within endosemes and
bysosomes, After an additional incubation time of 5 h, cells were stamed at 4°C for 30 min for
surface CDE expression. Cells were washed with staining buffer (PRS / 0.1% BSA), fixed and
permeabilized for 20 min using the BD Cytofix/Cytoperm Plus Kit with BD Golgi Stop (BD
Biosciences #554715). Cells were washed twice using | x B Perm/Wash buffer, and
intraceitular staining for perforin was performed at 4°C for 30 min. Afler a final washing step
with 1 x BD Perm/Wash buffer, ceils were resuspended in PBS / 0.1% BSA and apalyzed oun
FACS Cantoll {all antibodies were purchased from BD Biosciences or BioLegend).

Gates were set either on all CI3107a/ positive, perforin-positive or double-positive cells, as

)

imdicated (Figure 43} The “2+1 IgG scFab” construct was able to activate T celis and up-
regulate C107a/b and intracellular perforin levels only in the presence of target cells (Figure
43A3, whereas the “{scFv),” molecule shows {weak) induction of agtivation of T cells also in the
absence of target cells (Figure 4383, The bivalent reference anti-CD3 1gG results in a lower level

of activation compared to the “{schv),” molecule or the other bispecific construct.

Example 8
Proliferation assay
The purificd “2+1 1gG scFab” (SEQ 1D NOs 5, 17, 19) and “(scFv),” molecules, both targeting
human CD3 and human MCSP, were tested by flow cytometry for their potential to induce
proliferation of CD8 pr CD4° T cells in the presence and absence of human MUSP-expressing

tumor cells,
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Briefly, freshiy isolated human pan T cells were adpusted fo | million cells per ml in warm PBS
and stamed with 1 pM CESE at room temperature for 10 minutes. The staining volume was
doubled by addition of RPMII640 medmm, containing 10% FCS and 1% GlutaMax. After
meubation at room temperature for further 20 min, the cells were washed three times with pre-
warmed medium to remove remaining CFSE, MCSP-positive Colo-38 cells were harvested with
Cell Dissociation butfer, counted and checked for viability., Cells were adjusted to 0.2 x (0°
{viable) cells por ml in AIM-V medium, 100 pl of this cell suspension were pipetted per well
into a round-bottom 96-well plate {as indicated). 50 ul of the {diluted) bispecific constructs were

added to the cell-contaming wells to obtain a final concentration of 1 oM. CEFSE-stamed human

pan T effector cells were adjusted to 2 x 10° (viah viey cells per ml m ADM-Y medium. 50 pl of
thig cell suspension was added per well of the assay plate {see above) o obtain a final BT ratio

of 3.1, To analyze whether the bispecific constructs are able to activate T cells only in the
presence of target cells, expressing the tumer antigen huMUSP, wells were included that
contained 1 nM of the respective bispecitic molecules as well ag PBMCs, but no target cells
After incubation for five days at 37°C, 5% COy, cells were contrifuged {5 min, 350 x g} and
washed twice with 150 pl/well PBS, including 0.1% BSA. Surface staining for CDE {(mouse
g3l clone HITBa; BID #535635), CD4 (mouse gl clone RPASTS 5 BI #560649), or
D25 (mouse [pGlk; clone M-AZ5T; BD #555434) was performed at 4°C for 30 min, according
to the suppler’s suggestions, Cells were washed twice with 150 plwell PBS containing 0.1%
BEA, resuspended in 200 plwell PBY with §.1% BSA, and analyzed usmg a FACE Cantoll
muachine (Soflware FACS Diva). The relative proliferation level was determined by setting a gate
around the non-profiferating cells and using the cell number of this gate relative o the overall
measured cell number as the reference.

Figure 44 shows that all constructs induce probiferation of CDE™ T cells (A) or CD47 T cells (B)
only in the presence of target cells, comparably to the “(scFv),” molecule. In pencral, activated

CDE™ T cells proliferate more than activated CD47 1 cells in this assay,

‘?\s\

viokine release assay
The purthied “2+1 gl scPab” construct (SEQ 1D NGs 5, 17, 19) and the “(scHvi " molecule,
both targeting human MOSP and human €53, were analyzed for their ability to induce T cell-

mediated de nove secrelicn of cytokines in the presence or absence of fumor target cells.
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Briefly, human PBMCs were 1solated from Bully Coats and 0.3 million cells were plated per
well mto a round-bottom 96-well plate. Colo-38 tumor target cells, expressing human MUEP,

were added to obtain a final E:'T-ratio of 10:1. Bispecific constructs and igG controls were added

the cells were centrifuged for 5 min at 350 x g and the supernatant was transferred into a new
deep-well 96-well-plate for the subsequent analysis. The CBA analysis was performed according
to manufacturer’s instructions for FACS Cantoll, using the Human Th1/Th2 Cytokine Kit [1 (BD
#551809).

Figure 45 shows levels of the different cytokine measured in the supernatant, In the presence of
target cells the main eytokme secreted upon T cell activation is TFN-y. The “(scFvi” molecule
induces a slightly higher level of IFN-y than the “2+1 {e(3 scFab” construct, The same tendency
might be found for human TNF, but the overall levels of this cytokme were much lower
compared to IFN-y, There was no significant secretion of Th2 cyiokines (JL-10 and 1L-4) upon
activation of T cells in the presence (or absence) of target cells. in the shsence of Uolo-38 target
cells, only very weak induction of THNY secrction was observed, which was highest 10 samples
treated with the “{seFv),” molecule.

In a second experiment, the following purthed bispecific constructs targeting human MCSP and
hurpan CD3 were analyzed: the “2+1 IgG Crossfab” construct (SEQ 1D NOs 3, 5, 29, 33), the
“scbvy” molecule, as well as differcat “2-+1 IgG seFab” molecules camprisiﬂg either a wild-
type or a mutated (LALA, P3290G and/or N2670, as indicated) Fo domain. Bricfly, 280 ul whole
biood from a healthy donor were plated per well of & deep-well S6-well plate. 30 600 Colo-35
turmnor target cells, expressing human MOSP, as well as the different bispecific constructs and
Ie(5 controls were added at 1 nM tinal concentration. The cells were mneubated for 24 b at 3770,
5% 0, and then centrifuged for 5 min at 350 x g. The supernatant was transferred into & new
deep-well 96-well-plate for the subsequent analysis. The CBA analysis was performed according
to manufacturer’s instructions for FACE Cantoll, using the combination of the following CBA
Flex Sets: human granzyme B (BD #560304), human IFN-y Flex Set (BD #558269), human TNF
Flex. Set (BD #5358273), human 1L-10 Flex Set (B #558274), buman 1L-6 Flex Set (BD
#558276), human [L-4 Flex Set (BD #558272), human 1L-2 Flex Set (BD #358270).

Figure 46 shows the levels of the different cytokine measured in the supernatant. The main
cytokine scercted in the presence of Colo-38 tumor cells was 1L-6, followed by IFd-y. In
addition, aiso the levels of granzyme B strongly mcreased upon activation of T cells m the

presence of target cells. In general, the “(scFv),” molecule induced higher levels of cytokine
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seeretion in the presence of target cells (Figure 46, A and B). There was no significant secretion
of ThZ cytokines (IL-10 and IL-4) upon activation of T cells in the presence {or absence) of
target cells.

in this assay, there was a weak sccretion of IFN-y, induced by different “2+1 1gG scFab”
constructs, even in the absence of target cells (Figure 46, C and D). Under these conditions, no
stgmificant differences could be observed between “2+1 {gG sciab” constructs with a wild-type

or a mutated Fo domain.

Although the foregoing invention has been described n some detail by way of illustration and
example for purposcs of clarity of understanding, the descriptions and examples should not be
construed as limiting the scope of the invention. The disclosures of all patent and scientific

Hterature cited herein are expressly incorporated in thelr entirety by reference.
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Claims

1. A T cell activating bispecific antigen binding molecule comprising a first and a second antigen
binding moiety, one of which is a Fab molecule capable of specific binding to an activating T
cell antigen and the other one of which is a Fab molecule capable of specific binding to a target
cell antigen, and an Fc domain composed of a first and a second subunit capable of stable
association;
wherein the first antigen binding moiety is

(a) a single chain Fab molecule wherein the Fab light chain and the Fab heavy chain are

connected by a peptide linker, or
(b} a crossover Fab molecule wherein either the variable or the constant regions of the Fab

light chain and the Fab heavy chain are exchanged, and

wherein the first and the second antigen binding moiety are fused to each other, optionally

via a peptide linker.

2. The T cell activating bispecific antigen binding molecule of claim 1, comprising not more than

one antigen binding moiety capable of specific binding to an activating T cell antigen.

3. The T cell activating bispecific antigen binding molecule of claim 1 or 2, wherein the second
antigen binding moiety is fused at the C-terminus of the Fab heavy chain to the N-terminus of

the Fab heavy chain of the first antigen binding moiety.

4. The T cell activating bispecific antigen binding molecule of claim 1 or 2, wherein the first
antigen binding moiety is fused at the C-terminus of the Fab heavy chain to the N-terminus of

the Fab heavy chain of the second antigen binding moiety.

5. The T cell activating bispecific antigen binding molecule of claim 3 or 4, wherein the first
antigen binding moiety is a crossover Fab molecule and the Fab light chain of the first antigen
binding moiety and the Fab light chain of the second antigen binding moiety are fused to each

other, optionally via a peptide linker.

6. The T cell activating bispecific antigen binding molecule of claim 1 or 2, wherein the second

antigen binding moiety of the T cell activating bispecific antigen binding molecule is
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fused at the C-terminus of the Fab light chain to the N-terminus of the Fab light chain of the first

antigen binding moiety.

7. The T cell activating bispecific antigen binding molecule of any one of claims 1 , 2, 4 or 6,
wherein the second antigen binding moiety of the T cell activating bispecific antigen binding
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.

8. The T cell activating bispecific antigen binding molecule of any one of claims I to 3, wherein
the first antigen binding moiety is fused at the C-terminus of the Fab heavy chain to the N-

terminus of the first or second subunit of the F¢ domain,

9. The T cell activating bispecific antigen binding molecule of any one of claims 1 to 8,
comprising a third antigen binding moiety which is a Fab molecule capable of specific binding to

a target cell antigen.

10. The T cell activating bispecific antigen binding molecule of claim 9, wherein the third
antigen binding moiety 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.

11. The T cell activating bispecific antigen binding molecule of claim 9 or 10, wherein the
second and the third antigen binding moiety 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 antigen binding
moiety 1s fused at the C-terminus of the Fab heavy chain to the N-terminus of the Fab heavy

chain of the second antigen binding moiety.

12. The T cell activating bispecific antigen binding molecule of claim 9 or 10, wherein the first
and the third antigen binding moiety 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 antigen binding moiety is
fused at the C-terminus of the Fab heavy chain to the N-terminus of the Fab heavy chain of the

first anfigen binding moiety.
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13. The T cell activating bispecific antigen binding molecule of claim 11, wherein the second
and the third antigen binding moiety and the Fc domain are part of an immunoglobulin molecule,

particularly an 1gG class immunoglobulin.

14. A T cell activating bispecific antigen binding molecule comprising a first antigen binding
moiety, a second anfigen binding moiety, a third antigen binding moiety, and an Fc¢ domain

composed of a first and a second subunit capable of stable association, wherein

(1) the first antigen binding moiety is a Fab molecule capable of specific binding to an activating
T cell antigen, and the second and the third antigen binding moiety are each a Fab molecule

capable of specific binding to a target cell antigen,

(ii) the first antigen binding moiety is a crossover Fab molecule wherein either the variable or the
constant regions, particularly the constant regions, of the Fab light chain and the Fab heavy chain

are exchanged; and

(1ii) the second and the third antigen binding moiety 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 antigen
binding moiety is fused at the C-terminus of the Fab heavy chain to the N-terminus of the Fab

heavy chain of the second antigen binding moiety, or

the first and the third antigen binding moiety 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 antigen binding
moiety is fused at the C-terniinus of the Fab heavy chain to the N-terminus of the Fab heavy

chain of the first antigen binding moiety.

15. The T cell activating bispecific antigen binding molecule of any one of the preceding claims,

wherein the Fe domain 1s an IgG, specifically an 1gG: or 1gG4, Fc domain.

16. The T cell activating bispecific antigen binding molecule of any one of the preceding claims,

wherein the Fc domain is a human Fe domain.

17. The T cell activating bispecific antigen binding molecule of any one of the preceding claims,
wherein the Fc domain comprises a modification promoting the association of the first and the

second subunit of the Fc domain.

18. The T cell activating bispecific antigen binding molecule of claim 17, wherein in the CH3

domain of the first subunit of the Fc domain an amino acid residue is replaced with an
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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 Fe 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,

19. The T cell activating bispecific antigen binding molecule of claim 17 or 18, wherein in the
CH3 domain of the first subunit of the Fc domain the threonine residue at position 366 is
replaced with a tryptophan residue (T366W), and in the CH3 domain of the second subunit of the
Fc domain the tyrosine residue at position 407 is replaced with a valine residue (Y407V), and
optionally in the second subunit of the Fc domain additionally the threonine residue at position
366 is replaced with a serine residue (T366S) and the leucine residue at position 368 is replaced

with an alanine residue (L368A) (EU numbering).

20. The T cell activating bispecific antigen binding molecule of any one of the preceding claims,
wherein the Fc domain comprises one or more amino acid substitution that reduces binding to an

Fc receptor and/or effector function.

21. The T cell activating bispecific antigen binding molecule of claim 20, wherein said one or
more amino acid substitution is at one or more position selected from the group of 1234, L.235,

and P329 (EU numbering).

22. The T cell activating bispecific antigen binding molecule of claim 21, wherein each subunit

of the Fc domain comprises three amino acid substitutions that reduce binding to an activating Fe
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receptor and/or effector function wherein said amino acid substitutions are L234A, L235A and

P329G (EU numbering).

23. The T cell activating bispecific antigen binding molecule of any one of claims 20 to 22,

wherein the Fec receptor is an Fey receptor.

24. The T cell activating bispecific antigen binding molecule of any one of claims 20 to 22,

wherein the effector function is antibody-dependent cell-mediated cytotoxicity (ADCC).

25. The T cell activating bispecific antigen binding molecule of any one of the preceding claims,

wherein the activating T cell antigen is CD3.

26. The T cell activating bispecific antigen binding molecule of any one of the preceding claims,
wherein the target cell antigen is selected from the group consisting of: Melanoma-associated
Chondroitin Sulfate Proteoglycan (MCSP), Epidermal Growth Factor Receptor (EGFR), CD19,
CD240, CD33, Carcinoembryonic Antigen (CEA) and Fibroblast Activation Protein (FAP).

27. An isolated polynucleotide encoding the T cell activating bispecific antigen binding molecule

of any one of claims 1 to 26 or a fragment thereof.

28. A vector, particularly an expression vector, comprising the isolated polynucleotide of claim

27,

29. A host cell comprising the isolated polynucleotide of claim 28 or the expression vector of

claim 28.

30. A method of producing the T cell activating bispectfic antigen binding molecule of any one
of claims 1 to 26, comprising the steps of a) culturing the host cell of claim 29 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.

31. A pharmaceutical composition comprising the T cell activating bispecific antigen binding

molecule of any one of clatms 1 to 26 and a pharmaceutically acceptable carrier,
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32. The T cell activating bispecific antigen binding molecule of any one of claims 1 to 26 or the

pharmaceutical composition of claim 31 for use as a medicament.

33. The T cell activating bispecific antigen binding molecule of any one of claims 1 to 26 or the
pharmaceutical composition of claim 31 for use in the treatment of a disease in an individual in

need thersof

34. The T cell activating bispecific antigen binding molecule or the pharmaceutical composition

of claim 33, wherein the disease is cancer.

35. Use of the T cell activating bispecific antigen binding molecule of any one of claims 1 to 26

for the manufacture of a medicament for the treatment of cancer.

36. A T cell activating bispecific antigen binding molecule of any one of claims 1-26 for use in
mducing lysis of a target cell, wherein said target cell is contacted with said T cell activating

bispecific antigen binding molecule in the presence of a T cell.



