10

15

20

25

WO 2021/018859 PCT/EP2020/071182

Antibodies binding to GPRCSD

Field of the Invention

The present invention generally relates to antibodies that bind to GPRC5D, including bispecific
antigen binding molecules e.g. for activating T cells. In addition, the present invention relates to
polynucleotides encoding such antibodies, and vectors and host cells comprising such
polynucleotides. The invention further relates to methods for producing the antibodies, and to

methods of using them in the treatment of disease.

Background

Affecting ~75,000 new patients every year in the EU and US, multiple myeloma (MM) is one of
the most common hematological malignancies, which remains a high unmet medical need.
Multiple myeloma is characterized by terminally differentiated plasma cells that secrete non-
functional monoclonal immunoglobulins. In the short-term, the immunomodulatory drugs such as
lenalidomide and pomalidomide, and proteasome inhibitors such as carfilzomib or bortezomib
may remain the backbone of 1% line therapy for multiple myeloma (Moreau, P. and S.V. Rajkumar,
multiple myeloma-translation of trial results into reality. Lancet, 2016. 388(10040): p. 111-3).
However, these drugs do not target specifically the diseased tumor cells e.g. diseased plasma cells
(PC). Efforts have been made towards selectively depleting the plasma cells in multiple myeloma.
The lack of surface proteins that specifically mark plasma cells has hampered the development of
antibodies or cellular therapies for multiple myeloma. So far, there are few cases of successful
biologics, including daratumumab (anti-CD38) and elotuzumab (anti-CD319), with the caveat that
these two molecules are not uniquely expressed by plasma cells. Therefore, novel targets from
plasma cells in multiple myeloma were identified using RNA-sequencing, such as the G protein-
coupled receptor class C group 5 member D (GPRC5D). that is differentially expressed by plasma
cells in multiple myeloma versus plasma cells form healthy donors. It has been reported that
GPRCS5D is associated with prognosis and tumour load in multiple myeloma patients (Atamaniuk,
J., et al., Overexpression of G protein-coupled receptor SD in the bone marrow is associated with

poor prognosis in patients with multiple myeloma. Eur J Clin Invest, 2012. 42(9): p. 953-60; and
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Cohen, Y, et al., GPRCS5D is a promising marker for monitoring the tumour load and to target
multiple myeloma cells. Hematology, 2013. 18(6): p. 348-51).

GPRCSD is an orphan receptor with no known ligand and largely unknown biology in men in
general and in cancer specifically. The GPRC5D encoding gene, which is mapped on
chromosomel2p13.3, contains three exons and spans about 9.6 kb (Brauner-Osborne, H., et al,,
Cloning and characterization of a human orphan family C G-protein coupled receptor GPRC5D.
Biochim Biophys Acta, 2001. 1518(3): p. 237-48). The large first exon encodes the seven-
transmembrane domain. It has been shown that GPRC5D is involved in keratin formation in hair
follicles in animals (Gao, Y., et al., Comparative Transcriptome Analysis of Fetal Skin Reveals
Key Genes Related to Hair Follicle Morphogenesis in Cashmere Goats. PLoS One, 2016. 11(3):
p. €0151118; and Inoue, S., T. Nambu, and T. Shimomura, The RAIG family member, GPRC5D,
is associated with hard-keratinized structures. J Invest Dermatol, 2004. 122(3): p. 565-73).

WO 2018/017786 A2 discloses GPRC5D-specific antibodies or antigen-binding fragments.
Given that all standard-of-care treatments are not able to cure multiple myeloma patients, there is
a clear need to develop potent and specific new therapies. One of this approaches includes
antibodies that bind GPRCS5D, in particular bispecific antibodies that bind GPRC5D on target cells
and an activating T-cell antigen such as CD3 on T-cells. Upon simultaneous binding of such an
antibody to both of its targets, a T-cell synapse will be formed, leading to activation of the
(cytotoxic) T cell and subsequent lysis of the target cell.

The present invention provides novel antibodies, including bispecific antibodies that specifically
bind human GPRCSD. Particularly, the T-cell bispecific antibodies according to the invention
targeting GPRCS5D have the potency to treat multiple myeloma.

Summary of the Invention

The present inventors have developed bispecific antigen binding molecules that bind to GPRC5D
and an activating T cell antigen, incorporating the novel GPRCSD antibody.

In a first aspect the present invention provides a bispecific antigen binding molecule, comprising

(a) a first antigen binding moiety that binds to a first antigen, wherein the first antigen is GPRC5D
and the first antigen binding moiety comprises a (i) a heavy chain variable region (VH) comprising
a heavy chain complementary determining region (HCDR) 1 of SEQ ID NO: 83, a HCDR 2 of
SEQ ID NO: 84, and a HCDR 3 of SEQ ID NO: 86, and a light chain variable region (VL)
comprising a light chain complementarity determining region (LCDR) 1 of SEQ ID NO: 87, a
LCDR 2 of SEQ ID NO: 88 and a LCDR 3 of SEQ ID NO: 89; (ii) a heavy chain variable region
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(VH) comprising a heavy chain complementary determining region (HCDR) 1 of SEQ ID NO: 83,
aHCDR 2 of SEQ ID NO: 85, and a HCDR 3 of SEQ ID NO: 86, and a light chain variable region
(VL) comprising a light chain complementarity determining region (LCDR) 1 of SEQ ID NO: 87,
aLCDR 2 of SEQ ID NO: 88 and a LCDR 3 of SEQ ID NO: 89; (iii) a heavy chain variable region
(VH) comprising a heavy chain complementary determining region (HCDR) 1 of SEQ ID NO: 90,
aHCDR 2 of SEQ ID NO: 91, and a HCDR 3 of SEQ ID NO: 93, and a light chain variable region
(VL) comprising a light chain complementarity determining region (LCDR) 1 of SEQ ID NO: 94,
aLCDR 2 of SEQ ID NO: 95 and a LCDR 3 of SEQ ID NO: 97; (iv) a heavy chain variable region
(VH) comprising a heavy chain complementary determining region (HCDR) 1 of SEQ ID NO: 90,
aHCDR 2 of SEQ ID NO: 91, and a HCDR 3 of SEQ ID NO: 93, and a light chain variable region
(VL) comprising a light chain complementarity determining region (LCDR) 1 of SEQ ID NO: 94,
a LCDR 2 of SEQ ID NO: 96 and a LCDR 3 of SEQ ID NO: 97; or (v) a heavy chain variable
region (VH) comprising a heavy chain complementary determining region (HCDR) 1 of SEQ ID
NO: 90, a HCDR 2 of SEQ ID NO: 92, and a HCDR 3 of SEQ ID NO: 93, and a light chain
variable region (VL) comprising a light chain complementarity determining region (LCDR) 1 of
SEQID NO: 94, a LCDR 2 of SEQ ID NO: 95 and a LCDR 3 of SEQ ID NO: 97; and (b) a second
antigen binding moiety that binds to a second antigen, wherein the second antigen is CD3 and the
second antigen binding moiety comprises (i) a heavy chain variable region (VH) comprising a
heavy chain complementary determining region (HCDR) 1 of SEQ ID NO: 29, a HCDR 2 of SEQ
ID NO: 30, and a HCDR 3 of SEQ ID NO: 31, and a light chain variable region (VL) comprising
a light chain complementarity determining region (LCDR) 1 of SEQ ID NO: 32, a LCDR 2 of
SEQ ID NO: 33 and a LCDR 3 of SEQ ID NO: 34; (i) a heavy chain variable region (VH)
comprising a heavy chain complementary determining region (HCDR) 1 of SEQ ID NO: 98, a
HCDR 2 of SEQ ID NO: 99, and a HCDR 3 of SEQ ID NO: 100, and a light chain variable region
(VL) comprising a light chain complementarity determining region (LCDR) 1 of SEQ ID NO:
101, a LCDR 2 of SEQ ID NO: 102 and a LCDR 3 of SEQ ID NO: 103; or (ii) a heavy chain
variable region (VH) comprising a heavy chain complementary determining region (HCDR) 1 of
SEQ ID NO: 106, a HCDR 2 of SEQ ID NO: 107, and a HCDR 3 of SEQ ID NO: 108, and a light
chain variable region (VL) comprising a light chain complementarity determining region (LCDR)
1 of SEQ ID NO: 109, a LCDR 2 of SEQ ID NO: 110 and a LCDR 3 of SEQ ID NO: 111.

In another embodiment, (i) the VH of the first antigen binding moiety comprises an amino acid
sequence that is at least about 95%, 96%, 97%, 98%, 99% or 100% identical to the sequence of
SEQ ID NO: 13, and the VL of the first antigen binding moiety comprises an amino acid sequence
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that is at least about 95%, 96%, 97%, 98%, 99% or 100% identical to the amino acid sequence of
SEQ ID NO: 14; or (ii) the VH of the first antigen binding moiety comprises an amino acid
sequence that is at least about 95%, 96%, 97%, 98%, 99% or 100% identical to the sequence of
SEQ ID NO: 15, and the VL of the first antigen binding moiety comprises an amino acid sequence
that is at least about 95%, 96%, 97%, 98%, 99% or 100% identical to the amino acid sequence of
SEQ ID NO: 16; or (iii) the VH of the first antigen binding moiety comprises an amino acid
sequence that is at least about 95%, 96%, 97%, 98%, 99% or 100% identical to the sequence of
SEQ ID NO: 48, and the VL of the first antigen binding moiety comprises an amino acid sequence
that is at least about 95%, 96%, 97%, 98%, 99% or 100% identical to the amino acid sequence of
SEQ ID NO: 53; or (iv) wherein the VH of the first antigen binding moiety comprises an amino
acid sequence that is at least about 95%, 96%, 97%, 98%, 99% or 100% identical to the sequence
of SEQ ID NO: 49, and wherein the VL of the first antigen binding moiety comprises an amino
acid sequence that is at least about 95%, 96%, 97%, 98%, 99% or 100% identical to the amino
acid sequence of SEQ ID NO: 52; or (v) the VH of the first antigen binding moiety comprises an
amino acid sequence that is at least about 95%, 96%, 97%, 98%, 99% or 100% identical to the
sequence of SEQ ID NO: 57, and the VL of the first antigen binding moiety comprises an amino
acid sequence that is at least about 95%, 96%, 97%, 98%, 99% or 100% identical to the amino
acid sequence of SEQ ID NO: 64; or (vi) the VH of the first antigen binding moiety comprises an
amino acid sequence that is at least about 95%, 96%, 97%, 98%, 99% or 100% identical to the
sequence of SEQ ID NO: 58, and the VL of the first antigen binding moiety comprises an amino
acid sequence that is at least about 95%, 96%, 97%, 98%, 99% or 100% identical to the amino
acid sequence of SEQ ID NO: 63. In another embodiment, the VH of the second antigen binding
moiety comprises an amino acid sequence (i) that is at least about 95%, 96%, 97%, 98%, 99% or
100% identical to the amino acid sequence of SEQ ID NO: 35, and the VL of the second antigen
binding moiety comprises an amino acid sequence that is at least about 95%, 96%, 97%, 98%,
99% or 100% identical to the amino acid sequence of SEQ ID NO: 36; (ii) that is at least about
95%, 96%, 97%, 98%, 99% or 100% identical to the amino acid sequence of SEQ ID NO: 104,
and the VL of the second antigen binding moiety comprises an amino acid sequence that is at least
about 95%, 96%, 97%, 98%, 99% or 100% identical to the amino acid sequence of SEQ ID NO:
105; or (iii) that is at least about 95%, 96%, 97%, 98%, 99% or 100% identical to the amino acid
sequence of SEQ ID NO: 112, and the VL of the second antigen binding moiety comprises an
amino acid sequence that is at least about 95%, 96%, 97%, 98%, 99% or 100% identical to the
amino acid sequence of SEQ ID NO: 113.
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In an embodiment, the first and/or the second antigen binding moiety is a Fab molecule. This
means, either the first antigen binding moiety may be a Fab molecule, or the second antigen
binding moiety may be a Fab molecule, or the first antigen binding moiety and the second antigen
binding moiety may be Fab molecules. In another embodiment, the second antigen binding moiety
is a Fab molecule wherein the variable domains VL and VH or the constant domains CL and CH1,
particularly the variable domains VL and VH, of the Fab light chain and the Fab heavy chain are
replaced by each other. In another embodiment, the first antigen binding moiety is a Fab molecule
wherein in the constant domain the amino acid at position 124 is substituted independently by
lysine (K), arginine (R) or histidine (H) (numbering according to Kabat) and the amino acid at
position 123 is substituted independently by lysine (K), arginine (R) or histidine (H) (numbering
according to Kabat), and in the constant domain CH]1 the amino acid at position 147 is substituted
independently by glutamic acid (E), or aspartic acid (D) (numbering according to Kabat EU index)
and the amino acid at position 213 is substituted independently by glutamic acid (E), or aspartic
acid (D) (numbering according to Kabat EU index). In another embodiment, the first and the
second antigen binding moiety are fused to each other, optionally via a peptide linker. In another
embodiment, the first and the second antigen binding moiety are each a Fab molecule and wherein
either (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 (ii) 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 embodiment, the bispecific antigen
binding molecule comprises a third antigen binding moiety. In another embodiment, the third
antigen moiety is identical to the first antigen binding moiety. In another embodiment, the
bispecific antigen binding molecule comprises an Fc domain composed of a first and a second
subunit. In another embodiment, the first, the second and, where present, the third antigen binding
moiety are each a Fab molecule; and wherein either (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 and the first antigen binding moiety is fused at the C-terminus of the Fab
heavy chain to the N-terminus of the first subunit of the Fc domain, or (ii) 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 and the second antigen binding moiety is fused at the C-
terminus of the Fab heavy chain to the N-terminus of the first subunit of the Fc domain; and
wherein the third antigen binding moiety, where present, is fused at the C-terminus of the Fab

heavy chain to the N-terminus of the second subunit of the Fc domain. In another embodiment, the
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Fc domain is an IgG Fc domain. In another embodiment, the Fc domain is an IgG1 Fc domain. In
yet another embodiment, the Fc domain is a human Fc domain. In another embodiment, an amino
acid residue in the CH3 domain of the first subunit of the Fc domain is replaced with an amino
acid residue having a larger side chain volume, thereby generating a protuberance within the CH3
domain of the first subunit which is positionable in a cavity within the CH3 domain of the second
subunit, and an amino acid residue in the CH3 domain of the second subunit of the Fc domain is
replaced with an amino acid residue having a smaller side chain volume, thereby generating a
cavity within the CH3 domain of the second subunit within which the protuberance within the
CH3 domain of the first subunit is positionable. In another embodiment, the Fc domain comprises
one or more amino acid substitution that reduces binding to an Fc receptor and/or effector function.
In another aspect, the invention provides one or more isolated polynucleotide encoding the
bispecific antigen binding molecule as described herein. In a further aspect, the invention provides
one or more vector, particularly expression vector, comprising the polynucleotide(s) as described
herein. In another aspect, the invention provides a host cell comprising the polynucleotide(s) or
the vector(s) as described herein.

In another aspect of the invention a method of producing a bispecific antigen binding molecule
that binds to GPRCS5D, comprising the steps of a) culturing the host cell as described herein under
conditions suitable for the expression of the bispecific antigen binding molecule and b) optionally
recovering the bispecific antigen binding molecule.

In another aspect, the invention provides a bispecific antigen binding molecule that binds to
GPRCS5D, produced by the method of claim 21.

In another aspect, the invention provides a pharmaceutical composition comprising the bispecific
antigen binding molecule as described herein and a pharmaceutically acceptable carrier.

In another aspect, the invention provides a bispecific antigen binding molecule as disclosed herein
or a pharmaceutical composition as disclosed herein for use as a medicament.

In another aspect, the invention provides a bispecific antigen binding molecule as disclosed herein
or a pharmaceutical composition as disclosed herein for use in the treatment of a disease.

In another aspect, the invention provides a bispecific antigen binding molecule or pharmaceutical
composition as disclosed herein, wherein the disease is cancer or an autoimmune disease.

In another aspect, the invention provides a bispecific antigen binding molecule or pharmaceutical
composition as disclosed herein, wherein the disease is multiple myeloma.

In a further aspect, the invention provides use of a bispecific antigen binding molecule as discloser

herein in the manufacture of a medicament for the treatment of a disease.



10

15

20

25

30

WO 2021/018859 PCT/EP2020/071182

-

In another aspect the invention relates to a method of treating a disease, particularly cancer, more

particularly multiple myeloma, in an individual, comprising administering to said individual a

therapeutically

effective amount of a composition comprising a bispecific antigen binding

molecule as described herein in a pharmaceutically acceptable form. Alternatively, the disease is

an autoimmune disease, such as systemic lupus erythematosus and/or theumatoid arthritis. In any

of the above embodiments the individual preferably is a mammal, particularly a human.

Figures 1A-Z.

Figure 2.

Brief Description of the Drawings

Exemplary configurations of the bispecific antigen binding molecules of the
invention. (Fig.1A, Fig.2D) Illustration of the “1+1 CrossMab” molecule. (Fig.1B,
Fig.1E) Illustration of the “2+1 IgG Crossfab” molecule with alternative order of
Crossfab and Fab components (“inverted”). (Fig.1C, Fig.1F) Illustration of the
“2+1 IgG Crossfab” molecule. (Fig.1G, Fig.1K) Illustration of the “1+1 IgG
Crossfab” molecule with alternative order of Crossfab and Fab components
(“inverted”). (Fig.1H, Fig.1L) Illustration of the “1+1 IgG Crossfab” molecule.
(Fig.11, Fig.1M) Illustration of the “2+1 IgG Crossfab” molecule with two
CrossFabs. (Fig.1J, Fig. 1N) Illustration of the “2+1 IgG Crossfab” molecule with
two CrossFabs and alternative order of Crossfab and Fab components (“inverted”).
(Fig.10, Fig.1S) Illustration of the “Fab-Crossfab” molecule. (Fig.1P, Fig.1T)
Iustration of the “Crossfab-Fab” molecule. (Fig.1Q, Fig.1U) Illustration of the
“(Fab)2-Crossfab” molecule. (Fig. 1R, Fig.1V) Illustration of the “Crossfab-(Fab),”
molecule. (Fig. 1W, Fig. 1Y) Illustration of the “Fab-(Crossfab),” molecule. (Fig.1X,
Fig.1Z) Ilustration of the “(Crossfab):-Fab” molecule. Black dot: optional
modification in the Fc domain promoting heterodimerization. ++, --: amino acids
of opposite charges optionally introduced in the CH1 and CL domains. Crossfab
molecules are depicted as comprising an exchange of VH and VL regions, but may
—in embodiments wherein no charge modifications are introduced in CH1 and CL

domains — alternatively comprise an exchange of the CH1 and CL domains.

Analysis of gene expression of tumor targets on plasma cells and B-cells by

RNAseq.
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Figures 4A-C.

Figures SA-E.

Figure 6.

Figures 7A-J.

Figures 8A-B.

Figure 9.

-8-

Exemplary configurations of the SE11-bispecific antigen binding molecules of the
invention. Black dot: optional modification in the Fc domain promoting
heterodimerization. ++, --: amino acids of opposite charges optionally introduced

in the CH1 and CL domains.

Binding analysis of bispecific antigen binding molecules SF11-TCB (Fig.
4A) and SE11-TCB (Fig. 4B) and control antibody ET150-5-TCB (Fig. 4C) to
GPRC5D-expressing multiple myeloma cell lines AMO-1, L636, NCI-H929,
RPMI-8226, OPM-2 and control cells WSU-DLCL2.

Analysis of GPRCSD-TCB mediated T cell cytotoxicity on multiple
myeloma cell lines AMO-1 (Fig. 5A), NCI-H929 (Fig. 5B), RPMI-8226 (Fig. 5C)
and L363 (Fig. 5D). Control cell line is WSU-DL CL2 (Fig. SE). Tested molecules:
5E11-TCB, 5F11-TCB. Control molecules: DP47-TCB (untargeted) and ET150-5-
TCB.

Analysis of GPRC5D-TCB activated T cell engagement with multiple myeloma
cell lines NCI-H929 and negative control cell line WSU-DLCL2 upregulating
CD25 and CD69.

T-cell activation, as determined by up-regulation of CD25 on CD8+ T-cells,
upon incubation of T-cells with increasing concentrations of GPRC5D-TCBs or
negative control DP47-TCB in presence of AMO-1 (Fig. 7A), NCI-H929 (Fig. 7B),
RPMI-8226 (Fig. 7C), L363 (Fig. 7D) and WSU-DLCL2 (Fig. 7E); and as
determined by up-regulation of CD69 on CD8+ T-cells upon incubation of T-cells
with increasing concentrations of GPRC5D-TCBs or negative control DP47-TCB
in presence of either AMO-1 (Fig. 7F), NCI-H929 (Fig. 7G), RPMI-8226 (Fig. 7H),
L363 (Fig. 71) and WSU-DLCL2 (Fig. 7J).

Visualization of antibody localization and internalization by Fluorescence
Confocal Microscopy (Fig. 8A) and analysis of signal intensities of membrane vs
cytoplasm (Fig. 8B).

Binding of different anti-GPRCS5D antibodies to human, cynomolgus and murine

GPRC5D was assessed by ELISA, using stably transfected CHO clones expressing
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either human GPRCSD (clone 12) or cynomolgus GPRCSD (clone 13), murine
GPRCSD (clone 4) or human GPRCS5A (clone 30).

Figure 10A-G. T-cell mediated lysis of various Multiple Myeloma (MM) cell lines induced
by different GPRC5D- or BCMA-targeting T-cell bispecific molecules during 20
hours of co-incubation (E:T = 10:1, human pan T cells). Depicted are duplicates
with SD.

Figure 11A-F. T-cell activation induced by different GPRC5D- or BCM A -targeting T-cell
bispecific molecules (SE11-TCB in Fig. 11A; SF11-TCB in Fig. 11B; 10B10-TCB
in Fig. 11C; BCMA-TCB in Fig. 11D; B72-TCB in Fig. 11E; DP47-TCB in Fig.
11F) during ~20 hours of co-incubation of allogenic pan human T cells and
unprocessed Bone Marrow cells from healthy donors (E:T = 10:1, human pan T
cells). Depicted are FACS dot plots from one representative donor, showing up-
regulation of the activation marker CD69 on CD4 (upper row) or CD8 T-cells
(lower row) as percent positive cells among all CD4 respective CD8 T-cells.

Figures 12A-B. T-cell activation induced by different GPRC5D- or BCMA-targeting T-cell
bispecific molecules during ~20 hours of co-incubation of allogenic pan human T
cells and unprocessed Bone Marrow cells from healthy donors (E:T = 10:1, human
pan T cells). Depicted is the summary of all four assessed donors, showing up-
regulation of the activation marker CD69 on CD8 T-cells at the selected fixed dose
of either 50 nM of the TCB (Fig. 12A) or 5 nM (Fig. 12B).

Figure 13A-D. In vivo efficacy induced by different GPRC5D-targeting T-cell bispecific
molecules (5F11-TCB in Fig. 13A; BCMA-TCB in Fig. 13B; B72-TCB in Fig.
13C; Vehicle in Fig. 13D), as depicted by tumor growth kinetics over time in a
model of humanized NSG mice, engrafted with NCI-H929 tumor cells. Plotted are

spider graphs with each line referring to a single mouse.

Figures 14A-D. In vivo efficacy induced by different GPRC5D-targeting T-cell bispecific
molecules (5F11-TCB in Fig. 14A; SE11-TCB in Fig 14B; B72-TCB in Fig. 14C,
vehicle in Fig. 14D), as depicted by tumor growth kinetics over time in a model of
humanized NSG mice, engrafted with OPM-2 tumor cells. Plotted are spider graphs

with each line referring to a single mouse.
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Figures 15A-B. PGLALA-CAR-J activation after roughly 16 hours of incubation, as

determined by luminescence. The latter is induced upon simultaneous binding of
the GPRCSD IgGs (5F11-IgG in Fig. 15A; SE11-IgG in Fig. 15B) to the GPRC5D-
expressing multiple myeloma cell line L-363 and of the PGLALA-modified Fc
domain to Jurkat-NFAT reporter cells, which were genetically engineered to
express a TCR-directed against the PGLALA mutation in the Fc part of these IgG

molecules. Depicted are duplicates with SD.

Figures 16A-D. Binding of humanized TCB molecules vs. parental TCBs to human

Figure 17A-G

GPRC5D on NCI-H929 cells (Figures 16A and 16B) and human CD3 on Jurkat
cells (Figure 16C and 16D) expressed on cells.

. Jurkat-NFAT activation assay in presence of different GPRC5DxCD3
bispecific TCB molecules (Fig. 17A — G) versus untargeted control TCBs, as

indicated.

Figure 18A-D. Tumor Cell Lysis assay comparing GPRC5D-TCB molecules as presented

herein and molecules known in the art targeting GPRCSD or BCMA versus an

untargeted reference TCB molecule.

Figure 19.  Activation of autologous T-cells upon incubation of a primary MM sample with
different CD3-engaging bispecific molecules. GPRC5D-TCBs as presented herein
were compared to molecules known in the art targeting GPRC5D or BCMA versus
an untargeted reference TCB molecule.

Figure 20A-D. Depletion of B cells upon incubation of PBMCs from healthy donors with

Figure 21A-B.

Figure 22A-B.

different CD3-engaging bispecific molecules. GPRC5D-TCBs as presented herein
were compared to molecules known in the art targeting either GPRC5D or BCMA
versus an untargeted reference TCB molecule. Antibodies were used at
concentrations of 50 nM (Fig. 20A), 5 nM (Fig. 20B), 0.5 nM (Fig. 20C) and 0.05
nM (Fig. 20D).

Activation of T-cells upon incubation of bone marrow samples from
healthy donors with different CD3-engaging bispecific molecules. GPRC5D-TCBs
as presented herein were compared to molecules known in the art. Activation was
determined by detection of the percent of either CD69"CD8™ T cells (Fig. 21A) and
CD69'CD4'T cells (Fig. 21B) were used among all CD8" respective CD4" T-cells.

Cytokine release in human whole blood of healthy donors (TNFa readouts
in Fig 22A; IL6 readouts in Fig.22B). GPRC5D-TCBs as described herein and
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positive (Gazyva, Lemtrada) and negative (Erbitux) reference molecules were
compared.

Figure 23A-G. In vivo efficacy of different GPRC5DxCD?3 bispecific TCB molecules in
NCI-H929 (hNSG mice), including average tumor volume per treatment group over
the course of therapy (Fig.23A), tumor volume at day 37 (Fig.23B), and tumor
growth for the molecules with each line representing a single mouse (vehicle:
Fig.23C; 6623: Fig.23D, 6624: Fig.23E, 6625: Fig.23F, 6626: Fig.23G;).

Figure 24.  in vivo SDPK in hFcRn Tg and KO mice and clearance data of the indicated TCB
molecules.

Figure 25A-L Representative Examples of the binding analysis of bispecific antigen
binding molecule SE11(6625)-TCB to human GPRCS5D-expressing multiple
myeloma cell lines OPM-2 (Fig.25A, Fig.25D, Fig.25G), NCI-H929 (Fig.25B,
Fig 25E, Fig.25H) and RPMI-8226 (Fig.25C, Fig.25F, Fig.25I). The number of
GPRCSD antibody binding sites (ABS) per cell line are given in brackets and were
determined by QSC previously (Quantum Simply Cellular, BangsLabs). Depicted
are relative median fluorescence valus (MFI) from triplicates with SD. EC50 values

of binding were calculated by GraphPadPrism and are summarized in Table 14.2.

Detailed Description 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 sense to a molecule that
specifically binds an antigenic determinant. Examples of antigen binding molecules are
immunoglobulins and derivatives, e.g. fragments, thereof.

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

The term “valent” as used herein denotes the presence of a specified number of antigen binding

sites in an antigen binding molecule. As such, the term “monovalent binding to an antigen” denotes
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the presence of one (and not more than one) antigen binding site specific for the antigen in the
antigen binding molecule.

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

As used herein, the term "antigen binding moiety" refers to a polypeptide molecule that specifically
binds to an antigenic determinant. In one embodiment, an antigen binding moiety is able to direct
the entity to which it is attached (e.g. a second antigen binding moiety) to a target site, for example
to a specific type of tumor cell bearing the antigenic determinant. In another embodiment an
antigen binding moiety is able to activate signaling through its target antigen, for example a T cell
receptor complex antigen. Antigen binding moieties include antibodies and fragments thereof as
further defined herein. Particular antigen binding moieties include an antigen binding domain of
an antibody, comprising an antibody heavy chain variable region and an antibody light chain
variable region. In certain embodiments, the antigen binding moieties may comprise antibody
constant regions as further defined herein and known in the art. Useful heavy chain constant
regions include any of the five isotypes: a, 0, €, v, or . Useful light chain constant regions include
any of the two isotypes: k and A.

As used herein, the term "antigenic determinant” is synonymous with "antigen" and "epitope", and
refers to a site (e.g. a contiguous stretch of amino acids or a conformational configuration made
up of different regions of non-contiguous amino acids) on a polypeptide macromolecule to which
an antigen binding moiety binds, forming an antigen binding moiety-antigen complex. Useful
antigenic determinants can be found, for example, on the surfaces of tumor cells, on the surfaces
of virus-infected cells, on the surfaces of other diseased cells, on the surface of immune cells, free
in blood serum, and/or in the extracellular matrix (ECM). The proteins referred to as antigens
herein (e.g. GPRCSD, CD3) can be any native form of the proteins from any vertebrate source,
including mammals such as primates (e.g. humans), non-human primates (e.g. cynomolgus
monkeys) and rodents (e.g. mice and rats), unless otherwise indicated. In a particular embodiment
the antigen is a human protein. Where reference is made to a specific protein herein, the term
encompasses the “full-length”, unprocessed protein as well as any form of the protein that results
from processing in the cell. The term also encompasses naturally occurring variants of the protein,

e.g. splice variants or allelic variants. An exemplary human protein useful as antigen is CD3,
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particularly the epsilon subunit of CD3 (see UniProt no. PO7766 (version 185), NCBI RefSeq no.
NP _000724.1, SEQ ID NO: 40 for the human sequence; or UniProt no. Q95LI5 (version 69),
NCBI GenBank no. BAB71849.1, SEQ ID NO: 41 for the cynomolgus [Macaca fascicularis]
sequence), or GPRCSD (see UniProt no. QINZD1 (version 115); NCBI RefSeq no. NP_061124.1,
SEQ ID NO: 45 for the human sequence). In certain embodiments the antibody or bispecific
antigen binding molecule of the invention binds to an epitope of CD3 or GPRCS5D that is conserved
among the CD3 or GPRCS5D antigens from different species. In particular embodiments, the
antibody or bispecific antigen binding molecule of the invention binds to human GPRCSD.

By "specific binding" is meant that the binding is selective for the antigen and can be discriminated
from unwanted or non-specific interactions. The ability of an antigen binding moiety to bind to a
specific antigenic determinant can be measured either through an enzyme-linked immunosorbent
assay (ELISA) or other techniques familiar to one of skill in the art, e.g. surface plasmon resonance
(SPR) technique (analyzed e.g. on a BIAcore instrument) (Liljeblad et al., Glyco J 17, 323-329
(2000)), and traditional binding assays (Heeley, Endocr Res 28, 217-229 (2002)). In one
embodiment, the extent of binding of an antigen binding moiety to an unrelated protein is less than
about 10% of the binding of the antigen binding moiety to the antigen as measured, e.g., by SPR.
In certain embodiments, an antigen binding moiety that binds to the antigen, or an antigen binding
molecule comprising that antigen binding moiety, has a dissociation constant (Kp) of <1 uM, <
100 nM, <10 nM, <1 nM, <0.1 nM, <0.01 nM, or <0.001 nM (e.g. 10®*M or less, e.g. from 10°
M to 10° M, e.g., from 10° M to 107> M).

“Affinity” refers to the strength of the sum total of non-covalent interactions between a single
binding site of a molecule (e.g., a receptor) and its binding partner (e.g., aligand). Unless indicated
otherwise, as used herein, “binding affinity” refers to intrinsic binding affinity which reflects a 1:1
interaction between members of a binding pair (e.g., an antigen binding moiety and an antigen, or
a receptor and its ligand). The affinity of a molecule X for its partner Y can generally be
represented by the dissociation constant (Kp), which is the ratio of dissociation and association
rate constants (koer and kon, respectively). Thus, equivalent affinities may comprise different rate
constants, as long as the ratio of the rate constants remains the same. Affinity can be measured by
well-established methods known in the art, including those described herein. A particular method
for measuring affinity is Surface Plasmon Resonance (SPR).

“Reduced binding”, for example reduced binding to an Fc receptor, refers to a decrease in affinity
for the respective interaction, as measured for example by SPR. For clarity, the term includes also

reduction of the affinity to zero (or below the detection limit of the analytic method), i.e. complete
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abolishment of the interaction. Conversely, “increased binding” refers to an increase in binding
affinity for the respective interaction.

An “activating T cell antigen” as used herein refers to an antigenic determinant expressed on the
surface of a T lymphocyte, particularly a cytotoxic T lymphocyte, which is capable of inducing T
cell activation upon interaction with an antigen binding molecule. Specifically, interaction of an
antigen binding molecule with an activating T cell antigen may induce T cell activation by
triggering the signaling cascade of the T cell receptor complex. In a particular embodiment the
activating T cell antigen is CD3, particularly the epsilon subunit of CD3 (see UniProt no. P07766
(version 144), NCBI RefSeq no. NP_000724.1, SEQ ID NO: 40 for the human sequence; or
UniProt no. Q95LI5 (version 49), NCBI GenBank no. BAB71849.1, SEQ ID NO: 41 for the
cynomolgus [Macaca fascicularis] sequence).

“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. Suitable assays to measure T cell activation are known in the art and described herein.
A “target cell antigen” as used herein refers to an antigenic determinant presented on the surface
of a target cell, for example a cell in a tumor such as a cancer cell or a cell of the tumor stroma. In
a particular embodiment, the target cell antigen is GPRCSD, particularly human GPRC5D
according to SEQ ID NO: 45.

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

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

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

By a “crossover” Fab molecule (also termed “Crossfab™) is meant a Fab molecule wherein the
variable domains or the constant domains of the Fab heavy and light chain are exchanged (i.e.
replaced by each other), i.e. the crossover Fab molecule comprises a peptide chain composed of
the light chain variable domain VL and the heavy chain constant domain 1 CH1 (VL-CH1, in N-

to C-terminal direction), and a peptide chain composed of the heavy chain variable domain VH
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and the light chain constant domain CL (VH-CL, in N- to C-terminal direction). For clarity, in a
crossover Fab molecule wherein the variable domains of the Fab light chain and the Fab heavy
chain are exchanged, the peptide chain comprising the heavy chain constant domain 1 CHI is
referred to herein as the “heavy chain” of the (crossover) Fab molecule. Conversely, in a crossover
Fab molecule wherein the constant domains of the Fab light chain and the Fab heavy chain are
exchanged, the peptide chain comprising the heavy chain variable domain VH is referred to herein
as the “heavy chain” of the (crossover) Fab molecule.

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

The term “immunoglobulin molecule” refers to a protein having the structure of a naturally
occurring antibody. For example, immunoglobulins of the IgG class are heterotetrameric
glycoproteins of about 150,000 Daltons, composed of two light chains and two heavy chains that
are disulfide-bonded. From N- to C-terminus, each heavy chain has a variable domain (VH), also
called a variable heavy domain or a heavy chain variable region, followed by three constant
domains (CH1, CH2, and CH3), also called a heavy chain constant region. Similarly, from N- to
C-terminus, each light chain has a variable domain (VL), also called a variable light domain or a
light chain variable region, followed by a constant light (CL) domain, also called a light chain
constant region. The heavy chain of an immunoglobulin may be assigned to one of five types,
called a (IgA), & (IgD), € (IgE), v (IgG), or u (IgM), some of which may be further divided into
subtypes, e.g. v1 (IgG1), v2 (I1gG2), v3 (IgG3), va4 (IgGa), au (IgA1) and a2 (IgAz). The light chain of
an immunoglobulin may be assigned to one of two types, called kappa () and lambda (A), based
on the amino acid sequence of its constant domain. An immunoglobulin essentially consists of two
Fab molecules and an Fc domain, linked via the immunoglobulin hinge region.

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

The term "monoclonal antibody" as used herein refers to an antibody obtained from a population
of substantially homogeneous antibodies, i.e. the individual antibodies comprised in the population
are identical and/or bind the same epitope, except for possible variant antibodies, e.g., containing

naturally occurring mutations or arising during production of a monoclonal antibody preparation,
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such variants generally being present in minor amounts. In contrast to polyclonal antibody
preparations, which typically include different antibodies directed against different determinants
(epitopes), each monoclonal antibody of a monoclonal antibody preparation is directed against a
single determinant on an antigen. Thus, the modifier “monoclonal” indicates the character of the
antibody as being obtained from a substantially homogeneous population of antibodies, and is not
to be construed as requiring production of the antibody by any particular method. For example,
the monoclonal antibodies to be used in accordance with the present invention may be made by a
variety of techniques, including but not limited to the hybridoma method, recombinant DNA
methods, phage-display methods, and methods utilizing transgenic animals containing all or part
of the human immunoglobulin loci, such methods and other exemplary methods for making
monoclonal antibodies being described herein.

An "isolated" antibody is one which has been separated from a component of its natural
environment, i.e. that is not in its natural milieu. No particular level of purification is required. For
example, an isolated antibody can be removed from its native or natural environment.
Recombinantly produced antibodies expressed in host cells are considered isolated for the purpose
of the invention, as are native or recombinant antibodies which have been separated, fractionated,
or partially or substantially purified by any suitable technique. As such, the antibodies and
bispecific antigen binding molecules of the present invention are isolated. In some embodiments,
an antibody is purified to greater than 95% or 99% purity as determined by, for example,
electrophoretic (e.g., SDS-PAGE, isoelectric focusing (IEF), capillary electrophoresis) or
chromatographic (e.g., ion exchange or reverse phase HPLC) methods. For review of methods for
assessment of antibody purity, see, e.g., Flatman et al., J. Chromatogr. B 848:79-87 (2007).

The terms “full length antibody,” “intact antibody,” and “whole antibody” are used herein
interchangeably to refer to an antibody having a structure substantially similar to a native antibody
structure.

An "antibody fragment" refers to a molecule other than an intact antibody that comprises a portion
of an intact antibody that binds the antigen to which the intact antibody binds. Examples of
antibody fragments include but are not limited to Fv, Fab, Fab', Fab’-SH, F(ab'), diabodies, linear
antibodies, single-chain antibody molecules (e.g. scFv), and single-domain antibodies. For a
review of certain antibody fragments, see Hudson et al., Nat Med 9, 129-134 (2003). For a review
of scFv fragments, see e.g. Pliickthun, in The Pharmacology of Monoclonal Antibodies, vol. 113,
Rosenburg and Moore eds., Springer-Verlag, New York, pp. 269-315 (1994); see also WO
93/16185; and U.S. Patent Nos. 5,571,894 and 5,587,458. For discussion of Fab and F(ab'):
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fragments comprising salvage receptor binding epitope residues and having increased in vivo half-
life, see U.S. Patent No. 5,869,046. Diabodies are antibody fragments with two antigen-binding
sites that may be bivalent or bispecific. See, for example, EP 404,097; WO 1993/01161; Hudson
et al., Nat Med 9, 129-134 (2003); and Hollinger et al., Proc Natl Acad Sci USA 90, 6444-6448
(1993). Triabodies and tetrabodies are also described in Hudson et al., Nat Med 9, 129-134 (2003).
Single-domain antibodies are antibody fragments comprising all or a portion of the heavy chain
variable domain or all or a portion of the light chain variable domain of an antibody. In certain
embodiments, a single-domain antibody is a human single-domain antibody (Domantis, Inc.,
Waltham, MA; see e.g. U.S. Patent No. 6,248,516 B1). Antibody fragments can be made by
various techniques, including but not limited to proteolytic digestion of an intact antibody as well
as production by recombinant host cells (e.g. E. coli or phage), as described herein.

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

The term “variable region” or “variable domain” refers to the domain of an antibody heavy or light
chain that is involved in binding the antibody to antigen. The variable domains of the heavy chain
and light chain (VH and VL, respectively) of a native antibody generally have similar structures,
with each domain comprising four conserved framework regions (FRs) and three hypervariable
regions (HVRs). See, e.g., Kindt et al., Kuby Immunology, 6" ed., W.H. Freeman and Co., page
91 (2007). A single VH or VL domain may be sufficient to confer antigen-binding specificity. As
used herein in connection with variable region sequences, "Kabat numbering" refers to the
numbering system set forth by Kabat et al., Sequences of Proteins of Immunological Interest, 5th
Ed. Public Health Service, National Institutes of Health, Bethesda, MD (1991).

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

The term “hypervariable region” or “HVR?”, as used herein, refers to each of the regions of an
antibody variable domain which are hypervariable in sequence (“complementarity determining
regions” or “CDRs”; CDRs of the heavy chain variable region/domain are abbreviated e.g. as
HCDR1, HCDR2 and HCDR3; CDRs of the light chain variable region/domain are abbreviated
e.g. as LCDR1, LCDR2 and LCDR3 ) and/or form structurally defined loops (“hypervariable
loops™) and/or contain the antigen-contacting residues (“antigen contacts”). Generally, antibodies
comprise six HVRs; three in the VH (H1, H2, H3), and three in the VL (L1, L2, L3). Exemplary
HVRs herein include:

(a) hypervariable loops occurring at amino acid residues 26-32 (L1), 50-52 (L2), 91-96 (L3), 26-
32 (H1), 53-55 (H2), and 96-101 (H3) (Chothia and Lesk, J. Mol. Biol. 196:901-917 (1987));

(b) CDRs occurring at amino acid residues 24-34 (L1), 50-56 (L2), 89-97 (L3), 31-35b (H1), 50-
65 (H2), and 95-102 (H3) (Kabat et al., Sequences of Proteins of Immunological Interest, 5th Ed.
Public Health Service, National Institutes of Health, Bethesda, MD (1991));

(c) antigen contacts occurring at amino acid residues 27¢-36 (L1), 46-55 (L2), 89-96 (L3), 30-
35b (H1), 47-58 (H2), and 93-101 (H3) (MacCallum et al. J. Mol. Biol. 262: 732-745 (1996)),
and

(d) combinations of (a), (b), and/or (c), including HVR amino acid residues 46-56 (L2), 47-56
(L2), 48-56 (L2), 49-56 (L2), 26-35 (H1), 26-35b (H1), 49-65 (H2), 93-102 (H3), and 94-102
(H3).

Unless otherwise indicated, HVR residues and other residues in the variable domain (e.g., FR
residues) are numbered herein according to Kabat et al., supra.

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

A “humanized” antibody refers to a chimeric antibody comprising amino acid residues from non-
human HVRs and amino acid residues from human FRs. In certain embodiments, a humanized
antibody will comprise substantially all of at least one, and typically two, variable domains, in
which all or substantially all of the HVRs (e.g., CDRs) correspond to those of a non-human
antibody, and all or substantially all of the FRs correspond to those of a human antibody. Such

variable domains are referred to herein as “humanized variable region”. A humanized antibody
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optionally may comprise at least a portion of an antibody constant region derived from a human
antibody. In some embodiments, some FR residues in a humanized antibody are substituted with
corresponding residues from a non-human antibody (e.g., the antibody from which the HVR
residues are derived), e.g., to restore or improve antibody specificity or affinity. A “humanized
form” of an antibody, e.g. of a non-human antibody, refers to an antibody that has undergone
humanization. Other forms of "humanized antibodies" encompassed by the present invention are
those in which the constant region has been additionally modified or changed from that of the
original antibody to generate the properties according to the invention, especially in regard to Clq
binding and/or Fc receptor (FcR) binding.

A “human antibody” is one which possesses an amino acid sequence which corresponds to that of
an antibody produced by a human or a human cell or derived from a non-human source that utilizes
human antibody repertoires or other human antibody-encoding sequences. This definition of a
human antibody specifically excludes a humanized antibody comprising non-human antigen-
binding residues. In certain embodiments, a human antibody is derived from a non-human
transgenic mammal, for example a mouse, a rat, or a rabbit. In certain embodiments, a human
antibody is derived from a hybridoma cell line. Antibodies or antibody fragments isolated from
human antibody libraries are also considered human antibodies or human antibody fragments
herein.

The “class” of an antibody or immunoglobulin refers to the type of constant domain or constant
region possessed by its heavy chain. There are five major classes of antibodies: IgA, IgD, IgE, IgG,
and IgM, and several of these may be further divided into subclasses (isotypes), e.g., IgG1, 1gGa,
1gGs, IgGa, IgAi, and IgAs. The heavy chain constant domains that correspond to the different
classes of immunoglobulins are called a, 0, €, v, and p, respectively.

The term “Fc¢ domain” or “Fc region” herein is used to define a C-terminal region of an
immunoglobulin heavy chain that contains at least a portion of the constant region. The term
includes native sequence Fc regions and variant Fc regions. Although the boundaries of the Fc
region of an IgG heavy chain might vary slightly, the human IgG heavy chain Fc region is usually
defined to extend from Cys226, or from Pro230, to the carboxyl-terminus of the heavy chain.
However, antibodies produced by host cells may undergo post-translational cleavage of one or
more, particularly one or two, amino acids from the C-terminus of the heavy chain. Therefore, an
antibody produced by a host cell by expression of a specific nucleic acid molecule encoding a full-
length heavy chain may include the full-length heavy chain, or it may include a cleaved variant of

the full-length heavy chain (also referred to herein as a “cleaved variant heavy chain”). This may
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be the case where the final two C-terminal amino acids of the heavy chain are glycine (G446) and
lysine (K447, numbering according to Kabat EU index). Therefore, the C-terminal lysine (Lys447),
or the C-terminal glycine (Gly446) and lysine (K447), of the Fc region may or may not be present.
Amino acid sequences of heavy chains including Fc domains (or a subunit of an Fc domain as
defined herein) are denoted herein without C-terminal glycine-lysine dipeptide if not indicated
otherwise. In one embodiment of the invention, a heavy chain including a subunit of an Fc domain
as specified herein, comprised in an antibody or bispecific antigen binding molecule according to
the invention, comprises an additional C-terminal glycine-lysine dipeptide (G446 and K447,
numbering according to EU index of Kabat). In one embodiment of the invention, a heavy chain
including a subunit of an Fc domain as specified herein, comprised in an antibody or bispecific
antigen binding molecule according to the invention, comprises an additional C-terminal glycine
residue (G446, numbering according to EU index of Kabat). Compositions of the invention, such
as the pharmaceutical compositions described herein, comprise a population of antibodies or
bispecific antigen binding molecules of the invention. The population of antibodies or bispecific
antigen binding molecules may comprise molecules having a full-length heavy chain and
molecules having a cleaved variant heavy chain. The population of antibodies or bispecific antigen
binding molecules may consist of a mixture of molecules having a full-length heavy chain and
molecules having a cleaved variant heavy chain, wherein at least 50%, at least 60%, at least 70%,
at least 80% or at least 90% of the antibodies or bispecific antigen binding molecules have a
cleaved variant heavy chain. In one embodiment of the invention a composition comprising a
population of antibodies or bispecific antigen binding molecules of the invention comprises an
antibody or bispecific antigen binding molecule comprising a heavy chain including a subunit of
an Fc domain as specified herein with an additional C-terminal glycine-lysine dipeptide (G446 and
K447, numbering according to EU index of Kabat). In one embodiment of the invention a
composition comprising a population of antibodies or bispecific antigen binding molecules of the
invention comprises an antibody or bispecific antigen binding molecule comprising a heavy chain
including a subunit of an Fc domain as specified herein with an additional C-terminal glycine
residue (G446, numbering according to EU index of Kabat). In one embodiment of the invention
such a composition comprises a population of antibodies or bispecific antigen binding molecules
comprised of molecules comprising a heavy chain including a subunit of an F¢ domain as specified
herein; molecules comprising a heavy chain including a subunit of a Fc domain as specified herein
with an additional C-terminal glycine residue (G446, numbering according to EU index of Kabat);

and molecules comprising a heavy chain including a subunit of an Fc domain as specified herein
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with an additional C-terminal glycine-lysine dipeptide (G446 and K447, numbering according to
EU index of Kabat). Unless otherwise specified herein, numbering of amino acid residues in the
Fc region or constant region is according to the EU numbering system, also called the EU index,
as described in Kabat et al., Sequences of Proteins of Immunological Interest, 5th Ed. Public Health
Service, National Institutes of Health, Bethesda, MD, 1991 (see also above). A “subunit” of an Fc
domain as used herein refers to one of the two polypeptides forming the dimeric Fc domain, i.e. a
polypeptide comprising C-terminal constant regions of an immunoglobulin heavy chain, capable
of stable self-association. For example, a subunit of an IgG Fc domain comprises an IgG CH2 and
an IgG CH3 constant domain.

A “modification promoting the association of the first and the second subunit of the Fc domain”
is a manipulation of the peptide backbone or the post-translational modifications of an Fc domain
subunit that reduces or prevents the association of a polypeptide comprising the Fc domain subunit
with an identical polypeptide to form a homodimer. A modification promoting association as used
herein particularly includes separate modifications made to each of the two Fc domain subunits
desired to associate (i.e. the first and the second subunit of the Fc domain), wherein the
modifications are complementary to each other so as to promote association of the two Fc domain
subunits. For example, a modification promoting association may alter the structure or charge of
one or both of the Fc domain subunits so as to make their association sterically or electrostatically
favorable, respectively. Thus, (hetero)dimerization occurs between a polypeptide comprising the
first Fc domain subunit and a polypeptide comprising the second Fc domain subunit, which might
be non-identical in the sense that further components fused to each of the subunits (e.g. antigen
binding moieties) are not the same. In some embodiments the modification promoting association
comprises an amino acid mutation in the Fc domain, specifically an amino acid substitution. In a
particular embodiment, the modification promoting association comprises a separate amino acid
mutation, specifically an amino acid substitution, in each of the two subunits of the Fc domain.
The term “effector functions” refers to those biological activities attributable to the Fc region of
an antibody, which vary with the antibody isotype. Examples of antibody effector functions
include: Clq binding and complement dependent cytotoxicity (CDC), Fc receptor binding,
antibody-dependent  cell-mediated cytotoxicity (ADCC), antibody-dependent cellular
phagocytosis (ADCP), cytokine secretion, immune complex-mediated antigen uptake by antigen
presenting cells, down regulation of cell surface receptors (e.g. B cell receptor), and B cell

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

The term “amino acid mutation” as used herein is meant to encompass amino acid substitutions,
deletions, insertions, and modifications. Any combination of substitution, deletion, insertion, and
modification can be made to arrive at the final construct, provided that the final construct possesses
the desired characteristics, e.g., reduced binding to an Fc receptor, or increased association with
another peptide. Amino acid sequence deletions and insertions include amino- and/or carboxy-
terminal deletions and insertions of amino acids. Particular amino acid mutations are amino acid
substitutions. For the purpose of altering e.g. the binding characteristics of an Fc region, non-
conservative amino acid substitutions, i.e. replacing one amino acid with another amino acid
having different structural and/or chemical properties, are particularly preferred. Amino acid
substitutions include replacement by non-naturally occurring amino acids or by naturally occurring
amino acid derivatives of the twenty standard amino acids (e.g. 4-hydroxyproline, 3-
methylhistidine, ornithine, homoserine, 5-hydroxylysine). Amino acid mutations can be generated
using genetic or chemical methods well known in the art. Genetic methods may include site-
directed mutagenesis, PCR, gene synthesis and the like. 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 also 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 Fc domain to
glycine can be indicated as 329G, G329, Gs29, P329G, or Pro329Gly.

“Percent (%) amino acid sequence identity" with respect to a reference polypeptide sequence is
defined as the percentage of amino acid residues in a candidate sequence that are identical with
the amino acid residues in the reference polypeptide sequence, after aligning the sequences and
introducing gaps, if necessary, to achieve the maximum percent sequence identity, and not
considering any conservative substitutions as part of the sequence identity. Alignment for purposes
of determining percent amino acid sequence identity can be achieved in various ways that are
within the skill in the art, for instance, using publicly available computer software such as BLAST,
BLAST-2, Clustal W, Megalign (DNASTAR) software or the FASTA program package. Those
skilled in the art can determine appropriate parameters for aligning sequences, including any

algorithms needed to achieve maximal alignment over the full length of the sequences being
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compared. For purposes herein, however, % amino acid sequence identity values are generated
using the ggsearch program of the FASTA package version 36.3.8¢c or later with a BLOSUMS0
comparison matrix. The FASTA program package was authored by W. R. Pearson and D. J.
Lipman (1988), “Improved Tools for Biological Sequence Analysis”, PNAS 85:2444-2448; W_R.
Pearson (1996) “Effective protein sequence comparison” Meth. Enzymol. 266:227- 258; and
Pearson et. al. (1997) Genomics 46:24-36, and is publicly available from
http://fasta.bioch.virginia.edu/fasta www?2/fasta_down.shtml. Alternatively, a public server
accessible at http://fasta.bioch.virginia.edu/fasta_ www2/index.cgi can be used to compare the
sequences, using the ggsearch (global protein:protein) program and default options (BLOSUMSO0;
open: -10; ext: -2; Ktup = 2) to ensure a global, rather than local, alignment is performed. Percent
amino acid identity is given in the output alignment header.

The term "polynucleotide" refers to an isolated nucleic acid molecule or construct, e.g. messenger
RNA (mRNA), virally-derived RNA, or plasmid DNA (pDNA). A polynucleotide may comprise
a conventional phosphodiester bond or a non-conventional bond (e.g. an amide bond, such as found
in peptide nucleic acids (PNA). The term "nucleic acid molecule" refers to any one or more nucleic
acid segments, e.g. DNA or RNA fragments, present in a polynucleotide.

By "isolated" nucleic acid molecule or polynucleotide is intended a nucleic acid molecule, DNA
or RNA, which has been removed from its native environment. For example, a recombinant
polynucleotide encoding a polypeptide contained in a vector is considered isolated for the purposes
of the present invention. Further examples of an isolated polynucleotide include recombinant
polynucleotides maintained in heterologous host cells or purified (partially or substantially)
polynucleotides in solution. An isolated polynucleotide includes a polynucleotide molecule
contained in cells that ordinarily contain the polynucleotide molecule, but the polynucleotide
molecule is present extrachromosomally or at a chromosomal location that is different from its
natural chromosomal location. Isolated RNA molecules include in vivo or in vitro RNA transcripts
of the present invention, as well as positive and negative strand forms, and double-stranded forms.
Isolated polynucleotides or nucleic acids according to the present invention further include such
molecules produced synthetically. In addition, a polynucleotide or a nucleic acid may be or may
include a regulatory element such as a promoter, ribosome binding site, or a transcription
terminator.

“Isolated polynucleotide (or nucleic acid) encoding [e.g. an antibody or bispecific antigen binding
molecule of the invention]” refers to one or more polynucleotide molecules encoding antibody

heavy and light chains (or fragments thereof), including such polynucleotide molecule(s) in a
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single vector or separate vectors, and such nucleic acid molecule(s) present at one or more
locations in a host cell.

The term "expression cassette" refers to a polynucleotide generated recombinantly or synthetically,
with a series of specified nucleic acid elements that permit transcription of a particular nucleic acid
in a target cell. The recombinant expression cassette can be incorporated into a plasmid,
chromosome, mitochondrial DNA, plastid DNA, virus, or nucleic acid fragment. Typically, the
recombinant expression cassette portion of an expression vector includes, among other sequences,
a nucleic acid sequence to be transcribed and a promoter. In certain embodiments, the expression
cassette comprises polynucleotide sequences that encode antibodies or bispecific antigen binding
molecules of the invention or fragments thereof.

The term “vector” or "expression vector" 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 cell. The term
includes the vector as a self-replicating nucleic acid structure as well as the vector incorporated
into the genome of a host cell into which it has been introduced. The expression vector of the
present invention comprises an expression cassette. Expression vectors allow transcription of large
amounts of stable mRNA. Once the expression vector is inside the cell, the ribonucleic acid
molecule or protein that is encoded by the gene is produced by the cellular transcription and/or
translation machinery. In one embodiment, the expression vector of the invention comprises an
expression cassette that comprises polynucleotide sequences that encode antibodies or bispecific
antigen binding molecules of the invention or fragments thereof.

The terms "host cell", "host cell line," and "host cell culture" are used interchangeably and refer to
cells into which exogenous nucleic acid has been introduced, including the progeny of such cells.
Host cells include "transformants" and "transformed cells," which include the primary transformed
cell and progeny derived therefrom without regard to the number of passages. Progeny may not be
completely identical in nucleic acid content to a parent cell, but may contain mutations. Mutant
progeny that have the same function or biological activity as screened or selected for in the
originally transformed cell are included herein. A host cell is any type of cellular system that can
be used to generate the antibodies or bispecific antigen binding molecules of the present invention.
Host cells include cultured cells, e.g. mammalian cultured cells, such as HEK cells, CHO cells,
BHK cells, NSO cells, SP2/0 cells, YO myeloma cells, P3X63 mouse myeloma cells, PER cells,
PER.C6 cells or hybridoma cells, yeast cells, insect cells, and plant cells, to name only a few, but

also cells comprised within a transgenic animal, transgenic plant or cultured plant or animal tissue.
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An “activating Fc receptor” is an Fc receptor that following engagement by an Fc domain of an
antibody elicits signaling events that stimulate the receptor-bearing cell to perform effector
functions. Human activating Fc receptors include FcyRIlla (CD16a), FcyRI (CD64), FcyRlIla
(CD32), and FcoRI (CD8Y).

Antibody-dependent cell-mediated cytotoxicity (ADCC) is an immune mechanism leading to the
lysis of antibody-coated target cells by immune effector cells. The target cells are cells to which
antibodies or derivatives thereof comprising an Fc region specifically bind, generally via the
protein part that is N-terminal to the Fc region. As used herein, the term “reduced ADCC” is
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 medium 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
target cells, required to achieve the lysis of a given number of target cells in a given time, by the
mechanism of ADCC. The reduction in ADCC is relative to the ADCC mediated by the same
antibody produced 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 engineered. For example, the reduction in ADCC mediated by an antibody comprising in its
Fc domain an amino acid substitution that reduces ADCC, is relative to the ADCC mediated by
the same antibody without this amino acid substitution in the Fc domain. Suitable assays to
measure ADCC are well known in the art (see e.g. PCT publication no. WO 2006/082515 or PCT
publication no. WO 2012/130831).

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

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

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

The term "pharmaceutical composition" refers to a preparation which is in such form as to permit

the biological activity of an active ingredient contained therein to be effective, and which contains
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no additional components which are unacceptably toxic to a subject to which the composition
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 includes, but is not limited to, a buffer, excipient, stabilizer, or preservative.

As used herein, “treatment” (and grammatical variations thereof such as “treat” or “treating”)
refers to clinical intervention in an attempt to alter the natural course of a disease in the individual
being treated, and can be performed either for prophylaxis or during the course of clinical
pathology. Desirable effects of treatment include, but are not limited to, preventing occurrence or
recurrence of disease, alleviation of symptoms, diminishment of any direct or indirect pathological
consequences of the disease, preventing metastasis, decreasing the rate of disease progression,
amelioration or palliation of the disease state, and remission or improved prognosis. In some
embodiments, antibodies or bispecific antigen binding molecules of the invention are used to delay
development of a disease or to slow the progression of a disease.

The term “package insert” is used to refer to instructions customarily included in commercial
packages of therapeutic products, that contain information about the indications, usage, dosage,
administration, combination therapy, contraindications and/or warnings concerning the use of such

therapeutic products.

Detailed Description of the Embodiments
The invention provides antibodies and bispecific antigen binding molecules that bind GPRC5D,
particularly human GPRCS5D.In addition, the molecules have other favorable properties for

therapeutic application, e.g. with respect to efficacy and/or safety as well as produceability.

GPRCS5D antibody

In a first aspect the present invention provides an antibody that binds to GPRC5D, wherein the
antibody comprises (i) a heavy chain variable region (VH) comprising a heavy chain
complementary determining region (HCDR) 1 of SEQ ID NO: 83, a HCDR 2 of SEQ ID NO: 84,
and a HCDR 3 of SEQ ID NO: 86, and a light chain variable region (VL) comprising a light chain
complementarity determining region (LCDR) 1 of SEQ ID NO: 87, a LCDR 2 of SEQ ID NO: 88
and a LCDR 3 of SEQ ID NO: 89; (ii) a heavy chain variable region (VH) comprising a heavy
chain complementary determining region (HCDR) 1 of SEQ ID NO: 83, a HCDR 2 of SEQ ID
NO: 85, and a HCDR 3 of SEQ ID NO: 86, and a light chain variable region (VL) comprising a
light chain complementarity determining region (LCDR) 1 of SEQ ID NO: 87, a LCDR 2 of SEQ
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ID NO: 88 and a LCDR 3 of SEQ ID NO: 89; (iii) a heavy chain variable region (VH) comprising
a heavy chain complementary determining region (HCDR) 1 of SEQ ID NO: 90, a HCDR 2 of
SEQ ID NO: 91, and a HCDR 3 of SEQ ID NO: 93, and a light chain variable region (VL)
comprising a light chain complementarity determining region (LCDR) 1 of SEQ ID NO: 94, a
LCDR 2 of SEQ ID NO: 95 and a LCDR 3 of SEQ ID NO: 97; (iv) a heavy chain variable region
(VH) comprising a heavy chain complementary determining region (HCDR) 1 of SEQ ID NO: 90,
aHCDR 2 of SEQ ID NO: 91, and a HCDR 3 of SEQ ID NO: 93, and a light chain variable region
(VL) comprising a light chain complementarity determining region (LCDR) 1 of SEQ ID NO: 94,
a LCDR 2 of SEQ ID NO: 96 and a LCDR 3 of SEQ ID NO: 97; or (v) a heavy chain variable
region (VH) comprising a heavy chain complementary determining region (HCDR) 1 of SEQ ID
NO: 90, a HCDR 2 of SEQ ID NO: 92, and a HCDR 3 of SEQ ID NO: 93, and a light chain
variable region (VL) comprising a light chain complementarity determining region (LCDR) 1 of
SEQ ID NO: 94, a LCDR 2 of SEQ ID NO: 95 and a LCDR 3 of SEQ ID NO: 97.

In some embodiments, the antibody is a humanized antibody. In one embodiment, the VH is a
humanized VH and/or the VL is a humanized VL. In one embodiment, the antibody comprises
CDRs as in any of the above embodiments, and further comprises an acceptor human framework,
e.g. a human immunoglobulin framework or a human consensus framework.

In a particular embodiment, (1) the VH comprises an amino acid sequence that is at least about
95%, 96%, 97%, 98%, 99% or 100% identical to the sequence of SEQ ID NO: 13, and the VL
comprises an amino acid sequence that is at least about 95%, 96%, 97%, 98%, 99% or 100%
identical to the amino acid sequence of SEQ ID NO: 14; or (ii) the VH comprises an amino acid
sequence that is at least about 95%, 96%, 97%, 98%, 99% or 100% identical to the sequence of
SEQ ID NO: 15, and the VL comprises an amino acid sequence that is at least about 95%, 96%,
97%, 98%, 99% or 100% identical to the amino acid sequence of SEQ ID NO: 16; or (iii) the VH
comprises an amino acid sequence that is at least about 95%, 96%, 97%, 98%, 99% or 100%
identical to the sequence of SEQ ID NO: 48, and the VL comprises an amino acid sequence that
is at least about 95%, 96%, 97%, 98%, 99% or 100% identical to the amino acid sequence of SEQ
ID NO: 53; or (iv) the VH comprises an amino acid sequence that is at least about 95%, 96%, 97%,
98%, 99% or 100% identical to the sequence of SEQ ID NO: 49, and the VL comprises an amino
acid sequence that is at least about 95%, 96%, 97%, 98%, 99% or 100% identical to the amino
acid sequence of SEQ ID NO: 52; or (v) the VH comprises an amino acid sequence that is at least
about 95%, 96%, 97%, 98%, 99% or 100% identical to the sequence of SEQ ID NO: 57, and the
VL comprises an amino acid sequence that is at least about 95%, 96%, 97%, 98%, 99% or 100%
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identical to the amino acid sequence of SEQ ID NO: 64; or (vi) the VH comprises an amino acid
sequence that is at least about 95%, 96%, 97%, 98%, 99% or 100% identical to the sequence of
SEQ ID NO: 58, and the VL comprises an amino acid sequence that is at least about 95%, 96%,
97%., 98%, 99% or 100% identical to the amino acid sequence of SEQ ID NO: 63.

In a particular embodiment, the antibody comprises (i) a VH that is at least about 95%, 96%, 97%,
98%, 99% or 100% identical to an amino acid sequence of SEQ ID NO: 13, and a VL that is at
least about 95%, 96%, 97%, 98%, 99% or 100% identical to the amino acid sequence of SEQ ID
NO: 14; or (ii) a VH that is at least about 95%, 96%, 97%, 98%, 99% or 100% identical to the
amino acid sequence of SEQ ID NO: 15, and a VL that is at least about 95%, 96%, 97%, 98%,
99% or 100% identical to the amino acid sequence of SEQ ID NO: 16; or (iii) a VH that is at least
about 95%, 96%, 97%, 98%, 99% or 100% identical to the amino acid sequence of SEQ ID NO:
48, and the VL is at least about 95%, 96%, 97%, 98%, 99% or 100% identical to the amino acid
sequence of SEQ ID NO: 53; or (iv) the VH is at least about 95%, 96%, 97%, 98%, 99% or 100%
identical to the sequence of SEQ ID NO: 49, and the VL is at least about 95%, 96%, 97%, 98%,
99% or 100% identical to the amino acid sequence of SEQ ID NO: 52; or (v) the VH is at least
about 95%, 96%, 97%, 98%, 99% or 100% identical to the sequence of SEQ ID NO: 57, and the
VL is at least about 95%, 96%, 97%, 98%, 99% or 100% identical to the amino acid sequence of
SEQ ID NO: 64; or (vi) the VH is at least about 95%, 96%, 97%, 98%, 99% or 100% identical to
the sequence of SEQ ID NO: 58, and the VL is at least about 95%, 96%, 97%, 98%, 99% or 100%
identical to the amino acid sequence of SEQ ID NO: 63.

In another embodiment, the antibody is an IgG, particularly an IgG1, antibody. In one embodiment,
the antibody is a full-length antibody. In another embodiment, the antibody is an antibody fragment
selected from the group of an Fv molecule, a scFv molecule, a Fab molecule, and a F(ab'):
molecule. In one embodiment, the antibody is a multispecific antibody.

In certain embodiments, a VH or VL sequence having at least 95%, 96%, 97%, 98%, or 99%
identity contains substitutions (e.g., conservative substitutions), insertions, or deletions relative to
the reference sequence, but an antibody comprising that sequence retains the ability to bind to
GPRC5D. In certain embodiments, a total of 1 to 10 amino acids have been substituted, inserted
and/or deleted in SEQ ID NO: 13 and/or a total of 1 to 10 amino acids have been substituted,
inserted and/or deleted in SEQ ID NO: 14 and/or a total of 1 to 10 amino acids have been
substituted, inserted and/or deleted in SEQ ID NO: 15 and/or a total of 1 to 10 amino acids have
been substituted, inserted and/or deleted in SEQ ID NO: 16 and/ or a total of 1 to 10 amino acids
have been substituted, inserted and/or deleted in SEQ ID NO: 48 and/or a total of 1 to 10 amino
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acids have been substituted, inserted and/or deleted in SEQ ID NO: 53 and/or a total of 1 to 10
amino acids have been substituted, inserted and/or deleted in SEQ ID NO: 49 and/or a total of 1
to 10 amino acids have been substituted, inserted and/or deleted in SEQ ID NO: 52 and/or a total
of 1 to 10 amino acids have been substituted, inserted and/or deleted in SEQ ID NO: 57 and/or a
total of 1 to 10 amino acids have been substituted, inserted and/or deleted in SEQ ID NO: 64 and/or
a total of 1 to 10 amino acids have been substituted, inserted and/or deleted in SEQ ID NO: 58
and/or a total of 1 to 10 amino acids have been substituted, inserted and/or deleted in SEQ ID NO:
63.

In certain embodiments, substitutions, insertions, or deletions occur in regions outside the HVRs
(i.e., in the FRs). Optionally, the antibody comprises the VH sequence in SEQ ID NO: 13 and/or
the VL sequence in SEQ ID NO: 14, including post-translational modifications of that sequence.
Optionally, the antibody comprises the VH sequence in SEQ ID NO: 15 and/or the VL sequence
in SEQ ID NO: 16, including post-translational modifications of that sequence. Optionally, the
antibody comprises the VH sequence in SEQ ID NO: 448 and/or the VL sequence in SEQ ID NO:
53, including post-translational modifications of that sequence. Optionally, the antibody comprises
the VH sequence in SEQ ID NO: 49 and/or the VL sequence in SEQ ID NO: 52, including post-
translational modifications of that sequence. Optionally, the antibody comprises the VH sequence
in SEQ ID NO: 57 and/or the VL sequence in SEQ ID NO: 64, including post-translational
modifications of that sequence. Optionally, the antibody comprises the VH sequence in SEQ ID
NO: 58 and/or the VL sequence in SEQ ID NO: 63, including post-translational modifications of
that sequence.

In one embodiment, the antibody comprises a VH comprising an amino acid sequence selected
from the group of SEQ ID NO: 13 and SEQ ID NO: 15, and a VL comprising the amino acid
sequence of SEQ ID NO: 14.

In one embodiment, the antibody comprises a VH sequence selected from the group of SEQ ID
NO: 13 and SEQ ID NO: 12, and the VL sequence of SEQ ID NO: 16.

In a particular embodiment, the antibody comprises a VH comprising the amino acid sequence of
SEQ ID NO: 13 and a VL comprising the amino acid sequence of SEQ ID NO: 14. In a particular
embodiment, the antibody comprises the VH sequence of SEQ ID NO: 13 and the VL sequence of
SEQ ID NO: 14.

In a particular embodiment, the antibody comprises a VH comprising the amino acid sequence of

SEQ ID NO: 15 and a VL comprising the amino acid sequence of SEQ ID NO: 16. In a particular
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embodiment, the antibody comprises the VH sequence of SEQ ID NO: 15 and the VL sequence of
SEQ ID NO: 16.

In a particular embodiment, the antibody comprises a VH comprising the amino acid sequence of
SEQ ID NO: 48 and a VL comprising the amino acid sequence of SEQ ID NO: 53. In a particular
embodiment, the antibody comprises the VH sequence of SEQ ID NO: 48 and the VL sequence of
SEQ ID NO: 53.

In a particular embodiment, the antibody comprises a VH comprising the amino acid sequence of
SEQ ID NO: 49 and a VL comprising the amino acid sequence of SEQ ID NO: 52. In a particular
embodiment, the antibody comprises the VH sequence of SEQ ID NO: 49 and the VL sequence of
SEQ ID NO: 52.

In a particular embodiment, the antibody comprises a VH comprising the amino acid sequence of
SEQ ID NO: 57 and a VL. comprising the amino acid sequence of SEQ ID NO: 64. In a particular
embodiment, the antibody comprises the VH sequence of SEQ ID NO: 57 and the VL sequence of
SEQ ID NO: 64.

In a particular embodiment, the antibody comprises a VH comprising the amino acid sequence of
SEQ ID NO: 58 and a VL comprising the amino acid sequence of SEQ ID NO: 63. In a particular
embodiment, the antibody comprises the VH sequence of SEQ ID NO: 58 and the VL sequence of
SEQ ID NO: 63.

In one embodiment, the antibody comprises a human constant region. In one embodiment, the
antibody is an immunoglobulin molecule comprising a human constant region, particularly an IgG
class immunoglobulin molecule comprising a human CH1, CH2, CH3 and/or CL domain.
Exemplary sequences of human constant domains are given in SEQ ID NOs 37 and 38 (human
kappa and lambda CL domains, respectively) and SEQ ID NO: 39 (human IgG1 heavy chain
constant domains CH1-CH2-CH3). In some embodiments, the antibody comprises a light chain
constant region comprising an amino acid sequence that is at least about 95%, 96%, 97%, 98%,
99% or 100% identical to the amino acid sequence of SEQ ID NO: 37 or SEQ ID NO: 39,
particularly the amino acid sequence of SEQ ID NO: 38. In some embodiments, the antibody
comprises a heavy chain constant region comprising an amino acid sequence that is at least about
95%, 96%, 97%, 98%, 99% or 100% identical to the amino acid sequence of SEQ ID NO: 39.
Particularly, the heavy chain constant region may comprise amino acid mutations in the Fc domain
as described herein.

In one embodiment, the antibody is a monoclonal antibody.
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In one embodiment, the antibody is an IgG, particularly an IgGu, antibody. In one embodiment,
the antibody is a full-length antibody.

In one embodiment, the antibody comprises an Fc domain, particularly an IgG Fc domain, more
particularly an IgG1 Fc domain. In one embodiment the Fc domain is a human Fc domain. The Fc
domain of the antibody may incorporate any of the features, singly or in combination, described
herein in relation to the Fc domain of the bispecific antigen binding molecule of the invention.

In another embodiment, the antibody is an antibody fragment selected from the group of an Fv
molecule, a scFv molecule, a Fab molecule, and a F(ab’)2 molecule; particularly a Fab molecule.
In another embodiment, the antibody fragment is a diabody, a triabody or a tetrabody.

In a further aspect, the antibody according to any of the above embodiments may incorporate any

of the features, singly or in combination, as described in the sections below.

Glycosylation variants

In certain embodiments, an antibody provided herein is altered to increase or decrease the extent
to which the antibody is glycosylated. Addition or deletion of glycosylation sites to an antibody
may be conveniently accomplished by altering the amino acid sequence such that one or more
glycosylation sites is created or removed.

Where the antibody comprises an Fc region, the oligosaccharide attached thereto may be altered.
Native antibodies produced by mammalian cells typically comprise a branched, biantennary
oligosaccharide that is generally attached by an N-linkage to Asn297 of the CH2 domain of the Fc
region. See, e.g.,, Wright et al. 7IBTECH 15:26-32 (1997). The oligosaccharide may include
various carbohydrates, e.g., mannose, N-acetyl glucosamine (GlcNAc), galactose, and sialic acid,
as well as a fucose attached to a GIcNAc in the “stem” of the biantennary oligosaccharide structure.
In some embodiments, modifications of the oligosaccharide in an antibody of the invention may
be made in order to create antibody variants with certain improved properties.

In one embodiment, antibody variants are provided having a non-fucosylated oligosaccharide, i.e.
an oligosaccharide structure that lacks fucose attached (directly or indirectly) to an Fc region. Such
non-fucosylated oligosaccharide (also referred to as “afucosylated” oligosaccharide) particularly
is an N-linked oligosaccharide which lacks a fucose residue attached to the first GIcNAc in the
stem of the biantennary oligosaccharide structure. In one embodiment, antibody variants are
provided having an increased proportion of non-fucosylated oligosaccharides in the Fc region as

compared to a native or parent antibody. For example, the proportion of non-fucosylated
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oligosaccharides may be at least about 20%, at least about 40%, at least about 60%, at least about
80%, or even about 100% (i.e. no fucosylated oligosaccharides are present). The percentage of
non-fucosylated oligosaccharides is the (average) amount of oligosaccharides lacking fucose
residues, relative to the sum of all oligosaccharides attached to Asn 297 (e. g. complex, hybrid and
high mannose structures) as measured by MALDI-TOF mass spectrometry, as described in
WO 2006/082515, for example. Asn297 refers to the asparagine residue located at about position
297 in the Fc region (EU numbering of Fc region residues); however, Asn297 may also be located
about + 3 amino acids upstream or downstream of position 297, i.e., between positions 294 and
300, due to minor sequence variations in antibodies. Such antibodies having an increased
proportion of non-fucosylated oligosaccharides in the Fc region may have improved FcyRIlla
receptor binding and/or improved effector function, in particular improved ADCC function. See,
e.g., US 2003/0157108; US 2004/0093621.

Examples of cell lines capable of producing antibodies with reduced fucosylation include Lec13
CHO cells deficient in protein fucosylation (Ripka et al. Arch. Biochem. Biophys. 249:533-545
(1986); US 2003/0157108; and WO 2004/056312, especially at Example 11), and knockout cell
lines, such as alpha-1,6-fucosyltransferase gene, FUTS, knockout CHO cells (see, e.g., Yamane-
Ohnuki et al. Biofech. Bioeng. 87:614-622 (2004); Kanda, Y. et al., Biotechnol. Bioeng.,
94(4):680-688 (2006); and W0O2003/085107), or cells with reduced or abolished activity of a
GDP-fucose synthesis or transporter protein (see, e.g., US2004259150, US2005031613,
US2004132140, US2004110282).

In a further embodiment, antibody variants are provided with bisected oligosaccharides, e.g., in
which a biantennary oligosaccharide attached to the Fc region of the antibody is bisected by
GlcNAc. Such antibody variants may have reduced fucosylation and/or improved ADCC function
as described above. Examples of such antibody variants are described, e.g., in Umana et al., Nat
Biotechnol 17, 176-180 (1999); Ferrara et al., Biotechn Bioeng 93, 851-861 (2006); WO 99/54342;
WO 2004/065540, WO 2003/011878.

Antibody variants with at least one galactose residue in the oligosaccharide attached to the Fc
region are also provided. Such antibody variants may have improved CDC function. Such

antibody variants are described, e.g., in WO 1997/30087, WO 1998/58964; and WO 1999/22764.

Cysteine engineered antibody variants

In certain embodiments, it may be desirable to create cysteine engineered antibodies, e.g.,

“thioMADs,” in which one or more residues of an antibody are substituted with cysteine residues.
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In particular embodiments, the substituted residues occur at accessible sites of the antibody. By
substituting those residues with cysteine, reactive thiol groups are thereby positioned at accessible
sites of the antibody and may be used to conjugate the antibody to other moieties, such as drug
moieties or linker-drug moieties, to create an immunoconjugate, as described further herein.
Cysteine engineered antibodies may be generated as described, e.g., in U.S. Patent No. 7,521,541,

8,30,930, 7,855,275, 9,000,130, or WO2016040856.

Antibody Derivatives

In certain embodiments, an antibody provided herein may be further modified to contain additional
nonproteinaceous moieties that are known in the art and readily available. The moieties suitable
for derivatization of the a