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HUMANIZED AND AFFINITY MATURED ANTIBODIES TO FcRH5 AND METHODS OF USE

SEQUENCE LISTING
The instant application contains a Sequence Listing which has been submitted electronically in
ASCII format and is hereby incorporated by reference in its entirety. Said ASCII copy, created on June
14, 2016, is named 50474-134WQO2_Sequence_Listing 6_14_16_ST25 and is 133,004 bytes in size.

FIELD OF THE INVENTION

The present invention relates to anti-FcRH5 antibodies and methods of using the same.

BACKGROUND OF THE INVENTION

Cell proliferative disorders, such as cancer, are characterized by the uncontrolled growth of cell
subpopulations. They are the leading cause of death in the developed world and the second leading
cause of death in developing countries, with over 14 million new cancer cases diagnosed and over eight
million cancer deaths occurring each year. The National Cancer Institute has estimated that greater than
half a million Americans will die of cancer in 2016, accounting for nearly one out of every four deaths in
the country. As the elderly population has grown, the incidence of cancer has concurrently risen, as the
probability of developing cancer is more than two-fold higher after the age of seventy. Cancer care thus
represents a significant and ever-increasing societal burden.

The Fc receptor-like 5 (FcRH5, also known as FcRL5 or IRTA2) gene belongs to a family of six
recently identified genes of the immunoglobulin superfamily (IgSF). This family of genes is closely related
to the Fc receptors with the conserved genomic structure, extracellular Ig domain composition, and
immunoreceptor tyrosine-based inhibitory (ITIM) and immunoreceptor tyrosine-based activation (ITAM)
like signaling motifs (Davis et al. Eur. J. Immunol. 35:674-80, 2005). Six members of the FCRH/IRTA
receptor family have been described: FCRH1/IRTA5, FcCRH2/IRTA4, FcRH3/IRTA3, FcRH4/IRTA1,
FcRH5/IRTA2, and FcRH6 (Polson et al. Int. Immunol. 18(9):1363-1373, 2006. The FcRH cDNAs encode
type | transmembrane glycoproteins with multiple Ig-like extracellular domains and cytoplasmic domains
containing consensus immunoreceptor tyrosine-based activating and/or inhibitory signaling motifs. The
FcRH genes are structurally related, and their protein products share 28-60% extracellular identity with
each other. They also share 15-31% identity with their closest FcR relatives. There is a high degree of
homology between the different FcRHs.

The ligand(s) for FCRH5 are unknown, but FCRH5 has been implicated in enhanced proliferation
and downstream isotype expression during the development of antigen-primed B-cells (Dement-Brown et
al. J. Leukoc. Biol. 91:59-67, 2012). The FcRH5 locus has three major mRNA isoforms (FcRH5a,
FcRH5b, and FcRH5¢). The major FcRHS5 protein isoforms encoded by these transcripts share a
common amino acid sequence until residue 560, featuring a common signal peptide and six extracellular
Ig-like domains. FcRH5a represents a 759-amino acid secreted glycoprotein with eight Ig-like domains
followed by 13 unique, predominantly polar amino acids at its C-terminus. FcRH5b diverges from
FcRH5a at amino acid residue 560 and extends for a short stretch of 32 additional residues, whose

hydrophobicity is compatible with its docking to the plasma membrane via a GPI anchor. FcRH5c is the
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longest isoform whose sequence deviates from FcRH5a at amino acid 746. FcRH5¢ encodes a 977-amino
acid type | transmembrane glycoprotein with nine extracellular Ig-type domains harboring eight potential N-
linked glycosylation sites, a 23-amino acid tfransmembrane domain, and a 104-amino acid cytoplasmic
domain with three consensus SH2 binding motifs having an ITIM consensus.

The FcRH genes are clustered together in the midst of the classical FcR genes (FcyRI, FcyRll,
FcyRIIl, and FceRl) in the 1921-23 region of chromosome 1. This region contains one of the most frequent
secondary chromosomal abnormalities associated with malignant phenotype in hematopoietic tumors,
especially in multiple myeloma (Hatzivassiliou et al. Immunity. 14:277-89, 2001). FcRH5 is expressed only in
the B-cell lineage, starting as early as pre-B-cells, but does not attain full expression until the mature B-cell
stage. Unlike most known other B-cell-specific surface proteins (e.g., CD20, CD19, and CD22), FcRH5
continues to be expressed in plasma cells, whereas other B-cell-specific markers are downregulated (Polson
etal. Int. Immunol. 18:1363-73, 2006). In addition, FCRH5 mRNA is overexpressed in multipie myeloma cell
lines with 1g21 abnormalities as detected by oligonucleotide arrays (Inoue Am. J. Pathol. 165:71-81, 2004).
The expression pattern indicates that FCRH5 could be a target for antibody-based therapies for the treatment
of multiple myeloma. Multiple myeloma is a malignancy of plasma cells characterized by skeletal lesions,
renal failure, anemia, and hypercalcemia, and it is essentially incurable by current therapies. Current drug
treatments for muitiple myeloma include combinations of the proteosome inhibitor bortezomib (VELCADE®),
the immunomodulator lenalidomide (REVLIMID®), and the steroid dexamethasone.

Monoclonal antibody (mAb)-based therapy has become an important treatment modality for cancer.
FcRH5c-specific antibody-based therapies and detection methods may be particularly efficacious as they
specifically recognize target cell, membrane-associated FcRHS rather than antibodies which recognize both
soluble and membrane isoforms of FcRH5. However, only the last Ig-like domain of FCRH5 (Ig-like domain
9) is a unique extracellular region that differentiates between the three major isoforms of FCRH5 (e.g.,
FcRH5a, FcRH5b, and FcRH5c), and there is significant homology between the Ig-like domains within
FcRH5. Further, the last Ig-like domain is highly conserved between FcRH1, FcRH2, FcRH3, and FcRH5.
Any antibody-based therapy that specifically targeted FCRH5 should have minimal cross-reactivity with other
FcRHs to avoid adverse off-target effects (e.g., FCRH3 is expressed on normal NK cells).

In view of the above, there is an unmet need in the field for safe and effective agents for use in the

treatment of cell proliferative disorders (e.g., cancers, e.g., FCRH5-positive cancers, e.g., multiple myeloma).

SUMMARY
The present disclosure provides anti-FcRH5 antibodies (e'.g., bispecific antibodies, e.g., FCRH5 T
cell-dependant bispecific (TDB) antibodies), compositions, and methods of using the same for the treatment
of cell proliferative disorders (e.g., cancers, e.g., FcRH5-positive cancers, e.g., multiple myeloma).
Provided is an anti-Fc Receptor-like 5 (FCRH5) antibody, wherein the anti-FcRHS5 antibody
comprises the following six hypervariable regions (HVRs): (a) an HVR-H1 comprising the



amino acid sequence of SEQ ID NO: 1, (b) an HVR-H2 comprising the amino acid sequence of SEQ ID NO:
2, (c) an HVR-H3 comprising the amino acid sequence of SEQ ID NO: 3, (d) an HVR-L1 comprising the
amino acid sequence of SEQ ID NO: 4, (e) an HVR-L2 comprising the amino acid sequence of SEQ ID NO:
5, and (f) an HVR-L3 comprising the amino acid sequence of SEQ ID NO: 6.

In one aspect, there is provided an anti-Fc Receptor-like 5 (FCRH5) antibody, wherein the anti-

FcRH5 antibody comprises:
(i) a binding domain comprising the following six HVRs:
(a) an HVR-H1 comprising the amino acid sequence of SEQ ID NO: 1;
(b) an HVR~H2 comprising the amino acid sequence of SEQ ID NO: 8;
(c) an HVR-H3 comprising the amino acid sequence of SEQ ID NO: 9;
{(d) an HVR-L1 comprising the amino acid sequence of SEQ ID NO: 12;
(e) an HVR-L2 comprising the amino acid sequence of SEQ ID NO: 16; and
(f) an HVR-L3 comprising the amino acid sequence of SEQ ID NO: 23;
(i) a binding domain comprising the following six HVRs:
(a) an HVR-H1 comprising the amino acid sequence of SEQ ID NO: 1;
(b) an HVYR-H2 comprising the amino acid sequence of SEQ ID NO: 8;
(c) an HVR-H3 comprising the amino acid sequence of SEQ ID NO: 10;
(d) an HVR-L1 comprising the amino acid sequence of SEQ ID NO: 14;
(e) an HVR-L2 comprising the amino acid sequence of SEQ ID NO: 16; and
(f) an HVR-L3 comprising the amino acid sequence of SEQ ID NO: 23;
(iii) a binding domain comprising the following six HVRs:
(a) an HVR-H1 comprising the amino acid sequence of SEQ ID NO: 1;
(b) an HVR-H2 comprising the amino acid sequence of SEQ ID NO: 7;
(c) an HVR-H3 comprising the amino acid sequence of SEQ ID NO: 9;
(d) an HVR-L1 comprising the amino acid sequence of SEQ ID NO: 12;
(e) an HVR-L2 comprising the amino acid sequence of SEQ ID NO: 16; and
(f) an HVR-L3 comprising the amino acid sequence of SEQ ID NO: 21;
(iv) a binding domain comprising the following six HVRs:
a) an HVR-H1 comprising the amino acid sequence of SEQ ID NO: 1;
b) an HVR-H2 comprising the amino acid sequence of SEQ ID NO: 7;
¢) an HVR-H3 comprising the amino acid sequence of SEQ ID NO: 9;
d) an HVR-L1 comprising the amino acid sequence of SEQ ID NO: 12;
)

e) an HVR-L2 comprising the amino acid sequence of SEQ ID NO: 17; and

(
(
(
(
(
(f) an HVR-L3 comprising the amino acid sequence of SEQ ID NO: 22;
(v) a binding domain comprising the following six HVRs:
(a) an HVR-H1 comprising the amino acid sequence of SEQ ID NO: 1;
(b) an HVR-H2 comprising the amino acid sequence of SEQ ID NO: 7;
(c) an HVR-H3 comprising the amino acid sequence of SEQ ID NO: 9;
(d) an HVR-L1 comprising the amino acid sequence of SEQ ID NO: 13;
(

e) an HVR-L2 comprising the amino acid sequence of SEQ ID NO: 16; and
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(f) an HVR-L3 comprising the amino acid sequence of SEQ ID NO: 21;
(vi) a binding domain comprising the following six HVRs:
(a) an HVR-H1 comprising the amino acid sequence of SEQ ID NO: 1;
(b) an HVR-H2 comprising the amino acid sequence of SEQ ID NO: 7;
(c) an HVR-H3 comprising the amino acid sequence of SEQ ID NO: 9;
(d) an HVR-L1 comprising the amino acid sequence of SEQ ID NO: 12;
(e) an HVR-L2 comprising the amino acid sequence of SEQ ID NO: 16; and
(f) an HVR-L3 comprising the amino acid sequence of SEQ ID NO: 23;
(vii) a binding domain comprising the following six HVRs:
a) an HVR-H1 comprising the amino acid sequence of SEQ ID NO: 1;
b) an HVR-H2 comprising the amino acid sequence of SEQ ID NO: 7;

d
e) an HVR-L2 comprising the amino acid sequence of SEQ ID NO: 18; and

(

(b)

(c) an HVR-H3 comprising the amino acid sequence of SEQ ID NO: 9;
(d) an HVR-L1 comprising the amino acid sequence of SEQ ID NO: 11;
(e)

(f) an HVR-L3 comprising the amino acid sequence of SEQ ID NO: 22;

or
(viii) a binding domain comprising the following six HVRs:

(a) an HVR-H1 comprising the amino acid sequence of SEQ ID NO: 1;

(b) an HVR-H2 comprising the amino acid sequence of SEQ ID NO: 7;

(c) an HVR-H3 comprising the amino acid sequence of SEQ ID NO: 9;

(d) an HVR-L1 comprising the amino acid sequence of SEQ ID NO: 12;

(e) an HVR-L2 comprising the amino acid sequence of SEQ ID NO: 18; and

(f) an HVR-L3 comprising the amino acid sequence of SEQ ID NO: 25.

In some embodiments, the anti-FCRH5 antibody comprises a binding domain comprising the
following six HVRs: (a) an HVR-H1 comprising the amino acid sequence of SEQ ID NO: 1, (b) an HVR-H2
comprising the amino acid sequence of SEQ ID NO: 8, (c) an HVR-H3 comprising the amino acid sequence
of SEQ ID NO: 9, (d) an HVR-L1 comprising the amino acid sequence of SEQ ID NO: 12, (e) an HVR-L2
comprising the amino acid sequence of SEQ ID NO: 16, and (f) an HVR-L3 comprising the amino acid
sequence of SEQ ID NO: 23. In some embodiments, the binding domain comprises (a) a heavy chain
variable (VH) domain comprising an amino acid sequence having at least 95% sequence identity to the
amino acid sequence of SEQ ID NO: 104, (b) a light chain variable (VL) domain comprising an amino acid
sequence having at least 95% sequence identity to the amino acid sequence of SEQ ID NO: 105, or (c) a VH
domain as in (a) and a VL domain as in (b). In some embodiments, the antibody further comprises the
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following heavy chain variable region framework regions (FRs): (a) an FR-H1 comprising the amino acid
sequence of SEQ ID NO: 52, (b) an FR-H2 comprising the amino acid sequence of SEQ ID NO: 54, (c) an
FR-H3 comprising the amino acid sequence of SEQ ID NO: 46, and (d) an FR-H4 comprising the amino acid
sequence of SEQ ID NO: 47. In some embodiments, the VH domain comprises the amino acid sequence of
SEQ ID NO: 104. In some embodiments, the antibody further comprises the following light chain variable
region FRs: (a) an FR-L1 comprising the amino acid sequence of SEQ ID NO: 48, (b) an FR-L2 comprising
the amino acid sequence of SEQ ID NO: 57, (c) an FR-L3 comprising the amino acid sequence of SEQ ID
NO: 50, and (d) an FR-L4 comprising the amino acid sequence of SEQ ID NO: 51. In some embodiments,
the VL domain comprises the amino acid sequence of SEQ ID NO: 105. In another aspect, there is provided
an anti-FcRHS antibody, wherein the anti-FcRH5 antibody comprises a binding domain comprising (a) a VH
domain comprising an amino acid sequence of SEQ ID NO: 104 and (b) a VL domain comprising an amino
acid sequence of SEQ ID NO: 105.

In other embodiments, the anti-FcRH5 antibody comprises a binding domain comprising the
following six HVRs: (a) an HVR-H1 comprising the amino acid sequence of SEQ ID NO: 1, (b) an HVR-H2
comprising the amino acid sequence of SEQ ID NO: 8, (c) an HVR-H3 comprising the amino acid sequence
of SEQ ID NO: 10, (d) an HVR-L1 comprising the amino acid sequence of SEQ ID NO: 14, (e) an HVR-L2
comprising the amino acid sequence of SEQ ID NO: 16, and (f) an HVR-L3 comprising the amino acid
sequence of SEQ ID NO: 23. In some embodiments, the binding domain comprises (a) a VH domain
comprising an amino acid sequence having at least 95% sequence identity to the amino acid sequence of
SEQ ID NO: 106, (b) a VL domain comprising an amino acid sequence having at least 95% sequence
identity to the amino acid sequence of SEQ ID NO: 107, or (c) a VH domain as in (a) and a VL domain as in
(b). In some embodiments, the antibody further comprises the following heavy chain variable region FRs: (a)
an FR-H1 comprising the amino acid sequence of SEQ ID NO: 53, (b) an FR-H2 comprising the amino acid
sequence of SEQ ID NO: 54, (c) an FR-H3 comprising the amino acid sequence of SEQ ID NO: 46, and (d)
an FR-H4 comprising the amino acid sequence of SEQ ID NO: 47. In some embodiments, the VH domain
comprises the amino acid sequence of SEQ ID NO: 106. [n some
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embodiments, the antibody further comprises the following light chain variable region FRs: (a) an FR-L1
comprising the amino acid sequence of SEQ ID NO: 48, (b) an FR-L2 comprising the amino acid sequence
of SEQ ID NO: 57, (c) an FR-L3 comprising the amino acid sequence of SEQ ID NO: 50, and (d) an FR-L4
comprising the amino acid sequence of SEQ ID NO: 51. In some embodiments, the VL domain comprises
the amino acid sequence of SEQ ID NO: 107. In another aspect, there is provided an anti-FcRH5 antibody,
wherein the anti-FcRH5 antibody comprises a binding domain comprising (a) a VH domain comprising an
amino acid sequence of SEQ ID NO: 106 and (b) a VL domain comprising an amino acid sequence of SEQ
ID NO: 107.

In other embodiments, the anti-FcRH5 antibody comprises a binding domain comprising the
following six HVRs: (a) an HVR-H1 comprising the amino acid sequence of SEQ ID NO: 1, (b) an HVR-H2
comprising the amino acid sequence of SEQ ID NO: 7, (c) an HVR-H3 comprising the amino acid sequence
of SEQ ID NO: 9, (d) an HVR-L1 comprising the amino acid sequence of SEQ ID NO: 11, (e) an HVR-L2
comprising the amino acid sequence of SEQ ID NO: 15, and (f) an HVR-L3 comprising the amino acid
sequence of SEQ ID NO: 20. In some embodiments, the binding domain comprises (a) a VH domain
comprising an amino acid sequence having at least 95% sequence identity to the amino acid sequence of
SEQ ID NO: 82, (b) a VL domain comprising an amino acid sequence having at least 95% sequence identity
to the amino acid sequence of SEQ ID NO: 83, or (c) a VH domain as in (a) and a VL domain as in (b). In
some embodiments, the antibody further comprises the following heavy chain variable region FRs: (a) an
FR-H1 comprising the amino acid sequence of SEQ ID NO: 52, (b) an FR-H2 comprising the amino acid
sequence of SEQ ID NO: 54, (c¢) an FR-H3 comprising the amino acid sequence of SEQ ID NO: 46, and (d)
an FR-H4 comprising the amino acid sequence of SEQ ID NO: 47. In some embodiments, the VH domain
comprises the amino acid sequence of SEQ ID NO: 82. In sbme embodiments, the antibody further
comprises the following light chain variable region FRs: (a) an FR-L1 comprising the amino acid sequence of
SEQ ID NO: 48, (b) an FR-L2 comprising the amino acid sequence of SEQ ID NO: 586, (c) an FR-L3
comprising the amino acid sequence of SEQ ID NO: 50, and (d) an FR-L.4 comprising the amino acid
sequence of SEQ ID NO: 51. In some embodiments, the VL domain comprises the amino acid sequence of
SEQ ID NO: 83. Provided is an anti-FcRH5 antibody, wherein the anti-FcRH5 antibody comprises a binding
domain comprising (a) a VH domain comprising an amino acid sequence of SEQ ID NO: 82 and (b) a VL
domain comprising an amino acid sequence of SEQ ID NO: 83.

In other embodiments, the anti-FcRH5 antibody comprises a binding domain comprising the
following six HVRs: (a) an HVR-H1 comprising the amino acid sequence of SEQ ID NO: 1, (b) an HVR-H2
comprising the amino acid sequence of SEQ ID NO: 7, (¢) an HVR-H3 comprising the amino acid sequence
of SEQ ID NO: 9, (d) an HVR-L1 comprising the amino acid sequence of SEQ ID NO: 12, (e) an HVR-L2
comprising the amino acid sequence of SEQ ID NO: 16, and (f) an HVR-L3 comprising the amino acid
sequence of SEQ ID NO: 21. In some embodiments, the binding domain comprises (a) a VH domain
comprising an amino acid sequence having at least 95% sequence identity to the amino acid sequence of
SEQ ID NO: 84, (b) a VL domain comprising an amino acid sequence having at least 95% sequence identity
to the amino acid sequence of SEQ ID NO: 85, or (c) a VH domain as in (a) and a VL domain as in (b). In
some embodiments, the antibody further comprises the following heavy chain variable region FRs: (a) an
FR-H1 comprising the amino acid sequence of SEQ ID NO: 52, (b) an FR-H2 comprising the amino acid
sequence of SEQ ID NO: 54, (c) an FR-H3 comprising the amino acid
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sequence of SEQ ID NO: 46, and (d) an FR-H4 comprising the amino acid sequence of SEQ ID NO: 47. In
some embodiments, the VH domain comprises the amino acid sequence of SEQ ID NO: 84. In some
embodiments, the antibody further comprises the following light chain variable region FRs: (a) an FR-L1
comprising the amino acid sequence of SEQ ID NO: 48, (b) an FR-L2 comprising the amino acid sequence
of SEQ ID NO: 57, (c) an FR-L3 comprising the amino acid sequence of SEQ ID NO: 50, and (d) an FR-L4
comprising the amino acid sequence of SEQ ID NO: 51. In some embodiments, the VL domain comprises
the amino acid sequence of SEQ ID NO: 85. In another aspect, there is provided an anti-FcRH5 antibody,
wherein the anti-FcRH5 antibody comprises a binding domain comprising (a) a VH domain comprising an
amino acid sequence of SEQ ID NO: 84 and (b) a VL domain comprising an amino acid sequence of SEQ ID
NO: 85.

In other embodiments, the anti-FCRH5 antibody comprises a binding domain comprising the

following six HVRs: (a) an HVR-H1 comprising the amino acid sequence of SEQ ID NO: 1, (b) an HVR-H2
comprising the amino acid sequence of SEQ ID NO: 7, (c) an HVR-H3 comprising the amino acid sequence
of SEQ ID NO: 9, (d) an HVR-L1 comprising the amino acid sequence of SEQ ID NO: 12, (e) an HVR-L2
comprising the amino acid sequence of SEQ ID NO: 17, and (f) an HVR-L3 comprising the amino acid
sequence of SEQ ID NO: 22. In some embodiments, the binding domain comprises. (a) a VH domain
comprising an amino acid sequence having at least 95% sequence identity to the amino acid sequence of
SEQ ID NO: 86, (b) a VL domain comprising an amino acid sequence having at least 95% sequence identity
to the amino acid sequence of SEQ ID NO: 87, or (¢) a VH domain as in (a) and a VL domain as in (b). In
some embodiments, the antibody further comprises the following heavy chain variable region FRs: (a) an
FR-H1 comprising the amino acid sequence of SEQ ID NO: 52, (b) an FR-H2 comprising the amino acid
sequence of SEQ ID NO: 54, (c) an FR-H3 comprising the amino acid sequence of SEQ ID NO: 46, and (d)
an FR-H4 comprising the amino acid sequence of SEQ ID NO: 47. In some embodiments, the VH domain
comprises the amino acid sequence of SEQ ID NO: 86. In some embodiments, the antibody further
comprises the following light chain variable region FRs: (a) an FR-L1 comprising the amino acid sequence of
SEQ ID NO: 48, (b) an FR-L2 comprising the amino acid sequence of SEQ ID NO: 57, (c) an FR-L3
comprising the amino acid sequence of SEQ ID NO: 50, and (d) an FR-L4 comprising the amino acid
sequence of SEQ ID NO: 51. In some embodiments, the VL domain comprises the amino acid sequence of
SEQ ID NO: 87. In another aspect, there is provided an anti-FCRH5 antibody, wherein the anti-FCRHS
antibody comprises a binding domain comprising (a) a VH domain comprising an amino acid sequence of
SEQ ID NO: 86 and (b) a VL domain comprising an amino acid sequence of SEQ ID NO: 87.

In other embodiments, the anti-FcRH5 antibody comprises a binding domain comprising the
following six HVRs: (a) an HVR-H1 comprising the amino acid sequence of SEQ ID NO: 1, (b) an HVR-H2
comprising the amino acid sequence of SEQ ID NO: 7, (c) an HVR-H3 comprising the amino acid sequence
of SEQ ID NO: 9, (d) an HVR-L1 comprising the amino acid sequence of SEQ ID NO: 13, (e) an HVR-L2
comprising the amino acid sequence of SEQ ID NO: 16, and (f) an HVR-L3 comprising the amino acid
sequence of SEQ ID NO: 21. In some embodiments, the binding domain comprises (a) a VH domain
comprising an amino acid sequence having at least 95% sequence identity to the amino acid sequence of
SEQ ID NO: 88, (b) a VL domain comprising an amino acid sequence having at least 95% sequence identity
to the amino acid sequence of SEQ ID NO: 89, or (c) a VH domain as in (a) and a VL domain as in (b). In
some embodiments, the antibody further comprises the following heavy chain
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variable region FRs: (a) an FR-H1 comprising the amino acid sequence of SEQ ID NO: 52, (b) an FR-H2
comprising the amino acid sequence of SEQ ID NO: 54, (c) an FR-H3 comprising the amino acid sequence
of SEQ ID NO: 46, and (d) an FR-H4 comprising the amino acid sequence of SEQ ID NO: 47. In some
embodiments, the VH domain comprises the amino acid sequence of SEQ ID NO: 88. In some
embodiments, the antibody further comprises the following light chain variable region FRs: (a) an FR-L1
comprising the amino acid sequence of SEQ ID NO: 48, (b) an FR-L2 comprising the amino acid sequence
of SEQ ID NO: 57, (c) an FR-L3 comprising the amino acid sequence of SEQ ID NO: 50, and (d) an FR-L4
comprising the amino acid sequence of SEQ ID NO: 51. In some embodiments, the VL domain comprises
the amino acid sequence of SEQ ID NO: 89. In another aspect, there is provided an anti-FCRH5 antibody,
wherein the anti-FcRHS5 antibody comprises a binding domain comprising (a) a VH domain comprising an
amino acid sequence of SEQ ID NO: 88 and (b) a VL. domain comprising an amino acid sequence of SEQ ID
NO: 89.

In other embodiments, the anti-FcCRH5 antibody comprises a binding domain comprising the

following six HVRs: (a) an HVR-H1 comprising the amino acid sequence of SEQ ID NO: 1, (b) an HVR-H2
comprising the amino acid sequence of SEQ ID NO: 7, (c) an HVR-H3 comprising the amino acid sequence
of SEQ ID NO: 9, (d) an HVR-L1 comprising the amino acid sequence of SEQ ID NO: 12, (e) an HVR-L2
comprising the amino acid sequence of SEQ ID NO: 16, and (f) an HVR-L3 comprising the amino acid
sequence of SEQ ID NO: 23. In some embodiments, the binding domain comprises (a) a VH domain
comprising an amino acid sequence having at least 95% sequence identity to the amino acid sequence of
SEQ ID NO: 90, (b) a VL domain comprising an amino acid sequence having at least 95% sequence identity
to the amino acid sequence of SEQ ID NO: 91, or (c) a VH domain as in (a) and a VL domain as in (b). In
some embodiments, the antibody further comprises the following heavy chain variable region FRs: (a) an
FR-H1 comprising the amino acid sequence of SEQ ID NO: 52, (b) an FR-H2 comprising the amino acid
sequence of SEQ ID NO: 54, (¢) an FR-H3 comprising the amino acid sequence of SEQ ID NO: 46, and (d)
an FR-H4 comprising the amino acid sequence of SEQ ID NO: 47. In some embodiments, the VH domain
comprises the amino acid sequence of SEQ ID NO: 90. In some embodiments, the antibody further
comprises the following light chain variable region FRs: (a) an FR-L1 comprising the amino acid sequence of
SEQ ID NO: 48, (b) an FR-L2 comprising the amino acid sequence of SEQ ID NO: 57, (¢) an FR-L3
comprising the amino acid sequence of SEQ ID NO: 50, and (d) an FR-L4 comprising the amino acid
sequence of SEQ ID NO: 51. in some embodiments, the VL domain comprises the amino acid sequence of
SEQ ID NO: 91. In another aspect, there is provided an anti-FCRHS5 antibody, wherein the anti-FcRH5
antibody comprises a binding domain comprising (a) a VH domain comprising an amino acid sequence of
SEQ ID NO: 90 and (b) a VL domain comprising an amino acid sequence of SEQ ID NO: 91.

In other embodiments, the anti-FcRH5 antibody comprises a binding domain comprising the
following six HVRs: (a) an HVR-H1 comprising the amino acid sequence of SEQ ID NO: 1, (b) an HVR-H2
comprising the amino acid sequence of SEQ ID NO: 7, (¢) an HVR-H3 comprising the amino acid sequence
of SEQ ID NO: 9, (d) an HVR-L1 comprising the amino acid sequence of SEQ ID NO: 11, (e) an HVR-L2
comprising the amino acid sequence of SEQ ID NO: 18, and (f) an HVR-L3 comprising the amino acid
sequence of SEQ ID NO: 22, In some embodiments, the binding domain comprises (a) a VH domain
comprising an amino acid sequence having at least 95% sequence identity to the amino acid sequence of
SEQ ID NO: 92, (b) a VL domain comprising an amino acid sequence having at least 95%
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sequence identity to the amino acid sequence of SEQ ID NO: 93, or (¢) a VH domain as in (a) and a VL
domain as in (b). In some embodiments, the antibody further comprises the following heavy chain variable
region FRs:(a) an FR-H1 comprising the amino acid sequence of SEQ ID NO: 52, (b) an FR-H2 comprising
the amino acid sequence of SEQ ID NO: 54, (c) an FR-H3 comprising the amino acid sequence of SEQ ID
NO: 46, and (d) an FR-H4 comprising the amino acid sequence of SEQ ID NO: 47. In some embodiments,
the VH domain comprises the amino acid sequence of SEQ ID NO: 92. In some embodiments, the antibody
further comprises the following light chain variable region FRs: (a) an FR-L1 comprising the amino acid
sequence of SEQ ID NO: 48, (b) an FR-L2 comprising the amino acid sequence of SEQ ID NO: 56, (c) an
FR-L3 comprising the amino acid sequence of SEQ ID NO: 50, and (d) an FR-L4 comprising the amino acid
sequence of SEQ ID NO: 51. In some embodiments, the VL domain comprises the amino acid sequence of
SEQ ID NO: 93. In another aspect, there is provided an anti-FcRH5 antibody, wherein the anti-FcRH5
antibody comprises a binding domain comprising (a) a VH domain comprising an amino acid sequence of
SEQ ID NO: 92 and (b) a VL domain comprising an amino acid sequence of SEQ ID NO: 93.

In other embodiments, the anti-FCRH5 antibody comprises a binding domain comprising the

following six HVRs: (a) an HVR-H1 comprising the amino acid sequence of SEQ ID NO: 1, (b) an HVR-H2
comprising the amino acid sequence of SEQ ID NO: 7, (c) an HVR-H3 comprising the amino acid sequence
of SEQ ID NO: 9, (d) an HVR-L1 comprising the amino acid sequence of SEQ ID NO: 11, (e) an HVR-L2
comprising the amino acid sequence of SEQ ID NO: 19, and (f) an HVR-L3 comprising the amino acid
sequence of SEQ ID NO: 24. In some embodiments, the binding domain comprises (a) a VH domain
comprising an amino acid sequence having at least 95% sequence identity to the amino acid sequence of
SEQ ID NO: 94, (b) a VL domain comprising an amino acid sequence having at least 95% sequence identity
to the amino acid sequence of SEQ ID NO: 95, or (c) a VH domain as in (a) and a VL domain as in (b). In
some embodiments, the antibody further comprises the following heavy chain variable region FRs: (a) an
FR-H1 comprising the amino acid sequence of SEQ ID NO: 52, (b) an FR-H2 comprising the amino acid
sequence of SEQ ID NO: 54, (c) an FR-H3 comprising the amino acid sequence of SEQ ID NO: 46, and (d)
an FR-H4 comprising the amino acid sequence of SEQ ID NO: 47. In some embodiments, the VH domain
comprises the amino acid sequence of SEQ ID NO: 94. In some embodiments, the antibody further
comprises the following light chain variable region FRs: (a) an FR-L1 comprising the amino acid sequence of
SEQ ID NO: 48, (b) an FR-L2 comprising the amino acid sequence of SEQ ID NO: 57, (c) an FR-L3
comprising the amino acid sequence of SEQ ID NO: 50, and (d) an FR-L4 comprising the amino acid
sequence of SEQ ID NO: 51. In some embodiments, the VL domain comprises the amino acid sequence of
SEQ ID NO: 95. Disclosed is an anti-FcRH5 antibody, wherein the anti-FcRH5 antibody comprises a binding
domain comprising (a) a VH domain comprising an amino acid sequence of SEQ ID NO: 94 and (b) a VL
domain comprising an amino acid sequence of SEQ ID NO: 95.

In other embodiments, the anti-FcRH5 antibody comprises a binding domain comprising the
following six HVRs: (a) an HVR-H1 comprising the amino acid sequence of SEQ ID NO: 1, (b) an HVR-H2
comprising the amino acid sequence of SEQ ID NO: 7, (c) an HVR-H3 comprising the amino acid sequence
of SEQ ID NO: 9, (d) an HVR-L1 comprising the amino acid sequence of SEQ ID NO: 12, (e) an HVR-L2
comprising the amino acid sequence of SEQ ID NO: 18, and (f) an HVR-L3 comprising the amino acid
sequence of SEQ ID NO: 25. In some embodiments, the binding domain comprises (a) a VH
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domain comprising an amino acid sequence having at least 95% sequence identity fo the amino acid
sequence of SEQ 1D NO: 86, (b) a VL domain comprising an amino acid sequence having at least 95%
sequence identity to the amino acld sequence of SEQ ID NG 97, or {¢) a VH domain as in (a) and a VL
domain as in (b). In some embodiments, the antibody further comprises the following heavy chain
variable region FRs: (&) an FR-H1 comprising the amino acid sequence of SEQ 1D NO: 83, (b) an FR-H2
cormnprising the amino acid sequence of SEQ 1D NO: 54, (¢) an FR-H3 comprising the amino acid
sequence of SEQ 1D NO: 46, and (d) an FR-H4 comprising the amino acid sequence of SEQ ID NO: 47,
In some embodiments, the VH domain comprises the amino acid sequence of SEQ 1D NO: 88, In some
embodiments, the antibody further comprises the following light chain variable region FRs: (8) an FR-L1
comprising the amino acid seqguence of SEQ 1D NO: 48, (b) an FR-L2 comprising the amino acid
sequence of SEQ 1D NO: 57, {g) an FR-L3 comprising the amino acid seguence of SEQ 1D NO: 56, and
{d) an FR-L4 comprising the amino acid sequence of SEQ 1D NO: 51. In some embodiments, the VL
domain comprises the amino acid sequence of SEQ 1D NO: 87. In some embodiments, the anti-FcRHS
antibody comprises a binding domain comprising (a) a VH domain comprising an amino acid sequence of
SEQ D NO: 88 and (b) a VL domain comprising an amino acid sequence of SEQ 1D NO: 97.

in other embodimenis, the anti-FeRHS antibody comprises a binding domain comprising the
following six HVRSs: {a) an HVR-H1 comprising the aming acid sequence of SEQ 1D NO: 1, (b) an HVR-H2
comprising the amino acid sequence of SEQ 1D NOG: 7, (c) an HVR-H3 comprising the amino acid
sequence of SEQ 1D NO: 9, {d) an HVYR-L1 comprising the amino acid sequence of SEQ 1D NO: 12, (8)
an HVYR-L2 comprising the amino acid sequence of SEQ 1D NO: 18, and {§ an HVR-L3 comprising the
aming acid sequence of SEQ 1D NC: 25, In some embodiments, the binding domain comprises {a) a VH
domain comprising an amino acid sequence having at least 25% segquence identity to the amino acid
sequence of SEQ 1D NGO: 98, (I a VL domain comprising an amino acid sequence having at least 85%
sequence identity to the amino acid sequence of SEQ 1D NO: 89, or (¢) 8 VH domain as in (a) and a VL
domain as in (b). In some embodiments, the antibody further comprises the following heavy chain
variable region FRs: (8) an FR-H1 comprising the amino acid sequence of SEQ ID NO: 52, (b) an FR-H2
comprising the amino acid sequence of SEQ 1D NG: 55, (¢) an FR-H3 comprising the amino acid
sequence of SEQ 1D NO: 46, and (d) an FR-H4 comprising the amino acid sequence of SEQ 1D NO: 47,
in some embodiments, the VH domain comprises the amino acid sequence of SEG ID NO: 98. In some
embaodiments, the antibody further comprises the following light chain variable region FRs: {(a) an FR-L1
comprising the amino acid sequence of SEQ 1D NQ: 48, (b) an FR-L2 comprising the amino acid
sequence of SEQ 1D NO: 87, (¢) an FR-L3 comprising the amino acid sequence of SEQ ID NO: 50, and
{d) an FR-L4 comprising the amino acid sequence of SEQ ID NO: 51, In some embodiments, the VL
dornain comprises the amino acid sequence of SEQ 1D NG: 99, In some embodiments, the anti-FCRHS
antibody comprises a binding domain comprising (8} a VH domain comprising an amine acid sequence of
SEQ ID NO: 88 and (b) 2 VL domain comprising an aming acid sequence of SEQ 1D NO: 88,

in other embodiments, the anti-FCRH5 antibody comprises a binding domain comprising the
following six HVRs: (&) an HVR-H1 comprising the amino acid sequence of SEQ D NO: 1, (b) an HVR-H2
comprising the amino acid sequence of SEQ 1D NO: 7, (¢} an HVR-H3 comprising the amine acid
sequence of SEQ ID NO: 8, (d) an HVYR-L1 comprising the amino acid sequence of SEQ 1D NO: 12, (e)
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an HVR-L2 comprising the amino acid sequence of SEQ ID NO: 18, and (f) an HVR-L3 comprising the amino
acid sequence of SEQ ID NO: 25. In some embodiments, the binding domain comprises (a) a VH domain
comprising an amino acid sequence having at least 95% sequence identity to the amino acid sequence of
SEQ ID NO: 100, (b) a VL domain comprising an amino acid sequence having at least 95% sequence
identity to the amino acid sequence of SEQ ID NO: 101, or (c) a VH domain as in (a) and a VL domain as in
(b). In some embodiments, the antibody further comprises the following heavy chain variable region FRs: (a)
an FR-H1 comprising the amino acid sequence of SEQ ID NO: 52, (b) an FR-H2 comprising the amino acid
sequence of SEQ ID NO: 54, (c) an FR-H3 comprising the amino acid sequence of SEQ ID NO: 46, and (d)
an FR-H4 comprising the amino acid sequence of SEQ ID NO: 47. In some embodiments, the VH domain
comprises the amino acid sequence of SEQ ID NO: 100. In some embodiments, the antibody further
comprises the following light chain variable region FRs: (a) an FR-L1 comprising the amino acid sequence of
SEQ ID NO: 48, (b) an FR-L2 comprising the amino acid sequence of SEQ ID NO: 57, (c) an FR-L3
comprising the amino acid sequence of SEQ ID NO: 50, and (d) an FR-L4 comprising the amino acid
sequence of SEQ ID NO: 51. In some embodiments, the VL domain comprises the amino acid sequence of
SEQ ID NO: 101. In another aspect, there is provided an anti-FcRH5 antibody, wherein the anti-FcRH5
antibody comprises a binding domain comprising (a) a VH domain comprising an amino acid sequence of
SEQ ID NO: 100 and (b) a VL domain comprising an amino acid sequence of SEQ ID NO: 101.

In other embodiments, the anti-FcRH5 antibody comprises a binding domain comprising the
following six HVRs: (a) an HVR-H1 comprising the amino acid sequence of SEQ ID NO: 1, (b) an HVR-H2
comprising the amino acid sequence of SEQ ID NO: 8, (c) an HVR-H3 comprising the amino acid sequence
of SEQ ID NO: 9, (d) an HVR-L1 comprising the amino acid sequence of SEQ ID NO: 11, (e) an HVR-L2
comprising the amino acid sequence of SEQ ID NO: 15, and (f) an HVR-L3 comprising the amino acid
sequence of SEQ ID NO: 20. In some embodiments, the binding domain comprises (a) a VH domain
comprising an amino acid sequence having at least 95% sequence identity to the amino acid sequence of
SEQ ID NO: 102, (b) a VL domain comprising an amino acid sequence having at least 95% sequence
identity to the amino acid sequence of SEQ ID NO: 103, or (c) a VH domain as in (a) and a VL domain as in
(b). In some embodiments, the antibody further comprises the following heavy chain variable region FRs: (a)
an FR-H1 comprising the amino acid sequence of SEQ ID NO: 52, (b) an FR-H2 comprising the amino acid
sequence of SEQ ID NO: 54, (c) an FR-H3 comprising the amino acid sequence of SEQ ID NO: 46, and (d)
an FR-H4 comprising the amino acid sequence of SEQ ID NO: 47. In some embodiments, the VH domain
comprises the amino acid sequence of SEQ ID NO: 102. In some embodiments, the antibody further
comprises the following light chain variable region FRs: (a) an FR-L1 comprising the amino acid sequence of
SEQ ID NO: 48, (b) an FR-L2 comprising the amino acid sequence of SEQ ID NO: 56, (c) an FR-L3
comprising the amino acid sequence of SEQ ID NO: 50, and (d) an FR-L4 comprising the amino acid
sequence of SEQ ID NO: 51. In some embodiments, the VL domain comprises the amino acid sequence of
SEQ ID NO: 103. Provided is an anti-FcRH5 antibody, wherein the anti-FcRH5 antibody comprises a
binding domain comprising (a) a VH domain comprising an amino acid sequence of SEQ ID NO: 102 and (b)
a VL domain comprising an amino acid sequence of SEQ ID NO: 103.

Provided is an anti-FcRH5 antibody, wherein the anti-FcRH5 antibody comprises a binding domain
comprising the following six HVRs: (a) an HVR-H1 comprising the amino acid sequence of SEQ ID NO:
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32, (b) an HVR-H2 comprising the amino acid sequence of SEQ ID NO: 33, (c) an HVR-H3 comprising the
amino acid sequence of SEQ ID NO: 34, (d) an HVR-L1 comprising the amino acid sequence of SEQ ID NO:
35, (e) an HVR-L2 comprising the amino acid sequence of SEQ ID NO: 36, and (f) an HVR-L3 comprising
the amino acid sequence of SEQ ID NO: 37. In some embodiments, the binding domain comprises (a) a VH
domain comprising an amino acid sequence having at least 95% sequence identity to the amino acid
sequence of SEQ ID NO: 110, (b) a VL domain comprising an amino acid sequence having at least 95%
sequence identity to the amino acid sequence of SEQ ID NO: 111, or (¢) a VH domain as in (a) and a VL
domain as in (b). In some embodiments, the antibody further comprises the following heavy chain variable
region FRs: (a) an FR-H1 comprising the amino acid sequence of SEQ ID NO: 66, (b) an FR-H2 comprising
the amino acid sequence of SEQ ID NO: 67, (c) an FR-H3 comprising the amino acid sequence of SEQ ID
NO: 68, and (d) an FR-H4 comprising the amino acid sequence of SEQ ID NO: 69. In some embodiments,
the VH domain comprises the amino acid sequence of SEQ ID NO: 110. In some embodiments, the
antibody further comprises the following light chain variable region FRs: (a) an FR-L1 comprising the amino
acid sequence of SEQ ID NO: 70, (b) an FR-L2 comprising the amino acid sequence of SEQ ID NO: 71, (¢)
an FR-L3 comprising the amino acid sequence of SEQ ID NO: 72, and (d) an FR-L4 comprising the amino
acid sequence of SEQ ID NO: 73. In some embodiments, the VL domain comprises the amino acid
sequence of SEQ ID NO: 111. Provided is an anti-FcRH5 antibody, wherein the anti-FcRH5 antibody
comprises a binding domain comprising (a) a VH domain comprising an amino acid sequence of SEQ ID NO:
110 and (b) a VL domain comprising an amino acid sequence of SEQ ID NO: 111.

Provided is an anti-FcRH5 antibody, wherein the anti-FcRH5 antibody comprises a binding domain

comprising the following six HVRs: (a) an HVR-H1 comprising the amino acid sequence of SEQ ID NO: 38,
(b) an HVR-H2 comprising the amino acid sequence of SEQ ID NO: 39, (c) an HVR-H3 comprising the
amino acid sequence of SEQ ID NO: 40, (d) an HVR-L1 comprising the amino acid sequence of SEQ ID NO:
41, (e) an HVR-L2 comprising the amino acid sequence of SEQ ID NO: 42, and (f) an HVR-L3 comprising
the amino acid sequence of SEQ ID NO: 43. In other embodiments, the binding domain comprises (a) a VH
domain comprising an amino acid sequence having at least 95% sequence identity to the amino acid
sequence of SEQ ID NO: 112, (b) a VL. domain comprising an amino acid sequence having at least 95%
sequence identity to the amino acid sequence of SEQ ID NO: 113, or (¢) a VH domain as in (a) and a VL
domain as in (b). In other embodiments, the antibody further comprises the following heavy chain variable
region FRs: (a) an FR-H1 comprising the amino acid sequence of SEQ ID NO: 74, (b) an FR-H2 comprising
the amino acid sequence of SEQ ID NO: 75, (¢) an FR-H3 comprising the amino acid sequence of SEQ ID
NO: 76, and (d) an FR-H4 comprising the amino acid sequence of SEQ ID NO: 77. In other embodiments,
the VH domain comprises the amino acid sequence of SEQ ID NO: 112. In other embodiments, the antibody
further comprises the following light chain variable region FRs: (a) an FR-L1 comprising the amino acid
sequence of SEQ ID NO: 78, (b) an FR-L2 comprising the amino acid sequence of SEQ ID NO: 79, (c) an
FR-L3 comprising the amino acid sequence of SEQ ID NO: 80, and (d) an FR-L4 comprising the amino acid
sequence of SEQ ID NO: 81. In other embodiments, the VL domain comprises the amino acid sequence of
SEQ ID NO: 113. Provided is an anti-FcCRH5 antibody, wherein the anti-FcRH5 antibody comprises a
binding domain comprising (a) a VH domain
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comprising an amino acid sequence of SEQ ID NO: 112 and (b) a VL domain comprising an amino acid
sequence of SEQ ID NO: 113.

Provided is an anti-FCRH5 antibody, wherein the anti-FcRH5 antibody comprises a binding domain
comprising the following six HVRs: (a) an HVR-H1 comprising the amino acid sequence of SEQ ID NO: 26,
{(b) an HVR-H2 comprising the amino acid sequence of SEQ ID NO: 27, (c) an HVR-H3 comprising the
amino acid sequence of SEQ ID NO: 28, (d) an HVR-L1 comprising the amino acid sequence of SEQ ID NO:
29, (e) an HVR-L2 comprising the amino acid sequence of SEQ ID NO: 30, and (f) an HVR-L3 comprising
the amino acid sequence of SEQ ID NO: 31. In some embodiments, the binding domain comprises (a) a VH
domain comprising an amino acid sequence having at least 95% sequence identity to the amino acid
sequence of SEQ ID NO: 108, (b) a VL domain comprising an amino acid sequence having at least 95%
sequence identity to the amino acid sequence of SEQ ID NO: 109, or (c) a VH domain as in (a) and a VL
domain as in (b). In some embodiments, the antibody further comprises the following heavy chain variable
region FRs: (a) an FR-H1 comprising the amino acid sequence of SEQ ID NO: 58, (b) an FR-H2 comprising
the amino acid sequence of SEQ ID NO: 59, (c) an FR-H3 comprising the amino acid sequence of SEQ ID
NO: 60, and (d) an FR-H4 comprising the amino acid sequence of SEQ ID NO: 61. In some embodiments,
the VH domain comprises the amino acid sequence of SEQ ID NO: 108. In some embodiments, the
antibody further comprises the following light chain variable region FRs: (a) an FR-L1 comprising the amino
acid sequence of SEQ ID NO: 62, (b) an FR-L2 comprising the amino acid sequence of SEQ [D NO: 63, (c)
an FR-L3 comprising the amino acid sequence of SEQ ID NO: 64, and (d) an FR-L4 comprising the amino
acid sequence of SEQ ID NO: 65. In some embodiments, the VL domain comprises the amino acid
sequence of SEQ ID NO: 109. Provided is an anti-FcRH5 antibody, wherein the anti-FcRH5 antibody
comprises a binding domain comprising (a) a VH domain comprising an amino acid sequence of SEQ ID NO:
108 and (b) a VL domain comprising an amino acid sequence of SEQ |D NO: 109.

In some embodiments of any one of the preceding aspects, the anti-FCRH5 antibody binds to an
epitope in the Ig-like domain 9 of FcRH5. In some embodiments, the epitope comprises a portion of amino
acids 743-850 of SEQ ID NO: 114. In some embodiments, the binding domain binds to human FcRH5,
cynomolgus monkey (cyno) FcRHS5, or both. In some embodiments, the binding domain does not specifically
bind to FcRH1, FCRH2, FcRH3, and/or FcRH4. In some embodiments, the anti-FCRH5 antibody binds
human FcRHS with a Kp of about 100 nM or lower. In some embodiments, the anti-FcRH5 antibody binds
human FcRH5 with a Ky of between about 10 pM and about 100 nM. In some embodiments, the anti-FcRH5
antibody binds human FcRH5 with a Ky of between about 100 pM and about 100 nM. In some
embodiments, the anti-FcRH5 antibody binds human FcRHS with a Kp of between about 1 nM and about 20
nM. In some embodiments, the anti-FcRH5 antibody binds human FcRH5 with a Ky of between about 1 nM
and about 10 nM. In some embodiments, the anti-FcRH5 antibody binds cyno FCRH5 with a Kp of about 100
nM or lower. In some embodiments, the anti-FcRH5 antibody binds cyno FCRHS with a Kp of between about
10 pM and about 100 nM. In some embodiments, the anti-FcRHS5 antibody binds cyno FCRH5 with a Kp of
between about 100 pM and about 100 nM. In some embodiments, the anti-FCRH5 antibody binds cyno
FcRH5 with a Kp of between about 1 nM and about 50 nM.
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in other embodiments, the anti-FCRHS antibody comprises an aglycosylation site mutation. In
some embodiments, the aglycosylation site mutation is a substitution mutation. In some embodiments,
the aglycosylation site mutation reduces effector function of the anti-FCRHS antibody. In some
embodiments, the substitution mutation is at amino acid residue N297, L234, L235, D265, and/or P329
{EU numbering). In some embodiments, the substitution mutation is selected from the group consisting of
N287G, N297A, L234A, L235A, D265A, and P328G. In some embodiments, the substitution mutation is
an N297G mutation.

in other embodiments, the anti-FeRHS antibody is an igG antibody.

in some embodiments, the anti-FCRHS antibody is an antibody fragment that binds FeRHS. In
some embodiments, the antibody fragment is selected from the group consisting of bis-Fab, Fab, Fab’-
SH, Fv, scFv, and (Fab)z fragments. In some embodiments, the antibody fragment is a bis-Fab fragment.

in other embodimenis, the anti-FeRHS antibody is a fuli-length antibody.

in some embodiments, the anti-FeRMS aniibody is a monospecific antibody.

in some embodiments, the anti-FeRHS antibody is a multispecific antibody. In some
ambodiments, the multispecific antibody is a bispecific antibody. In some embodiments, the bispecific
antibody comprises a second binding domain that binds chister of differentialion 2 (CD3). In some
embodiments, the second binding domain binds to an epitope on CD3 comprising amino acid residue
Glud of CD3. In some embodiments, the epitope further comprises one or more additional amino acid
residues selected from the group consisting of Gint, Asp2, and Met7 of CD3. In some embodiments, the
epitope comprises amino acid residues Gint, Asp2, and Giud of CD3. In some embuodiments, the epitope
comprises amino acid residues Gint, Asp2, Glu6, and Met7 of CD3. In some embodimenits, the epitope
does not comprise aming acid residue Glub of CD3. In some smbaodiments, the epitope does not
comprise amino acid residues Gly3 and Glub of CD3. In some embodiments, the epitope consists of
amino acid residues Gint, Asp2, Glug, and Met? of CD3. in some embodiments, the second binding
domain is capable of binding to a human CD3 polypeptide or a cyno CD3 polypeptide. In some
embaodiments, the human CD3 polypeptide or the cyno CD3 polypeptide is a human CD3¢ polypeptide or
a cyno CD3e polypeptide, respectively. In some embodiments, the human CD3 polypeptide or the cyno
CD3 polypeptide is a human CD3y polypeptide or a cyno CD3y polypeptide, respactively. in some
embodiments, the second binding domain binds the human CB3¢ polypeptide with a Ko of about 100 nM
or lower. In some embodiments, the second binding domain binds the human CD3e polypeptide with a
Kp of between about 10 pM to about 100 nM. In some embodiments, the second binding domain binds
the human CD3¢ polypeptide with a Kp of belween about 100 pM to about 50 nM. In some embodiments,
the second binding domain binds the human CD3e polypeptide with a Ko of between about 1 nM {o about
10 nh.

in some embodiments, the second binding domain comprises the following six HVRs: (a) an
HVR-H1 comprising the amino acid sequence of SEQ ID NO: 115, {b) an HVR-H2 comprising the amino
acid sequence of SEQ 1D NO: 118, (¢} an HVR-H3 comprising the amino acid sequence of SEQ 1D NO:
117, (d) an HVR-L1 comprising the amino acid sequence of SEQ 1D NO: 118, (e) an HVR-L2 comprising
the amino acid sequence of SEQ ID NO: 113, and (f) an HVR-L3 comprising the amino acid sequence of

SEQ D NO: 120. In some embodiments, the second binding domain comprises the following six HVRs:
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{a) an HVR-H1 comprising the amino acid sequence of SEQ 1D NO: 115, () an HVYR-H2 comprising the
amino acid sequence of SEQ 1D NO: 118, (¢) an HVR-H3 comprising the amino acid sequence of SEQ ID
NG 121, {d) an HVYR-L1 comprising the amino acid sequence of SEGQ D NO: 118, (e} an HVR-L2
comnprising the amino acid sequence of SEQ 1D NO: 118, and (f) an HVR-L3 comprising the amino acid
sequence of SEG 1D NG: 123, in some embodiments, the second binding domain comprises (&) a VH
domain comprising an amino acid sequence having at least 95% sequence identity to the amino acid
sequence of SEQ 1D NO: 133, (b} a VL domain comprising an amino acid sequence having at least 95%
sequence identity {0 the amino acid sequence of SEQ 1D NG: 134, or (¢) a VH domain as in (a) and a VL
domain as in (b). In some embodiments, the second binding domain comprises the following heavy chain
varigble region FRs: (8) an FR-H1 comprising the amino acid sequence of SEQ ID NO: 125, (D) an FR-H2
comprising the amino acid seguence of SEQ 1D NO: 126, (¢} an FR-H3 comprising the amino acid
sequence of SEG 1D NO: 127, and (d) an FR-H4 comprising the amino acid sequence of SEQ 1D NO:
128. In some embodiments, the second binding domain comprises a VH domain comprising the amino
acid sequence of SEQ ID NG: 133, In some embodiments, the second binding domain further comprises
the following light chain variable region FRs: (a) an FR-L1 comprising the amino acid sequence of SEQ
D NO: 128, (b) an FR-L2Z comprising the amino acid sequence of SEQ 1D NO: 138, (¢) an FR-L3
comprising the amino acid sequence of SEQ 1D NO: 131, and (d) an FR-L4 comprising the amino acid
sequence of SEQ 1D NO: 132, In some embodiments, the second binding domain comprises a VL
domain comprising the amino acid sequence of SEQ 1D NO: 134, In some embuodiments, the second
binding domain comprises (a) a VH domain comprising an amino acid sequence of SEQ ID NC: 133 and
{by a VL domain comprising an amino acid sequence of SEQ D NG: 134,

in other embodiments, the second binding domain comprises the following six HYRs: (&) an HVR-
H1 comprising the amino acid sequence of SEQ D NG: 115, (b) an HVR-H2 comprising the amino acid
sequence of SEQ 1D NOG: 118, (¢) an HVR-H3 comprising the amino acid sequence of SEQ 1D NG 121,
() an HVR-L1 comprising the amino acid sequence of SEQ 1D NO: 118, (e) an HVR-L2 comprising the
amino acid sequence of SEQ 1D NO: 119, and (f) an HVR-L3 comprising the amino acid sequence of
SEQ D NO: 124, in some embodiments, the second binding domain comprises {(a) a VH domain
comprising an amino acid sequence having at least 95% sequence identity {o the amino acid sequence of
SEQ D NO: 137, (b) a VL domain comprising an amino acid sequence having at least 95% sequence
identity to the aming acid sequence of SEQ 1D NO: 138, or (¢) & VH domain as in (a) and a VL. domain as
in (b). In some embodiments, the second binding domain comprises the following heavy chain variable
region FRs: (@) an FR-H1 comprising the amino acid sequence of SEQ ID NO: 125, (b) an FR-H2
comprising the amino acid sequence of SEQ 1D NG: 128, (¢} an FR-H3 comprising the amino acid
sequence of SEQ 1D NG: 127, and (d) an FR-H4 comprising the amino acid sequence of SEQ 1D NO:
128. In some embodiments, the second binding domain comprises a VH domain comprising the amino
acid sequence of SEQ ID NO: 137, In some embodiments, the second binding domain further comprises
the following light chain variable region FRs: (a) an FR-L1 comprising the amino acid sequence of SEQ
D NO: 128, (b an FR-L2 comprising the amino acid sequence of SEQ 1D NO: 130, () an FR-L3
comprising the amino acid sequence of SEQ 1D NO: 131, and (d) an FR-L4 comprising the amino acid

sequence of SEQ ID NO: 132, In some embuodiments, the second binding domain comprises a VL
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domain comprising the amino acid sequence of SEQ 1D NO: 138, In some embodiments, the second
binding domain comprises (@) a VH domain comprising an amino acid sequence of SEQ 1D NO: 137 and
{b) a VL. domain comprising an amino acid sequence of SEQ 1D NO: 138.

in other embodiments, the second binding domain comprises the following six HVRs: {a) an HVR-
H1 comprising the amino acid sequence of SEQ 1D NG: 138, {b) an HVR-H2Z comprising the amino acid
sequence of SEQ 1D NO: 140, (¢) an HVR-H3 comprising the amino acid sequence of SEQ 1D NO: 141,
{dh)y an HVR-L1 comprising the amino acid sequence of SEQ 1D NO: 142, {8) an HVR-L2 comprising the
amino acid sequence of SEQ 1D NO: 143, and (f) an HVR-L3 comprising the amino acid sequence of
SEQ D NO: 144, In some embodiments, the second binding domain comprises (a) a VH domain
comprising an amino acid sequence having at least 85% sequence identity to the amino acid sequence of
SEQ D NG: 153, (b) a VL domain comprising an amino acid sequence having at least 95% sequence
identity fo the amino acid sequence of SEQ D NG: 154, or (¢) a VH domain as in (a) and a VL domain as
in (b). In some embodiments, the second binding domain comprises the following heavy chain variable
region FRs: (a) an FR-H1 comprising the amino acid sequence of SEQ ID NO: 145, (b) an FR-H2
comprising the amino acid seguence of SEQ 1D NO: 146, (¢) an FR-H3 comprising the amino acid
sequence of SEG 1D NO: 147, and (d) an FR-H4 comprising the amino acid sequence of SEQ 1D NO:
148. In some embodiments, the second binding domain comprises a VH domain comprising the amino
acid sequence of SEQ 1D NG: 153, In some embodiments, the second binding domain further comprises
the following light chain variable region FRs: (a) an FR-L1 comprising the aminc acid sequence of SEQ
2 NO: 1498, (b) an FR-L2 comprising the amino acid sequence of SEQ ID NO: 1580, (¢) an FR-L3
comprising the amino acid sequence of SEQ 1D NG: 151, and (d) an FR-L4 comprising the amino acid
sequence of SEQ 1D NO: 152, In some embodiments, the second binding domain comprises a VL
domain comprising the amino acid sequence of SEQ 1D NO: 154, In some embuodiments, the second
hinding domain comprises (a) a VH domain comprising an amino acid sequence of SEG ID NG: 153 and
(by a VL. domain comprising an amino acid sequence of SEQ 1D NO: 154,

in other embodiments, the second binding domain comprises the following six HVRs: (a) an HVR-
H1 comprising the amino acid sequence of SEQ 1D NO: 155, (b) an HVR-H2 comprising the amino acid
sequence of SEQ 1D NO: 1586, (¢) an HVYR-H3 comprising the amino acid sequence of SEQ 1D NG 157,
(o) an HVR-L1 comprising the amino acid sequence of SEQ 1D NG: 158, (e) an HVR-L2 comprising the
aminoe acid sequence of SEQ 1D NGC: 159, and () an HVR-L3 comprising the amino acid sequence of
SEQ 1D NO: 180,

in some embodiments, the second binding domain comprises the following six HVRs: (a) an
HVR-H1 comprising the amine acid sequence of SEQ 1D NO: 155, (b) an HVR-H2 comprising the amino
acid sequence of SEQ 1D NO: 182, (¢) an HVR-H3 comprising the amino acid sequence of SEGQ ID NO:
157, (d) an HVR-L1 comprising the amino acid sequence of SEGQ ID NO: 158, (e) an HVR-L2 comprising
the amino acid sequence of SEQ ID NO: 159, and (f) an HVR-L3 comprising the amino acid sequence of
SEQ ID NO: 180, In some embodiments, the second binding domain comprises (a) a VH domain
comprising an amino acid seqgusnce having at least 85% sequence identily to the amino acid sequence of
SEQ D NO: 172, (b} a VL domain comprising an amino acid sequence having at least 85% sequence

identity to the amino acid sequence of SEQ ID NC: 173, or (¢) a VH domain as in (a) and a VL domain as
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in (b). In some embodiments, the second binding domain comprises the foliowing heavy chain variable
region FRs: (a8} an FR-H1 comprising the amino acid sequence of SEQ 1D NGC: 164, (b) an FR-H2
cormnprising the amino acid sequence of SEQ 1D NO: 185, (¢} an FR-H3 comprising the amino acid
sequence of SEQ ID NO: 168, and (d) an FR-H4 comprising the amino acid sequence of SEQ 1D NO:
167. In some embodiments, the second binding domain comprises a VH domain comprising the amino
acid sequence of SEQ 1D NC: 172. In some embodiments, the second binding domain further comprises
the following light chain variable region FRs: (g} an FR-L1 comprising the amino acid sequence of SEQ
I NO: 168, (b) an FR-L2 comprising the amino acid sequence of SEQ ID NO: 169, (¢) an FR-L.3
comprising the amino acid sequence of SEQ 1D NO: 170, and (d) an FR-L4 comprising the amino acid
sequence of SEQ ID NG 171, In some embodiments, the second binding domain comprises g VL
domain comprising the amino acid sequence of SEQ 1D NO: 173, In some embodiments, the second
binding domain comprises (a) a VH domain comprising an amino acid sequence of SEQ ID NO: 172 and
(b} a VL domain comprising an amino acid seqguence of SEQ 1D NO: 173,

in other embodimenis, the binding domain that binds FcRH5 comprises a VH domain (VH )
comprising a charged region (CRy) and a VL domain (VL) comprising a charged region {CR2), wherein
the CRy in the VH, forms a charge pair with the CR; in the VL. In some embodiments, the CR;
comprises a basic amino acid residue and the CR, comprises an acidic aming acid residue. in some
embodiments, the CR; comprises a Q32K substitution mutation (EU numbering}. In some embodiments,
the CR, consists of the Q38K substitution mutation. In some embaodiments, the CR; comprises a Q38E
substitution mutation (EU numbering). In some embodiments, the CR, consists of the Q38E substitution
mutation. In some embodiments, the second binding domain that binds CD3 comprises a VH domain
(VH2) comprising a charged region (CRy) and a VL domain (VL) comprising a charged region (CRy,
wherein the CRyin the VL: forms a charge pair with the CR3 in the VH,. In some embodiments, the CR,
comprises a basic amino acid residue and the CR:comprises an acidic amine acid residue. In some
embodiments, the CR, comprises a Q38K substitution mutation (EU numbering}. In some embodiments,
the CR, consists of the Q38K substitution mutation. In some embaodiments, the CR; comprises a Q3%E
substitution mutation (EU numbering). In some embodiments, the CR; consists of the Q38E substitution
mutation. In some embodiments, the VL, domain is linked 1o a light chain constant (CL) domain (CL,)
and the VH; is linked o a first heavy chain constant (CH1) domain {CH1 1), wherein the CL; comprises g
charged region (CR3) and the CH1, comprises a charged region {CRg}, and wherein the CRs in the CL4
forms a charge pair with the CRsin the CH1,. In some embodiments, the CRs comprises a basic amino
acid residue and the CRg comprises an acidic residue. In some embodiments, the CRs comprises a
V133K substitution mutation (EU numbering). In some embodiments, the CRs consisis of the V133K
substitution mutation. In some embodiments, the CRe comprises a S183E substitution mutation (EU
numbering). In some embodiments, the CRe consists of the S183E substitution mutation.

in other embodiments, the VL, domain is linked to a CL domain (CLy) and the VH, is linked to a
CH1 domain (CH1.), wherein the CL; comprises a charged region (CR7) and the CH1: comprise a
charged region (CRy), and wherein the CRg in the CH1; forms a charge pair with the CR7 in the Cls. In
some embeodiments, the CRs comprises a basic amino acid residue and the CR;comprises an acidic

amino acid residue. In some embodiments, the CRgcomprises a S183K substitution mutation (EU
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numbering). In some embodiments, the CRg consists of the S183K substitution mutation. In some
embodiments, the CR; comprises a V133E substitution mutation (EU numbering). In some embodiments,
the CR; consists of the V133E substitution mutation.

in other embodiments, the VL domain is linked to a CL domain (CLy) and the VHy is linked io a
CH1 domain (CH12), wherein (8) the CL2 comprises one or more mutations at amino acid residues F116,
L135, S174, S176, and/or T178 (EU numbering) and (b) the CH1, comprises one or more mutations at
amino acid residues A141, F170, $181, 8183, and/or V185 (EU numbering). In some embaodiments, the
Clz comprises one of more of the following substitution mutations: F118A, L1358V, S174A, 8178F, and/or
T178V. In some embodiments, the Cl, comprises the following substitution mutations: F118A, L1358V,
S174A, 8176F, and T178Y. In some embodiments, the CH1z comprises one or more of the following
substitution muiations: A1411, F1708, S181M, S183A, and/or V185A. In some embuodiments, the CH1;,
comprises the following substilution mutations: A141i, F170S, S1810M, S183A, and V185A.

in other embodimenis, the binding domain that binds FcRHS comprises a VH domain (VH )
comprising a charged region (CRy) and a VL domain (VL) comprising a charged region (CR2), wherein
the CRy in the VL, forms a charge pair with the CRy in the VH;. In some embodiments, the CR
comprises a basic amino acid residue and the CRy comprises an acidic amino acid residue. in some
embodiments, the CR; comprises a Q38K substitution mutation (EU numbering}. In some embodiments,
the OR; consists of the Q38K substitution mutation. In some embodiments, the CR, comprises a Q3%E
substitution mulation (EU numbering). In some embodiments, the CRy consists of the Q39E substitution
mutation. In some embodiments, the second binding domain that binds CD3 comprises a VH domain
(VH2) comprising a charged region (CRy) and a VL domain (VL) comprising a charged region (CRy,
wherein the CR; in the VH, forms a charge pair with the CR, in the VL., In some embodiments, the CR;
comprises a basic amino acid residue and the CR4 comprises an acidic amino acid residue. in some
embaodiments, the CRy comprises a Q39K substitution mutation (EU numbering). In some embodiments,
the CRs consists of the Q39K substitution mutation. In some embaodiments, the CRy comprises a Q38E
substitution mutation (EU numbering). In some embodiments, the CR4 consists of the Q38E substitution
mutation. In some embodiments, the VL, domain is linked 1o a light chain constant (CL) domain (CL7)
and the VH; is linked to a first heavy chain constant (CH1) domain (CH14), wherein the CL, comprises g
charged region (CR3) and the CH1, comprises a charged region (CRg), and wherein the CR; in the CH1,
forms a charge pair with the CRs in the CLy. In some embodiments, the CRs comprises a basic amino
acid residue and the CRs comprises an acidic amino acid residue. In some embodimenis, the CRs
comprises a $183K substitution muiation (EU numbering). In some embodiments, the CRs consists of
the S183K substitution mutation. In some embodiments, the CRs comprises a V133E substitution
mutation (EU numbering). In some embodiments, the CRs consists of the V133E substitution mutation.

in other embodiments, the Vi domain is linked to a CL domain (CL2) and the VM is linked to a
CH1 domain (CH1y), wherein the CL; comprises a charged region (CR7) and the CH1, comprises a
charged region (CRg), and wherein the CRy in the CL; forms a charged pair with the CRs in the CH12. In
some embodiments, the CRy comprises a basic amino acid residue and the CRs comprises an acidic
residue. In some embodiments, the CR; comprises a V133K substitution mutation (EU numbering). In

some emboedimants, the CR7 consists of the V133K substitution mutation. In some embodiments, the
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CR7 consists of the V133K substitution mutation. In some embodiments, the CRs comprises a S183E
substitution mutation (EU numbering). In some embodiments, the CRs consists of the S183E substitution
mutation.

In other embodiments, the VL2 domain is linked to a CL domain (CL2) and the VH:is linked to a CH1
domain (CH12), wherein (a) the CLz comprises one or more mutations at amino acid residues F116, L135,
S174, S176, and/or T178 (EU numbering) and (b) the CH12 comprises one or more mutations at amino acid
residues A141, F170, S181, S183, and/or V185 (EU numbering). In some embodiments, the CL2 comprises
one or more of the following substitution mutations: F116A, L135V, S174A, S176F, and/or T178V. In some
embodiments, the CL2 comprises the following substitution mutations: F116A, L135V, S174A, S176F, and
T178V. In some embodiments, the CH12 comprises one or more of the following substitution mutations:
A1411, F170S, S181M, S183A, and/or V185A. In some embodiments, the CH12 comprises the following
substitution mutations: A1411, F170S, S181M, S183A, and V185A. In some embodiments, the anti-FcRH5
antibody comprises one or more heavy chain constant domains, wherein the one or more heavy chain
constant domains are selected from a first CH2 domain (CH21), a first CH3 domain (CH37), a second CH2
domain (CH22), and a second CH3 domain (CH3z). In some embodiments, at least one of the one or more
heavy chain constant domains is paired with another heavy chain constant domain. In some embodiments,
the CH37 and the CH32 each comprise a protuberance (P1) or a cavity (Cs), and wherein the P or the Cy in
the CH3 is positionable in the C+ or the Py, respectively, in the CH32. In some embodiments, the CH3;7 and
the CH32 meet at an interface between the P7 and the C+. In some embodiments, the CH2; and the CH2>
each comprise (P2) or a cavity (Cz), and wherein the P2z or the Czin the CH2; is positionable in the Cz or the
P2, respectively, in the CH22. In some embodiments, the CH2; and the CH22 meet at an interface between
the P2 and the C:.

In one aspect, there is provided an anti-FcRH5 antibody that binds to FcRH5 and CD3, wherein the
anti-FcRH5 antibody comprises an anti-FcRH5 arm comprising a first binding domain comprising the
following six HVRs: (a) an HVR-H1 comprising the amino acid sequence of SEQ ID NO: 1; (b) an HVR-H2
comprising the amino acid sequence of SEQ ID NO: 8; (c) an HVR-H3 comprising the amino acid sequence
of SEQ ID NO: 9; (d) an HVR-L1 comprising the amino acid sequence of SEQ ID NO: 12; (e) an HVR-L2
comprising the amino acid sequence of SEQ ID NO: 16; and (f) an HVR-L3 comprising the amino acid
sequence of SEQ ID NO: 23; and an anti-CD3 arm comprising a second binding domain comprising the
following six HVRs: (a) an HVR-H1 comprising the amino acid sequence of SEQ ID NO: 115; (b) an HVR-H2
comprising the amino acid sequence of SEQ ID NO: 116; (c) an HVR-H3 comprising the amino acid
sequence of SEQ ID NO: 121; (d) an HVR-L1 comprising the amino acid sequence of SEQ ID NO: 118; (e)
an HVR-L2 comprising the amino acid sequence of SEQ ID NO: 119; and (f) an HVR-L3 comprising the
amino acid sequence of SEQ ID NO: 123.

In another aspect, there is provided an anti-FcRH5 antibody that binds to FcRH5 and CD3, wherein
the anti-FcRH5 antibody comprises an anti-FcRH5 arm comprising a first binding domain comprising the
following six HVRs: (a) an HVR-H1 comprising the amino acid sequence of SEQ ID NO: 1, (b) an HVR-H2
comprising the amino acid sequence of SEQ ID NO: 8, (c) an HVR-H3 comprising the amino acid sequence
of SEQ ID NO: 9, (d) an HVR-L1 comprising the amino acid sequence of SEQ ID NO: 12, (e) an HVR-L2
comprising the amino acid sequence of SEQ ID NO: 16, and (f) an HVR-L3 comprising the amino acid
sequence of SEQ ID NO: 23, and an anti-CD3 arm comprising a second binding domain comprising the
following six HVRs: (a) an HVR-H1 comprising the amino acid sequence of SEQ ID NO: 115, (b) an HVR-H2
comprising the amino acid sequence of SEQ ID NO: 116, (c) an HVR-H3 comprising the amino acid
sequence of SEQ ID NO: 121, (d) an HVR-L1 comprising the amino acid sequence of SEQ ID NO: 118, (e)
an HVR-L2 comprising the amino acid sequence of SEQ ID NO: 119, and (f) an HVR-L3 comprising the
amino acid sequence of SEQ ID NO: 123, and wherein the anti-FCRH5 arm and the anti-CD3 arm each
comprise an N297G substitution mutation (EU numbering), and wherein the anti-FcRH5 arm comprises a
T366W substitution mutation and the anti-CD3 arm comprises T366S, L368A, and Y407V substitution
mutations (EU numbering).

In another aspect, there is provided an anti-FcRH5 antibody that binds to FcRH5 and CD3, wherein

the anti-FcRH5 antibody comprises an anti-FcRH5 arm comprising a first binding domain comprising the
following six HVRs: (a) an HVR-H1 comprising the amino acid sequence of SEQ ID NO: 1, (b) an HVR-H2
comprising the amino acid sequence of SEQ ID NO: 8, (c) an HVR-H3 comprising the
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amino acid sequence of SEQ ID NO: 9, (d) an HVR-L1 comprising the amino acid sequence of SEQ ID NO:
12, (e) an HVR-L2 comprising the amino acid sequence of SEQ ID NO: 16, and (f) an HVR-L3 comprising
the amino acid sequence of SEQ ID NO: 23, and an anti-CD3 arm comprising a second binding domain
comprising the following six HVRs: (a) an HVR-H1 comprising the amino acid sequence of SEQ ID NO: 115,
(b) an HVR-H2 comprising the amino acid sequence of SEQ ID NO: 116, (c) an HVR-H3 comprising the
amino acid sequence of SEQ ID NO: 121, (d) an HVR-L1 comprising the amino acid sequence of SEQ ID
NO: 118, (e) an HVR-L2 comprising the amino acid sequence of SEQ ID NO: 119, and (f) an HVR-L3
comprising the amino acid sequence of SEQ ID NO: 123, and wherein the anti-FcRH5 arm comprises a light
chain comprising Q38E and V133K substitution mutations and a heavy chain comprising Q39K, S183E, and
N297G substitution mutations, and wherein the anti-CD3 arm comprises a light chain comprising Q38K and
V133E substitution mutations and a heavy chain comprising Q39E, S183K, and N297G substitution
mutations (EU numbering).

Disclosed is an anti-FcRH5 antibody that binds to FcRH5 and CD3, wherein the anti-FCRH5 antibody
comprises: (a) an anti-FCRH5 arm comprising a first binding domain comprising a VH domain comprising an
amino acid sequence of SEQ ID NO: 104 and a VL domain comprising an amino acid sequence of SEQ ID
NO: 105, wherein the anti-FcRH5 arm comprises a light chain comprising Q38E and V133K substitution
mutations and a heavy chain comprising Q39K, S183E, and N297G substitution mutations, and (b) an anti-
CD3 arm comprising a second binding domain comprising a VH domain comprising an amino acid sequence
of SEQ ID NO: 133 and a VL domain comprising an amino acid sequence of SEQ ID NO: 134, wherein the
anti-CD3 arm comprises a light chain comprising Q38K and V133E substitution mutations and a heavy chain
comprising Q39E, S183K, and N297G substitution mutations (EU numbering).

In another aspect, there is provided an anti-FcRH5 antibody that binds to FcRH5 and CD3, wherein

the anti-FcRH5 antibody comprises an anti-FCRHS5 arm comprising a first binding domain comprising the
following six HVRs: (a) an HVR-H1 comprising the amino acid sequence of SEQ ID NO: 1, (b) an HVR-H2
comprising the amino acid sequence of SEQ ID NO: 8, (c) an HVR-H3 comprising the amino acid sequence
of SEQ ID NO: 9, (d) an HVR-L1 comprising the amino acid sequence of SEQ ID NO: 12, (e) an HVR-L2
comprising the amino acid sequence of SEQ ID NO: 16, and (f) an HVR-L3 comprising the amino acid
sequence of SEQ ID NO: 23, and an anti-CD3 arm comprising a second binding domain comprising the
following six HVRs: (a) an HVR-H1 comprising the amino acid sequence of SEQ ID NO: 115, (b) an HVR-H2
comprising the amino acid sequence of SEQ ID NO: 116, (¢) an HVR-H3 comprising the amino acid
sequence of SEQ ID NO: 121, (d) an HVR-L1 comprising the amino acid sequence of SEQ ID NO: 118, (e)
an HVR-L2 comprising the amino acid sequence of SEQ ID NO: 119, and (f) an HVR-L3 comprising the
amino acid sequence of SEQ ID NO: 123, and wherein the anti-FCRH5 arm comprises a light chain
comprising Q38K and V133E substitution mutations and a heavy chain comprising Q39E, S183K, and
N297G substitution mutations, and wherein the anti-CD3 arm comprises a light chain comprising Q38E and
V133K substitution mutations and a heavy chain comprising Q39K, S183E, and N297G substitution
mutations (EU numbering).

Disclosed is an anti-FcRH5 antibody that binds to FcRH5 and CD3, wherein the anti-FCRH5 antibody
comprises: (a) an anti-FCRH5 arm comprising a first binding domain
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comprising a VH domain comprising an amino acid sequence of SEQ ID NO: 104 and a VL domain
comprising an amino acid sequence of SEQ ID NO: 105, wherein the anti-FcRH5 arm comprises a light
chain comprising Q38K and V133E substitution mutations and a heavy chain comprising Q39E, S183K, and
N297G substitution mutations, and (b) an anti-CD3 arm comprising a second binding domain comprising a
VH domain comprising an amino acid sequence of SEQ ID NO: 133 and a VL domain comprising an amino
acid sequence of SEQ ID NO: 134, wherein the anti-CD3 arm comprises a light chain comprising Q38E and
V133K substitution mutations and a heavy chain comprising Q39K, S183E, and N297G substitution
mutations (EU numbering).

In another aspect, there is provided an anti-FcRH5 antibody that binds to FCRH5 and CD3, wherein
the anti-FcRH5 antibody comprises an anti-FcRH5 arm comprising a first binding domain comprising the
following six HVRs: (a) an HVR-H1 comprising the amino acid sequence of SEQ ID NO: 1, (b) an HVR-H2
comprising the amino acid sequence of SEQ ID NO: 8, (c) an HVR-H3 comprising the amino acid sequence
of SEQ ID NO: 9, (d) an HVR-L1 comprising the amino acid sequence of SEQ ID NO: 12, (e) an HVR-L2
comprising the amino acid sequence of SEQ ID NO: 16, and (f) an HVR-L3 comprising the amino acid
sequence of SEQ ID NO: 23, and an anti-CD3 arm comprising a second binding domain comprising the
following six HVRs: (a) an HVR-H1 comprising the amino acid sequence of SEQ ID NO: 115, (b) an HVR-H2
comprising the amino acid sequence of SEQ ID NO: 116, (c) an HVR-H3 comprising the amino acid
sequence of SEQ ID NO: 121, (d) an HVR-L1 comprising the amino acid sequence of SEQ ID NO: 118, (e)
an HVR-L2 comprising the amino acid sequence of SEQ ID NO: 119, and (f) an HVR-L3 comprising the
amino acid sequence of SEQ ID NO: 123, and wherein the anti-FcRH5 arm comprises a light chain
comprising Q38E and V133K substitution mutations and a heavy chain comprising Q39K, S183E, and
N297G substitution mutations, and wherein the anti-CD3 arm comprises a light chain comprising Q38K,
F116A, L135V, S174A, S176F, and T178V substitution mutations and a heavy chain comprising Q39E,
A141l, F170S, S181M, S183A, V185A, and N297G substitution mutations (EU numbering).

Disclosed is an anti-FcRH5 antibody that binds to FCRH5 and CD3, wherein the anti-FcRH5 antibody
comprises: (a) an anti-FcCRH5 arm comprising a first binding domain comprising a VH domain comprising an
amino acid sequence of SEQ ID NO: 104 and a VL domain comprising an amino acid sequence of SEQ ID
NO: 105, wherein the anti-FcRH5 arm comprises a light chain comprising Q38E and V133K substitution
mutations and a heavy chain comprising Q39K, S183E, and N297G substitution mutations, and (b) an anti-
CD3 arm comprising a second binding domain comprising a VH domain comprising an amino acid sequence
of SEQ ID NO: 133 and a VL domain comprising an amino acid sequence of SEQ ID NO: 134, wherein the
anti-CD3 arm comprises a light chain comprising Q38K, F116A, L135V, S174A, S176F, and T178V
substitution mutations and a heavy chain comprising Q39E, A1411, F170S, S181M, S183A, V185A, and
N297G substitution mutations (EU numbering).

In another aspect, there is provided an anti-FcRH5 antibody that binds to FCRH5 and CD3, wherein
the anti-FcRH5 antibody comprises an anti-FCRHS arm comprising a first binding domain comprising the
following six HVRs: (a) an HVR-H1 comprising the amino acid sequence of SEQ ID NO: 1, (b) an HVR-H2
comprising the amino acid sequence of SEQ ID NO: 8, (c) an HVR-H3 comprising the
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amino acid sequence of SEQ ID NO: 9, (d) an HVR-L1 comprising the amino acid sequence of SEQ ID NO:
12, (e) an HVR-L2 comprising the amino acid sequence of SEQ ID NO: 16, and (f) an HVR-L3 comprising
the amino acid sequence of SEQ ID NO: 23, and an anti-CD3 arm comprising a second binding domain
comprising the following six HVRs: (a) an HVR-H1 comprising the amino acid sequence of SEQ ID NO: 115,
(b) an HVR-H2 comprising the amino acid sequence of SEQ ID NO: 116, (c) an HVR-H3 comprising the
amino acid sequence of SEQ ID NO: 121, (d) an HVR-L1 comprising the amino acid sequence of SEQ ID
NO: 118, (e) an HVR-L2 comprising the amino acid sequence of SEQ ID NO: 119, and (f) an HVR-L3
comprising the amino acid sequence of SEQ ID NO: 123, and wherein the anti-FcRH5 arm comprises a light
chain comprising Q38K and V133E substitution mutations and a heavy chain comprising Q39E, S183K, and
N297G substitution mutations, and wherein the anti-CD3 arm comprises a light chain comprising Q38E,
F116A, L135V, S174A, S176F, and T178V substitution mutations and a heavy chain comprising Q39K,
A141l, F170S, S181M, S183A, V185A, and N297G substitution mutations (EU numbering).

Disclosed is an anti-FcRH5 antibody that binds to FCRH5 and CD3, wherein the anti-FCRH5 antibody
comprises: (a) an anti-FcRH5 arm comprising a first binding domain comprising a VH domain comprising an
amino acid sequence of SEQ ID NO: 104 and a VL domain comprising an amino acid sequence of SEQ ID
NO: 105, wherein the anti-FcRH5 arm comprises a light chain comprising Q38K and V133E substitution
mutations and a heavy chain comprising Q39E, S183K, and N297G substitution mutations, and (b) an anti-
CD3 arm comprising a second binding domain comprising a VH domain comprising an amino acid sequence
of SEQ ID NO: 133 and a VL domain comprising an amino acid sequence of SEQ ID NO: 134, wherein the
anti-CD3 arm comprises a light chain comprising Q38E, F116A, L135V, S174A, S176F, and T178V
substitution mutations and a heavy chain comprising Q39K, A141l, F170S, S181M, S183A, V185A, and
N297G substitution mutations (EU numbering).

In some embodiments of any one of the preceding aspects, the anti-FcRH5 antibody has a
clearance following intravenous injection of between about 10 ml/kg/day to about 35 mi/kg/day. In some
embodiments, the anti-FcRH5 antibody has a clearance following intravenous injection of about 10 ml/kg/day
to about 20 ml/kg/day in a mouse. In some embodiments, the anti-FCRH5 antibody has a clearance
following intravenous injection of about 12 ml/kg/day to about 16 ml/kg/day in a mouse. In some
embodiments, the anti-FcRH5 antibody has a clearance following intravenous injection of about 20 ml/kg/day
to about 40 ml/kg/day in a cyno. In some embodiments, the anti-FcRH5 antibody has a clearance following
intravenous injection of about 25 mi/kg/day to about 35 mi/kg/day in a cyno. In some embodiments, the anti-
FcRH5 antibody has a clearance following intravenous injection of about 30 ml/kg/day to about 35 ml/kg/day
in a cyno.

In another aspect, there is provided one or more isolated nucleic acids encoding an anti-FcRH5
antibody of any one of the preceding aspects, or an antigen-binding fragment thereof.

In another aspect, there is provided one or more vectors comprising the one or more isolated nucleic

acids of the previous aspect.
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In another aspect, there is provided one or more host cells comprising the one or more vectors of the
previous aspect. In some embodiments, the host cell is a mammalian cell. In some embodiments, the
mammalian cell is a Chinese hamster ovary (CHO) cell. In some embodiments, the host cell is a prokaryotic
cell. In some embodiments, the prokaryotic cell is an E. coli cell.

In another aspect, there is provided a method of producing an anti-FCRH5 antibody of any one of the
preceding aspects, the method comprises culturing the one or more host cells of the previous aspect in a
culture medium. In some embodiments, the method further comprises recovering the anti-FcRH5 antibody
from the host cell or the culture medium. In some embodiments, the method further comprising culturing a
second host cell comprising a second nucleic acid encoding an anti-CD3 antibody that comprises a binding
domain that binds CD3. In some embodiments, the host cells are co-cultured. In some embodiments, the
method further comprises recovering the bispecific anti-FcRH5 antibody from the host cells or the culture
medium.

In another aspect, there is provided an immunoconjugate comprising an anti-FCRHS5 antibody of any
one of the previous aspects and a cytotoxic agent.

In another aspect, there is provided a composition comprising an anti-FCRH5 antibody of any one of
the previous aspects. In some embodiments, the composition further comprising a pharmaceutically
acceptable excipient or diluent. In some embodiments, the pharmaceutically acceptable excipient is a buffer,
carrier, stabilizer, or preservative. In some embodiments, the composition is a pharmaceutical composition.
in some embodiments, the composition further comprises a PD-1 axis binding antagonist or an additional
therapeutic agent.

In another aspect, there is provided an anti-FcRH5 antibody of any one of the preceding aspects for
use as a medicament.

In another embodiment, there is provided an anti-FcRH5 antibody of any one of the preceding
aspects for use in treating or delaying progression of an FcRH5-positive cancer in a subject in need thereof.

In another embodiment, there is provided an anti-FcRH5 antibody of any one of the preceding
aspects for use in enhancing immune function in a subject having an FCRH5-positive cancer. In some
embodiments, the FcRH5-positive cancer is a B cell cancer. In another embodiment, the B cell cancer is
selected from the group consisting of multiple myeloma (MM), chronic lymphoid leukemia (CLL), mantie cell
lymphoma (MCL), diffuse large B-cell ymphoma (DLBCL), and follicular lymphoma (FL). In another
embodiment, the B cell cancer is MM.

In another aspect, there is provided use of an anti-FcRH5 antibody or a composition of any one of

the previous aspects in the manufacture of a medicament for treating or delaying progression of an FCRH5-
positive cancer in a subject. In another aspect, there is provided use of an anti-FcRH5 antibody or a
composition of any one of the previous aspects in the manufacture of a medicament for enhancing immune
function in a subject having an FcRH5-positive cancer. In some embodiments, the FCRH5-positive cancer is
a B cell cancer. In some embodiments, the B cell cancer is selected from the group consisting of MM, CLL,
MCL, DLBCL, and FL. In some embodiments, the B cell cancer is MM.

In another embodiment, there is provided a method of treating or delaying the progression of an
FcRH5-positive cancer in a subject in need thereof, the method comprising administering to the subject
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an anti-FcRH5 antibody of any one of the preceding aspects. In another embodiment, there is provideda
method of enhancing immune function in a subject having an FcRH5-positive cancer, the method comprising
administering to the subject an effective amount of an anti-FcRH5 antibody of any one of the preceding
aspects. In some embodiments, the FCRH5-positive cancer is a B cell cancer. In some embodiments, the B
cell cancer is selected from the group consisting of MM, CLL, MCL, DLBCL, and FL. In some embodiments,
the B cell cancer is MM. In some embodiments, the anti-FcRH5 antibody binds to (a) an FcRH5 molecule
located on a target cell and (b) a CD3 molecule located on an immune effector cell. In some embodiments,
the anti-FcRH5 antibody activates the immune effector cell following binding to the FcCRH5 molecule and the
CD3 molecule. In some embodiments, the activated immune effector cell is capable of exerting a cytotoxic
effect and/or an apoptotic effect on the target cell. In some embodiments, the target cell is a plasma cell. In
some embodiments, the plasma cell is a short-lived plasma cell. In some embodiments, the plasma cell is a
long-lived plasma cell. In some embodiments, the plasma cell is a myeloma cell. In some embodiments, the
method comprises administering to the subject the anti-FcCRH5 antibody at a dosage of about 0.01 mg/kg/wk
to about 50 mg/kg/wk. In some embodiments, the method comprises administering to the subject the anti-
FcRH5 antibody at a dosage of about 0.1 mg/kg/wk to about 10 mg/kg/wk. In some embodiments, the
method comprises administering to the subject the anti-FCRH5 antibody at a dosage of about 1 mg/kg/wk.

in other embodiments, the method further comprising administering to the subject a PD-1 axis
binding antagonist and/or an additional therapeutic agent. In some embodiments, the PD-1 axis binding
antagonist or additional therapeutic agent is administered prior to or subsequent to the administration of the
anti-FcRH5 antibody. In some embodiments, the PD-1 axis binding antagonist or additional therapeutic
agent is administered concurrently with the anti-FCRH5 antibody. In some embodiments, the PD-1 axis
binding antagonist is selected from the group consisting of a PD-L1 binding antagonist, a PD-1 binding
antagonist, and a PD-L2 binding antagonist. In some embodiments, the PD-1 axis binding antagonist is a
PD-L1 binding antagonist. In some embodiments, the PD-L1 binding antagonist is selected from the group
consisting of MPDL3280A (atezolizumab), YW243.55.570, MDX-1105, MEDI4736 (durvalumab), and
MSB0010718C (avelumab). In some embodiments, the PD-L1 binding antagonist is MPDL3280A
(atezolizumab). In some embodiments, the PD-1 axis binding antagonist is a PD-1 binding antagonist. In
some embodiments, the PD-1 binding antagonist is selected from the group consisting of MDX 1106
(nivolumab), MK-3475 (pembrolizumab), CT-011 (pidilizumab), MEDI-0680 (AMP-514), PDR001,
REGN2810, and BGB-108. In some embodiments, the PD-1 axis binding antagonist is a PD-L2 binding
antagonist. In some embodiments, the PD-L2 binding antagonist is an antibody or an immunoadhesin. In
some embodiments, the subject a steroid, an immunomodulator (IMiD), a proteosome inhibitor (PI), or a
combination thereof. In some embodiments, the steroid is a glucocorticoid. In some embodiments, the
glucocorticoid is dexamethasone. In some embodiments, the IMID is lenalidomide. In some embodiments,
the Pl is bortezomib.

In other embodiments, the method comprises administering the anti-FcRH5 antibody, PD-1 axis

binding antagonist, steroid, IMiD, PI, or combination thereof, of any one of the preceding aspects,
intravenously, subcutaneously, intramuscularly, topically, orally, transdermally, intraperitoneally, intraorbitally,
by implantation, by inhalation, intrathecally, intraventricularly, or intfranasally. In some

22



10

15

20

25

30

35

embodiments, the method comprises administering the anti-FcRH5 antibody, PD-1 axis binding antagonist,
steroid, IMiD, P, or combination thereof, intravenously. In some embodiments, the method comprises
administering the anti-FcRH5 antibody, PD-1 axis binding antagonist, steroid, IMiD, Pl, or combination
thereof, subcutaneously. In some embodiments of any one of the preceding aspects, the subject is a
human.

In another aspect, there is provided a method for detecting FCRH5 in a biological sample from a
subject, wherein the method comprises: (a) contacting the biological sample with an anti-FcRH5 antibody of
any one of the preceding aspects under conditions permissive for binding of the anti-FcRH5 antibody to a
naturally occurring FcRH5 in the biological sample, and (b) detecting whether a compiex is formed between
the anti-FcRH5 antibody and a naturally occurring FCRH5 in the biological sample. In some embodiments,
the biological sample is a biood sample. In some embodiments of this aspect, the subject is a human.

In another aspect, there is provided a kit comprising an anti-FcRH5 antibody of any one of the
preceding aspects and a package insert comprising instructions for using the anti-FcRH5 antibody for
treating or delaying progression of an FCRH5-positive cancer in a subject. In another aspect, there is
provided a kit comprising an anti-FcRH5 antibody of any one of the preceding aspects and a package insert
comprising instructions for using the anti-FcRH5 antibody for enhancing immune function in a subject having
an FcRH5-positive cancer. In some embodiments of these aspects, the subject is a human.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1A is a schematic diagram showing an exemplary Rational Design configuration (Configuration
1) of an FcRH5 TDB having VL, VH, CL, and CH1 domains including one or more charged regidns. For
Configuration 1, the VH,, CL,, VL,, and CH1, domains contain basic charged regions, and the VL,;, CH1,,
VH,, and CL, domains contain acidic charged regions.

FIG. 1B is a schematic diagram showing an exemplary Rational Design configuration (Configuration
2) of an FCRH5 TDB having VL, VH, CL, and CH1 domains including one or more charged regions. For
Configuration 2, the VH;, CL;, VL,, and CH1, domains contain acidic charged regions, and the VL;, CH1,,
VH,, and CL, domains contain basic charged regions.

FIG. 1C is a schematic diagram showing an exemplary Rosetta Design configuration (Configuration
1) of an FcRH5 TDB having VL, VH, CL, and CH1 domains including one or more charged regions. For
Configuration 1, the VH;, CL,, and VL, domains contain basic charged regions, and the VL,, CH1,, and VH,
domains contain acidic charged regions. Additionally, the CH1, domain contains a cavity, and the CL,
domain contains a protuberance. The cavity and protuberance are depicted as a black box at the CH1,/CL,
interface.

FIG. 1D is a schematic diagram showing an exemplary Rosetta Design configuration (Configuration
2) of an FcRH5 TDB having VL, VH, CL, and CH1 domains including one or more charged regions. For
Configuration 2, the VH;, CL, and VL, domains contain acidic charged regions, and the VL;, CH1,, and VH,
domains contain basic charged regions. Additionally, the CH1, domain contains a
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cavity, and the CL. domain contains a protuberance. The cavity and protuberance are depicted as a
biack box at the CH1/CL; interface.

FIG. 1E is a schematic diagram showing an exemplary alternative Rosetia Design configuration
{Alternative Configuration 1) of an FcRHS TDB having VL, VH, CL, and CH1 domains including one or
more charged regions. For Allernative Configuration 1, the VL4, VH2, and CL, domains contain acidic
charged regions, and the VH,, CH1,, and VL: domains contain basic charged regions. Additionally, the
CH1, domain contains a cavity, and the CL; domain contains a protuberance. The cavily and
protuberance are depicted as a black box at the CH1,/CL, interface.

FIG. 1F is a schematic diagram showing an exemplary alternative Rosetia Design configuration
{Alternative Configuration 2) of an FCRH5 TDB having VL, VH, CL, and CH1 domains including one or
more charged regions. For Alternative Configuration 2, the VL4, VM3, and Cl, domains contain basic
charged regions, and the VH+, CH1;, and VL; domains contain acidic charged regions. Additionally, the
CH1, domain contains a cavity, and the CL, domain contains a protuberance. The cavity and
protuberance are depicted as a black box at the CH1,/CL, interface.

FIG. 2 is an alignment of the light chain variable (VL) domain sequences of select anti-FcRHS
antibodies. Changes from 1G7 (see U.S. Pub. No 2015-0088900, which is incorporated by reference
herein in its entirely) are shown in dark boxes. Hypervariable regions (HVRS) are indicated by lines
above and/or below the alignments. These VL domain sequences are also disclosed as SEQ 1D NOs:
83, 85, 87, 89, 81, 93, 95, 97, 99, and 101,

FIG. 3 is an alignment of the heavy chain variable (VH) domain sequences of select anti-
FcRHS antibodies. Changes from clone 1G7 {(see U.S. Pub. No. 2015-0088900) are shown in dark
boxes. Hypervariable regions (HVYRS) are indicated by lines above and/or below the alignments. These
VH domain sequences are also disclosed as SEQ 1D NOs: 82, 84, 86, 88, 80, 92, 94, 86, 98, and 100.

FIG. 4 is & table showing the impact on binding affinity of amino acid substitutions at position 52
of the indicated anti-FeRHS antibodies.

FIG. 5A is an alignment of the heavy chain variable (VH) domain sequences of hu1G7.v85 and
hutG7.v83. Changes from the human germiine sequence hiGHV4-58*01 are shown in shaded boxes.
Hypervariable regions (HVRs) are indicated by labels above the alignments. These YH domain
sequences are also disclosed as SEQ 1D NOs: 104 (hu1G7.v85) and 108 (hu1G7.v83).

FiG. 5B is an alignment of the light chain variable (VL) domain sequences of hu1G7.v85 and
hulG7.v83. Changes from the human germiine sequence hiGKV1-16*01 are shown in shaded boxes.
Hypervariable regions (HVRs) are indicated by labels above the glignments. These VL domain
sequences are also disclosed as SEQ 1D NGs: 105 (hulG7.v85) and 107 (hu1G7.v83).

FIG. 8A is an alignment of the heavy chain variable (VH) domain seqguences of huiG7.v85.
1G7, and consensus H4. Changes from the humanized, affinity matured, and polished clone 1G7 (see
U.S. Pub. No. 2015-0088800, which is incorporated by reference herein in its entirety) are shown in
shaded boxes. Hypervariable regions (HVRs) are indicated by labels above the alignments. The VM
domain sequence of hulG7.v85 is disclosed as SEQ 1D NO: 104.
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FIG. 6B is an alignment of the light chain variable (VL) domain sequences of hut37.v88, 1G7,
and consensus Ki. Changes from the humanized, affinity matured, and polished clone 1G7 are shown in
shaded boxes. The V0 domain sequence of huiG7.v85 is disclosed as SEQ 1D NO: 105,

FIG. 7A shows the heavy chain variable (VH) domain sequence of anti-FCRHS antibody
hulG7.v93 (SEQ 1D NO: 108).

FIG. 78 shows the light chain variable (VL) domain sequence of anti-FoRHS antibody
hulG7.v83 (SEQ 1D NO: 107).

FIG. 8 is a graph showing the antibody titer of 1G7.v85 and 1G7.v87 antibodies.

FIG. 8A is an overlay of histograms comparing the binding of FCRHS5/38E4.v1 TDBs having
different anti-FcRHM5 arms (e, m1G7 ("1G7 TDB", 1G7.vB5 ("IG7.v85 TDB", and 1G7.vi 4 ("1G7.vi 4
TRB™) to FoeRH3-overexpressing cells.

FIG. 9B is a graph showing that the 1G7.v85 TDB does not deplete natural killer (NK) cells at
concentrations of £ 20 ug/mb;1G7.v85 TDB has a median EC50 of 25 ng/mb on plasma cells (PCs).

FIG. 10A is a series of graphs comparing the ability of the FCRHS TDB 1G7.v1.4/38E4 vl
{*1G7.v1.4 TDB") to bind FCRH3, human FeRHS, and cyno FCRHS.

FIG. 10B is a series of graphs comparing the ability of the 1G7.v85 TDB to bind FCRHM3, human
FoRMS5, and cyno FeRHS.

FIG. 10C is a series of graphs comparing the ability of the FecRHS TDB 1G7/38E4.v1 ("1G7 TDB")
to bind FoRH3, human FeRHS, and cyno FeRHS.

FIG. 10D is a series of graphs comparing the ability of a control antibody to bind FERH2, human
FoRHS5, and cyno FeRHS.

FIG. 11A shows the sequence of the heavy chain variable (VH) domain sequence of
humanized, rabbit-derived anti-FcRH5 antibody hu7D8.L1H2. The VH domain sequence of
hu7D8.L1H2Z is disclosed as SEQ 1D NO: 108.

FIG. 11B shows the sequence of the light chain variable (VL) domain sequence of humanized,
rabbit-derived anti-FeRH5 antibody hu7D8.L1H2. The VL domain sequence of hu7D8.L1H2 is disclosed
as SEQ 1D NO: 108.

FIG. 12A shows the sequence of the heavy chain variable {(VH) domain sequences of mouse-
derived anti-FoRHS antibody 1781, The VH domain sequences of 1781 is disclosed as SEQ 1D NO:
110.

FIG. 12B shows the sequence of the light chain variable (VL) domain sequence of mouse-
derived anti-FoRHS antibody 17B1. The VL domain sequences of 1781 is disclosed as SEQ 1D NO:
111

FIG. 13A shows the sequence of the heavy chain variable (VH) domain sequences of mouse-
derived anti-FoRHS antibody 15G8. The VH domain sequence of 15G8 is disclosed as SEQ ID NO: 112.

FIG. 13B shows the sequence of the light chain variable (VL) domain sequence of mouse-
derived anti-FoRH5 antibody 15G8. The VL domain sequence of 15G8 is disclosed as SEQ D NO: 113,

FIG. 14 is a series of graphs showing the binding affinity of humanized variant of rabbit-derived
anti-FcRH5 antibodies 7D8.Rb and h7D8.L1H2 to human FeRHS and cyno FeRHS.
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FIG. 15 is a series of graphs showing that the FCRHS TDBs 1G7.v85 TDB and
hutG7.v83/38E4 vi ("1G7.v83 TDB bind with comparable affinity to both human FeRHS and cyno
FCRHS.

FIGS. 16A-16B are graphs showing the kinetic analysis of 1G7.v85 TDB binding to human
FoRHS and cyno FeRHS with dissociation constants (Ko) of 2.35 nM and 6.76 nM, respectively, as
measured by BIACORE® in an higG capture format using a 1:1 binding model of monovalent affinity.

FIGS. 17A-178 are graphs demonstrating increased FeRH5-induced cell toxicity of MOLP-2 celis (i.e.,
human multiple myeloma cells that endogenously express FeRHS) using humanized and affinity matured
variants of 1G7 formatied info T celi-dependent bispecific (TDB) antibodies having the CD3-binding arm of
38E4.v1 (see PCT Pub. No. WO 2015-095392 A1, which is incorporated by reference herein in its entirety). In
Fig. 17A, the 1G7 TDB, hu1G7.v11/38E4 v1 ("IGT7.v1.1 TDB, hu1G7.v1.2/38E4.v1 ("IG7v1.2 TDBY,
hulG7.v1.3/38E4.v1 (MG v1.3 TDBY, and 1G7.v1.4 TDB were evaluated. In Fig. 178, the 1G7.v1.4 TDB,
hutG7.v1 58/38E4 v1 (MG7.v1.5” TDB), hutG7 v 133884 v (“1G7 v 13 TDBY), hulG7.v1.7/38E4 v1
("1G7.v1.7 TDBY, and hulG7 vl 13.1/38E4 v (“1G7.v1.13.1") were evaluated. The 1G7.v.1.4 TDB improved
target cell killing (ECS0) 5- to 13-fold over murine 1G7 TDB (n=10).

FIGS. 18A-18D are graphs comparing the abilily of the 1G7.v1 .4 TDB and the 1G7.v85 TDB to
activate T cells (Fig. 18A), kill target MOLP-2 celis (Fig. 18B), kill target cyno plasma celis (Fig. 18C), and kill
target cyno B cells (Fig. 18D).

FIG. 18A is a series of histograms comparing the ability of the 1G7.v85 TDB and the
hutG7.v87/38E4.vi TDB ("1G7.v87 TDB" to bind to and cross-react with mouse SVT2 cells expressing
human FcRHS (Panel 1), cyno FcRHS (Panel 2), and human FcRHS {(Panel 3}.

FIGS. 19B-18D are graphs comparing the ability of the 1G7.v85 TDB and the 1G7.v87 TDB to kil
target MOLP-2 cells (Fig. 19B), human B cells (Fig. 18C), and cyno B celis (Fig. 120).

FIGS. 20A-200 are graphs showing a reduced ability of the 1G7.v85 TDB io bind FcRHS gfter
undergoing either a 2,2 -azobis{Z-amidopropane)dihydrochioride (AAPH) stress test (Fig. 20B) or a light
stress test (Fig. 200), as compared to unstressed respective controls (Figs. 20A and 20C).

FIG. 21A is graph showing size distribution analysis of the 1G7.v85 TDB. The 1G7.v85 TDB lost
0.1% of the monomer peak afier two weeks of siress in a his-acetate solution at pH 5.5.

FIG. 218 is a graph showing the charge heterogeneity of the 1G7.v85 TDB. The 1G7.v85TDRB
lost 7.7% of the monomer peak after iwo weeks of siress in a his-acetate solution at pH 5.5

FIG. 22A is a graph showing that the 1G7.v85 TDB has no observable change in the reduced
mass profile of the light chain mass after two weeks of stress in g his-acetate solution at pH 5.5,

FIG. 228 is a graph showing that the 1G7.v85 TDB has no observable change in the reduced
mass profile of the heavy chain mass afier two weeks of stress in a his-acetate solution at pH 5.5,

FIG. 23A is a phospho-SLP76 Western blot of a healthy donor peripheral CD8 cells stimulated
with 1 pg/mi of the 1G7/UCHT1.v8 TDB, 10A8/UCHT1.v8 TDB (“10A8 TDR", and anti-gD/UCHT1.vE
TDB (fanti-gD TDB”), and cells expressing human FeRHS with N-terminal gD expression 1ag. Blotting for
total SLP76, indicative of TCR signaling, was used o confirm equal sample loading.

FIG. 23B is a graph showing FCRHS target cell killing with either 1G7/UCHT1.v8 TDB or anti-gD
TOB and CD8* T cells.
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FIG. 23C is a schematic diagram of the truncated FocRHS construct with the gb epitope now
membrane-proximal.

FIG. 23D is a graph showing target cell killing using the truncated FcRH5 construct with 1G7 TDB
or anti-gD TDB. The activity of the proximal 1G7/UCHT1.v8 TDB increased by 25-fold (ECS50 = 20 phd),
and the anti-gD TDB was abile 1o effectively mediate killing of cells (EC50 = 0.18 nM) when the
interference caused by the ECD was removed. The truncated construct was expressed in 293 celis.

FIG. 23E is a graph showing that target cell Killing for five alternate FcRHS TDBs that recognize
the membrane-proximal epitope (dashed lines) are equivalent to killing mediated by the 1G7/UCHT1 .8
TDB and significantly belter than the 10A8 TDB.

FIG. 24A is a histogram overlay of flow cytomelry analysis of SVT2-parental, gD-FoRHS full-length,
and gD-FeRMHS-domain 9 cells.

FIG. 248 is a graph showing percent targei cell killing by 1G7/AUCHT1.v8 TDRB, 2H7/ UCHT1 V8 TDR
("2H7 TDR", 3G7/ UCHT1.v8 TDB (“3G7 TDR™, 10A8 TDB, and anti-gh TDR.

FIG. 25A is an overlay histogram of six cell lines (8VT2-vector, SVT2-FcRH1, SVT2-FCRHZ,
SVT2-FoeRH3, SVT2-FeRM4, and SVT2-FcRHS), showing that the 1G7.v85 TDR binds to FcRHS, but not
o other family members.

FIG. 25B is a histogram overlay of three cell lines (293 parental, 293-FcRHMS5 full-length, and 293-
FoRH5-D8-delstion), showing that the 1G7.v85 TDB binds o the membrane proximal domain of FCRHS.

FIG. 25C is an overlay histogram of three cell lines (SVT2-vector, SVT2-huFcRHS, and SVT2-
cyno FCRHS), showing that the 1G7.v85 TDB binds to cyno FCRHS5 and human FeRHS.

FIGS. 26A-28D are overlay histograms of three cell lines (SVT2-vector, SYT2-huFcRHS5, and
8VT2-cyno FcRHS), showing binding of the 1G7/38E4.v1 TDE ("1G7 TDB”) to multiple myeloma (MM) cell
line and primary celis. Overlay histograms are shown for isolype-PE and 1G7 TDB for MOLP-2 cells (Fig.
28A), human CD20+ B celis (Fig. 26B), human CD38+CD138+ plasma cells (Fig. 28C), and
CD38+CD138+ MM tumor celis from MM bone marrow aspirate (Fig. 26D).

FIG. 27A is a graph showing dose-dependent activation of CD8+ cells upon stimulation with
target celis (MOLP-2) and 1G7 TDRB, detecied by flow cytometry analysis.

FIG. 278 is a graph showing target cell-dependent killing by 1G7 TDB. The inseri shows a fiow
cytometry overlay of the parental Fox-NY cell line and clones transfected o express a low or a high level
of human FeRHS. Error bars are standard deviation of triplicates.

FIGS. 27C-27E are graphs showing that 1G7 TDB induced CD8 proliferation response (5 days),
as detected by measuring CSFE flucrescence intensity dilution by flow cylometry. CFSE-labeled human
CD8+ cells only (Fig. 27C), co-culture with MOLP-2 (Fig. 27D}, or co-culture with MOLP-2 and 1000 ng/mi
of the 1G7.v85 TDB (Fig. 27E).

FIG. 27F is a graph showing larget-dependent cell killing with FcRHMS TDBs containing different
anti-CD3 arms {s.g., UCHT1.v8, 38E4 v1, and 40G5c) (see PCT Pub. No. WO 2015/085382 A1, which is
incorporated by reference herein in iis entirety). The anti-CD3 arms 38E4.v1 (monovalent Kp 0.5 ni,
BIACORE®), UCHT1.v8 (monovalent Kp = 2.5 nM, BIACORE® and Scatchard), and 40G5¢ {monovalent
Ko = 51 nM, BIACORE®) were each paired with the anti-FcRH5 armm of m1G7 (Ko = 11 nm, BIACORE®)

and tested for binding to purified human CD8+ celis.
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FIG. 27G is a graph showing target-dependent cell killing with the 1G7 TDB and 1G7/38E4 .vi
bis-Fab (“1G7 his-Fab").

FIG. 28A is a graph showing FCRHS expression in primary multiple myeloma tumor cells, healthy
donor peripheral B cells, and bone marrow plasma cells. FoeRHS expression was analyzed by flow
cytometry and normalized to expression in MOLP-2 intermnal and assay conirol. The relative level of
FoRHS was calculated as follows: (Geometric mean of FeRHS of X("/Geometric mean of isotype control of
KMy (Geometric mean of FERHS of MOLP-2/Geometric mean of isoiype control of MOLP-2).

FIG. 28B is a graph showing cylotoxic activity of the 1G7.v85 TDB on human plasma cells.
Human bone marrow mononuclear cells (BMMCs) were cultured with 1G7.v85 TDE and the celi number
of live CD38+CD138+ was analyzed by flow cytometry.

FIG. 28C is g graph showing the cyiotoxic aclivity of the 1G7.v85 TDE on different patieni-derived
primary myeloma cells. Human myeloma BMMCs were co-cultured with CD8+ T cells isolated from
healthy donor and 1G7.v85 TBD.

FIG. 28D is a graph showing that very low FCRHS expression in target cells is sufficient for potent
killing activity. FcRHM5 copy number per cell was determined by Scaichard assay.

FIG. 28E (Top) is a graph showing gRT-PCR analysis of FeRHS mRNA levels in bone marrow
biopsies from high risk myeloma patients with 1921 gain. mRNA expression level was calculated by the
delta Ct (dCt) method. Statistical analysis was done using a Mann-Whitney U test. (Boltom) Are images
of FISH analysis on primary multiple myeloma biopsies showing normal diploid of 1g21 (Lefiy and a
mixture of approximately three 1o six copies of 1621 (Right). A tumor sample was identified as 1921 gain
when >20% of the tumor cells scored had three or more copies of the 1g21.3 locus.

FIG. 28A is a histogram overlay of isotype-PE and anti-FcRHS clone 1G7-PE, depicling the
expression of FCRHS on cyno CD20+ B celis.

FIG. 29B is a histogram overlay of isotype-PE and anti-FcRHS cione 1G7-PE, depicting the
exprassion of FCRHS on cyne on CD45-CD20-CO38+PO+ plasma cells.

FIGS. 28C-28D are graphs showing comparable dose-dependent cytotoxic activity between cyno
CD8+ T ceils and human CD8+ T cells in an in vitro killing assay using SVT2-cyno-FeRHS (Fig. 28C) and
MOLP-2 (Fig. 29D) with human CD8+ T cells or cyno CD8+ T cells.

FIG. 29E is a graph showing in vitro killing activity of 1G7.v85 TDR on cyno CD20+ B celis
(n=14).

FIG. 29F is a graph showing in vitro Killing activity of 1G7.v85 TDB on CD45-CD20-CD38+PC~+
plasma cells from cyno bone marrow from eight different donors (n=8).

FIG. 30A i5 a graph showing that spienic human T cells isolated from spleens of humanized
NOD/SCID gamma mice (NSG) have comparable activity to peripheral human T cells from heathy donors.

FIG. 308 is a graph showing that 1G7 TDB treatment induces regrassion of subcutaneous MOLP-2
xenograft tumors in humanized NSG mice. The mice were treated with a single intravenous dose of
vehicle or 1G7.v85 TDE at 0.5 mg/kg. Mean tumor volume (black bold line), the individual tumor volumes

{thin lines), and mean of control group {dashed ling) are indicated.
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FIG. 31A is a graph showing the serum concentration of FcRHS TDB piotied over the duration of
the study afier single-dose administration of 1G7.v85 TDB at 1 mg/kg, 2 mg/kg, or 4 mg/kg 1o three
animals/group. A table showing pharmacodynamics parameters is shown below.

FIG. 318 is a graph showing the serum concentration of FeRHS TDBs (1G7.v85 TDE and
1G7 v87/38E4 vt TDB ("1G7.v87 TDR™) plotted over the duration of study afier single dose
administration of anti-gD TDB at 3 mg/kg or FCRHS TDBs at 0.3 mg/kg or 3 mg/kyg to three
animals/group. A table showing pharmacodynamics parameters is shown below.

FIGS. 31C-31D are graphs showing 1G7.v85 TDB-induced transient T cell activation in cyno
peripheral blood after single-dose infravenous administration of vehicle or 1G7.v85 TDB (1 mg/kg, 2
mg/kg, or 4 mg/kg) 1o three animals/group.

FIGS. 31E-31H are graphs showing the absolute count of CD20+ B cells in peripheral blood (Fig.
31E), spleen (Fig. 31F), mandibular lymph node (Fig. 31G), and bone marrow {Fig. 31H) in cyno after
single-dose inlravenous administration of vehicle or 1G7.v85 TDB (1 mg/kg, 2 mg/ky, or 4 mo/kg) o three
animals/group. Figs. 31F-31H are plotted with group mean and slandard siror of mean (SEM).

FIG. 311 is a graph showing that 1G7.v85 TDB depletes bone marrow plasma cells in cyno, with
group measured SEM plotted.

FIG. 31J is a graph showing the change of cyno IgG level response 1o treatment, calculated using
formula {{igG level pre-dose) - (IgG level end of study)Y (IgG level pre-dose) X 100. The difference
between pre-dose and after ireatment is analyzed by an unpaired t-iest. The data are plotied with group
mean and standard error of mean (SEM).

FIGS. 32A-328 are graphs showing the absolute count of CD4+ T cells in peripheral blood (Fig.
324) and CD8+ T cells (Fig. 328) in four groups of animals afier single-dose intravenous administration of
vehicle, 1G7.v85 TDB at 1 mg/kg, 1G7.v85 TDB at 2 mg/kg, or 1G7.v85 TDB at 4 mg/kg.

FIG. 32C is a graph showing the decrease in the absolute count of CD20+ B cells in mesenteric
iymph nodes after 1G7.v85 TDB treatiment. The plot is graphed as individual animals and mean group
with SEM.

FIG. 32D is a graph showing FcRHS occupancy afier single-dose intravenous administration of
1G7.v85 TDB at 1 mg/kg, 2 mg/kg, or 4 ma/ka.

FIGS. 33A-33F are graphs showing the change in concentration of the cytokines {L-6 (Fig. 334),
k-2 (Fig. 33B), IFN-~y (Fig. 33C), lL-1Ra (Fig. 33Dy}, 1L-5 (Fig. 33E), and MCP-1 (Fig. 33F) in four groups
of animals after single-dose intravenous administration of vehicle, 1G7.v85 TDB at 1 mg/kg, 1G7.v85
TDB at 2 mgrkg, and 1G7.v85 TDB at 4 mg/kg.

FIG. 34 is & series of piots showing that 1G7.v85 TDR freatment induces PD1 expression in
human T cells. CD8+ T cells were stimulated for 48 hours with the 1G7.v85 TDB and MOLP-2 target
cells and then analyzed by flow cytometry.

FIG. 35A is a graph showing the percentage of PD1+ in CD8+ T cells in cyno afler a single-dose
intravenous administration of vehicle, 1 mg/kg, 2 mg/ky, and 4 mo/kg of 1G7.v85 TDB. 1G7.v85 TDE
treatmeni results in induction of PD1 in cyno T cells in vivo.

FIG. 35B is a graph showing the percentage of PD1+ in CD4+ T celis in cyno after single dose
intravenous administration of vehicle, 1 mg/kg, 2 mg/kg, and 4 mg/kg of 1G7.v85 TDE.
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FIGS. 36A-36D are plots showing PD-1 expression in CD4+ T cells from blood (Fig. 36A), CDE+T
ceils from spleen (Fig. 388), CD8+T cells from lymph node (Fig. 38C), and CD8+T cells from bone
marrow (Fig. 36D), as analyzed by FACS seven days after dosing with 1G7.v85 TDB or vehicle.

FIGS. 37A-378 are graphs showing the ability of the 1G7.v85 TDB to redirect activity of pre-
stimuiated CD8+ T cells o kill HEK-283T cells expressing FCRHS and PD-1 ("283-FcRHS-PD-L1 celis™) in
the presence or absence of an anti-PD-L1 or anti-PD-1 antibody. The curve in Fig. 37A is graphed with
mean and standard of error (SD) of triplicates.

FIG. 38A is a graph showing target cell Killing of SVT2-FeRHS by 1G7.v85 TDB in the presence
and absence of dexamethasone (Dex).

FIG. 38B is a series of graphs showing cytokine {i.e., IL-2, IL-6, TNF-q, and IFN-y) release after
freatment with 1G7.v85 TDB in the presence and absence of 1 uM Dex

FIG. 39 is a schematic drawing showing the production of bis-Fabs from human lgG1.

FIG. 40A is a graph showing the binding of FeRHS5 by bis-Fabs A-D and F(ab’): A as determined by an
ELISA assay.

FIG. 408 is a graph showing the binding of CD3 by bis-Fabs A-D and F(aly'): A as determined by an
ELISA assay.

FIG. 41 is a graph showing the amount of target-medialed T cell activation by bis-Fabs A-D and F{ab’):z
Al

DETAILED DESCRIPTION OF THE INVENTION

i DEFINITIONS

The term “about” as used herein refers 1o the usual error range for the respective value readily
known to the skilled person in this technical field. Reference to "about” a value or parameter herein
includes {and describes) embodiments that are directed to that value or parameter per se.

An “accepior human framework” for the purposes herein is a framewaork comprising the amino
acid sequence of a light chain variable domain (VL) framework or a heavy chain variable domain (VH)
frarmework derived from a human immunogiobulin framework or a human consensus framework, as
defined below. An acceptor human framework “derived from” & human immunoglobulin framework or a
human consensus framework may comprise the same amino acid sequence thereof, or it may contain
amine acid sequence changes. In some embodiments, the number of amino acid changes are 10 or
fewer, 9 or fewer, 8 or fewer, 7 or fewer, 8 or fewer, 5 or fewer, 4 or fawer, 3 or fewer, or 2 or fewer. In
some embodiments, the VL acceptor human framework is identical in seguence 1o the VL human
immunogiobulin framework sequence or human consensus framework sequence.

“Affinity” refers to the strength of the sum {otal of noncovalent interactions between a single
binding site of a molecule {e.g., an antibody) and its binding partner (e.g., an antigen). Unless indicated
otherwise, as used herein, *binding affinity” refers to intrinsic binding affinity which reflects a 1.1
interaclion between members of a binding pair {£.g., antibody and antigen). The affinity of a moleculs X
for its pariner Y can generally be represented by the dissociation constant (Ko}, Affinity can be measured
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by common methods known in the arnt, including those described herein. Specific illustrative and
exemplary embaodiments for measuring binding affinity are described in the following.

An “affinity matured” antibody refers to an antibody with one or more alterations in one or more
hypervariable regions {(HVRs), compared 1o a parent antibody which does not possess such alterations,
such alierations resulting in an improvement in the affinity of the antibody for antigen.

The term “anti-FCRHS antibody” or “an antibody that binds to FCRHS5” refers to an antibody that is
capable of binding FeRHS with sufficient affinity such that the antibody is useful as a diagnostic and/or
therapeutic agent in targeting FoRHS. In one embodiment, the exient of binding of an anti-FcRH5
antibody o an unrelated, non-FeRHS protein is less than about 10% of the binding of the antibody to
FoRHS as measured, e.g., by a radioimmunoassay (RIA). In certain embodiments, an antibody that binds
fo FeRHS has a dissociation constant (Kp) of £ 1uM, = 100 nM, <10 nM, <1 nM, = 0.1 nM, = 0.01 nM, or
L 0.001 nM {e.g., 108 Morless, e.g., from 108 Mto 100 M, e.g., from 102 M tc 10-° M), In certain
embodiments, an anli-FcRHMS antibody binds {o an epilope of FCRHMS that is conserved among FCRHS
from different species.

The terms “anti-CD3 antibody” and “an antibody that binds to CD3” refer to an antibody that is
capable of binding CD3 with sufficient affinily such that the antibody is useful as a diagnostic and/or
therapeutic agent in largeting CD3. In one embodiment, the exient of binding of an anti-CD3 antibody to
an unrelated, non-CD3 protein is less than about 10% of the binding of the antibody to CD3 as measured,
&.g., by a radicimmunoassay (RIA). In ceriain embodiments, an antibody that binds to CD3 has a
dissociation constant (Kp) of < 1uM, £ 100 nM, < 10 nM, £ 1 nM, £ 0.1 nM, £ 0.01 nM, or £ 0.001 nM (&.g.,
103Morless, e.g., from 10 M1to 10 M, e.g., from 10%M1ic 10 M), In certain embodiments, an anti-
CD3 antibody binds to an epitope of CD3 that is conserved among CD3 from different species.

The term “antibody” herein is used in the broadest sense and encompasses various antibody
structures, including but not limited to monocional antibodies, polycional antibodies, multispecific
antibodies (e.g., bispecific antibodies), and antibody fragments {(e.g., bis-Fabs) so long as they exhibit the
desired antigen-binding activily.

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 infact antibody binds. Examples of antibody
fragments include but are not limited fo bis-Fabs; Fv; Fab; Fab, Fab’-SH; F(ab')2; diabodies; linear
antibodies; single-chain antibody molecules {e.¢., scFv); and mullispecific antibodies formed from
antibody fragments.

By “binding domain” is meant a part of a compound or a molecule that specifically binds {o a
target epitope, antigen, ligand, or receplor. Binding domains include but are not fimited {o antibodies
(e.g., monocional, polyclonal, recombinant, humanized, and chimeric antibodies), antibody fragments or
porlions thereof (e.g., bis-Fab fragments, Fab fragments, F(ab’)z, scFv antibodies, SMIP, domain
antibodies, diabodies, minibodies, schv-Fe, affibodiss, nancbodies, and VH and/or VL domains of
antibodies), receptors, ligands, aptamers, and other molecules having an identified binding partnher.

As used herein the ferm “charged region” refers 10 a locatlion of a polypeplide {e.g., an antibody)
that includes one ormore {e.g., 1, 2, 3, 4, 5,8, 7, 8, 9, or 10) basic or acidic amino acids that are capable

of forming a charge pair with a cognate charged region havingoneormore (e.g., 1,2, 3,4,5,8,7, 8, 8,
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or 10) or basic or acidic amino acids, when the charged region and its cognate charged region have
opposite overall relative charge.

As used herein the term “charge pair” refers to the bond that is formed between two charged
regions of opposite overall charge.

A “chemotherapeutic agent” is a chemical compound useful in the treatment of cancer. Examples
of chemotherapeutic agents include alkylating agents such as thiotepa and cyclosphosphamide
{CYTOXAN®); alkyl sulfonates such as busulfan, improsulfan and piposulfan; aziridines such as
benzodopa, carboquone, meturedopa, and uredopa; ethylenimines and methylamelamines including
altretamine, triethylenemelamineg, triethyienephosphoramide, triethylenethiophosphoramide and
trimethyiomelamine; acetogening {especially bullatacin and bullatacinone); delta-S-tetrahydrocannabinol
{dronabinol, MARINOL®), beta-lapachone; lapachel; colchicines; betulinic acid; a camptothecin (including
the synthetic analogue topotecan (HYCAMTING), CPT-11 (irinotecan, CAMPTOSAR®),
acetylcamptothecin, scopolectin, and 9-aminocampiothecin); bryostatin; callystatin, CC-1085 (including its
adozelesin, carzelesin and bizelesin synthelic analogues); podophylioioxin; podophyliinic acid; teniposide;
cryptophycinsg (particularly cryptophycin 1 and cryptophycin 8); delastating duocarmyein (including the
synihetic analogues, KW-2188 and CB1-ThM1); eleutherobin; pancratistating a sarcodiclyin; spongistatin;
nitrogen mustards such as chiorambucil, chiornaphazine, chiorophosphamide, estramusting, ifosfamide,
mechlorethamine, mechlorethamine oxide hydrochioride, melphalan, novembichin, phenestering,
prednimustine, trofosfamides, uracil mustard; nitrosoureas such as carmustine, chlorozotocin, fotemustine,
lomustine, nimustine, and ranimnusting; antibictics such as the enediyne antibiotics {(e.g., calicheamicin,
especially calicheamicin gammatl and calicheamicin omeagall (see, e.g., Nicolaou &t al. Angew. Chem
infl. Ed. Engl. 33 183-186, 1984); CDP323, an oral aipha-4 integrin inhibitor; dynemicin, including
dynermicin A; an esperarmicin; as well as neocarzinostatin chromophore and related chromoprotein
enediyne antibiotic chromophores), aclacinomysins, actinomycin, authramycin, azaserine, bleomycins,
cactinomycein, carabicin, caminomyein, carzinophilin, chromomycins, dactinomycin, daunorubicin,
detorubicin, §-diazo-5-oxe-L-norleucine, doxorubicin (including ADRIAMYCIN®, morpholino-doxorubicin,
cyanomaorpholino-doxorubicin, 2-pyrrolino-doxorubicin, doxorubicin HCH liposome injection (DOXIL®),
liposomal doxorubicin TLC D-99 (MYOCET®), peglylated liposomal doxorubicin {CAELYX®), and
deoxydoxorubicin, epirubicin, esorubicin, idarubicin, marcellomycin, mitomycins such as mitomycin C,
mycophenaolic acid, nogalamycin, olivomycins, peplomycin, porfiromycin, puromyein, guelamycin,
rodorubicin, streptonigrin, streptozocin, tubercidin, ubenimex, zinostatin, zorubicin; anti-metaboliies such
as methotrexate, gemcitabine (GEMZAR®), tegafur (UFTORAL®), capecitabine (XELODA®), an
epcthilone, and 5-fluorouracit (5-FU); combretastatin; folic acid analogues such as denopierin,
methotrexate, pteropterin, trimetrexate; puring analogs such as fludarabine, 8-mercaptopuring,
thiamiprine, thioguanine; pyrimidine analogs such as ancitabine, azacitiding, 8-azauridine, carmuofur,
cytarabine, dideoxyuridine, doxifluridine, enocitabine, floxuridine; androgens such as calusierone,
dromostanoclone propionate, epitiostanol, mepitiostane, testolactone; anti-adrenals such as
aminoglutethimide, mitctane, trilostane; folic acid repienishar such as frolinic acid; aceglatons;
aldophosphamide glycoside; aminolevulinic acid; eniluracil; amsacrine; bestrabucit; bisantrene,

edatraxate; defofamine; demecolcine; diaziguone; elformithine; elliptinium acetate; an epothilons;
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etoglucid; gallium nitrate; hydroxyurea; lentinan; lonidainine; maytansinoids such as maytansine and
ansamitocing; miloguazone,; mitoxantrone; mopidanmol; nitraering; pentostatin, phenamet; pirarubicin;
losoxantrone; Z-ethylhydrazide; procarbarzine; PSK® polysaccharide complex (JHS Natural Products,
EZugene, Greg.); razoxane; rhizoxin; sizofuran; spirogermanium; ienuazonic acid; triaziquone; 2,2°,2'-
trichlorotricthyiamine; trichothecenes {especially T-2 toxin, verracurin A, roridin A and anguidine);
urethan; vindesine (ELDISINE®, FILDESIN®Y}; dacarbazine; mannomustine; mitobronitol, mitolaciol;
pipobroman; gacvtosine; arabinoside ("Ara-C"); thiotepa; taxoid, e.g., paclitaxel (TAXOL®, Bristoi-Myers
Squibb Oncology, Princeton, N.J), albumin-engineered nanoparticle formulation of paclitaxel
{(ABRAXANE™), and docetaxel (TAXOTERE®, Rhome-Poulene Rorer, Antony, France); chioranbucil; 8-
thioguanine; mercaptopurine; methotrexale; platinum agents such as cisplatin, oxaliplatin (e.q.,
ELOXATIN®), and carboplatin; vincas, which prevent tubulin polymerization from forming microtubuies,
including vinbiastine (VELBAN®), vincristine (ONCOVING), vindesine (ELDISINE®, FILDESING}, and
vinorelbine (NAVELBINE®); etoposide (VP-18); ifosfamide; miloxantrone; leucovorin; novanirone;
edatrexate; daunomycin,; aminopterin; ibandronate; topoisomerase inhibitor RFS 2000;
diftucromethylorithine (DMFQ); retincids such as retinoic acid, including bexarotene (TARGRETIN®);
bisphosphonates such as clodronate (for example, BONEFOS® or OSTAC®), etidronate (DIDROCAL®),
NE-58095, zoledronic acid/zoledronate (ZOMETA®), alendronaie (FOSAMAX®), pamidronale
{AREDIA®), tiludronate (SKELID®), or risedronate (ACTONEL®); troxacitabine (a 1,3-dioxolane
nucleoside cytosine analog); antisense oligonucleatides, particularly those that inhibit expression of
genes in signaling pathways implicated in aberrant cell profiferation, such as, for example, PKC-alpha,
Raf, H-Ras, and epidermal growth factor receptor (EGF-R) {(e.g., erlotinib (Tarceva™)); and VEGF-A that
reduce cell proliferation; vaccines such as THERATOPE® vaccine and gene therapy vaccines, for
example, ALLOVECTIN® vaccine, LEUVECTIN® vaccine, and VAXID® vaccine; topoisomerase 1
inhibitor {(e.g., LURTOTECAN®); rmRH (e.g., ABARELIX®); BAY433008 (sorafenib; Bayer); St-11248
(sunitinib, SUTENT®, Pfizer); perifosine, COX-2 inhibitor {e.g., celecoxib or eloricoxib), proteosome
inhibitor {e.g., PS341); bortezomib (VELCADE®); CCI-779; tipifarnib (R11577); orafenib, ABT510; Bel-2
inhibitor such as oblimersen sodium (GENASENSE®); pixanirone; EGFR inhibitors; tyrosine kinase
inhibitors; serine-threonine kinase inhibitors such as rapamycin (sirolimus, RAPAMUNE®);
farnesyitransferase inhibitors such as lonafamib (SCH 6638, SARASAR™); and pharmaceutically
gcceptable salts, acids or derivatives of any of the above; as well as combinations of two or more of the
above such as CHOP, an abbreviation for a combined therapy of cyclophosphamide, doxorubicin,
vincristine, and prednisolone; and FOLFOX, an abbreviation for a freatment regimen with oxaliplatin
(ELOXATIN™) combined with 5-FU and leucovorin, and pharmaceutically accepiable salts, acids or
derivatives of any of the above; as well as combinations of two or more of the above.

Chemuotherapeutic agents as defined herein include “anti-hormonal agents” or “endocring
therapeutics” which act {0 regulate, reduce, block, or inhibit the effects of hormones that can promole the
growth of cancer. They may be hormones themselves, including, but not limited to: anti-estrogens and
selective estrogen receptor modulators (SERMSs), including, for example, tamoxifen {including
NOLVADEX® tamoxifen), raloxifene, droloxifene, 4-hydroxytamoxifen, trioxifene, keoxifene, LY117018,

onapristone, and FARESTON cndot.toremifene; aromatase inhibitors that inhibit the enzyme aromatase,
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which regulates estrogen production in the adrenal glands, such as, for example, 4{5)-imidazoles,
aminoglutethimide, MEGASE® megestrol acetate, AROMASIN® exemestane, formestanie, fadrozole,
RIVISOR® vorozole, FEMARA® letrozole, and ARIMIDEX® anastrozole; and anti-androgens such as
fiutamide, nilutamide, bicalutamide, leuprolide, and goserelin; as well as troxacitabine (a8 1,3-dioxolane
nucieoside cytosine analog); antisense oligonuclectides, particularly those which inhibit expression of
geneas in signaiing pathways implicated in abherant cell proliferation, such as, for example, PKC-aipha,
Raf and H-Ras; ribozymes such as a VEGF expression inhibitor (e.g., ANGIOZYME® ribozyme} and a
HERZ expression inhibitor; vaccines such as gene therapy vaceines, for example, ALLOVECTIN®
vaccine, LEUVECTIN® vaccine, and VAXID® vaccing, PROLEUKING® rlL-2, LURTOTECAN®
topoisomerase 1 inhibitor; ABARELIX® rmRH; Vinorelbine and Esperamicins (see U.S. Pal. No.
4.875,187), and pharmaceutically acceptable salis, acids or derivatives of any of the above; as well as
combinations of two or more of the above.

The term “immunomodulatory drug” or “IMID” refers to a class of drugs that modifies the immune
system response or the functioning of the immune system, such as by the stimulation of antibody
formation and/or the inhibition of peripheral blood cell activity, and include, but are not limited {o,
thalidomide (o-N-phthalimido-glutarimide) and its analogues, REVLIMID® (enalidomide), ACTI-MID ™
{pomalidomide), OTEZLA® (apremilast), and pharmaceutically acceplable salts or acids thereof.

The term “chimeric” antibody refers {0 an antibody in which a portion of the heavy and/or light
chain is derived from a particular source or spacies, while the remainder of the heavy and/or light chain is
derived from a different source or species.

The term “FcRHS,” as used herein, refers to any native FCRHS which results from the production
of a FcRHS5 protein in a cell. The term includes FeRHS from any vertebrate source, including mammals
such as primates {(e.g., humans and cynomolgus monkeays) and rodents (e.g., mice and rais), unless
otherwise indicated. The ferm also includes naturally occurring variants of FeRHS, e.qg., splice varianis or
gllelic variants. The aming acid sequence of an exemplary human FeRHS5 protein sequence is shown in
SEQ ID NO: 114, The amino acid sequence of an exemplary cynomolgus monkey FeRHS protein is
shown in SEQ 1D NO: 215,

The term “cluster of differentiation 3” or “CD3,” a5 used herein, refers to any native CD3 from any
vertebrate source, including mammals such as primates {e.g., humans) and rodents (e.g., mice and ratls),
unless otherwise indicated, including, for exampile, CD3¢, CD3y, CD3q, and CD3B chains. The term
encompasses “full-length,” unprocessed CD3 {e.g., unprocessed or unmodified CD3¢ or CD3y), as well as
any form of CD3 that results from processing in the cell. The term also encompasses naturally occurring
variants of CD3, including, for exampile, splice variants or allelic varianis. CD3 includes, for example, human
CD3¢ protein (NCBI RefSeq No. NP_000724), which is 207 amino acids in length, and human CD3y protein
(NCBI RefSeq No. NP_000084), which is 182 amino acids in lengih.

The “class” of an antibody refers to the type of constant domain or constant region possessed by
its heavy chain. There are five major classes of antibodies: 1gA, IgD, IgE, IgG, and igM, and several of
these may be further divided into subclasses (isotypes), e.g., 1G4, 106Gz, iuGs, 1gGs, IghAs, and lgAz. The
heavy chain constant domains that correspond to the different classes of immunoglobulins are called «, 3,

s, v, and u, respectively.
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it is understood that aspecis and embodiments of the invention described herein include
“comprising,” “consisting,” and “consisting essentially of” aspecis and embodiments.

The term “cylotoxic agent” as used herein refers to a substance that inhibits or prevents g cellular
function and/or causes celi death or destruction. Cyiotoxic agents include, but are not limited to,
radinactive isotopes {(e.g., ARV 131 1125 ¥ Rel® Rel® Smis3 RBi212 P2 PR212 and radioactive
isoiopes of Luy, chemotherapeutic agents or drugs (e.g., methotrexate, adriamicin, vinca alkaloids
{vincristine, vinblastine, etoposide), doxorubicin, melphalan, mitomycin C, chlorambucil, daunorubicin or
other intercalating agents); growth inhibitory agents; enzymes and fragments thereof such as nucleolytic
enzymes; antibiotics; toxins such as small molecule toxins or enzymatically active toxins of bacterial,
fungal, plant or animal origin, including fragments and/or varianis thereof, and the various antitumor or
anticancer agenis disclosed below.

A “disorder” is any condition that would benefit from treatment including, but not limited to, chronic
and acute disorders or diseases including those pathological conditions which predispose the mammal o
the disorder in guestion.

The terms “cell proliferative disorder” and “proliferative disorder” refer to disorders that are
associated with some degree of abnormal cell proliferation. In ong embodiment, the cell proliferative
disorder is cancer. In one embodiment, the cell proliferative disorder is a tumor.

The terms “cancer” and “cancerous” refer to or describe the physiological condition in mammals
that is typically characierized by unregulated cell growth/proliferation. Examples of cancer include, but
are not limited {0, myeloma, carcinoma, lymphoma (e.g., Hodgkin's and non-Hodgkin's lymphomay,
blastoma, sarcoma, and leukemia. In some embaodiments, the cancer is an FeRHS-positive cancer. More
particular examples of such cancers include muitiple myeloma (MM), chronic lymphoid leukemia (CLL),
mantie cell lymphoma (MCL), diffuse large B-cell lymphoma (DLBCL), folicular ymphoma (FL), acute
myeloid leukemia (AML), myelodyspiastic syndrome (MDS), chronic myelogencus leukemia (CML),
chronic myelomonocytic leukemia, acute promyelocytic leukemia (APL), chronic myeloproliferative
disorder, thrombocovtic leukemia, precursor B-cell acute lymphoblastic leukemia {pre-B-ALL), precursor T
cell acute lymphobilastic leukemia {pre-T-ALL), mast cell disease, mast cell leukemia, mast cell sarcoma,
myeloid sarcomas, lymphoid leukemia, and undifferentiated leukemia. in some embodiments, the cancer
is a B cell cancer. In particular, cancer can include conditions involving the production of excess
antibodies, such as monocional gammopathy, light chain amyloidosis, moenocional gammopathy of
undetermined significance and solitary plasmacytomas, isolated plasmacytoma and extrameduliary
plasmacytoma.

“Tumor,” as used herein, refers to all neoplastic cell growth and proliferation, whether malignant

» & "o

or benign, and all pre-cancerous and cancerous cells and tissues. The terms “cancer,” "cancerous,” “cell
profiferative disorder,” “proliferative disorder,” and “umor” are not muliually exclusive as referred {o herein.
“Effector functions” refer to those biological aclivities attributable io the Fe region of an antibody,
which vary with the antibody isotype. Examplss of antibody effector functions include: C1q binding and
complement dependent cytotoxicity (CDC); Fo receptor binding; antibody-dependant celi-mediated
cytotoxicity (ADCC); phagocylosis; down regulation of cell surface receptors {e.g., B cell receplior); and B

cell activation.
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An “effective amount” of a compound, for example, an anti-FcRHS antibody of the invention or a
composition {e.g., pharmaceutical composition) thereof, is at least the minimum amount required to
achieve the desired therapeutic or prophylactic result, such as a measurable improvement or prevention
of a particular disorder {e.g., a cell proliferative disorder, e.g., cancer). An effective amount herein may
vary according to factors such as the disease state, age, sex, and weight of the patient, and the ability of
the antibody fo elicit g desired response in the individual. An effective amount is also one in which any
toxic or detrimental effects of the treatment are oulweighed by the therapeutically beneficial effects. For
prophylactic use, beneficial or desired resulis include results such as eliminating or reducing the risk,
lessening the severily, or delaying the onset of the disease, including biochemical, histological and/or
behavioral symptoms of the disease, its complications, and intermediate pathological phenotypes
presenting during development of the disease. For therapeutic use, beneficial or desired resulis include
clinical results such as decreasing one or more symptoms resulting from the disease, increasing the
quality of life of those suffering from the disease, decreasing the dose of other medications required to
ireat the disease, enhancing effect of another medication such as via targeting, delaving the progression
of the disease, and/or prolonging survival. in the case of cancer or tumor, an effective amount of the drug
may have the effect in reducing the number of cancer cells; reducing the tumor size; inhibiting {i.e., slow
io some extent or desirably stop) cancer cell infiltration into peripheral organs, inhibit (i.e., slow to some
extent and desirably stop) tumor metasiasis; inhibiting to some extent tumor growth; and/or relieving to
some extent one or more of the symptoms associated with the disorder. An effective amount can be
administered in one or more adminisirations. For purposes of this invention, an effective amount of drug,
compound, or pharmaceutical composition is an amount sufficient to accomplish prophylactic or
therapeutic treatment either directly or indirectly. As is understood in the clinical contexd, an effective
amount of a drug, compound, or pharmaceutical composition may or may not be achieved in conjunction
with another drug, compound, or pharmaceutical composition. Thus, an “effective amount” may be
considered in the context of administering one or more therapeutic agents, and a singie agent may be
considered to be given in an effective amount if, in conjunction with one or more other agents, a desirable
result may be or is achieved.

The term “Fc region” herein is used io 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 Fo
regions and variant Fc regions. In one embodiment, & human IgG heavy chain F¢ region extends from
Cys228, or from Pro230, to the carboxyl-terminus of the heavy chain. However, the C-terminal lysine
(Lys447) of the Fc region may or may not be present. Unless otherwise specified herein, numbering of
aminoe acid residues in the Fo region or constant region is according o the EU numbering system, also
called the EU index, as described in Kabat et al. Sequences of Proteins of immunoclogical Interest, 5th Ed.
Public Health Service, National Institutes of Health, Bethesda, MD, 1991,

“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 seguences generally appear in the following sequence in VH {or VL) FR1-
HHL1)-FR2-H2(L.2)-FR3-H3(L3)-FR4.
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The term "FeRHS-positive cell” refers 1o & cell that expresses FeRHS on s surface. In soms
embodiments, FeRHS is ons or more of FoeRMH5g, FoeRMSE, FeRMSg, UniProt [dentifier QEERDS-2, and/or
FeRHSd. in some embodiments, the FeRHS is FoRMS¢.

The term "FeRHS-positive cancer” refers to a cancer comprising cells that express FCRHS on
their surface. For the purposes of determining whether a cell exprasses FcRHS on the surface, FeRH5
mMRNA expression is considered to correlate o FeRMHS expression on the cell surface. In some
embodiments, expression of FeRHE mRNA is determined by a method selecied from in situ hybridization
and RT-PCR (including quantitative RT-PCR). Alternatively, expression of FcRH5 on the celi surface can
be determined, for example, using antibodies to FCRHS in a method such as immunchistochemisiry,
FACS, efc. In some embodiments, FcRHS is one or more of FecRH5a, FeRHSh, FeRHS5¢, UniProt
identifier QOBRDY-2, and/or FCRH5d. In some embodimenis, the FoRH5 is FeRH5¢.

The terms “full-length anlibody,” "intact aniibody,” and *whole antibody” are used herein
interchangeably 1o refer o an antibody having a structure substantially similar to a native antibody
structure or having heavy chains that contain an Fo region as defined herein.

The term “glycosylated forms of FCRHS” refers to naturally occurring forms of FCRHS5 that are
post-transiationally modified by the addition of carbohvydrate residues.

A “growth inhibitory agent” when used hersin refers {o a compound or composition which inhibils
growth of a cell either in vitro or in vivo. In one embodiment, growth inhibitory agent is growth inhibitory
antibody that prevents or reduces proliferation of a cell expressing an antigen to which the antibody binds.
in another embodiment, the growth inhibitory agent may be one which significantly reduces the
percentage of cells in § phase. Examples of growth inhibilory agents include agents that block cell cycie
progression {at a place other than S phase), such as agents that induce G1 amrest and M-phase arrest.
Classical M-phase blockers include the vincas (vincristine and vinblastine), iaxanes, and topoisomerase i
inhibitors such as doxorubicin, epirubicin, daunocrubicin, etoposide, and bleomycin. Those agents that
arrest G1 ailso spili over into S-phase arrest, for example, DNA alkylating agents such as tamoxifen,
prednisone, dacarbazine, mechlorethamine, cisplatin, methotrexate, 5-flucrouracil, and ara-C. Further
information can be found in Mendeischn and israel, eds., The Molecular Basis of Cancer, Chapter 1,
entitled “Cell cycle regulation, oncogenes, and antineoplastic drugs” by Murakami et al. (W.B. Saunders,
Philadelphia, 1995), e.g., p. 13. The {axanes (paciitaxe! and docetaxel) are anticancer drugs both derived
from the yvew tree. Docetaxel (TAXOTERE®, Rhone-Poulenc Rorer), derived from the European yew, is
a semisynthetic analogue of paclitaxel (TAXOL®, Bristol-Myers Squibb). Paclitaxel and docetaxel
promote the assembly of microtubules from fubulin dimers and stabilize microtubules by preventing
depolymerization, which resuils in the inhibition of mitosis in cells.

The terms “host cell,” "host cell line,” and "host cell culture” are used interchangeably and refer io
cells into which exogenous nucleic acid has been introduced, including the progeny of such cells. Host
cells include “ransformants” 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 celi, but may contain mutations. Mulant progeny that have the
same function or biclogical aclivity as screened or selected for in the originally transformed celf are

included herein.
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A “human antibody” is one which possesses an aming 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 reperioires or other human antibody-encoding sequences. This definition of & human
antibody specifically excludes a humanized antibody comprising non-human antigen-binding residues.
Human antibodies can be produced using various techniques known in the art, including phage-display
libraries. Hoogenboom and Winter. J. Mol Biol 227:381,1991; Marks et al. J. Mol Biol 222:581,1991.
Also available for the preparation of human monoclonal antibodies are methods described in Cole ef al.
Monocional Anfibodies and Cancer Therapy, Alan R, Liss, p. 77 (1985); Boerner et al. J. fmmunol.,
147(1):86-85 1891, See also van Dikk and van de Winkel. Curr. Opin. Pharmaco! 5:368-74, 2001.
Human antibodies can be prepared by administering the antigen to a transgenic animal that has been
modified to produce such antibodies in response {o antigenic challenge, but whose endogenous loci have
been disabled, e.g., immunized xenomice (see, e.g., U.S. Pat. Nos. 8,075,181 and 8,150,584 regarding
XENOMOUSE™ technology). See also, for example, Li et al. Proc. Natl Acad. Sci. USA. 103:3557-3562,
2008 regarding human antibodies generated via a human B-cell hybridoma technology.

A *human consensus framework” is a framework which represents the most commonly occurring
aming acid residues in a selection of human immunoglobulin VL or VH framework sequences. Generally,
the selection of human immunoglobulin VL or VH sequences is from a subgroup of variable domain
sequences. Generally, the subgroup of sequences is a subgroup as in Kabat et al. Seguences of
Proteins of Immunological Inferest, Fifth Edition, NIH Publication 81-3242, Bethesda MD (1881), vols. 1-3.
in one embodiment, for the Vi, the subgroup is subgroup kappa | as in Kabat et al. supra. Inone
embodiment, for the VH, the subgroup is subgroup 1l as in Kabat et al. supra.

A *humanized” antibody refers to a8 chimeric antibody comprising amino acid residuss from non-
human HVYRs and amino acid residues from human FRs. In cerain embodiments, a humanized antibody
will comprise substantially all of at least one, and typically two, variable domains, in which ali or
substantially all of the HVRs (e.g., CDRs) correspond o those of a non-human antibody, and all or
substantially all of the FRs correspond to those of a human antibody. A humanized antibody optionally
may comprise at least a portion of an antibody constant region derived from a human antibody. A
“humanized form” of an antibody, €.g., a non-human antibody, refers to an antibody that has undergone
humanization.

The term “hypervariable region” or "HVR” as used herein refers 10 each of the regions of an
antibody variable domain which are hypervariable in sequence ("complementarity determining regions” or
“CDRs") and/or form structurally defined loops ("hypervariable loops™ and/or contain the antigen-
contacting residues ("antigen contacis”™). Generally, antibodies comprise six HVRs: three in the VH (H1,
Hz, H3), and three in the VL (L1, L2, L3). Exemplary HVRs herein include:

{a) hypervariable loops occurring at aming acid residues 28-32 (L1), 50-52 (1.2), 91-96 (L.3), 26-32
{H1), 53-55 (H2), and 96-101 (H3)} {Chothia and Lesk, J. Mol Bio/. 196:901-817, 1987);

() CDRs occurring at amino acid residues 24-34 (L1}, 50-56 (L2), 89-97 (L3), 31-35b (H1), 50-
65 (H2), and 85-102 (H3) (Kabat et al. Sequences of Proteins of immunoclogical Inferest, 5th Ed. Public
Health Service, National Institutes of Health, Bethesda, MD (1881));
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{c) antigen contacts occurring at amino acid residues 27¢-36 (L1), 46-55 (1.2), 89-86 (L3}, 30-35b
{H1), 47-58 (H2), and 93-101 (H3) (MacCalium et al. J. Mol. Biol. 262: 732-745, 19986); and

{d} combinations of (8), (), and/or {¢), 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 o Kabat et al. supra.

An “immunoconjugate” is an antibody conjugated 1o one or more heterologous molecule(s),
including but not limited to a cytotoxic agent.

A “subject” or an “individual” is a mammal. Mamimals include, bul are not limited 1o, domesticated
animals {(e.g., cows, sheep, cals, dogs, and horses), primates (e.q., humans and non-human primates
such as monkeys), rabbits, and rodents {(e.g., mice and rats). In cerlain embodiments, the subject or
individual is a human.

An “isolated” antibody is one which has been separated from a component of its natural
environment. In some embodimenis, an antibody is purified {o greater than 85% or 98% purity as
determined by, for example, electrophoretic {&.9., SDS-PAGE, isoelectric focusing (IEF), capillary
slectrophoresis) or chromatographic {e.q., ion exchange or reverse phase HPLC). For review of methods
for assessment of antibody purity, see, e.g., Flatman et al. J. Chromafogr. B 848:78-87, 2007.

An “isolated” nucleic acid refers to a nucleic acid moleculs that has been separated from a
compoenent of iis natural environment. An isolated nucleic acid includes a nucleic acid molecule
contained in cells that ordinarilty contain the nucleic acid molecule, bui the nucieic acid molecuie is
present exdrachromosomally or at a chromosomal location that is different from #s natural chromosomal
iocation.

“isolated nucleic acid encoding an anti-FcRHS antibody” refers 1o one or more nucleic acid
molecules encoding antibody heavy and light chains {(or fragments thereof), including such nucleic acid
molecule(s) in a single vector or separate vectors, and such nucieic acid molecule(s) present at one or
more locations in a host cell.

“Isolated nucieic acid encoding an anti-CD3 antibody” refers 10 one or more nucleic acid
molecules encoding antibody heavy and light chains {or fragments thereof), including such nucleic acid
molecule(s) in a single vedtor or separate vectors, and such nucieic acid molecuie(s) present at one or
more locations in a host cell,

The term "monocional antibody” as used herein refers to an antibody obtained from a population
of substantially homogeneous antibodies, i.e., the individual antibodies comprising the population are
identical and/or bind the same epitope, except for possible variant antibodies, e.q., confaining naturally
acourring mutations or arising during production of a monoclonal antibody preparation, such varianis
genegrally being present in minor amounts. In contrast 10 polyclonal antibody preparations, which typically
include different antibodies direcled against different delerminants (epitopes), each monocional antibody
of a monoclonal antibody preparation is directed againsti a single determinant on an antigen. Thus, the
modifier "monocclonal” indicates the character of the aniibody as being obtained from a subsiantially
homogenaous population of antibodies, and is not to be construed as requiring production of the antibody

by any particular method. For example, the monocional antibodies to be used in accordance with the
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prasent invention may be made by a variety of techniques, including but not limited o the hybridoma
method, recombinant DNA methods, phage-display methods, and methods ulilizing transgenic animails
containing all or part of the human immunogliobulin loci, such methods and other exemplary methods for
making monoclonal antibodies being described herein.

A “naked antibody” refers o an antibody that is notf conjugated o a heterologous moiety (8.g., &
oytotoxic moiety) or radiolabel. The naked antibody may be present in a pharmaceautical formulation.

“Native antibodies” refer to naturally occurring immunoglobulin molecules with varying siructures.
For example, native IgG antibodies are heteroletrameric glycoproteins of about 150,000 dalions,
composed of two identical light chains and two identical heavy chains that are disulfide-bonded. From N-
to C-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). Similarly, from
N-to C-terminus, each light chain has a variable region (VL), also called a variable light domain or a light
chain variable domain, followed by a constant light {CL) domain. The light chain of an antibody may be
assigned to one of two types, called kappa (k) and lambda (A), based on the amino acid ssquence of its
consiant domain.

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

The term “PD-1 axis binding antagonist” refers o a molecule that inhibits the interaction of a PD-1
axis binding partner with either one or more of its binding partner, so as to remove T cell dysfunction
resulting from signaling on the PD-1 signaling axis — with a result being to restore or enhance T cell
function {e.g., proliferation, cytokine production, target celi killing). As used herein, a PD-1 axis binding
antagonist includes a PD-1 binding antagoenist, a PD-L1 binding antagonist and a PD-L2 binding
antagonist.

The term “PD-1 binding antagonist” refers 10 a molecule that decreases, blocks, inhibits,
abrogates or interferes with signal fransduction resulting from the interaction of PD-1 with one or more of
its binding pariners, such as PD-L1, PD-L2. in some embaodiments, the PD-1 binding antagonist is a
molecule that inhibils the binding of PD-1 to one or more of its binding pariners. In a specific
embaodiment, the PD-1 binding antagonist inhibifs the binding of PD-1 to PD-L1 and/or PD-L2. For
example, PD-1 binding antagonists include anti-PD-~1 antibodies, antigen binding fragments thereof,
immunoadhesins, fusion proteins, oligopeptides and other molecules that decrease, block, inhibit,
abrogate or interfere with signal transduction resulting from the interaction of PD-1 with PD-L1 and/or PD-
L2. In one embodiment, a PD-1 binding antagonist reduces the negative co-stimulatory signal mediated
by or through cell surface proteins expressed on T lymphocytes mediaied signaling through PD-1 so as
render a dysfunctional T cell less dysfunctional {&.g., enhancing effector responses to anligen
recognition). In some embodiments, the PD-1 binding anlagonist is an anti-PD-1 antibody. In a speciiic
embodiment, a PD-1 binding antagonist is MDX-1106 (nivolumab). In another specific embodiment, a
PD-1 binding antagonist is MK-3475 (pembrolizumab). In ancther specific embodiment, a PD-1 binding

antagonist is CT-011 (pidilizumaby). In another specific embodiment, a PD-1 binding antagonist is AMP-
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224. In another specific embodiment, a PD-1 binding antagonist is MED1-0680. in another specific
embodiment, a PD-1 binding antagonist is PDRO01. in another specific embodiment, a PD-1 binding
antagonist is REGN2810. In another specific embodiment, a PD-1 binding antagonist is BGB-108.

The term "PD-L1 binding antagonist” refers to a molecule that decreases, blocks, inhibits,
abrogates or interferes with signal transduction resulting from the interaction of PD-L1 with either one or
more of its binding partners, such as PD-1, B7-1. In some embodiments, a PD-L1 binding antagonistis a
molecule that inhibils the binding of PD-L1 o #is binding partners. In a specific embodiment, the PD-L1
binding antagonist inhibits binding of PD-L1 to PD-1 and/or B7-1. In some embodiments, the PD-L1
binding antagonists include anti-PD-L1 antibodies, antigen binding fragmenis thereof, immunoadhesins,
fusion proteins, oligopeptides and other molecules that decrease, block, inhibit, abrogate or interfere with
signal transduction resufting from the interaction of PD-L1 with one or more of its binding partners, such
as PD-1, B7-1. In one embodiment, a PR-L1 binding anlagonist reduces the negative co-stimulatory
signal mediated by or through cell surface proteins expressed on T lymphocyies mediated signaling
through PD-L1 s0 as o render a dysfunctional T cell less dysfunctional {e.g., enhancing effector
responses to antigen recognition). In some embodiments, a PD-L1 binding antagonist is an anti-PD-L1
antibody. In still ancther specific embodiment, an anti-PD-L1 antibody is MPDL3280A (atezolizumab,
marketed as TECENTRIQ™ with a WHO Drug Information (International Nonproprietary Names for
Pharmaceutical Substances), Recommended INN: List 74, Vol 22, No. 3, 2015 (see page 387)). Iha
specific embodiment, an anti-PD-L1 antibody is YW243.55.870. In another specific embodiment, an anti-
PD-L1 antibody is MDX-1105. In anocther specific embodiment, an anii PD-L1 antibody is MSBGG15718C.
In still another specific embodiment, an anti-PD-L1 antibody is MEDI4738.

The term “PD-L2 binding antagonist” refers {0 a molecule that decreases, blocks, inhibits,
abrogates or interferes with signal transduction resulting from the interaction of PD-L2 with gither ong or
more of its binding partners, such as PD-1. In some embeodiments, a PD-L2 binding antagonist is a
molecule that inhibits the binding of PD-L2 to one or more of ifs binding pariners. In a specific
embaodiment, the PD-L2 binding antagonist inhibils binding of PD-L2 to PD-1. In some embaodiments, the
PD-L2 antagonists include anti-PD-L2 antibodies, antigen binding fragments thereof, immunoadhesins,
fusion proteins, oligopeptides and other molecules that decrease, block, inhibit, abrogate or interfere with
signal fransduction resulting from the interaction of PD-L2 with either one or more of its binding partners,
such as PD-1. In one embodiment, a PD-L2 binding antagonist reduces the negative co-stimulatory
signal mediated by or through cell surface proteins expressed on T lymphocoytes mediated signaling
through PD-L2 so as render a dysfunctional T cell less dysfunctional (e.g., enhancing effeclor responses
o antigen recognition). In some embodiments, a PD-L2 binding antagonist is an immunoadhesin,

The term "protein,” as used herein, refers 1o any native protein from any veriebrate source,
including mammals such as primates {(&.g., humans) and rodents (e.g., mice and rats), unless otherwise
indicaled. The lerm encompasses “full-length,” unprocessed protein as well as any form of the protein
that resulis from processing in the cell. The term also encompasses naturally occurring varianis of the
profein, &.g., splice variants or allelic variants.

“Percent (%) amino acid sequence identity” with respect to a reference polypeplide sequence is

defined as the percentage of amino acid residues in a candidate sequence that are identical with the
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aming acid residues in the reference polypeptide sequence, after aligning the sequences and introducing
gaps, if necassary, 10 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 ar,
for instance, using publicly available computer sofiware such as BLAST, BLAST-2, ALIGN or Megalign
{DNASTAR) software. 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 compared. For purposes herein, however, % amino acid sequence identity values are
generated using the sequence comparison computer program ALIGN-2. The ALIGN-2 sequence
comparison computer program was authored by Genentech, Inc., and the source code has been filed with
user documeniagtion in the U.S. Copyright Office, Washington D.C., 20558, where it is registered under
U.S. Copyright Registration No. TXUS10087. The ALIGN-2 program is publicly available from
Genentech, Inc., South San Francisco, California, or may be compiled from the source code. The ALIGN-
2 program should be compiled for use on a UNIX operating sysiem, including digital UNIX V4.0D. All
sequence comparison parameiers are set by the ALIGN-2 program and do not vary.

in situations where ALIGN-2 is employed for aming acid sequence comparisons, the % amino
acid sequence identity of a given amino acid sequence A to, with, or against a given amino acid
sequence B (which can alternatively be phrased as a given amino acid sequence A that has or comprises
a certain % amino acid sequence identity 1o, with, or against a given amino acid sequence B) is
calculated as follows:

100 times the fraction X/Y

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

The term “pharmaceautical formulation” refers {o g preparation which is in such form as to permit
the biclogical activity of an active ingredient containad therein to be effective, and which contains no
gdditional components which are unacceptably toxic to a subject to which the formulation would be
administered.

A “pharmaceutically acceptable carrier” refers 10 an ingredient in a pharmaceutical formulation,
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 {o alter the natural course of the individual being trealed, and
can be performed either for prophylaxis or during the course of clinical pathology. Desirable effects of
treatment include, but are not limited o, preventing occurrence or recurrence of disease, alleviation of

symptoms, diminishment of any direct or indirect pathological consegusances of the disease, preventing
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metastasis, decreasing the rate of disease progression, amelicration or palliation of the disease state,
and remission or improved prognosis. In some embodiments, antibodies of the invention are used to
delay development of a disease or to slow the progression of a disease.

As used herein, “delaying progression” of a disorder or disease means to defer, hinder, slow,
retard, stabilize, and/or posipone development of the disease or disorder {&.g., a cell profiferative
disorder, e.g., cancer). This delay can be of varying lengths of time, depending on the history of the
disease and/or individual being treated. As is evident to one skilled in the art, a sufficient or significant
delay can, in effect, encompass prevention, in that the individual does not develop the disease. For
example, a late stage cancer, such as development of metastasis, may be delayed.

The term “epitope” refers to the particular site on an antigen molecule 1o which an antibody binds.
In some embodiments, the particular site on an antigen molecule to which an antibody binds is
determined by hydroxyl radical footprinting (e.g., FCRHS binding domain). In some embodiments, the
particular site on an antigen molecule to which an antibody binds is determined by crystallography.

By “reduce” or “inhibil” is meant the ability to cause an overall decrease, for example, of 20% or
greater, of 50% or greater, or of 75%, 85%, 80%, 85%, or greater. In certain embodiments, reduce or
inhibit can refer {o the effector function of an antibody that is mediated by the antibody Fe region, such
effector functions specifically including complement-dependant cylotoxicily (CDC), anlibody-dependant
celfular cytotoxicity (ADCC), and antibody-dependent caliular phagocyiosis (ADCR).

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 {o 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 immunciogy, 6" ed. W.H. Freeman and Co., page 91 (2007).) A single VH or
VL domain may be sufficient to confer antigen-binding specificity. Furthermore, antibodies that bind a
particular antigen may be isolated using a VH or VL domain from an antibody that binds the antigen to
screen g library of complementary V0L or VH domains, respectively. See, e.g., Poriolano et al. J.
immunol. 150:880-887, 1993, Clarksen et al. Nafure 352:624-628, 1991.

A “variant Fo region” comprises an amino acid sequence which differs from that of a native
sequence Fo region by virtue of at least one amino acid modification, preferably one or more amino acid
substitution(s). Preferably, the variant Fc region has at least one amino acid substitution compared 1o a
native sequence Fo region or 1o the Fe region of a parent polypeptide, e.q., from about one to about fen
aminoe acid substitutions, and preferably from about one {o about five amino acid substitutions in a native
sequence Fc region or in the Fo region of the parent polypeptide. The variant F¢ region herein will
preferably possess at least about 80% homology with a native sequence Fe region and/or with an Fe
region of a parent polypeptide, and most preferably at least about 80% homology therewith, more
preferably at least about 95% homology therewith.

The term “vector,” as used herein, refers to a nucleic acid molecule capable of propagating
another nucleic acid to which it is linked. The term includes the vector as a self-replicating nucleic acid
structure as well as the vector incorporated inio the genome of g host cell into which it has been
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introduced. Certain vectors are capabile of directing the expression of nucleic acids fo which they are
operatively linked. Such vectors are referred 10 herein as “expression veciors.”

As used herein, “administering” is meant a method of giving a dosage of a compound {(e.g., an
anti-FocRHS5 antibody of the invention or a nucleic acid encoding an anti-FcRHS antibody of the invention)
or a composition {e.g., a pharmaceutical compaosition, 2.q., a pharmaceutical composition including an
anti-FoRHS antibody of the invention) to a subject. The compositions utilized in the methods described
herein can be administered, for exampile, intramuscularly, intravenously, intradermally, percuianecusly,
infraarterially, intraperitoneally, intralesionally, intracranially, intraarticularly, infraprostatically,
infrapleuraily, intratracheally, intranasally, infravitreally, intravaginally, intrarectally, topically,
intratumorally, peritoneally, subcutaneocusly, subconjunctivally, intravesicularily, mucosally,
infrapericardially, intraumbilically, infraccularly, orally, topically, locally, by inhalation, by injection, by
infusion, by continuous infusion, by localized perfusion bathing target celis directly, by cathetsr, by
lavage, in cremes, or in lipid compositions. The method of administration can vary depending on various
faciors (e.g., the compound or composition being administered and the severity of the condition, disease,
or disorder being treated).

N COMPOSITIONS AND METHODS

in one aspect, the invention is based in part on anti-FCRHS antibodies. In certain embodiments,
the anti-FcRHS antibodies are multispecific (e.g., bispeciiic) and bind, in addition to FcRHS5 or a fragment
thereof, a second biological molecule (e.g., a cell surface antigen, e.g., a T cell marker, e.g., CD3 {e.g,,
CD3¢ and/or CD3y)). Antibodies of the invention are useful, for example, for diagnosing and/or treating or
delaying the progression of a cell proliferative disorder {e.g., cancer, &.g., an FcRHS-positive cancer, .g.,
muttiple myeloma) in a subject.

A, Exemplary Anti-FeRHS Antibodies

in one aspect, the invention provides an anti-FCRHS antibody having a binding domain
comprising at least one, two, three, four, five, or six hypervariable regions (HVRs) selected from (a) an
HVR-H1 comprising the amino acid sequence of SEQ ID NO: 1; (b) an HVR-H2 comprising the amino
acid sequence of SEQ 1D NO: 2; (¢) an HVR-H3 comprising the amino acid sequence of SEQ ID NO: 3;
(dy an HVR-L1 comprising the amino acid sequence of SEQ 1D NG 4; (&) an HVR-L2 comprising the
amino acid sequence of SEQ ID NO: 5; and (f) an HVR-L3 comprising the amino acid sequence of SEQ
D NO: 8,

in some instances, the invention provides an anti-FCRHS antibody having a binding domain
comprising at least one, two, three, four, five, or six hypervariable regions (HVRs) selected from (&) an
HVR-H1 comprising the amino acid sequence of SEQ 1D NO: 1; (b) an HVR-H2 comprising the amino
acid sequence of SEQ ID NQ: 8; (¢) an HVR-H3 comprising the amino acid sequence of SEQ ID NO: §;
{d) an HVR-L1 comprising the amino acid sequence of SEQ 1D NO: 12; (&) an HVR-L2 comprising the
amino acid sequence of SEQ 1D NO: 16; and {) an HVR-L3 comprising the amino acid sequeance of SEQ
D NO: 23, In some instances, the anti-FcRH5 antibody may have a heavy chain variable (VH) domain

including an amino acid sequence having at least 80% (e.g., 80%, 81%, 82%, 83%, 84%, 85%, 86%,
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87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 88%, or 98%) sequence identily to, or the
sequence of, SEQ ID NO: 104 and/or a light chain variable (VL) domain comprising an amino acid
sequence having at least 80% (e.g., 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 80%, 91%,
92%, 893%, 94%, 95%, 86%, 97%, 98%, or 89%) seguence identity o, or the sequence of, SEQ ID NO:
105, In some instances, the anti-FcRHS antibody comprises at least one {8.q., 1, 2, 3, or 4) of heavy
chain framework regions FR-H1, FR-H2, FR-H3, and FR-H4 comprising the sequences of SEQ 1D NOs:
52, 54, 48, and 47, respectively. In some instances, the anti-FcRHS antibody may have a heavy chain
variable (VH) domain including the amino acid sequence of SEQ 1D NGO: 104, In some instances, the
anti-FoRHS antibody further includes at least one {&.g., 1, 2, 3, or 4) of the light chain framework regions
FR-L1, FR-L2, FR-L3, and FR-L4 comprising the sequences of SEQ ID NOs: 48, 57, 50, and 51,
respectively. In some instances, the anti-FeRMHS5 antibody may have a VL domain comprising the amino
acid sequence of SEQ 1D NG: 105, In a particular instance, the anti-FeRHS antibody can be 1G7.v8S, or
a derivative or clonal relative thereof. In some instances, for example, the invention provides an anii-
FoRH5 antibody having a binding domain comprising (a) a VH domain comprising an amino acid
sequence of SEQ 1D NO: 104 and (b) a VL domain comprising an amino acid sequence of SEQ D NO:
105.

in some instances, the invention provides an anti-FcRHM5 antibody having a binding domain
comprising at least one, two, three, four, five, or six hypervariable regions (HVRSs) selected from SEQ ID
NO: 1, (b) an HVR-H2 comprising the amino acid sequence of SEQ 1D NO: 8; {¢) an HVR-H3 comprising
the amine acid sequence of SEQ 1D NO: 10; {d) an HVR-L1 comprising the amino acid sequence of SEQ
D NO: 14, (e} an HVR-L2 comprising the amino acid sequence of SEQ 1D NG 18, and (f} an HVR-L3
comprising the amino acid sequence of SEQ 1D NO: 23, In some instances, the anti-FCRHS antibody
may have a YH domain including an amino acid sequence having at least 80% (e.g., 80%, 81%, 82%,
83%, 84%, 85%, 86%, 87%, 88%, 88%, 80%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or 88%)
sequence identity to, or the sequence of, SEQ ID NOG: 108 and/or a VL domain comprising an amino acid
sequence having at least 80% (e.g., 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 88%, 90%, 91%,
92%, 93%, 84%, 95%, 96%, 87%, 88%, or 89%) sequence identily to, or the sequence of, SEQ iD NO:
107. In some instances, the anti-FcRHS antibody comprises at least one {e.g., 1, 2, 3, or 4) of heavy
chain framework regions FR-H1, FR-H2, FR-H3, and FR-H4 comprising the sequences of SEQ ID NG:
53, 54, 46, and 47, respeciively. In some instances, the anti-FeRHS antibody may have a VH domain
comprising the amino acid sequence of SEQ 1D NGQ: 106. In some instances, the anti-FeRHS further
includes at least one (e.g., 1, 2, 3, or 4) of the light chain framework regions FR-L1, FR-L2, FR-L3, and
FR-L4 comprising the sequences of SEQ 1D NOs: 48, 57, 50, and 51, respectively. In some instances,
the anti-FcRHS5 antibody may have a VL domain comprising the amino acid sequence of SEQ D NO:
107. In a particular instance, the anti-FeRHS antibody can be 1G7.v83, or a derivative or clonal relative
thereof. In some instances, for example, the invention provides an anli-FcRHS antibody having a binding
domain comprising (a) a VH domain comprising an amino acid sequence of SEQ 1D NO: 106 and (b) a VL
domain comprising an aming acid sequence of SEQ 1D NO: 107,

in some instances, the invention provides an anti-FCRHS antibody having a binding domain

comprising at least one, two, three, four, five, or six hypervariable regions (HVRs) selected from (8) an
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HVR-H1 comprising the amino acid sequence of SEQ 1D NO: 1, (b) an HVR-H2 comprising the amino
acid sequence of SEQ 1D NGC: 7; (¢) an HVR-H3 comprising the amino acid sequence of SEQ ID NO: §;
{ch)y an HVR-L1 comprising the amino acid sequence of SEQ 1D NO: 11; (8) an HVR-L2 comprising the
amino acid sequence of SEQ 1D NO: 15; and () an HVR-L3 comprising the amino acid sequence of SEQ
D NO: 20, in some instances, the anti-FcRHS5 antibody of claim may have a VH domain comprising an
amino acid sequence having at least 80% (e.g., 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%,
90%, 81%, 92%, 93%, 84%, 85%, 96%, 97%, 98%, or 99%) sequence identity to, or the sequence of,
SEQ D NO: 82 and/or a VL domain comprising an amino acid sequence having at least 80% (e.g., 80%,
81%, 82%, 83%, 84%, 85%, B6%, 87%, 88%, 8%%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%,
or 89%) sequence identity o, or the sequence of, SEQ 1D NO: 83, In some instances, the anti-FeRHS
antibody comprises atleast one (8.g., 1, 2, 3, or 4) of heavy chain framework regions FR-H1, FR-H2, FR-
H3, and FR-H4 comprising the sequences of SEQ 1D NO: 82, 54, 48, and 47. In some instances, the
anti-FcRHS antibody may have a VH domain comprising the amino acid sequence of SEQ 1D NO: 82, in
some instances, the anti-FcRMHS antibody further includes at least one {e.9., 1, 2, 3, or 4) of the light chain
framework regions FR-L1, FR-L2, FR-L3, and FR-L4 comprising the sequences of SEQ 1D NOs: 48, 56,
50, and 51. In some instances, the anti-FcRHS antibody may have a VL domain comprising the amino
acid sequence of SEQ ID NG: 83, In a particular instance, the anti-FeRHS antibody can be 1G7.vi, ora
derivative or clonal relative thereof. In some instances, for example, the invention provides an anti-
FoRHS antibody having a binding domain comprising (&) a VH domain comprising an amino acid
sequence of SEQ 1D NO: 82 and (b) a VL domain comprising an amino acid sequence of SEQ 1D NO: 83.
in soime instances, the anti-FCRHS antibody includes a binding domain comprising at least one,
tw, three, four, five, or six hypervariable regions (HVRs) selecied from (8) an HYR-H1 comprising the
amino acid sequence of SEQ D NC: 1; (b) an HVR-H2 comprising the amino acid sequence of SEQ 1D
NO: 7; (o) an HVR-H3 comprising the amino acid sequence of SEQ 1D NO: 9; (d) an HVR-L1 comprising
the amino acid sequence of SEQ 1D NO: 12; (&) an HVR-LZ comprising the amino acid sequence of SEQ
2 NGO 18; and (f) an HVYR-L3 comprising the amino acid sequence of SEQ ID NOG: 21, Insome
instances, the anti-FcRHS5 antibody includes g VH domain comprising an amino acid sequence having at
least 80% (e.g., 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%,
95%, 96%, 87%, 98%, or 99%) sequence identity to, or the sequence of, SEQ ID NO: 84 and/or a VL
domain comprising an amino acid sequence having at least 30% {e.g., 80%, 81%, 82%, 83%, 84%, 85%,
B6%, 87%, 88%, 8%%, 90%, 91%, 82%, 93%, 94%, 95%, 96%, 97%, 98%, or 99%) sequence identity to,
or the sequence of, SEQ ID NO: 85, In some instances, the anti-FoRHS antibody further includes the
heavy chain framework regions FR-H1T, FR-H2Z, FR-H3, and FR-H4 of SEQ 1D NO: 52, 54, 48, and 47,
respectively. In some instances, the anti-FeRHS antibody may have a VH domain comprising the amino
acid sequence of SEQ ID NO: 84, In some instances, the anti-FoRHS antibody further includes at least
one {e.g., 1, 2, 3, or 4) of the light chain framework regions FR-L1, FR-L2, FR-L3, and FR-L4 comprising
the sequences of SEQ 1D NOs: 48, 57, 50, and 51, respectively. In some instances, the anti-FCRHS
antibody may have a VL domain comprising the amino acid seqguence of SEQ 1D NO: 85. In a particular
instance, the anti-FcRHS antibody can be 1G7.v1.1, or a derivative or clonal relative thereof. In soms

instances, for example, the invention provides an anti-FcRHS antibody having a binding domain
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comnprising (&) & VH domain comprising an amino acid sequence of SEQ 1D NO: 84 and (b) a VL domain
comnprising an amino acid sequence of SEQ 1D NG: 85,

in some instances, the anti-FcRHS antibody has a binding domain comprising six hypervariable
regions (HYRs) (@) an HVYR-H1 comprising the amino acid sequence of SEQ 1D NO: 1; {by an HVR-H2
comnprising the amino acid sequence of SEQ 1D NO: 7; {¢) an HVR-H3 comprising the amino acid
sequence of SEQ ID NO: 8; (d) an HVYR-L1 comprising the amino acid sequence of SEQ 1D NO: 12; (&)
an HVR-L2Z comprising the amino acid sequence of SEQ ID NO: 17; and () an HVR-L3 comprising the
amino acid sequence of SEQ D NO: 22. In some instances, the anti-FoRHS antibody includes a VH
domain comprising an amino acid sequence having at least 80% (e.q., 80%, 81%, 82%, 83%, 84%, 85%,
88%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, S4%, 95%, 96%, 87%, 98%, or 99%) sequence identity to,
or the sequence of, SEQ iD NO: 86 and/or a VL domain comprising an amino acid sequence having at
least 80% (e.g., 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 83%, 90%, 91%, 82%, 93%, 94%,
95%, 98%, 87%, 98%, or 98%) sequence identity to, or the sequence of, SEQ 1D NO: 87. In some
instances, the anti-FcRHS antibody further comprises further includes the heavy chain framework regions
FR-H1, FR-H2, FR-H3, and FR-H4 comprising the amino acid sequences of SEQ 1D NO: 52, 54, 48, and
47. In some instances, the anti-FeRMHS antibody may have a VH domain comprising the amino acid
sequence of SEQ ID NG: 86. In some instances, the anti-FCRHS antibody further includes at least one
{e.g.. 1, 2, 3, or 4) of the light chain framework regions FR-L1, FR-L2, FR-L3, and FR-L4 comprising the
sequences of SEQ ID NOs: 48, 57, 50, and 51, respectively. in some insiances, the anti-FcRH5 antibody
of claim may have a VL domain comprising the amino acid sequence of SEQ 1D NG: 87, In a particular
instance, the anti-FcRHS antibody can be 1G7.v1.2, or a derivative or cional relative thereof. in some
instances, for example, the invention provides an anti-FCRHS antibody having a binding domain
comprising (a) a VH domain comprising an amino acid sequence of SEQ 1D NO: 86 and (b) a VL domain
comprising an amine acid seguence of SEQ ID NO: 87.

in some instances, the anti-FCRHS antibody having & binding domain comprising six
hypervariable regions (HVRs} (a) an HVR-H1 comprising the amino acid sequence of SEQ ID NO: 1; (b}
an HVR-H2 comprising the amino acid sequence of SEQ 1D NO: 7; (¢} an HVYR-H3 comprising the amino
acid sequence of SEQ 1D NO: 9; (d) an HVR-L1 comprising the amino acid sequence of SEQ 1D NO: 13;
(&) an HVR-L2 comprising the amino acid sequence of SEQ 1D NG: 18; and (f) an HVR-L3 comprising the
aminoe acid sequence of SEQ ID NGC: 21, In some instances, the anti-FcRHS antibody comprises a VH
domain comprising an amino acid sequence having at least 80% (e.g., 80%, 81%, 82%, 83%, 84%, 85%,
86%, 87%, 88%, 85%, 90%, 91%, 82%, 93%, 94%, 95%, 96%, 97%, 98%, or 98%) sequence identity to,
or the sequence of, SEQ iD NO: 88 and/or a VL domain comprising an amino acid sequence having at
least 80% (e.g., 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 54%,
95%, 96%, 87%, 98%, or 89%) sequence identity to, or the sequence of, SEQ ID NO: 88, In some
instances, the anti-FcRHS antibody further includes the heavy chain framework regions FR-H1, FR-H2,
FR-H3, and FR-H4 comprising the amino acid sequences of SEQ 1D NOs: 52, 54, 46, and 47,
respectively. In some instances, the anti-FeRHS antibody may have a VH domain comprising the amino
acid sequence of SEQ ID NC: 88. In some instances, the anti-FcRHS antibody further includes at least
one {e.g., 1, 2, 3, or 4) of the light chain framework regions FR-L1, FR-L2, FR-L3, and FR-L4 comprising
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the sequences of SEQH 1D NQs: 48, 57, 50, and 51, respeciively. In some instances, the anti-FoRHS
antibody may have a VL domain comprising the amino acid sequence of SEQ 1D NO: 89, in a particular
instance, the anti-FeRHS antibody can be 1G7.v1.3, or a derivative or clonal relative thereof. In some
instances, for exampie, the invention provides an anti-FcRHS antibody comprising a binding domain
comnprising (&) a VH domain comprising an amino acid sequence of SEQ D NO: 88 and (b) a VL domain
comnprising an amino acid sequence of SEQ 1D NG: 89.

in some instances, the anti-FcRHS antibody includes a binding domain comprising at least one,
two, three, four, five, or six hypervariable regions (HVRs) selected from (8) an HVR-H1 comprising the
amino acid sequence of SEQ D NO: 1; (b) an HVR-H2 comprising the amino acid sequence of SEQ 1D
NG 7; (¢) an HVR-H3 comprising the amino acid sequence of SEQ 1D NG: 8; {d) an HVR-L1 comprising
the amino acid sequence of SEQ ID NG: 12Z; (&) an HVR-L2 comprising the amino acid sequence of SEQ
D NO: 16; and {f) an HVR-L3 comprising the amino acid sequence of SEQ D NO: 23, in some
instances, the anti-FeRMS antibody may have a binding domain including a VH domain comprising an
amino acid sequence having at least 80% (e.g., 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%,
90%, 91%, 82%, 93%, 94%, 95%, 96%, 87%, 98%, or 88%) sequence identity to, or the sequence of,
SEQ 1D NO: 80 and/or a VL domain comprising an amino acid sequence having at least 80% (e.g., 80%,
81%, 82%, 83%, 84%, 85%, B6Y%, 87%, 88%, 88%, 80%, 91%, 92%, 93%, 94%, B35%, 96%, 97%, 38%,
or 99%) sequence identily to, or the sequence of, SEQ 1D NO: 81, In some instances, the anii-FCRHS
antibody further includes the heavy chain framework regions FR-H1, FR-H2, FR-H3, and FR-H4 SEQ 1D
NO: 52, 54, 48, and 47. In some instances, the anti-FcRH5 antibody may have a VH domain comprising
the amine acid sequence of SEQ ID NO: 0. In some instances, the anti-FcRHS antibody further includes
at least one (e.g., 1, 2, 3, or 4) of the light chain framework regions FR-L1, FR-L2, FR-L3, and FR-L4
comprising the sequences of SEQ D NOs: 48, 57, 50, and 51, respectively. In some instances, the anii-
FoRHS5 antibody may have a VL domain comprising the amino acid sequence of SEQ D NO: 81, In g
particular instance, the anti-FeRHS antibody can be 1G7.v1 4, or a derivative or clonal relative thereof. In
some instances, for example, the invention provides an anli-FoRHS antibody having a binding domain
comprising {a) a VH domain comprising an amino acid sequence of SEQ 1D NO: 80 and (b) a VL domain
comprising an amino acid sequence of SEQ 1D NO: 91.

In some instances, the anti-FeRHS antibody includes a binding domain comprising af least one,
two, three, four, five, or six hypervariable regions (HVRS) selected from (&) an HVR-H1 comprising the
amino acid sequence of SEQ 1D NO: 1; (b} an HVR-H2 comprising the amino acid sequence of SEQ ID
NO: 7, (©) an HVR-H3 comprising the amino acid sequence of SEQ 1D NO: 9; (d) an HVR-L1 comprising
the amino acid sequence of SEQ 1D NO: 11, (&) an HVYR-L2 comprising the amino acid sequence of SEQ
ID NO: 18; and () an HVR-L3 comprising the amino acid sequence of SEGQ ID NC: 22. Insome
instances, the anti-FCRHS antibody includes a VH domain comprising an amino acid sequence having at
least 80% (e.g., 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 88%, 80%, 91%, 82%, 93%, 84%,
95%, 96%, 97%, 98%, or 98%) sequence identity to, or the sequence of, SEQ ID NO: 92 and/ora VL
domain comprising an aming acid sequence having ai lsast 80% (e.g., 80%, 81%, 82%, 83%, 84%, 85%,
86%, 87%, 88%, 89%, 80%, %1%, 92%, 3%, 84%, 95%, 96%, 87%, 98%, or 99%) sequence identity o,

or the sequence of, SEQ D NO: 83, In some insiances, the anti-FcRH5 antibody comprises at least one
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{e.g., 1, 2, 3, or4) of heavy chain framework regions FR-H1, FR-H2, FR-H3, and FR-H4 comprising the
sequences of SEQ D NOs: 52, 54, 46, and 47, respectively. in some instances, the anti-FcRHS5 antibody
may have a VH domain comprising the amingo acid sequence of SEQ 1D NG: 92. In some insiances, the
anti-FocRHS5 antibody further includes at least one {e.g., 1, 2, 3, or 4) of the light chain framework regions
FR-L1, FR-L2, FR-L3, and FR-L4 comprising the sequences of SEQ 1D NOs: 48, 56, 50, and 51,
respectively. in some instances, the anti-FcRMHS antibody may have a VL domain comprising the amino
acid sequence of SEQ 1D NO: 23, In a particular instance, the anti-FcRHS antibody can be 1G7.v1.5 or
a derivative or clonal relative thereof. In some instances, for example, the invention provides an anti-
FoRHS antibody having a binding domain comprising (a) a VH domain comprising an amino acid
sequence of SEQ 1D NG: 92 and (b) a VL domain comprising an amino acid sequence of SEQ D NO: 83,

in some instances, the anti-FCRHS antibody includes a binding domain comprising at least one,
two, three, four, five, or six hypervariable regions (HVRs) selected from (8) an HVR-H1 comprising the
amino acid sequence of SEQ 1D NO: 1, (b) an HVR-H2 comprising the amino acid sequence of SEQ D
NO: 7; (¢) an HVR-H3 comprising the amino acid sequence of SEQ 1D NO: 9; (d) an HVR-L1 comprising
the amino acid sequence of SEQ 1D NO: 11; (&) an HVR-LZ comprising the amino acid sequence of SEQ
D NO: 19; and () an HVR-L3 comprising the amino acid sequence of SEQ D NO: 24. In some instances,
The anti-FcRHMS antibody includes a Vi domain comprising an amino acid sequence having at least 80%
{e.9., B0%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 85%, 96%,
97%, 98%, or 89%) sequence identity to, or the sequence of, SEQ 1D NO: 94 and/or a VL domain
comprising an amino acid sequence having at least 80% (e.g., 80%, 81%, 82%, 83%, 84%, 85%, 86%,
87%, 88%, 88%, 20%, 91%, 92%, 83%, 24%, 95%, 96%, 97%, 98%, or 38%) sequence identity to, or the
sequence of, SEQ ID NO: 85, In some instances, the anti-FcRHS antibody includes the heavy chain
framework regions FR-H1, FR-H2, FR-H3, and FR-H4 comprising the amino acid sequences of SEQ 1D
NOs: 52, 54, 46, and 47, respectively. in some instances, the anti-FcRHS antibody may have a VH
dornain comprising the amino acid sequence of SEQ 1D NOG: 94, In some instances, the anti-FCRHS
antibody further includes at least one (8.g., 1, 2, 3, or 4) of the light chain framework regions FR-L1, FR-
L2, FR-L3, and FR-L4 comprising the sequences of SEQ 1D NOs: 48, 57, 50, and 51, respectively. in
some instances, the anti-FcRHS antibody includes a Vi domain comprising the amine acid sequence of
SEQ D NO: 85, In a particular instance, the anti-FeRHS antibody can be 1G7.v1.8, or a derivative or
clonal relative thereof. In some instances, for example, the invention provides an anti-FeRMS antibody
having a binding domain including (a) a VH domain comprising an aminoe acid sequence of SEQ D NO;
94 and (b} a VL domain comprising an amino acid sequence of SEQ ID NO: 85,

in some instances, the anti-FeRHS antibody includes a binding domain comprising af {east one,
two, three, four, five, or six hypervariable regions (HVRS) selected from (a) an HVR-H1 comprising the
amino acid sequence of SEQ 1D NO: 1; (b) an HVR-H2 comprising the amino acid sequence of SEQ ID
NO: 7, (¢) an HVR-H3 comprising the amino acid sequence of SEQ D NO: 9; (d) an HVR-L1 comprising
the amino acid sequence of SEQ ID NO: 12; (e) an HVR-L2 comprising the amino acid sequence of SEQ
D NG 18; and () an HVR-L3 comprising the amino acid sequence of SEQ 1D NG: 25, In some
instances, the anti-FCRH5S antibody includes a VH domain comprising an amino acid sequence having at
least 80% (e.g., 80%, 81%, 82%, 83%, 84%, 85%, 88%, 87%, 88%, 88%, 80%, 91%, 92%, ¥3%, 94%,
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95%, 86%, 97%, 98%, or 89%) sequence identity o, or the sequence of, SEQ D NO: 96 and/or a VL
domain comprising an amino acid sequence having at least 80% (e.g., 80%, 81%, 82%, 83%, 84%, 85%,
86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 84%, 95%, 96%, 87%, 98%, or 98%) sequence identity to,
or the sequence of, SEQ D NO: 97, In some instances, the anti-FcRHS antibody comprises at least one
{e.g., 1, 2, 3, or4) of heavy chain framework regions FR-H1, FR-H2, FR-H3, and FR-H4 comprising the
sequences of SEQ 1D NOs: 53, 34, 46, and 47. In some instances, the anti-FeRHS antibody includes a
VH domain comprising the amino acid sequence of SEQ ID NCG: 6. iIn some instances, the anti-FcRH5S
includes at least one (e.q., 1, 2, 3, or 4) of the light chain framework regions FR-L1, FR-L2, FR-L3, and
FR-L4 comprising the sequences of SEQ 1D NOs: 48, 57, 50, and 51. In some instances, the anti-FeRHS
antibody includes a VL domain comprising the amino acid sequence of SEG ID NG: 97, in a particular
instance, the anti-FeRHS antibody can be 1G7.v1.7, or a derivative or clonal relative thereof. In some
instances, for example, the invention provides an anti-FcRHS antibody, having a binding domain including
(a) a VH domain comprising an amino acid sequence of SEQ ID NG: 96 and (b) a VL domain comprising
an amino acid seguence of SEQ ID NG: 97.

in some instances, the anti-FCRHS antibody includes a binding domain comprising at least one,
two, three, four, five, or six hypervariable regions (HVRs) selecied from (8) an HVR-H1 comprising the
amino acid sequence of SEQ 1D NO: 1; (b) an HVR-H2 comprising the amino acid sequence of SEQ D
NO: 7, (o) an HVR-H3 comprising the aming acid sequence of SEQ 1D NO: 9; (¢) an HVR-L1 comprising
the amine acid sequence of SEQ 1D NO: 12; (8) an HVR-L2 comprising the amino acid sequence of SEQ
2 NO: 18; and (f) an HVYR-L3 comprising the amino acid sequence of SEQ ID NO: 25, Insome
instances, the anti-FcRH5 antibody includes a VH domain comprising an amino acid sequence having at
least 80% (e.g., 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%,
95%, 96%, 97%, 98%, or 99%) sequence identity to, or the sequence of, SEQ ID NO: 88, and/or a VL
domain comprising an amino acid sequeance having at least 80% (e.g., 80%, 81%, 82%, 83%, 84%, 85%,
86%, 87%, 88%, 8%%, 90%, 91%, 82%, 93%, 94%, 95%, 96%, 97%, 98%, or 98%) sequence identity to,
or the sequence of, SEQ ID NO: 88. In some instances, the anti-FcRHS comprises at least one {e.g., 1,
2, 3, or 4} of heavy chain framawork regions FR-H1, FR-H2, FR-H3, and FR-H4 comprising the
sequences of SEQ ID NOs: 52, 55, 46, and 47, respeclively. In some instances, the anti-FcRHS antibody
includes a VH domain comprising the amino acid sequence of SEQ ID NO: 88, In some instances, the
anti-FeRHMS antibody includes at leastone {e.g., 1, 2, 3, or 4) of the light chain framework regions FR-L1,
FR-L2, FR-L3, and FR-L4 comprising the sequences of SEQ 1D NOs: 48, 57, 50, and 51. In some
instances, the anti-FcRHS antibody may have a VL domain comprising the amino acid sequence of SEQ
D NGO: 89, In a particular instance, the anti-FcRHS antibody can be 1G7.v1.13, or a derivative or cional
relative thereof. In some instances, for example, an anti-FeRHS antibody may include a VH domain
comprising an amino acid sequence of SEQ 1D NO: 98 and (b) a VL domain comprising an amino acid
sequence of SEQ 1D NO: 99,

in some instances, the anti-FeRHS antibody includes a binding domain comprising at least one,
two, three, four, five, or six hypervariable regions (HVRS) selected from (8) an HVYR-H1 comprising the
amino acid sequence of SEQ 1D NO: 1, (b) an HVR-H2 comprising the amino acid sequence of SEQ ID
NGO: 7; (¢} an HVR-H3 comprising the amino acid sequence of SEQ D NO: 8; (d) an HVR-L1 comprising
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the amino acid sequence of SEQ 1D NG: 12; (e} an HVR-L2 comprising the amino acid sequence of SEQ
D NO: 18; and ( an HVR-L3 comprising the amino acid sequence of SEQ 1D NO: 25, in some
instances, the anti-FCRHS antibody includes {(a) a VH domain comprising an amino acid sequence having
at least 80% (e.g., 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 83%, 94%,
95%, 86%, 97%, 98%, or 89%) sequence identity 1o, or the sequence of, SEQ D NO: 100 and/or a VL
domain comprising an amino acid sequence having at least 80% (e.g., 80%, 81%, 82%, 83%, 84%, 85%,
86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 84%, 95%, 96%, 87%, 98%, or 98%) sequence identily to,
or the sequence of, SEQ ID NO: 101. In some instances, the anti-FCRHS antibody comprises at least one
{e.g., 1, 2, 3, or 4) of heavy chain framework regions FR-H1, FR-H2, FR-H3, and FR-H4 comprising the
sequences of SEQ 1D NOs: 52, 54, 46, and 47. In some instances, the anti-FeRHS may have g VH
domain comprising the amino acid sequence of SEQ 1D NO: 100, In some instances, The anli-FCRH5S
antibody of any one of claims 78-82, wherein the antibody further includes at leastone {e.g., 1, 2, 3, or 4}
of the light chain framework regions FR-L1, FR-L2, FR-L3, and FR-L4 comprising the sequences of SEQ
ID NOs: 48, 57, 50, and 51. In some instances, the anli-FCRHS5 antibody may have a VL domain
comprising the amino acid sequence of SEQ 1D NOG: 101, In a particular instance, the anti-FcRHS
antibody can be 1G7.v1.13.1, or a derivative or clonal relative thereof. In some instances, for example,
the invention provides an anii-FCRHS antibody including (a) a VH domain comprising an amino acid
sequence of SEQ 1D NO: 100 and (b} a VL domain comprising an amino acid sequence of SEQ 1D NO:
101.

in some instances, the anii-FCRHS antibody includes a binding domain comprising at least one,
two, three, four, five, or six hypervariable regions (HVRs) selected from (8) an HVYR-H1 comprising the
amino acid sequence of SEQ D NO: 1; (b) an HVR-H2 comprising the amino acid sequence of SEQ D
NO: 8; (o) an HVR-H3 comprising the amino acid sequence of SEQ 1D NO: 9; (d) an HVR-L1 comprising
the amino acid sequence of SEQ ID NO: 11, (&) an HVR-LZ comprising the amino acid seqguence of SEQ
2 NO: 15; and (f) an HVR-L3 comprising the amino acid sequence of SEQ ID NO: 20. Insome
instances, the anti-FcRH5 antibody inciudes {(a} a VH domain comprising an amino acid sequence having
at least 80% (e.g., 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 88%, 90%, 51%, 92%, 93%, 94%,
95%, 96%, 87%, 98%, or 99%) sequence identily to, or the sequence of, SEQ 1D NOG: 102 and/or (b) a VL
domain comprising an amino acid sequence having at least 80% (e.g., 80%, 81%, 82%, 83%, 84%, 85%,
B6%, 87%, 88%, 85%, 90%, 91%, 82%, 93%, 94%, 85%, 96%, 97%, 98%, or 98%) sequence identity to,
or the sequence of, SEQ ID NO: 103, In some instances, the anti-FoRHS antibody further comprises at
least one {e.g., 1, 2, 3, or 4) of heavy chain framework regions FR-H1, FR-H2, FR-H3, and FR-H4
comprising the sequences of SEQ 1D NQs: 52, 54, 46, and 47, respectively. In some instances, the anti-
FcRHS antibody may have a VH domain comprising the amino acid sequence of SEQ 1D NO: 102, In
some instances, the anti-FCRHS antibody further includes at least one (8.g., 1, 2, 3, or 4) of the light chain
framework regions FR-L1, FR-L2, FR-L3, and FR-L4 comprising the sequences of SEQ ID NOs: 48, 56,
50, and 51. In some instances, the anti-FcRH5 antibody may have a VL domain comprising the amino
acid sequence of SEQ D NOG: 103, In a particular instance, the anti-FcRHS antibody can be 1G7.v87, or
a derivaiive or clonal relative thereof. In some instances, for example, the invention provides an anti-
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FoRHS antibody comprising (a) a VH domain comprising an amino acid sequence of SEG 1D NG 102
and {b) a VL domain comprising an amino acid sequence of SEQ ID NO: 103.

in some instances, an anti-FCRHS antibody may have a binding domain comprising at least one,
two, three, four, five, or six hypervariable regions (HVRs) selected from (&) an HVR-H1 comprising the
amino acid sequence of SEQ 1D NO: 32; (i) an HVR-H2 comprising the amino acid sequence of SEQ ID
NQO: 33; (o) an HVR-H3 comprising the amino acid sequence of SEQ 1D NO: 34; (d) an HVR-L1
comnprising the amino acid sequence of SEQ 1D NO: 35; {g) an HVR-L2 comprising the amino acid
sequence of SEG 1D NO: 36; and () an HVR-L3 comprising the amino acid sequence of SEQ ID NO: 37.
In some instances, the anti-FCRHS comprises g VH domain comprising an amino acid sequence having
at least 80% (e.g., 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 83%, 94%,
95%, 86%, 87%, 98%, or 88%) sequence identity to, or the sequence of, SEQ 1D NG: 110 and/ora VL
domain comprising an amino acid sequeance having at least 80% (e.g., 80%, 81%, 82%, 83%, 84%, 85%,
88%, 87%, 88%, 88%, 80%, 91%, 82%, 93%, 94%, 95%, 96%, 97%, 98%, or 98%) sequence identity to,
or the sequence of, SEQ ID NO: 111. In some instances, the anti-FCRHS antibody comprises at least one
{e.9., 1, 2, 3, or 4) of heavy chain framework regions FR-H1, FR-H2, FR-H3, and FR-H4 comprising the
sequences of SEQ ID NOs: 86, 67, 88, and 89, respectively. In some insiances, the anti-FcRHS5 antibody
of claim 95, wherein the VH domain comprising the aming acid sequence of SEQ 1D NOG: 110, In some
instances, the anti-FcRH5 antibody further includes at least one {e.g., 1, 2, 3, or 4} of the light chain
framework regions FR-L1, FR-L2, FR-L3, and FR-L4 comprising the sequences of SEQ 1D NOs: 70, 71,
72, and 73. In some instances, the anti-FCRHS antibody may have a V0L domain comprising the amino
acid sequence of SEQ ID NG: 111, In a particular instance, the anti-FcRHS antibody can be 1781, ora
derivative or clonal relative thereof. In some instances, for example, the invention provides an anti-
FoRHS antibody comprising (@) a VH domain comprising an amino acid sequence of SEQ 1D NO: 110
and (b} a VL domain comprising an amino acid sequence of SEQ (D NO: 111.

in some instances, an anti-FoRHS antibody having a binding domain comprising at least one, two,
three, four, five, or six hypervariable regions (HVRs) selected from (a) an HVR-H1 comprising the amino
acid sequence of SEQ 1D NO: 38; (b) an HVR-H2 comprising the amino acid sequence of SEQ 1D NO:
39; (¢) an HVR-H3 comprising the amino acid sequence of SEQ 1D NO: 40; (d) an HVR-L1 comprising the
amino acid sequence of SEQ 1D NO: 41; (&) an HVR-L2 comprising the amino acid sequence of SEQ ID
NO: 42; and () an HVR-L3 comprising the amino acid sequence of SEQ 1D NG: 43, In some instances,
the anti-FcRHS5 antibody includes a VH domain comprising an aming acid sequence having at least 80%
{e.g., 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 81%, 92%, 93%, 94%, 85%, 96%,
97%, 98%, or 99%) sequence identity to, or the seguence of, SEQ 1D NO: 112 and/or a VL domain
comprising an amino acid seqguence having at least 80% {(e.g., 80%, 81%, 82%, 83%, 84%, 85%, 86%,
87%, 88%, 89%, 90%, 81%, 82%, 93%, 94%, 95%, 96%, 97%, 88%, or 88%) sequence identity to, or the
sequence of, SEGQ ID NO: 113, In some inslances, the anti-FCRHS comprises at least one (e.g., 1, 2, 3,
or 4} of heavy chain framework regions FR-H1, FR-H2, FR-H3, and FR-H4 comprising the sequences of
SEQID NO: 74, 75, 76, and 77, respectively. In some instances, the anti-FcRHS antibody may have a
Vi domain comprising the aming acid sequence of SEQ ID NO: 112. In some instances, the anti-FcRHS

antibody further includes atleast one (e.9., 1, 2, 3, or 4} of the light chain framework regions FR-L1, FR-
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L2, FR-L3, and FR-L4 comprising the sequences of SEQ ID NOs: 78, 79, 80, and 81. in some instances,
the anti-FCRHS antibody may have a VL domain comprising the amino acid sequence of SEQ ID NG
113, In a particular instance, the anti-FcRH5 antibody can be 15G8, or g derivative or clonal relative
thereof. In some instances, for example, the invention provides an anti-FcRHS antibody comprising (a) a
VH domain comprising an aming acid sequence of SEQ D NO: 112 and (b) a VL domain comprising an
amino acid sequence of SEQ 1D NO: 113,

in some instances, the invention provides an anti-FeRHS antibody having a binding domain
comprising at least one, two, three, four, five, or six hypervariable regions (HVRs) selected from (a) an
HVR-H1 comprising the amino acid sequence of SEQ 1D NO: 26, (b) an HVR-HZ comprising the amino
acid sequence of SEGQ 1D NG: 27, (¢) an HVR-H3 comprising the amino acid sequence of SEQ 1D NO: 28,
{d)y an HVR-L1 comprising the amino acid seguence of SEQ 1D NO: 28; {e) an HVR-L2 comprising the
aming acid sequence of SEQ D NO: 30; and {f) an HVR-L3 comprising the amino acid sequence of SEQ
ID NO: 31, In some insiances, the anti-FcRHS antibody includes a VH domain comprising an amino acid
sequence having at least 80% {e.g., 80%, 81%, 82%, 83%, 84%, 85%, 88%, 87%, 88%, 88%, 80%, 91%,
92%, 93%, 84%, 95%, 96%, 97%, 88%, or 88%) sequence identity to, or the seguence of, SEQ 1D NO:
108 and/or a VL domain comprising an amino acid sequence having at least 80% {e.g., 80%, 81%, 82%,
83%, 84%, 85%, 88%, 87%, B8%, 88%, 80%, 91%, 82%, 83%, 94%, 85%, 96%, 87%, 98%, or 88%)
sequence identity {o, or the sequence of, SEQ 1D NO: 108. In some instances, the anti-FcRHS antibody
comprises at least one (8.g., 1, 2, 3, or 4) of heavy chain framewaork regions FR-H1, FR-H2, FR-H3, and
FR-H4 comprising the sequences of SEQ D NOs: 58, 59, 80, and 61, respectively. In some insiances,
the anti-FcRHS5 antibody may have a VH domain comprising the amino acid sequence of SEQ 1D NO:
108. In some instances, the anti-FcRHS antibody further includes at least one {e.g., 1, 2, 3, or 4) of the
light chain framework regions FR-L1, FR-L2, FR-L3, and FR-L4 comprising the sequences of SEQ 1D
NOs: 62, 83, 64, and 65. In some instances, the anti-FCRHS antibody may have a VL domain comprising
the amino acid sequence of SEQ 1D NO: 108, In a particular instance, the anti-FcRHS antibody can be
708, or a derivative or clonal relative thereof. In some instances, for example, the invention provides an
anti-FoRHS5 antibody comprising (8) a VH domain comprising an amino acid sequence of SEQ 1D NO: 108
and (b) a VYL domain comprising an amino acid sequence of SEQ 1D NO: 109.

In some instances, the invention provides an anti-FCRHS antibody having a binding domain
comprising at least one, two, three, four, five, or six hypervariable regions (HVRs) selected from (&) an
HVR-H1 comprising the amino acid sequence of SEQ ID NO: 1; (b) an HVR-H2 comprising the amino
acid sequence of SEQ 1D NO: 7; (¢) an HVR-H3 comprising the amino acid sequence of SEQ ID NO: §;
(o) an HVR-L1 comprising the amino acid sequence of SEQ 1D NG: 11; (e) an HVR-L2 comprising the
amino acid sequence of SEQ ID NO: 15; and () an HVR-L3 comprising the amino acid sequence of SEQ
D NO: 20, In some instances, the anti-FeRHS anlibody of claim may have a VH domain comprising an
amino acid sequence having at least 80% (e.g., 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%,
90%, 91%, 92%, 93%, 94%, 85%), 96%, 97%, 88%, or 99%) sequence identity to, or the sequence of,
SEQ ID NO: 185 andfor a VL domain comprising an amino acid sequence having at least 80% {(e.g., 80%,
81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 88%, 90%, 81%, 82%, 93%, 94%, 85%, 96%, 97%, 98%,

or 99%) sequence identity io, or the sequence of, SEQ D NO: 188. In some instances, the anti-FcRHS

53



10

15

20

25

30

35

40

WO 2016/205520 PCT/US2016/037879

antibody comprises at least one (e.g., 1, 2, 3, or 4) of heavy chain framework regions FR-H1, FR-H2, FR-
H3, and FR-H4 comprising the sequences of SEQ 1D NO: 179, 54, 46, and 47. In some instances, the
anti-FoRHS antibody may have a VH domain comprising the amino acid sequence of SEQ 1D NO: 185, In
some instances, the anti-FCRHS antibody further includes at least one (8.g., 1, 2, 3, or 4) of the light chain
framework regions FR-L1, FR-L2, FR-L3, and FR-L4 comprising the sequences of SEQ ID NOs: 48, 56,
50, and 51. In some instances, the anti-FcRH5 antibody may have a VL domain comprising the amino
acid sequence of SEQ ID NOC: 188, In a particular instance, the anti-FecRHS5 antibody can be 1G7.v1A, or
a derivative or clonal relative thereof. In some instances, for example, the invention provides an anti-
FoRHS antibody having a binding domain comprising (a) a VH domain comprising an amino acid
sequence of SEQ ID NO: 185 and (b} a VL domain comprising an amino acid sequence of SEQ D NO:
188,

in some instances, the invention provides an anti-FocRHS antibody having a binding domain
comprising at least one, two, three, four, five, or six hypervariable regions (HVRS) selected from (@) an
HVR-H1 comprising the amino acid sequence of SEQ 1D NO: 1; (b) an HVR-H2 comprising the amino
acid sequence of SEQ 1D NG: 7; (o) an HVR-H3 comprising the amino acid sequence of SEQ 1D NO: g;
{d) an HVR-L1 comprising the amino acid sequence of SEQ 1D NO: 11; (&) an HVR-L2 comprising the
amino acid sequence of SEQ 1D NO: 15; and (f) an HVR-L3 comprising the amino acid sequence of SEQ
D NO: 20, In somes instances, the anti-FcRH5 antibody of claim may have a VH domain comprising an
amino acid sequence having at lsast 80% (e.g., 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%,
90%, 91%, 92%, 93%, 84%, 95%, 96%, 897%, 98%, or 88%) sequence identity to, or the sequence of,
SEQ ID NO: 187 andior a VL domain comprising an amino acid sequence having at least 80% (e.g., 80%,
81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 80%, 91%, 92%, 93%, 94%, 25%, 96%, 87%, 38%,
or 89%) sequence identily o, or the sequence of, SEQ 1D NO: 188, In some instances, the anti-FCRHS
antibody comprises at least one {e.g., 1, 2, 3, or 4) of heavy chain framewaork regions FR-H1, FR-H2, FR-
H3, and FR-H4 comprising the sequences of SEQ 1D NO: 180, 54, 46, and 47. In some instances, the
anti-FoRHS5 antibody may have a VH domain comprising the amino acid sequence of SEQ 1D NO: 187, In
some instances, the anti-FoRHS antibody further includes atleast one (e.g., 1, 2, 3, or 4} of the light chain
frarmework regions FR-L1, FR-L2, FR-L3, and FR-L4 comprising the sequenceas of SEQ ID NOs: 48, 58,
50, and 51. In some instances, the anti-FeRHS antibody may have a VL domain comprising the amino
acid sequence of SEQ 1D NO: 188, In a parlicular instance, the anti-FeRHS antibody can be 1G7.viB, or
a derivative or clonal relative thereof. In some instances, for example, the invention provides an anti-
FeRHS antibody having a binding domain comprising (&) a VH domain comprising an amino acid
sequence of SEQ 1D NO: 187 and (b} a VL domain comprising an amino acid sequence of SEQ 1D NO:
188.

in some instances, the invention provides an anti-FeRHS antibody having a binding domain
comprising at least one, two, three, four, five, or six hypervariable regions (HVRs) selecled from (&) an
HVR-H1 comprising the amino acid sequence of SEQ ID NO: 1; (b) an HVR-H2 comprising the amino
acid sequence of SEQ ID NOQ: 7; (¢) an HVR-H3 comprising the amino acid sequence of SEQ 1D NO: g;
{dy an HVR-L1 comprising the amino acid sequence of SEQ 1D NO: 11; {&) an HVR-L2 comprising the

amino acid sequence of SEQ 1D NO: 15; and (f) an HVR-L3 comprising the amino acid sequence of SEQ
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D NO: 20. In some instances, the anti-FcRHS5 antibody of claim may have a VH domain comprising an
amino acid sequence having at least 80% {(e.g., 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 88%,
80%, 81%, 92%, 93%, 84%, 85%, 96%, 97%, 88%, or 99%) sequence identily to, or the sequence of,
SEQ D NO: 189 and/or a VL domain comprising an amino acid sequence having at least 80% {(2.g., 80%,
81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 88%, 90%, 91%, 82%, 93%, 94%, 95%, 96%, 97%, 98%,
or 99%) sequence identity 1o, or the sequence of, SEQ ID NO: 180. In some instances, the anti-FeRHS
antibody comprises at least one (e.g., 1, 2, 3, or 4} of heavy chain framework regions FR-H1, FR-H2, FR-
H3, and FR-H4 comprising the sequences of SEQ 1D NQ: 181, 54, 46, and 47, In some instances, the
anti-FecRHS antibody may have a VH domain comprising the amino acid sequence of SEQ 1D NO: 188, In
some instances, the anti-FoRHS antibody further includes atleast one {e.q., 1, 2, 3, or 4) of the light chain
framework regions FR-L1, FR-L2, FR-L3, and FR-L4 comprising the sequences of SEG 1D NOs: 48, 56,
50, and 51. In some instances, the anti-FeRHS antibody may have a VL domain comprising the amino
acid sequence of SEQ ID NG: 190, In a particular instance, the anti-FcRHS anlibody can be 1G7.viC, or
a derivative or clonal relative thereof. In some instances, for example, the invention provides an anti-
FoRH5 antibody having a binding domain comprising (a) a VH domain comprising an amino acid
sequence of SEQ 1D NO: 189 and (b) a VL domain comprising an aming acid sequence of SEQ ID NO:
190.

in soime instances, the invention provides an anti-FcRHS antibody having a binding domain
comprising at least one, two, thres, four, five, or six hypervariable regions (HVRs) selected from (@) an
HVR-H1 comprising the amino acid sequence of SEQ ID NO: 1, (b) an HVR-H2 comprising the amino
acid sequence of SEQ ID NG: 7; (¢) an HVR-H3 comprising the amino acid sequence of SEQ 1D NO: 9,
{d) an HVR-L1 comprising the amino acid sequence of SEQ 1D NO: 11; (e) an HVR-L2 comprising the
aming acid sequence of SEQ 1D NC: 15; and (f) an HVR-L3 comprising the amino acid sequence of SEQ
D NO: 20, In some instances, the anti-FcRHS antibody of claim may have a VH domain comprising an
amino acid sequence having at least 80% (e.q., 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%%,
90%, 91%, 92%, 93%, 94%, 95%, 86%, 97%, 98%, or 88%) sequence identity 1o, or the sequence of,
SEQ D NO: 181 and/or a VL domain comprising an amino gcid sequence having at least 80% (e.g., 80%,
81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 87%, 98%,
or 99%) sequence identily 1o, or the sequence of, SEQ D NG: 192, In some instances, the anti-FORHS
antibody comprises at least one (e.g., 1, 2, 3, or 4) of heavy chain framework regions FR-H1, FR-H2, FR-
H3, and FR-H4 comprising the sequences of SEQ ID NO: 23, 54, 48, and 47. In some instances, the
anti-FcRHS antibody may have a VH domain comprising the amino acid sequence of SEQ 1D NO: 191, In
some instances, the anti-FCRHS antibody further includes atleast one (8.g., 1, 2, 3, or 4) of the light chain
framework regions FR-L1, FR-L2, FR-L3, and FR-L4 comprising the sequences of SEQ 1D NOs: 48, 56,
50, and 51. In some inslances, the anti-FocRHS antibody may have a VL domain comprising the amino
acid sequence of SEQ ID NO: 182, In a particular instance, the anti-FcRHS5 antibody can be 1G7.v1D, or
a derivative or clonal relative thereof. In some instances, for example, the invention provides an anti-
FeRHS antibody having a binding domain comprising (&) a YH domain comprising an amino acid
sequence of SEQ 1D NO: 181 and (1) a VL domain comprising an amine acid sequence of SEQ 1D NO:
192.
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in some instances, the invention provides an anti-FeRHS antibody having a binding domain
comprising at least one, two, three, four, five, or six hypervariable regions (HVRs) selected from (a) an
HVR-H1 comprising the amino acid sequence of SEQ ID NO: 1, {b) an HVR-H2 comprising the amino
acid sequence of SEQ ID NG 7; {¢) an HVR-H3 comprising the amino acid seguence of SEQ 1D NO: §;
{dy an HVR-L1 comprising the amino acid sequence of SEQ 1D NO: 11; {&) an HVR-L2 comprising the
amino acid sequence of SEQ 1D NO: 15; and () an HVR-L3 comprising the amino acid sequence of SEQ
D NO: 20. In some instances, the anti-FcRH5 antibody of claim may have a VH domain comprising an
amino acid sequence having at least 80% {(e.g., 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 38%,
90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99%) sequence identily to, or the sequence of,
SEQ D NGO: 193 and/or a VL domain comprising an amino acid sequence having af feast 80% {(e.q., 80%,
81%, 82%, 83%, 84%, 85%, B6%, 87%, 88%, 8%%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%,
or 89%) sequence identily o, or the sequence of, SEQ 1D NO: 194. In some instances, the anti-FCRH5S
antibody comprises at lsast one {e.g., 1, 2, 3, or 4) of heavy chain framework regions FR-H1, FR-H2, FR-
H3, and FR-H4 comprising the sequences of SEQ 1D NO: 52, 182, 48, and 47. In some instances, the
anti-FcRHS antibody may have a VH domain comprising the amino acid sequence of SEQ 1D NO: 193, In
some instances, the anti-FeRHS antibody further includes at least one {(e.g., 1, 2, 3, or 4) of the light chain
framework regions FR-L1, FR-L2, FR-L3, and FR-L4 comptising the sequences of SEQ 1D NOs: 48, 58,
50, and 51. In some instances, the anti-FCRHS5 antibody may have a VL domain comprising the amino
acid sequence of SEQ 1D NO: 194, In a pariicular instance, the anti-FcRHbS antibody can be 1G7 viE, or
a derivative or clonal relative thereof. In some instances, for example, the invention provides an anti-
FoRHS5 antibody having a binding domain comprising (&) a VH domain comprising an amino acid
sequence of SEQ 1D NO: 193 and (b) a VL domain comprising an amino acid sequence of SEQ ID NO:
194,

in some instances, the invention provides an anti-FcRHS antibody having a binding domain
comprising at least one, two, three, four, five, or six hypervariable regions (HVRs) selected from (@) an
HVR-H1 comprising the amino acid sequence of SEQ ID NO: 1; (b) an HVR-H2 comprising the amino
acid sequence of SEQ 1D NO: 175; () an HVR-H3 comprising the amino acid sequence of SEQ 1D NG: §;
{d) an HVR-L1 comprising the amino acid sequence of SEQ 1D NG: 11; (e) an HVR-L2 comprising the
aminoe acid sequence of SEQ ID NGC: 15; and {f) an HVR-L3 comprising the amino acid sequence of SEQ
ID NQ: 20, In some instances, the anti-FCeRHS antibody of claim may have a VH domain comprising an
amine acid sequence having at least 80% (e.q., 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%,
90%, 91%, 92%, 93%, 94%, 95%, 86%, 97%, 98%, or 99%) sequence identity to, or the sequence of,
SEQ D NO: 188 and/or a VL domain comprising an amino acid sequence having at least 80% {(e.g., 80%,
B1%, 82%, 83%, 84%, 85%, 88%, 87%, 88%, 89%, 80%, 91%, 92%, 93%, 94%, 95%, 98%, 87%, 98%,
or 99%) sequence identity {o, or the sequence of, SEQ D NO: 198, In some instances, the anti-FeRHS
antibody comprises at least one (e.g., 1, 2, 3, or 4) of heavy chain framework regions FR-H1, FR-H2, FR-
H3, and FR-H4 comprising the sequences of SEQ 1D NO: 52, 54, 48, and 47. In some instances, the
anti-FcRHS antibody may have a VH domain comprising the amino acid sequence of SEQ 1D NO: 185, In
some instances, the anti-FCRHS antibody further includes at least one (8.g., 1, 2, 3, or 4) of the light chain
framework regions FR-L1, FR-L2, FR-L3, and FR-L4 comprising the sequences of SEQ 1D NOs: 48, 58,
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50, and 51. In some instances, the anti-FcRH5 antibody may have a VL domain comprising the amino
acid sequence of SEQ 1D NG 1886, In a particular instance, the anti-FcRHS5 antibody can be 1G7.viF, or
a derivative or clonal relative thereof. In some instances, for example, the invention provides an anti-
FcRHS antibody having a binding domain comprising {(a) a VH domain comprising an amino acid
sequence of SEQ ID NO: 185 and (1) a VL domain comprising an amino acid sequence of SEQ 1D NO:
198,

in some instances, the invention provides an anti-FeRHS antibody having a binding domain
comprising at least one, two, threeg, four, five, or six hypervariable regions (HVRs) selected from (8) an
HVR-H1 comprising the amino acid sequence of SEQ 1D NO: 1; (b) an HVR-H2 comprising the amino
acid sequence of SEGQ 1D NG: 178, (¢} an HVR-H3 comprising the amino acid sequence of SEQ 1D NO: 9,
{d)y an HVR-L1 comprising the amino acid seguence of SEQ 1D NO: 11; {&) an HVR-L2 comprising the
aming acid sequence of SEQ 1D NO: 18; and {f) an HVR-L3 comprising the amino acid sequence of SEQ
ID NO: 20, In somes insiances, the anti-FcRHS antibody of claim may have a VH domain comprising an
amino acid sequence having at least 80% (e.g., 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%,
90%, 91%, 82%, 93%, 94%, 95%, 86%, 87%, 98%, or 88%) sequence identity to, or the sequence of,
SEQ 1D NO: 187 and/or a VL domain comprising an amino acid sequence having at least 80% {(e.qg., 80%,
81%, 82%, 83%, 84%, 85%, B6Y%, 87%, 88%, 88%, 90%, 81%, 92%, 83%, 94%, 95%, 96%, 87%, 38%,
or 99%) sequence identily o, or the sequence of, SEQ 1D NO: 198. In some instances, the anti-FCRHS
antibody comprises at least one {8.g., 1, 2, 3, or 4) of heavy chain framewaork regions FR-H1, FR-H2, FR-
H3, and FR-H4 comprising the sequences of SEQ ID NO: 52, 54, 45, and 47. In some instances, the
anti-FcRHS5 antibody may have a VH domain comprising the amino acid sequence of SEQ ID NO: 187, In
some instances, the anti-FcRH5S antibody further includes at least one (e.g., 1, 2, 3, or 4} of the light chain
framework regions FR-L1, FR-L2, FR-L3, and FR-L4 comprising the sequences of SEQ 1D NOs: 48, 58,
50, and 51. In some instances, the anti-FcRHS antibody may have a VL domain comprising the amino
acid sequence of SEQ 1D NO: 198. In a particular instance, the anti-FcRHS antibody can be 1G7.v1G, or
g derivative or clonal relative thereof. In some instances, for example, the invention provides an anti-
FcRHS antibody having a binding domain comprising (&) a VH domain comprising an amino acid
sequence of SEQ 1D NO: 197 and (b} a VL domain comprising an amino acid sequence of SEQ 1D NO:
198.

in some instances, the invention provides an anti-FeRHS antibody having a binding domain
comprising at least one, two, three, four, five, or six hypervariable regions (HVRs) selected from (a) an
HVR-H1 comprising the amine acid sequence of SEQ ID NO: 1, (b) an HVR-H2 comprising the amino
acid sequence of SEQ 1D NO: 177, (¢} an HVR-HS comprising the amino acid sequence of SEQ 1D NO: §;
() an HVR-L1 comprising the amino acid sequence of SEQ ID NG: 11; (&) an HVR-L2 comprising the
amino acid sequence of SEQ 1D NO: 15; and () an HVR-L3 comprising the amino acid sequence of SEQ
ID NO: 20. In some instances, the anti-FcRMHS anlibody of claim may have a VH domain comprising an
amino acid sequence having at least 80% (e.g., 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%,
90%, 1%, 92%, 93%, 84%, 85%, 96%, 97%, 88%, or 98%) sequeance identity to, or the sequence of,
SEQ D NO: 122 and/or a VL domain comprising an amino acid sequence having at least 80% {(e.g., 80%,
81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 98%, 97%, 98%,
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or 89%) sequence identity to, or the sequence of, SEQ ID NO: 206. In some instances, the anti-FeRH5
antibody comprises at least one (e.g., 1, 2, 3, or 4} of heavy chain framework regions FR-H1, FR-H2, FR-
H3, and FR-H4 comprising the sequences of SEQ 1D NO: 52, 54, 48, and 47. In some instances, the
anti-FcRHS antibody may have a VH domain comprising the amino acid sequence of SEQ D NG: 199, In
some instances, the anti-FCRHS antibody further includes at least one (2.g., 1, 2, 3, or 4) of the light chain
framework regions FR-L1, FR-L2, FR-L3, and FR-L4 comprising the sequences of SEQ ID NOs: 48, 58,
50, and 51. In some instances, the anti-FcRHS antibody may have a VL domain comprising the amino
acid sequence of SEQ 1D NG: 200. In & particular instance, the anti-FCRHS antibody can be 1G7.viH, or
a derivative or clonal relative thereof. In some instances, for example, the invention provides an anti-
FoRHS antibody having a binding domain comprising {a) a VH domain comprising an amino acid
sequence of SEQ 1D NO: 199 and (b) a VL domain comprising an amino acid sequence of SEQ 1D NO:
200.

in some instances, the invention provides an anti-FcRHM5 antibody having a binding domain
comprising at least one, two, three, four, five, or six hypervariable regions (HVRS) selected from (8) an
HVR-H1 comprising the aming acid sequence of SEQ 1D NO: 1; (b) an HVR-H2 comprising the amino
acid sequence of SEQ 1D NO: 178; (¢} an HVR-H3 comprising the aming acid sequence of SEQ 1D NO: 9;
(d) an HVR-L1 comprising the amino acid sequence of SEQ 1D NO: 11, (e) an HVR-L2 comprising the
amino acid sequence of SEQ 1D NO: 15; and (f) an HVR-L3 comprising the amino acid sequence of SEQ
D NO: 20, In some instances, the anti-FcRH5 antibody of claim may have a VH domain comprising an
amino acid sequence having at least 80% (e.g., 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%,
90%, 91%, 92%, 93%, 84%, 95%, 96%, 87%, 98%, or 88%) sequence identity to, or the sequence of,
SEQ ID NO: 201 and/or a VL domain comprising an amino acid sequence having at least 80% (e.g., 80%,
81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 80%, 91%, 92%, 83%, 94%, 95%, 96%, 97%, 88%,
or 99%) sequence identily to, or the sequence of, SEQ D NO: 202. In some instances, the anti-FCRHS
antibody comprises at least one {e.g., 1, 2, 3, or 4) of heavy chain framework regions FR-H1, FR-H2, FR-
H3, and FR-H4 comprising the sequences of SEQ 1D NO: 52, 54, 46, and 47. In some instances, the
anti-FoRHS antibody may have a VH domain comprising the amino acid sequence of SEQ ID NO: 201, In
some instances, the anti-FcRHS antibody further includes atleast one (e.g., 1, 2, 3, or 4) of the light chain
framewaork regions FR-L1, FR-L2Z, FR-L3, and FR-L4 comprising the sequences of SEQ [D NOs: 48, 56,
50, and 51. In some instances, the anti-FCRHS antibody may have a VL domain comprising the amino
acid sequence of SEQ 1D NO: 202, In a particular instance, the anti-FcRHS antibody can be 1G7.v1l, or
a derivative or clonal relative thereof. In some instances, for example, the invention provides an anti-
FcRHS5 antibody having a binding domain comprising (&) a VH domain comprising an amino acid
sequence of SEQ 1D NG: 201 and (b) a VL domain comprising an amino acid sequence of SEQ ID NO:
202

in some instances, the invention provides an anti-FcRHS antibody having a binding domain
comprising at least one, two, three, four, five, or six hypervariable regions (HVRs) selecied from (a) an
HVR-H1 comprising the amino acid sequence of SEQ 1D NO: 1; (b) an HVR-H2 comprising the amino
acid sequence of SEQ ID NC: 7; {¢) an HVR-H3 comprising the amino acid sequence of SEQ ID NO: ;
{d) an HVR-L1 comprising the amino acid sequence of SEQ ID NO: 11; (8) an HVR-L2 comprising the
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amino acid sequence of SEQ 1D NO: 15; and () an HVR-L3 comprising the amino acid sequence of SEQ
D NO: 20. in some instances, the anti-FcRH5 antibody of claim may have a VH domain comprising an
amino acid sequence having at least 80% (e.g., 80%, 81%, 82%, 83%, 84%, 85%, 88%, 87%, 88%, 88%,
90%, 81%, 92%, 93%, 84%, 95%, 96%, 97%, 98%, or 99%) sequence identity to, or the sequence of,
SEGQHD NO: 203 and/or a VL domain comprising an amino acid sequence having at least 80% (e.g., 80%,
81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 88%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%,
or 99%) sequence identity 1o, or the sequence of, SEQ ID NO: 204. iIn some instances, the anti-FoRHS
antibody comprises at least one (g.g., 1, 2, 3, or 4) of heavy chain framework regions FR-H1, FR-H2, FR-
H3, and FR-H4 comprising the sequences of SEQ 1D NO: 52, 54, 183, and 47. In some instances, the
anti-FeRHS antibody may have a VH domain comprising the amino acid sequence of SEQ 1D NG: 203, In
some instances, the anti-FeRHS antibody further includes atleast one (2.q., 1, 2, 3, or 4) of the light chain
framework regions FR-L1, FR-L2, FR-L3, and FR-L4 comprising the sequences of SEQ ID NOs: 48, 58,
50, and 51. In some instances, the anti-FCcRMS antibody may have a VL domain comprising the amino
acid sequence of SEQ ID NG: 204, In a particular instance, the anti-FcRHS antibody can be 1G7.vid, or
a derivative or clonal relative thereof. In some instances, for example, the invention provides an anti-
FoREH5 antibody having a binding domain comprising (a) a VH domain comprising an amino acid
sequence of SEQ ID NG: 203 and (b) a VL domain comprising an amino acid sequence of SEQ 1D NO:
204,

in some instances, the invention provides an anti-FcRHS antibody having a binding domain
comprising at least one, two, three, four, five, or six hypervariable regions (HVRs) selected from (8) an
HVR-H1 comprising the amino acid sequence of SEQ ID NO: 1; (b) an HVR-H2 comprising the amino
acid sequence of SEQ 1D NG: 7; (¢) an HVR-H3 comprising the amino acid seguence of SEQ ID NO: 9;
{d) an HVR-L1 comprising the amino acid sequence of SEQ 1D NG: 11; (e) an HVR-L2 comprising the
amino acid sequence of SEQ 1D NC: 15; and (f) an HVR-L3 comprising the amino acid sequence of SEQ
D NO: 20, In some instances, the anti-FcRHS antibody of claim may have a VH domain comprising an
amino acid sequence having at least 80% (e.g., 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%%,
90%, 91%, 82%, 93%, 94%, 95%, 86%, 87%, 98%, or 88%) sequence identity t0, or the sequence of,
SEQ ID NO: 285 and/or a VL domain comprising an amino acid sequence having at least 80% (e.g., 80%,
B81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 80%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%,
or 99%) sequence identity to, or the sequence of, SEQ 1D NO: 206, In some instances, the anti-FoRHS
antibody comprises at least one {(e.g., 1, 2, 3, or 4) of heavy chain framework regions FR-H1, FR-H2, FR-
H3, and FR-H4 comprising the sequences of SEQ 1D NO: 52, 54, 184, and 47. In some instances, the
anti-FeRHS antibody may have a VH domain comprising the amino acid sequence of SEQ 1D NO: 208, In
some instances, the anti-FeRHS antibody further includes at least one (8.g., 1, 2, 3, or 4) of the light chain
framework regions FR-L1, FR-L2, FR-L3, and FR-L4 comprising the sequences of SEQ D NOs: 48, 56,
50, and 51. In some inslances, the anti-FcRM5 antibody may have a VL domain comprising the amino
acid sequence of SEQ 1D NO: 208. In a particular instance, the anti-FcRHS antibody can be 1G7.v1K or
a derivative or clonal relative thereof. In some instances, for example, the invention provides an anti-
FcRH5 antibody having a binding domain comprising {(8) a VH domain comprising an amino acid
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sequence of SEQ 1D NO: 205 and (1) a VL domain comprising an amino acid sequence of SEQ 1D NO:
208,

in some instances, the invention provides an anti-FeRHS antibody having a binding domain
comprising at least one, two, three, four, five, or six hypervariable regions (HVRs) selecied from (a) an
HVR-H1 comprising the amino acid sequence of SEQ 1D NO: 1, (b) an HYR-H2 comprising the amino
acid sequence of SEQ 1D NC: 7; (¢) an HVR-H3 comprising the amino acid sequence of SEQ ID NO: 10;
{dh)y an HVR-L1 comprising the amino acid sequence of SEQ 1D NO: 11; (8) an HVR-L2 comprising the
amine acid sequence of SEQ 1D NO: 15; and (f) an HVR-L3 comprising the amino acid sequence of SEQ
ID NO: 20, In some instances, the anti-FcRHS antibody of claim may have a VH domain comprising an
amino acid sequence having at least 80% (e.g., 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 88%,
90%, 81%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or 89%) sequence identity to, or the sequence of,
SEQ D NO: 207 and/or a VL domain comprising an amino acid sequence having at least 80% (e.g., 80%,
81%, 82%, 83%, 84%, 85%, B6Y%, 87%, 88%, 88%, 80%, 91%, 92%, 93%, 94%, B35%, 96%, 97%, 38%,
or 88%) sequence identily to, or the sequence of, SEQ 1D NO: 208. In some instances, the anti-FCRHS5
antibody comprises at least one {(e.g., 1, 2, 3, or 4) of heavy chain framework regions FR-H1, FR-HZ2, FR-
H3, and FR-H4 comprising the sequences of SEQ ID NO: 52, 54, 45, and 47. In some instances, the
anti-FcRHS antibody may have a VH domain comprising the amino acid sequence of SEQ 1D NO: 207. In
some instances, the anti-FcRH5S antibody further includes at least one (e.g., 1, 2, 3, or 4) of the light chain
framework regions FR-L1, FR-L2, FR-L3, and FR-L4 comprising the sequences of SEQ 1D NOs: 48, 58,
50, and 51. In some instances, the anti-FCRHS antibody may have a VL domain comprising the amino
acid sequence of SEQ 1D NGO: 208. In a pariicular instance, the anli-FcRHS antibody can be 1G7.viL, or
a derivative or clonal relative thereof. In some instances, for exampie, the invention provides an anti-
FoRHS antibody having a binding domain comprising (&) a VH domain comprising an amino acid
sequence of SEQ 1D NG: 207 and (b} a VL domain comprising an amino acid sequence of SEQ 1D NOG:
208.

in some instances, the invention provides an anti-FcRHS antibody having a binding domain
comprising at least one, fwo, three, four, five, or six hypervariable regions (HVRs) selected from (&) an
HVR-H1 comprising the amino acid sequence of SEQ ID NO: 1; (b) an HVR-H2 comprising the amino
acid sequence of SEQ 1D NO: 8; (¢) an HVR-H3 comprising the amino acid sequence of SEQ ID NO: §;
{dy an HVR-L1 comprising the amino acid sequence of SEQ 1D NG: 14, () an HVR-L2 comprising the
amino acid sequence of SEQ ID NO: 16; and (f) an HVR-L3 comprising the amino acid sequence of SEQ
D NO: 23, In some instances, the anti-FeRHS antibody of claim may have a VH domain comprising an
aminoe acid sequence having at least 80% (e.q., 80%, B1%, 82%, 83%, 84%, 85%, 86%, 87%, B8%, 8%%,
90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99%) sequence identity to, or the sequence of,
SEQ ID NO: 209 and/or a VL domain comprising an amino acid sequence having at least 80% {(e.g., 80%,
B1%, 82%, 83%, 84%, 85%, 88%, 87%, 88%, 89%, 80%, 91%, 92%, 83%, 94%, 95%, 96%, 87%, 88%,
or 99%) sequence identity {o, or the sequence of, SEQ [D NO: 210, In some instances, the anti-FoRHS
antibody comprises at least one (e.g., 1, 2, 3, or 4) of heavy chain framework regions FR-H1, FR-H2, FR-
H3, and FR-H4 comprising the sequences of SEQ 1D NO: 52, 54, 48, and 47. In some instances, the
anti-FcRHS antibody may have a VH domain comprising the amino acid sequence of SEQ D NO: 209, In
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some instances, the anti-FCRHS antibody further includes at least one (8.g., 1, 2, 3, or 4) of the light chain
framework regions FR-L1, FR-L2, FR-L3, and FR-L4 comprising the sequences of SEQ ID NOs: 48, 58,
50, and 51. In some instances, the anti-FcRH5 antibody may have a VL domain comprising the amino
acid sequence of SEQ ID NC: 210, In a particular instance, the anti-FcRHS antibody can be 1G7.v86, or
a derivative or clonal relative thereof. In some instances, for example, the invention provides an anti-
FeRHS antibody having a binding domain comprising {a) a VH domain comprising an amino acid
sequence of SEQ 1D NO: 209 and (1) a VL domain comprising an amino acid sequence of SEQ 10 NO:
210.

in some instances, the invention provides an anti-FeRHS antibody having a binding domain
comprising at least one, two, three, four, five, or six hypervariable regions (HVRS) selected from (a) an
HVR-H1 comprising the aming acid sequence of SEQ 1D NO: 1; (b)) an HVR-H2 comprising the amino
acid seguence of SEGQ 1D NG: 8; (o) an HVR-H3 comprising the amino acid seguence of SEQ 1D NO: 9;
(d) an HVR-L1 comprising the amino acid sequence of SEQ ID NO: 14, (e) an HVR-L2 comprising the
amino acid sequence of SEQ 1D NO: 16; and (f) an HVR-L3 comprising the amino acid sequence of SEQ
ID NG: 23, In some instances, the anti-FcRHS antibody of claim may have a VH domain comprising an
aming acid sequence having at least 80% (e.g., 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%,
90%, 91%, 92%, 93%, 84%, 95%, 96%, 87%, 98%, or 88%) sequence identity to, or the sequence of,
SEQ ID NO: 211 and/or a VL domain comprising an amino acid sequence having at least 80% (e.g., 80%,
81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 80%, 91%, 92%, 93%, 94%, 25%, 96%, 87%, B38%,
or 99%) sequence identily o, or the sequence of, SEQ 1D NO: 212, In some instances, the anti-FCRHS
antibody comprises at lsast one {8.g., 1, 2, 3, or 4) of heavy chain framework regions FR-H1, FR-H2, FR-
H3, and FR-H4 comprising the sequences of SEQ 1D NO: 53, 54, 48, and 47. In some instances, the
anti-FcRHS antibody may have a VH domain comprising the amino acid sequence of SEQ 1D NO: 211, In
some instances, the anti-FcRHS antibody further includes atleast one (e.g., 1, 2, 3, or 4} of the light chain
framework regions FR-L1, FR-L2, FR-L3, and FR-L4 comprising the sequenceas of SEQ 1D NOs: 48, 58,
50, and 51. In some instances, the anti-FcRHS antibody may have a VL domain comprising the amino
acid sequence of SEQ 1D NO: 212, In a particular instance, the anti-FcRHS antibody can be 1G7.v191,
or a derivative or clonal relstive thereof. In some instances, for exampie, the invention provides an anti-
FeRH5 antibody having a binding domain comprising (8) a VH domain comprising an amino acid
sequence of SEQ 1D NO: 211 and (b) a VL domain comprising an amino acid sequence of SEQ 1D NG
212

in some instances, the invention provides an anti-FCRHS antibody having a binding domain
comprising at least one, two, three, four, five, or six hypervariable regions (HVRs) selected from (&) an
HVR-H1 comprising the amino acid sequence of SEQ ID NO: 1; (b) an HVR-H2 comprising the amino
acid sequence of SEQ D NQ: 8; (¢) an HVR-H3 comprising the amino acid sequence of SEQ D NO: 10;
(d) an HVR-L1 comprising the amino acid sequence of SEQ 1D NO: 14; (e) an HVR-LZ comprising the
amino acid sequence of SEQ 1D NO: 16; and (f) an HVR-L3 comprising the amino acid sequence of SEQ
D NO: 23, In some instances, the anti-FeRHS anlibody of claim may have a VH domain comprising an
amino acid sequence having at least 80% {e.g., 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 88%,

90%, 81%, 92%, 93%, 84%, 85%, 96%, 97%, 88%, or 99%) sequence identity to, or the sequence of,
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SEGQHD NO: 213 and/or a VL domain comprising an amino acid sequence having at least 80% {(=.g., 80%,
81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 88%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 88%,
or 99%) sequence identity 1o, or the sequence of, SEQ ID NO: 214, In some instances, the anti-FeRHS
antibody comprises at least one {(e.g., 1, 2, 3, or 4) of heavy chain framework regions FR-H1, FR-H2, FR-
H3, and FR-H4 comprising the sequences of SEQ 1D NG: 52, 54, 48, and 47. In some instances, the
anti-FoRHS antibody may have a VH domain comprising the amino acid sequence of SEQH D NO: 213, In
some instances, the anti-FCRHS antibody further includes at least one {(e.g., 1, 2, 3, or 4) of the light chain
framework regions FR-L1, FR-L.2, FR-L3, and FR-L4 comprising the sequences of SEQ ID NOs: 48, 58,
50, and 1. In some instances, the anti-FcRHS antibody may have a V9L domain comprising the amino
acid sequence of SEQ 1D NC: 214, In g particular instance, the anti-FeRHS antibody can be 1G7.v82, or
a derivative or clonal relative thereof. In some instances, for exampie, the invention provides an anti-
FoRHS5 antibody having a binding domain comprising (@) a VH domain comprising an amino acid
sequence of SEQ ID NG: 213 and (b) a VL domain comprising an amino acid sequence of SEQ iD NO:
214.

in certain embodiments, an antibody provided herein is a monocional, human, humanized, or
chimeric antibody. In some instances, the anti-FCRHS antibody is an IgG antibody. The anti-FcRHS may
be a full-length antibody and/or a monospecific antibody. In ceriain embodiments, the anti-FcRHS
antibody may bind to an epitope in the Ig-like domain 9 of FCRHS. For example, the epitope may
comprises a portion of amine acids 743-850 of SEQ 1D NO: 114, in some instances, the anti-FcRHS
antibody binds to human FcRHS or cynomuoigus monkey {cyno) FCRHS, or both. In other instances, the
binding domain does not specifically bind to FeRH1, FeRHz, FcRH3, and/or FcRH4.

in soime instances, the anti-FCRHS antibody has a clearance following intravenous injection of
between about 10 mi/kg/day to about 45 mitkg/day (e.g., about 1 mikkg/day, 5 mifkg/day, 10 mikg/day, 11
mikg/day, 12 mifkg/day, 13 mikg/day, 14 mifkg/day, 15 mi/kg/day, 16 mitkg/day, 17 mikg/day, 18
mi‘kg/day, 18 miikg/day, 20 mi/kg/day, 21 mikkg/day, 22 miikg/day, 23 milkg/day, 24 mikg/day, 25
mi’kgi/day, 26 mifkg/day, 27 mi/kg/day, 28 mikkg/day, 28 mikkg/day, 30 mli/kg/day, 31 mikg/day, 32
mikg/day, 33 mifkg/day, 34 mi/ka/day, 35 mikkg/day, 36 mi/kg/day, 37 mi/kg/day, 38 mikg/day, 39
mikg/day, 40 miikg/day, 41 mikg/day, 42 mikg/day, 43 mi/kg/day, or 44 mifkg/day).

in some instances, the anti-FeRHS antibody has a clearance following intravenous injection of
about 1 mirkg/day to about 5 mitkg/day, about 6 mifkg/day to about 10 mi/kg/day, about 11 mikkg/day to
about 15 mifkg/day, aboul 16 mi/kg/day to about 20 mikg/day, about 21 mi/kg/day to about 25 mifkg/day,
about 26 mifkg/day to about 30 mikg/day, about 31 midkg/day to about 35 mikkg/day, about 36 mirkg/day
to aboul 40 miZkg/day, about 41 mi/kg/day to aboul 45 mikg/day in a mouse. In some instances, the anti-
FcRHS antibody has a clearance following infravenous injection of about 10 mli/kg/day to about 35
mifkg/day in a mouse. In some instances, the anti-FeRHS antibody has a clearance following intravenous
injection of about 10 mi/kg/day to about 20 mikg/day in 2 mouse. In some instances, the anti-FeRHS
antibody has a clearance following intravenous injection of about 12 mi/kg/day to about 16 mikg/day in a
mouse.

in some instances, the anti-FcRHS antibody has a clearance following intravenous injection of
about 1 mi/kg/day to about 5 mi/kg/day, about 8 mikg/day to about 10 mifkg/day, about 11 mi/kg/day to
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about 15 mikkg/day, about 16 mifkg/day to about 20 mickg/day, about 21 mifkg/day to about 25 mifkg/day,
about 26 mikg/day to about 30 mi/kg/day, about 31 mi/kg/day to about 35 miikg/day, about 36 mikkg/day
to about 40 mi/kg/day, about 41 mlkg/day to about 45 mlikg/day in cyno. In some instances, the anti-
FeRHS antibody has a clearance following intravenous injection of about 20 mi/kg/day o about 40
mifkg/day in a cyno. in some instances, the anti-FcRHS antibody has a clearance following intravenous
injection of about 25 mi/kg/day 1o about 35 mikg/day in a cyno. in some instances, the anti-FCRHS
antibody has a clearance following intravenous injection of about 30 mifkg/day to about 35 mikg/day in a
cyno.

in a further aspect, an anti-FCRHS antibody according to any of the above embodiments may
incorporate any of the features, singly or in combination, as described in Sections 1-7 below.

1. Antibody Affinity

in parlicular instances, the anti-FcRMS5 antibody binds to human and/or cyno FCRHS with a
dissociation constant (Kp) of = 1pM, < 100 nM, = 10 nM, =1 nM, £ 0.1 nM, £ 0.01 nM, or £ 0.001 nM (e.g.,
1080 orless, e.g., from 108M o 103 M, e.g., rom 109M10 10 M, e.g., from 1010 103 M, e.g., from
10 {0 10° M, e.g., from 10210 105 M). For exampls, in some instances the anti-FeRHS antibody
binds to human FeRMS with a Ko of 100 nM {e.g, < 80 nM, 280 nM, = 70 nM, <60 nM, <50 nM, =40 nM,
230 nM, £20 oM, $10 nh, 35 nM, £ 1 nb, £ 750 pM, <500 pM, 250 pM, s100 pM, <50 pM, <25pM, 10
i, <5 pM, or £ 1pM) or lower.

in some instances, the anii-FCRHS antibody binds to human FcRHS with a Ko of about 1 pM io
about 500 nM (e.g., about 1 ph o 200 pM, 100 pM to 300 pM, 200 pM to 400 pM, 300 pM to 500 pM, 400
pi to 600 pM, 500 pM to 700 ph, 600 phd to 800 pM, 700 pht to 200 ph, 800 pM to 1 nlM, 800 pM to 100
ni, 1 nh to 200 nM, 100 nM to 300 nM, 200 nM to 400 nM, or 300 nM to 500 nM). In some instances,
the anti-FcRHS antibody binds to human FoRHS with g Kp of about 1 pM to about 1 nM (e.g., about 1 pi
to 100 pM, 50 pM to 150 pM, 100 pM to 200 pM, 150 pM to 250 ph, 200 pM to 300 pM, 250 pM to 350
phd, 300 pM to 400 pM, 350 ph to 450 pM, 400 pM to 500 ph, 450 pM o 550 pM, 500 ph o 800 pM, 550
P to 650 pM, 600 pM to 700 ph, 650 pM 1o 750 pM, 700 ph to 800 pM, 750 pM to 850 pM, 8CC pM to
900 pM, 850 pM to 850 pM, or 800 pM to 1 nM). In some instances, the anti-FcRHS antibody binds {o
human FoRMHS with a Kp of about 100 pM to about 500 pM (e.g., about 100 pM, 125 pM, 150 pM, 175 p,
200 pM, 225 ph, 250 pM, 275 pM, 300 pM, 325 pM, 350 pM, 375 pM, 400 pM, 425 pM, 450 pM, 475 pM,
or 500 pM). In some instances, the anti-FeRHS antibody binds to human FeRHS with a Ko of about 100
pM o about 1680 pM (e.g., about 100 pM, 105 pM, 110 pM, 115 pM, 120 pM, 125 pM, 130 pM, 135 pM,
140 pM, 145 pM, 150 pM, 155 pM, or 160 pM). In some instances, the anti-FcRMS antibody binds to
human FoRHS with a Kp of about 1 nM to about 150 nM (e.g., about 1 nM, 2 nM, 3 nM, 4 nM, 5 nM, 6 nM,
7 nM, 8 nM, 9 nM, 10 nM, 11 aM, 12, nM, 13 nM, 14 nM, 15 oM, 16 nM, 17 nM, 18 nM, 18 nM, 20 nM, 21
nhd, 22 nM, 23 nM, 24 nb, 25 nM, 26 nM, 27 nM, 28 nM, 29 nlM, 30 nM, 31 nM, 32 oM, 33 nM, 34 nM, 35
nhbd, 36 nM, 37 nM, 38 ni, 38 nM, 40 nM, 41 nM, 42 nM, 43 nM, 44 nM, 45 nM, 46 nM, 47 nM, 48 nM, 49
nibd, 50 nM, 55 nM, 60 n, 865 nM, 70 nM, 75 nM, 80 nM, 85 nM, 90 nM, 85 nM, 100 nM, 105 nM, 110 nM,
115 nM, 120 nM, 125 nM, 130 nM, 135 nM, 140 nM, 145 nM, or 150 nhf}.
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in some instances the anti-FCRHS antibody binds 1o cyno FCRHS with a Kp of <100 nM (e.g, 80
nM, <80 nM, < 70 nM, <60 nM, <50 nM, <40 nM, <30 nM, <20 nM, 10 nM, <5 nM, £ 1 nM, S 750 pM,
<500 ph, <250 ph, <100 pM, <50 pM, <25 pM, 10 pM, 55 pM, or < ipM, e.g., from 108 M 1o 102 M,
eg., from 10°Mic 1073 M, e.g., rom 1000 10 M, e.g., rom 107 10 108 M, e.g., from 10 1o 1013 M)
or lower. in some instances, the anti-FoRHS antibody binds to cyno FeRHES with a Ko of about 1 pM io
about 500 nM (e.g., about 1 pM to 200 ph, 100 pM to 300 pM, 200 pM fo 400 pM, 300 pM to 500 pM, 400
piM 1o 600 pM, 500 pM to 700 pM, 600 pM to 800 pM, 700 pM to 900 pM, 800 pMto 1 nb, 800 pMio 100
nhM, 1 nM to 200 nM, 100 nM 1o 300 nM, 200 nM to 400 nM, or 300 nM fo 500 nM). In some instances,
the anti-FcRHS antibody binds to cyno FeRHS with a Kp of about 1 pM {o about 1 nM (e.g., about 1 pMio
100 pM, 50 pM to 150 pM, 100 pM 1o 200 pM, 150 pM to 250 pM, 200 ph to 300 pM, 250 pM to 350 pM,
300 pM 1o 400 pM, 350 pM to 450 ph, 400 pM to 500 pM, 450 pM to 550 pM, 500 pM to 800 pM, 550 pM
io 650 pM, 800 pM to 700 pM, 850 ph to 750 pM, 700 pM to 800 pM, 750 ph to 850 pM, 800 pM 1o 800
ph, 850 pM to 850 pM, or 800 pM to 1 nM). In some instances, the anti-FeRMS antibody binds to cyno
FoRHS5 with a Ko of about 100 pM {o about 500 pM (e.g., about 100 pM, 125 pM, 150 pM, 175 pM, 200
phd, 225 pM, 250 pM, 275 pM, 300 pM, 325 pM, 350 pM, 375 pM, 400 pM, 425 pM, 450 phd, 475 pM, or
500 pM). In some insiances, the anti-FcRHS antibody binds to cyno FoRHS with a Ko of about 100 pM o
about 160 pM (e.g., aboul 100 pM, 105 pM, 110 pM, 115 pM, 120 pM, 125 pM, 130 phd, 135 pM, 140 pM,
145 pM, 150 pM, 155 pM, or 160 pM). In some instances, the anti-FcRHS antibody binds to cyno FeRH5
with a Kp of about 1 nM to about 150 nM {e.g., about 1 nM, 2 nM, 3 nM, 4 nM, 5 nM, 6 nM, 7 nM, 8 nM, B
nhd, 10 nM, 11 nM, 12, nM, 13 nM, 14 nM, 15 nM, 16 nM, 17 nM, 18 nM, 19 nM, 20 nM, 21 nM, 22 nM, 23
nh, 24 nM, 25 nM, 26 nM, 27 nl, 28 nM, 28 nM, 30 nM, 31 nM, 32 nM, 33 nM, 34 nM, 35 nM, 36 nM, 37
nhd, 38 nM, 39 nM, 40 nM, 41 nM, 42 nM, 43 nM, 44 nM, 45 nM, 48 nM, 47 nM, 48 nM, 48 nM, 50 nM, 55
nhd, 60 nM, 65 nM, 70 nM, 75 nM, 80 nM, 85 nM, 80 nM, 85 nM, 100 nM, 105 nM, 110 nM, 115 nM, 120
nhd, 125 nM, 130 nM, 135 nM, 140 nM, 145 nM, or 150 nM).

in one embodiment, Ko is measured by a radiolabeled antigen binding assay (RIA}. In one
embaodiment, an RIA is performed with the Fab version of an antibody of inferest and its antigen. For
example, solution binding affinity of Fabs for antigen is measured by equilibrating Fab with a minimal
concentration of ("%))-labeled antigen in the presence of a tifration series of unlabeled antigen, then
capturing bound antigen with an anti-Fab antibody-coated plate (see, e.g., Chen et al. J. Mol Biol
293:865-881, 1988). To establish conditions for the assay, MICROTITER® multi-well plates (Thermo
Scientific) are coated overnight with 5 pg/mi of a capturing anti-Fab antibody (Cappel Labs) in 50 mM
sodium carbonate (pH 9.8}, and subsequently blocked with 2% (w/v) bovine serum albumin in PBS for
two to five hours at room temperature (approximately 23°C). In a non-adsorbent plate (Nunc #269620),
100 pM or 26 pM ['?5]-antigen are mixed with serial dilutions of a Fab of interest (e.g., consistent with
assessment of the anti-VEGF antibody, Fab-12, in Presia et al. Cancer Res. 57:4583-4598, 1987). The
Fab of interest is then incubated overnight; however, the incubation may continue for a longer period
{e.g., about 65 hours) to ensure that equilibrium is reached. Thereafter, the midures are transferred o
the capture plate for incubation at room temperature (e.9., for one hour). The solution is then removed
and the plate washed eight times with 0.1% polysorbate 20 (TWEEN-20®) in PBS. When the plates have
dried, 150 pl/well of scintillant (MICROSCINT-20™; Packard) is added, and the plates are counted on a
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TOPCCUNT ™ gamma counter {(Packard) for ten minutes. Concentrations of each Fab that give less
than or equal 1o 20% of maximal binding are chosen for use in competitive binding assays.

According to another embodiment, Ko is measurad using a BIACORE® surface plasmon
resonance assay. For exampie, an assay using a BIACORE®-2000 or a BIACORE ®-3000 (BlAcore, Inc.,
Piscataway, NJ) is performed at 25°C with immobilized antigen CMS chips at ~10 response units (RU). In
one embodiment, carboxymethyiated dextran biosensor chips (CMS5, BIACORE, Inc.) are activated with
N-ethyl-N~ (3-dimethylaminopropyli-carbodiimide hydrochioride (EDC) and M-hydroxysuccinimide (NHS)
according to the supplier's instructions. Antigen is diluted with 10 mM sodium acetate, pH 4.8, 16 5 pg/mi
(~0.2 uM) before injection at a flow rate of 5 y¥/minule 1o achieve approximately 10 response units (RU) of
coupled protein. Folowing the injection of antigen, 1 M ethanclamine is injected to block unreacied
groups. For kinetics measurements, two-fold serial dilutions of Fab (0.78 nM 1o 500 nM) are injecied in
PBS with 0.05% polysorbate 20 (TWEEN-20™) surfactant (PBST) at 25°C at a flow rate of approximately
25 plfmin. Association rates (ken) and dissociation rates (kex) are cailculated using a simple one-io-one
Langmuir binding model (BIACORE ® Evaluation Software version 3.2) by simultaneously fitling the
association and dissociation sensorgrams. The equilibrium dissociation constant (Kp) is caloulated as the

ratio kow Kon. See, for example, Chen et al. J. Mo/, Biol 203:865-881, 1889, If the on-rale exceeds 10°w

g by the surface plasmon resonance assay above, then the on-rate can be delermined by using a
fluorescent quenching technique that measures the increase or decrease in flugrescence emission
inlensily (excitation = 285 nm; emission = 340 nm, 16 nm band-pass) at 25°C of a 20 nM anti-antigen
antibody (Fab form) in PBS, pH 7.2, in the presence of increasing concentrations of antigen as measured
in a spectrometer, such as a stop-flow equipped specirophometer (Aviv instruments) or a 8000-series
SLM-AMINCO ™ spectrophotometer (ThermoSpectronic) with a stirred cuvette.

2. Antibody Fragments

in cartain embodiments, an antibody provided herein is an antibody fragment. Antibody
fragments include, but are not limited to, bis-Fabs, Fab, Fab’, Fab-8H, F(ab’z, Fv, and scFv fragments,
and other fragments described below. For a review of cerfain antibody fragments, see Hudson et al. Naf.
Med. 9:128-134, 2003. For a review of scFv fragments, see, e.g., Pluckihiin, in The Pharmacology of
Monocional Anfibodies, vol. 113, Rosenburg and Moore eds., (Springer-Verlag, New York), pp. 268-315,
1994, see also WO 83/16185; and U.S. Patent Nos. 5,571,894 and 5,587,458, Fordiscussion of Fab and
F(ab”)z2 fragments comprising salvage recepior binding epitope residues and having increased in vive half-
life, see U.S. Patent No. 5,868,046,

Antibody fragments in which the two Fabs are lnked through bis-maleimide are referred to herein
as hismaleimido-{thio-Fab)2 or bis-Fabs.

Diabodies are antibody fragments with two antigen-binding sites that may be bivalent or
bispecific. See, for example, EP 404,007, WO 1993/01161; Hudson et al. Nal, Med. 9:129-134, 2003;
and Hollinger et al. Proc. Nafl. Acad. Sci. USA 90:6444-6448, 1993, Triabodies and tetrabodies are also
described in Hudson st al. Nat. Med. 8:129-134, 2003.

Single-domain antibodies are antibody fragments comprising all or a pottion of the heavy chain
variable domain or all or a portion of the light chain variable domain of an antibody. In certain

85



10

15

20

25

30

35

40

WO 2016/205520 PCT/US2016/037879

embodiments, a single~-domain antibody is a human single-domain antibody (Domantis, Inc., YWaitham,
MA; see, e.g., U.S. Patent No. 6,248,516 B1).

Antibody fragments can be made by various {echniques, including but not limited o proteolylic
digestion of an intact antibody as well as production by recombinant host cells (e.g., £ cofi or phage}, as
described herein.

3. Chimeric and Humanized Antibodies

in certain embodiments, an antibody provided herein is a chimeric antibody. Certain chimeric
antibodies are described, e.g., in U.S. Patent No. 4,818,567, and Morrison el al. Proc. Nafl. Acad. Sci.
USA, 81:6851-8855, 1984, In one example, a chimeric antibody comprises a non-human variable region
{e.q., a variable region derived from a mouse, rat, hamster, rabbit, or non-human primaie, such as a
monkey) and a human constant region. In a further example, a chimeric antibody is a “class switched”
antibody in which the class or subclass has been changed from that of the parent antibody. Chimeric
antibodies include antigen-binding fragments thereof.

in certain embodiments, a chimeric antibody is a humanized antibody. Typically, a non-human
antibody is humanized to reduce immunogenicity {0 humans, while relaining the specificity and affinity of
the parental non-human antibody. Generally, a humanized antibody comprises one or more variable
domains in which HVRs, e.g., CDRs, {(or portions thereof) are derived from a non-human antibody, and
FRs {or portions thereof) are derived from human antibody sequences. A humanized antibody optionally
will also comprise at least a portion of a human constant region. 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., {o restore or improve
antibody specificity or affinity.

Humanized antibodies and methods of making them are reviewad, e.g., in Almagro et al. Front.
Biosci. 13:1618-1633, 2008, and are further described, e.g., in Riechmann et al. Nafure 332:323-329,
1988; Giueen et al. Proc. Nafl Acad. Sci. USA 86:10028-10033, 1989; US Patent Nos. 5, 821,337,
7,527,791, 6,982,321, and 7,087 409; Kashmiri et al. Methods 36:25-34, 2005 {describing specificity
determining region (SDR) grafling); Fadlan Mol Immunol 28:489-498, 1991 (describing ‘resurfacing”);
DallAcqua et al. Methods 36:43-80, 2005 (describing “FR shuffling™); and Osbourn et al. Methods 36:61-
58, 200%; and Klimka et al. Br. J. Cancer, 83.252-260, 2000 (describing the "guided selection” approach
to FR shufiling).

Human framewaork regions that may be used for humanization include, but are not limited {o,
framework regions selected using the “best-fil” method (see, e.g., Sims sl al. J. Immunol. 151:2298,
1993); framework regions derived from the consensus sequence of human antibodies of a particular
subgroup of light or heavy chain variable regions (see, e.g., Carter et al. Proc. Nafl, Acad. Sci. USA,
89:4285, 1992; and Presta et al. J. /mmunoi. 151:2623, 1893); human mature (somatically mutaled)
framework regions or human germiine framework regions (see, e.g., Almagro et al. Front. Biosci.
13:1819-1833, 2008); and framework regions derived from soreening FR libraries {see, e.g., Baca et al. J.
Biol. Chem. 272:10678-10684, 1997 and Rosok et al. J. Biol. Chem. 271:22611-22618, 1928).
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4. Human Antibodies

in certain embaodiments, an antibody provided herein is a human antibody. Human antibodies
can be produced using various techniques known in the art. Human antibodies are described generally in
van Dijk and van de Winkel, Curr. Opin. Pharmacol. 5: 368-74, 2001 and Lonberg, Curr. Opin. immunol.
20:450-459, 2008.

Human antibodies may be prepared by administering an immunogen to a transgenic animal that
has been modified 1o produce intact human antibodies or intact antibodies with human variable regions in
response fo antigenic challenge. Such animals typically contain all or a portion of the human
immunoglobulin loci, which replace the endogenous immunoglobulin lodi, or which are present
extrachromosomally or integrated randomly into the animal's chromosomes. In such fransgenic mice, the
endogenous immunogliobulin foci have generally been inactivated. For review of methods for oblaining
human antibodies from transgenic animals, see Lonberg, Nat. Biotech. 23:1117-1125, 2005, See also,
a.g., U.S. Patent Nos. 8,075,181 and 6,150,584 describing XENOMOUSE™ technology; U.S. Patent No.
5,770,429 describing HUMaAB® technology; U.S. Patent No. 7,041,870 describing K-M MOUSE®
technology, and U.S. Palent Application Publication No. US 2007/0061800, describing VELOCIMOUSE®
technology). Human variable regions from intact aniibodies generated by such animals may be further
modified, e.g., by combining with a different human constani region.

Human antibodies can also be made by hybridoma-based methods. Human myeloma and
mouse-human heteromyeloma cell lines for the production of human monoclonal antibodies have been
described (see, e.q., Kozbor J. Immunol., 133: 3001, 1984; Brodeur et al. Monocional Antibody
Production Techniques and Applications, pp. 51-63 (Marcel Dekker, Inc., New York, 1887}, and Boermner
et al. J. Immunod., 147 86, 1991). Human antibodies generated via human B-cell hybridoma technaingy
are also described in Wi et al. Proc. Natl Acad. Soi. USA, 103:35857-3562, 2006, Additional methods
include those described, for example, in U.S. Patent No. 7,188,828 (describing production of monocional
human IgM antibodies from hybridoma cell lines) and Ni, Xiandai Mianyvixue, 26(4).265-268, 2006
{describing human-human hybridomas). Human hybridoma technology (Trioma technology) is also
described in Volimers and Brandlein, Hisfology and Histopathology, 20(3):827-937, 2005 and Volimers
and Brandlein, Mefhods and Findings in Experimental and Clinical Pharmacology, 27(3).185-91, 2005,

Human antibodies may also be generated by isolating Fv clone variable domain sequences
selected from human-derived phage display libraries. Such variable domain sequences may then be
combined with a desired human constant domain. Techniques for selecting human antibodies from

antibody fibraries are described below.

8. Library-Dernived Antibodies
Antibodies of the invention may be isolated by screening combinatorial libraries for antibodiss
with the desired activity or activities. For example, a variety of methods are known in the art for
gensrating phage display libraries and screening such libraries for antibodies possessing the desired
binding characteristics. Such methods are reviewed, e.g., in Hoogenboom et al. in Methods in Molecular
Biology 178:1-37 (O'Brien et al. ed., Human Press, Totowa, NJ, 2001} and further described, e.g., in the
McCafferty et al. Nature 348:552-554; Clackson et al. Nafure 352: 624-828, 1991, Marks et al. J. Mol
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Biol 222: 581-587, 1992; Marks and Bradbury, in Methods in Molecular Biclogy 248:1861-175 (Lo, ed.,
Human Press, Totowa, NJ, 2003); Sidhu et al. J. Mol Biol 338(2): 288-310, 2004, Lee et al. J. Mol Bioi,
340(5):1073-1093, 2004; Fellouse, Proc. Natl. Acad. Sci. USA 101(34): 12467-12472, 2004; and Lee et
al. J. immunol. Methods 284(1-2):119-132, 2004.

in ceriain phage display methods, repertoires of VH and VL genes are separately cloned by
polymerase chain reaction (PCR) and recombined randomily in phage Hbraries, which can then be
screened for antigen-binding phage as described in Winter et al. Ann. Rev. immunol., 12: 433-455, 1994,
Phage typically display antibody fragments, either as single-chain Fv (scFv) fragments or as Fab
fragments. Libraries from immunized sources provide high-affinity antibodies to the immunogen without
the requirement of constructing hybridomas. Allernatively, the naive repertoire can be cloned (e.g., from
human) to provide a single source of antibodies to g wide range of non-self and also self antigens without
any immunization as described by Griffiths ef al. EMBO J, 12: 725-734, 1883. Finally, naive libraries can
also be made synthetically by cloning unrearranged V-gene segments from stem cells, and using PCR
primers containing random sequence o encode the highly variable CDR3 regions and to accomplish
rearrangement in vitro, as described by Hoogenboom and Winter, J. Mol Biol., 227 381-388, 1882.
Patent publications describing human antibody phage libraries include, for example: US Patent No.
5,780,373, and US Patent Publication Nos. 2005/0079574, 2005/0119455, 2005/0266000,
2007/0117126, 2007/0160588, 2007/0237764, 2007/0292936, and 2009/0002380. Antibodies or
antibody fragments isolated from human antibody libraries are considered human antibodiss or human

antibody fragments hergin.

6. Multispecific Antibodies, Inciuding FeRHS T cell-dependent Bispecific (TDB) Antibodies

in any one of the above aspects, the anti-FcRHS antibody provided herein is a multispacific
antibody, for example, a bispecific antibody. Muitispecific antibodies are monoclonal antibodies that have
hinding specificities for at least two different sites. In certain embodiments, bispecific antibodies may bind
o two different epitopes of FCRHS.

in certain embodiments, one of the binding specificities is for FCRHS and the cotheris for CD3
{e.g., CD3¢c or CD3y). Such bispecific anti-FeRHS antibodies are also referred {o as FeRHE T celi-
dependent bispecific (TDB) antibodies or FeRHE TDBs. in some instances, the second binding domain
binds to an epitope on CD3 comprising amino acid residue Glub of CD3. In some instances, the epitope
further comprises one or more additional amino acid residues selected from the group consisting of Gint,
Asp2, and Met7 of CD3. in some instances, the epitope comprises amino acid residues Gint, Asp2, and
Glue of CD3. in some instances, the epitope comprises amino acid residues Gint, Asp2, Glus, and Met7
of CD3. In some instances, the epitope does not comprise amine acid residue Glu5 of CD3. In some
instances, the epitope does not comprise aming acid residues Gly3 and Glud of CD3. In some instances,
the epitope consists of amino acid residues Gint, Asp2, Giug, and Met7 of CD3.

in other some instances, the second binding domain is capable of binding to a human CD3
polypeptide or a cyno CD3 polypeplide. In some instances, the human CD3 polypeptide or the cyno CD3
polypeptide is a human CD3e polypeptide or a cyno CD3¢ polypeptide, respectively. In some instances,
the human CD3 polypeptide or the cyno CD3 polypeptide is a human CD3y polypeptide or a cyno CD3y
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polypeptide, respectively.

in particular instances, the second binding domain binds the human CD3¢ polypeptide with
dissociation constant (Kp) of s 1uM, £ 100 nM, £ 10 nM, £ 1 nM, £ 0.1 nM, £0.01 nM, or £ 0.001 nM (e.g.,
1080 orless, e.g., from 10¢M 1o 10 M, e.g., from 10°Mto 10 M). For exampie, in some instances
the the second binding domain binds the human CD 3¢ polypeptide with a Kp of 2100 nM (e.g, < 30 nM,
<80 nM, £ 70 nM, <60 nM, <50 nM, <40 nM, 30 nM, <20 nM, <10 nM, <5 nM, £ 1 nM, £ 750 pM, <500
pM, <250 pM, 2100 pM, <50 pM, <25 pM, <10 pM, <5 pM, or £ 1 pM) or lower.

in some instances, for example, the invention provides an anti-FcRHS antibody, wherein the
second binding domain cornprises at least one, two, three, four, five, or six hypervariable regions (HVRs)
selected from (a) an HVR-H1 comprising the amino acid sequence of SEQ 1D NO: 115, (b) an HVR-H2
comprising the amino acid sequence of SEQ 1D NG: 118; (¢} an HVR-H3 comprising the amino acid
sequence of SEG 1D NO: 117; (d) an HVR-L1 comprising the amino acid sequence of SEQ 1D NO: 118;
(e) an HVR-L2 comprising the amino acid sequence of SEQ 1D NO: 118; and (1) an HVR-L3 comprising
the amino acid sequence of SEQ ID NO: 120,

in some instances, the invention provides an anti-FocRHS antibody, wherein the second binding
domain comprises at least one, two, three, four, five, or six hypervariable regions (HVRs) selected from
(a) an HVR-H1 comprising the amino acid sequence of SEQ ID NO: 115; (b) an HVR-H2 comprising the
amino acid sequence of SEQ 1D NO: 116; (¢) an HVR-H3 comprising the amino acid sequence of SEQ ID
NO: 121, (d) an HVR-L1 comprising the amino acid sequence of SEQ 1D NO: 118; (&) an HVR-L2
comprising the amino acid sequence of SEQ 1D NO: 119; and (T} an HVR-L3 comprising the amino acid
sequence of SEQ 1D NO: 123, In some instances, the invention provides an anti-FcRH5 antibody,
whergin the second binding domain includes a VH domain comprising an amino acid sequence having at
least 80% (e.g., 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 83%, 90%, 91%, 92%, 93%, 94%,
95%, 96%, 87%, 98%, or 99%) sequence identity to, or the sequence of, SEQ ID NO: 133 and/or a VL
domain comprising an amino acid sequence having at least 80% (e.g., 80%, 81%, 82%, 83%, 84%, 85%,
86%, 87%, 88%, 8%%, 90%, 91%, 82%, 93%, 94%, 95%, 96%, 97%, 98%, or 98%) sequence identity to,
or the sequence of, SEQ iD NO: 134, In some instances, the anti-FeRHS agntibody includes a second
pinding domain comprising at ieastone (e.g., 1, 2, 3, or 4) of heavy chain framework regions FR-H1, FR-
H2, FR-H3, and FR-H4 comprising the sequences of SEQ ID NOs: 125, 126, 127, and 128, respectively.
in some instances, the second binding domain comprises a VH domain comprising the amino acid
sequence of SEQ 1D NOC: 133, In some instances, the second binding domain further includes at least
one (e.g9., 1, 2, 3, or 4) of the light chain framework regions FR-L1, FR-L2, FR-L3, and FR-L4 comprising
the sequences of SEQ 1D NOs: 129, 130, 131, and 132, respectively. In some instances, the second
binding domain comprises a VL domain comprising the amino acid sequence of SEQ 1D NOC: 134, In
some instances, the second binding domain includes a VH domain comprising an amino acid segquence
of SEQ ID NO: 133 and (Iy a VL domain comprising an amino acid sequence of SEQ ID NO: 134,
Accordingly, in some instances, a half-antibody variant of an anti-FcRHS antibody of the invention may be
paired with a half-antibody variant of anti-CD3 antibody 38E4 .v1 1o form an FcRHS5 TDB (.e., an anti-
FCRH5/38E4 vt TDRE).
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in some instances, the invention provides an anti-FeRHS antibody, wherein the second binding
domain comprises at least one, two, three, four, five, or six hypervariable regions {HVRs) selected from
{a) an HVR-H1 comprising the amino acid sequence of SEQ 1D NO: 115; () an HVR-H2 comprising the
amino acid sequence of SEQ 1D NO: 116; (¢} an HVR-H3 comprising the amino acid sequence of SEG D
NG 122; (d) an HVYR-L1 comprising the amino acid sequence of SEQ D NO: 118; {e) an HVR-L2
cormnprising the amino acid sequence of SEQ 1D NO: 119; and {f) an HVR-L3 comprising the aminc acid
sequence of SEGQ 1D NG 123, In some instances, the invention provides an anti-FCRHS antibody,
wheregin the second binding domain includes a VH domain comprising an amino acid segquence having at
least 80% (e.g., B0%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%,
95%, 88%, 97%, 98%, or 88%) sequence identity o, or the sequence of, SEQ ID NO: 135 and/ora VL
domain comprising an amino acid sequence having at least 80% (e.g., 80%, 81%, 82%, 83%, 84%, 85%,
88%, 87%, 88%, 88%, 90%, 91%, 82%, 83%, 94%, 95%, 96%, 97%, 98%, or 89%) sequence identity to,
or the sequence of, SEQ ID NO: 136. In some instances, the anli-FCRHS antibody includes a second
binding domain comprising at least one (e.g., 1, 2, 3, or 4) of heavy chain framework regions FR-H1, FR-
H2, FR-H3, and FR-H4 comprising the sequences of SEQ D NOs: 125, 126, 127, and 128, respectively.
In some instances, the second binding domain comprises a VH domain comprising the amino acid
sequence of SEQ ID NG: 135, In some instances, the second binding domain further includes at least
one {(e.g., 1, 2, 3, or 4) of the light chain framework regions FR-L1, FR-L2, FR-L3, and FR-L4 comprising
the sequences of SEQ 1D NOs: 128, 130, 131, and 132, respectively. In some instances, the second
binding domain comprises a VL domain comprising the amino acid sequence of SEQ 1D NOG: 136, In
some instances, the second binding domain includes a VH domain comprising an amino acid sequence
of SEQ 1D NO: 135 and (b} a VL domain comprising an amino acid sequence of SEQ 1D NO: 1386,
Accordingly, in some instances, a half-antibody variant of an anti-FcRH5 antibody of the invention may be
paired with a half-antibody variant of anti-CD3 antibody 38E4 v1 to form an FeRHS TDB (i.e., an anti-
FcRH5/38E4.v1 TDB).

in some instances, the invention provides an anti-FeRHS antibody, wherein the second binding
domain comprises at least one, two, three, four, five, or six hypervariable regions (HVRs) selected from
(&) an HVR-H1 comprising the amino acid sequence of SEQ ID NO: 115; (b) an HVR-H2 comprising the
amino acid sequence of SEQ 1D NO: 116; (¢) an HVR-H3 comprising the amino acid sequence of SEQ 1D
NO: 121; () an HVR-L1 comprising the amino acid sequence of SEQ ID NO: 118; (&) an HVR-L2
comprising the amino acid sequence of SEQ 1D NC: 119; and (f) an HVR-L3 comprising the amino acid
sequence of SEQ 1D NO: 124, In some instances, the invention provides an anti-FeRH5 antibody,
wherein the second binding domain includes a VH domain comprising an amino acid sequence having at
least 80% (e.g., 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 54%,
95%, 968%, 87%, 98%, or 89%) sequence identity 1o, or the sequence of, SEQ 1D NO: 137 and/or a VL
domain comprising an aming acid sequence having al least 80% (e.g., 80%, 81%, 82%, 83%, 84%, 85%,
B6%, 87%, 88%, 89%, 80%, 91%, 92%, 83%, 84%, 85%, 96%, 87%, 98%, or 88%) sequence identity to,
or the sequence of, SEQ ID NO: 138, In some instances, the anti-FocRHS antibody includes a second
binding domain comprising at least one (e.g., 1, 2, 3, or 4) of heavy chain framework regions FR-H1, FR-
Hz, FR-H3, and FR-H4 comprising the sequences of SEQ 1D NOs: 125, 126, 127, and 128, respectively.

70



10

15

20

25

30

35

40

WO 2016/205520 PCT/US2016/037879

in some instances, the second binding domain comprises a VH domain comprising the amino acid
sequence of SEQ ID NO: 137. In some instances, the second binding domain further includes at least
one {e.g., 1, 2, 3, or 4) of the light chain framework regions FR-L1, FR-L2, FR-L3, and FR-L4 comprising
the sequences of SEQ D NGs: 128, 130, 131, and 132, respectively. in some instances, the second
binding domain comprises a VL domain comprising the amino acid sequence of SEQ 1D NO: 138, In
some instances, the second binding domain includes a VH domain comprising an amino acid sequence
of SEQ ID NOs: 137 and (b} a VL domain comprising an amino acid sequence of SEQ 1D NO: 138,
Accordingly, in some instances, a half-antibody variant of an anti-FcRHS antibody of the invention may be
paired with a half-antibody variant of anti-CD3 antibody 38E4.v11 to form an FcRH5 TDB (e, an anti-
FcRH5/38E4.v11 TDB).

in some instances, the invention provides an anti-FcRHS antibody, wherein the second binding
domain comprises at least one, two, three, four, five, or six hypervariable regions (HVRs) salected from
(a) an HVR-H1 comprising the amino acid sequence of SEQ ID NO: 139; (b) an HVR-H2 comprising the
amino acid sequence of SEQ 1D NO: 140; (¢) an HVR-H3 comprising the amino acid sequence of SEQ ID
NO: 141; (d) an HVR-L1 comprising the amino acid sequence of SEQ ID NO: 142; (&) an HVR-L2
comprising the amino acid seguence of SEQ 1D NO: 143; and (1) an HVR-L3 comprising the amino acid
sequence of SEQ ID NOG: 144, In some instances, the invention provides an anti-FoRHS antibody,
whergin the second binding domain includes a VH domain comprising an amino acid sequence having at
least 80% (e.g., 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 83%, 90%, 91%, 92%, 93%, 94%,
85%, 98%, 87%, 98%, or 99%) sequence identily to, or the sequence of, SEQ 1D NO: 153 and/ora VL
domain comprising an amino acid sequence having at least 80% (e.g., 80%, 81%, 82%, 83%, 84%, 85%,
88%, 87%, 88%, 88%, 80%, 91%, 82%, 93%, 94%, 95%, 96%, 97%, 98%, or 98%) sequence identity to,
or the sequence of, SEQ ID NO: 154, In some instances, the anti-FeRHS antibody includes a second
pinding domain comprising at ieast one {e.g., 1, 2, 3, or 4) of heavy chain framework regions FR-H1, FR-
H2, FR-H3, and FR-H4 comprising the sequences of SEQ ID NOs: 145, 146, 147, and 148, respectively.
In some instances, the second binding domain comprises a VH domain comprising the amino acid
sequence of SEQ 1D NG: 153, In some instances, the second binding domain further includes at least
one (e.g., 1, 2, 3, or 4) of the light chain framework regions FR-L1, FR-L2, FR-L3, and FR-L4 comprising
the sequences of SEQ 1D NOs: 148, 150, 151, and 152, respectively. In some instances, the second
binding domain comprises a VL domain comprising the amino acid sequence of SEQ 1D NO: 154, In
some instances, the second binding domain includes a VH domain comprising an amino acid sequence
of SEQ ID NOs: 153 and (b) a VL domain comprising an amino acid sequence of SEQ ID NO: 154,
Accordingly, in some instances, a half-antibody variant of an anti-FeRHS antibody of the invention may be
paired with a half-antibody variant of anti-CD3 antibody hu40G5¢ to form an FeRHS TDB (i.e., an anti-
FeRH5/Mud0GE5c TDR).

in some instances, for example, the invention provides an anti-FcRMS anlibody, wherein the
second binding domain comprises at least one, two, three, four, five, or six hypervariable regions (HVRs)
selected from (a) an HVR-H1 comprising the amino acid seguence of SEQ 1D NO: 155; (b) an HVR-H2
comprising the amino acid sequence of SEQ 1D NO: 158; () an HVR-H3 comprising the amino acid
sequence of SEQ ID NO: 157, (d) an HVR-L1 comprising the amino acid sequence of SEQ 1D NO: 158;
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{e) an HVR-LZ comprising the amino acid sequence of SEQ 1D NOG: 158; and (f) an HVR-L3 comprising
the amino acid sequence of SEQ D NO: 160,

in some instances, the invention provides an anti-FCRHS antibody, wherein the second binding
domain comprises at least one, two, three, four, five, or six hypervariable regions {HVRs) selected from
{a) an HVR-H1 comprising the amino acid sequence of SEQ 1D NO: 155; (b) an HVYR-H2 comprising the
amino acid sequence of SEQ 1D NO: 162; (¢) an HVR-H3 comprising the amino acid sequence of SEQ ID
NG: 157; (d) an HVR-L1 comprising the amino acid sequence of SEGQ D NO: 158; (e} an HVR-L2
comprising the amino acid seqguence of SEQ 1D NO: 159; and (f) an HVR-L3 comprising the amino acid
sequence of SEQ ID NO: 160. In some instances, for example, the second binding domain includes a VH
domain comprising an amino acid sequence having at least 80% (e.q., 80%, 81%, 82%, 83%, 84%, 85%,
88%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 87%, 98%, or 99%) sequence identity fo,
or the sequence of, SEQ 1D NO: 172 and/or a VL domain comprising an amino acid sequence having at
least 80% (e.g., B0%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 83%, 90%, 91%, 82%, 93%, 94%,
95%, 98%, 87%, 98%, or 99%) sequence identily to, or the sequence of, SEQ 1D NO: 173, In some
instances, for example, the anti-FeRHS antibody includes a second binding domain comprising at least
one {(e.g., 1, 2, 3, or 4) of heavy chain framework regions FR-H1, FR-H2, FR-H3, and FR-H4 comprising
the sequences of SEQ ID NOs: 164, 165, 166, and 167, respectively. In some instances, the second
binding domain comprises a ViH domain comprising the amino acid sequence of SEQ 1D NC: 172, In
some instances, the sscond binding domain further includes atleast one {e.g., 1, 2, 3, or 4} of the light
chain framework regions FR-L1, FR-L2, FR-L3, and FR-L4 comprising the sequences of SEQ ID NOs:
168, 169, 170, and 171, respectively. In some instances, the second binding domain comprises a VL
domain comprising the amino acid sequence of SEQ D NOG: 173, In some instances, the second binding
domain includes a VH domain comprising an amino acid sequence of SEQ 1D NOs: 172 and {b) a VL
dornain comprising an amino acid sequence of SEQ 1D NO: 173, Accordingly, in some instances, a half-
antibody variant of an anti-FCRHS antibody of the invention may be paired with a half-antibody variant of
anti-CD3 antibody hulJCHT1.v8 to form an FeRHS TDB (i.e., an anti-FeRHS/huUCHT1.v8 TDB).

in some instances, for exampile, the invention provides an anti-FcRHS antibody, wherein the
binding domain that binds FcRH5 comprises a VH domain (VH,) comprising a charged region (CRy) and a
VE domain (Vo) comprising a charged region (CRy), wherein the CR; in the VH, forms a charge pair with
the CRz in the VL. In some instances, the CR; comprises a basic amino acid residue and the CR»
comprises an acidic amino acid residue. In some instances, the CR,; comprises a Q38K substitution
mutation (EU numbering). In some instances, the CR, consisis of the Q38K substitution mutation. In
some instances, the CR; comprises a Q38E substitution mutation (EU numbering). In some inslances,
the CR, consists of the Q38E substitution mutation. n some instances, the second binding domain that
binds CD3 comprises a VH domain (VH2) comprising a charged region (CR3) and a VL domain (VL)
comprising a charged region (CR.), wherein the CRyin the VL; forms a charge pair with the CRsin the
VH2. in some instances, the CRycomprises a basic amino acid residue and the CRs comprises an acidic
amino acid residue. n some instances, the CRy comprises a Q38K substitution mutation (EU
numbering). In some instances, the CR, consists of the Q38K substitution muiation. in some instances,

the CR3 comprises a Q39E substitution mutation (EU numbering). In some insiances, the CR; consists of
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the Q39E substitution mutation. In some instances, the VL, domain is linked to a light chain constant
{CL} domain {CL) and the VH, is linked o a first heavy chain constant (CH1) domain (CH1 ), wherein the
CL; comprises a charged region (CRg) and the CH1, comprises a charged region (CRe), and wherein the
CRs in the CL, forms a charge pair with the CR; in the CH14. In some instances, the CR; comprises a
basic amino acid residue and the CRs comprises an acidic residue. In some instances, the CR;
comprises a V133K substitution mutation (EU numbering). In some instances, the CR; consists of the
V133K substitution mutation. In some instances, the CRs comprises a S183E substitution mutation (EU
numbering). In some instances, the CR; consists of the 8$183E substitution mutation.

in some instances, the invention provides an anti-FocRH5 antibody, wherein the V0, domain is
linked {o a CL domain (ClLy) and the VM, is linked to a CH1 domain (CH1y), wherein the CL; comprises a
charged region (CR7) and the CH12 comprises a charged region (CRg), and wherein the CRgin the CH1;
forms a charge pair with the CR7 in the Cl,. In some instances, the CRg comprises a basic amino acid
residue and the CRycomprises an acidic amino acid residue. In some instances, the CRzcomprises a
S183K substitution mulation (EU numbering). In some instances, the CRs consists of the S183K
subsiitution mutation. In some instances, the CR; comprises a V133E substitution muiation (EU
numbering). In some instances, the CR; consists of the V133E substitution mutation.

in soime instances, for example, the invention provides an anti-FcRHS antibody, wherein the Vi:
domain is linked to a CL domain (CL2) and the VH; is linked to a CH1 domain (CH1y), wherein the CL;
comprises one or mors mutations at amino acid residues F1186, L135, 8174, 8176, and/or T178 (EU
numbering) and the CH1, comprises one or more mutations at amino acid residues At141, F170, 8181,
S183, and/or V185 (EU numbering). In some instances, the CL; comprises one or more of the following
substitution mutations: F118A, L1358V, S174A, S176F, and/or T178VY. in some instances, the Cl;
comprises the following substitution mutations: F118A, L1358V, S174A, S176F, and T178V. in some
instances, the CH1, comprises one or more of the following substitution mutations: A1411, F1703,
S181M, S183A, and/ior VI85A. In some instances, the CH1, comprises the following substitution
mutations: A1411, F1703, S181M, S183A, and V185A.

in some instances, the invention provides an anti-FecRHS antibody, wherein the binding domain
that binds FcRHS5 comprises a VH domain (VHy) comprising a charged region ({CR ) and a VL domain
(VL) comprising a charged region (CR2), wherein the CRz in the VL., forms a charge pair with the CRy in
the VH,. In some instances, the CRz comprises a basic amino acid residue and the CR, comprises an
acidic amino acid residue. In some instances, the CR; comprises a Q38K substitution mutation (EU
numbering). In some instances, the CR, consists of the Q38K substitution mulation. In some instances,
the CR; comprises a Q39E substitution mutation (EU numbering). In some insiances, the CR; consists of
the Q39E substitution mutation. In some instances, the second binding domain that binds CD3
comprises a VH domain (VHg) comprising a charged region (CR3) and a VL domain (VL) comprising a
charged region {CRy), wherein the CR3 in the VH2 forms a charge pair with the CRy in the VL, In some
instances, the CR;comprises a basic amino acid residue and the CR4 comprises an acidic amino acid
residue. In some instances, the CR3 comprises a Q39K substitution mutation (EU numbering). In some
instances, the CR; consists of the Q39K substitution mutation. In some instances, the CR, comprises a

Q38E substitution mutation (EU numbering). In some instances, the CR, consists of the Q38E

73



10

15

20

25

30

35

40

WO 2016/205520 PCT/US2016/037879

substitution mutation. In some instances, the Vi, domain is linked to a light chain constant (CL) domain
{CLq) and the VH, is linked to a first heavy chain constant (CH1) domain (CH14), wherein the CL,
comprises a charged region {(CRy) and the CH1,; comprises a charged region {CRg), and wherein the CRs
in the CH1, forms a charge pair with the CRs in the CL;. In some instances, the CRs comprises a basic
amino acid residue and the CRs comprises an acidic amino acid residue. in some instances, the CRs
comprises a S183K substitution mutation (EU numbering). In some instances, the CR, consists of the
S183K substitution mutation. In some instances, the CRs comprises a V133E substitution mutation (EU
numbering). In some instances, the CRs consists of the V133E substitution mutation.

in some instances, for example, the invention provides an anti-FcRHS antibody, wherein the Vi,
domain is linked to a CL domain (CLz) and the VH: is linked to a CH1 domain (CH1y), wherein the CL;
comprises a charged region {(CRy) and the CH1, comprises a charged region {(CRg), and wherein the CRy
in the CL. forms a charged pair with the CRs in the CH12. In some inslances, the CRy comprises a basic
amingo acid residue and the CRg comprises an acidic residue. In some inslances, the CRy comprises a
V133K substitution mutation (EU numbering). In some instances, the CRy consists of the V133K
subsiitution mutation. In some instances, the CRs comprises a S183E substitution mulation (EU
numbering). In some instances, the CR3 consists of the $183E substitution mutation.

in soime instances, for example, the invention provides an anti-FcRHS antibody, wherein the Vi:
domain is linked to a CL domain (CL2) and the VH; is linked to a CH1 domain (CH1y), wherein the CL;
comprises one or mors mutations at amino acid residues F118, L135, 8174, 8176, and/or T178 (EU
numbering) and the CH1, comprises one or more mutations at amino acid residues At141, F170, 8181,
S183, and/or V185 (EU numbering). In some instances, the CL; comprises one or more of the following
substitution mutations: F118A, L1358V, S174A, S176F, and/or T178V. in some insiances, the CL;
comprises the following substitution mutations: F118A, L1358V, 81744, $176F, and T178V. insome
instances, the CH1, comprises one or more of the following substitution mutations: A1411, F1703,
S181M, S183A, and/ior VI85A. In some instances, the CH1, comprises the following substitution
mutations: A1411 F1703, S181M, S183A, and V185A. In some instances, the anti-FeRHS antibody
comprises one or more heavy chain constant domains, wherein the one or more heavy chain constant
domains are selected from a first CH2 domain (CH2:), a first CH3 domain (CH34), a second CH2 domain
(CH22), and a second CH3 domain (CH3,). In some instances, at least one of the one or more heavy
chain constant domains is paired with another heavy chain constant domain. In some instances, the
CH3, and the CH3; each comprise a protubsrancs (P;) or a cavity (C4), and the P, or the C+ in the CH3,
is positionable in the C; or the Py, respectively, in the CH3,. In some instances, the CH3; and the CH3;
meet at an interface between the P, and the Cy. In some instances, the CH2, and the CH2; sach
comprise {(Fy) or a cavity (Cz), and the P; or the C; in the CH2, is positionable in the C, or the Py,
respectively, in the CHZ,. In some instances, the CH2, and the CHZ2, meet at an interface between the
P2 and the Co.

in another aspect , the invention provides an anti-FCRHS antibody that binds to FeRHS and CD3,
wherein the anti-FeRHS antibody comprises an anti-FCRHS armm comprising a first hinding domain at least
one, two, three, four, five, or six hypervariable regions (HVRs) selected from (a) an HVR-H1 comprising
the amino acid sequence of SEQ ID NO: 1; (b) an HVR-H2 comprising the amino acid sequence of SEQ
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2 NO: 8; () an HVR-H3 comprising the amino gcid sequence of SEQ 1D NO: 9, (d) an HVR-L1
cornprising the amino acid sequence of SEQ 1D NO: 12; (e) an HVR-L2 comprising the amino acid
sequence of SEQ 1D NO: 16; and (f) an HVR-L3 comprising the amino acid sequence of SEQ 1D NO: 23;
and an anti-CD3 arm comprising a second binding domain comprising at least one, two, three, four, five,
or six hypervariable regions (HVRs) selected from: (&) an HVR-H1 comprising the amino acid sequeance
of SEQ ID NOG: 115; (b) an HVR-H2 comprising the amino acid sequence of SEQ 1D NO: 118, (¢} an HVR-
H3 comprising the amino acid sequence of SEQ ID NO121; (d) an HVR-L1 comprising the amino acid
sequence of SEG ID NO: 118; (e) an HVR-L2 comprising the amino acid sequence of SEG 1D NO: 119;
and () an HVR-L3 comprising the amino acid sequence of SEQ 1D NO: 123; and wherein the anti-FcRH5
arm and the anti-CD3 arm each comprise an N297G substitution mutation (EU numbering); and wherein
the anti-FeRHS arm comprises a T366W substitution mutation and the anti-CD3 arm comprises a T366S,
L388A, and Y407V subsiitution mutation. In some instances, the anti-FeRHS antibody comprises an anti-
FoRM5 arm comprising a first binding domain comprising the six hypervariable regions (HVRSs): (&) an
HVR-H1 comprising the amino acid sequence of SEQ 1D NO: 1; (b) an HVR-H2 comprising the amino
acid sequence of SEQ 1D NG: 8; (o) an HVR-H3 comprising the amino acid seguence of SEQ 1D NO: g
{d) an HVR-L1 comprising the amino acid sequence of SEQ 1D NO: 12; {e) an HVR-L2 comprising the
amino acid sequence of SEQ 1D NO: 16; and (f) an HVR-L3 comprising the amino acid sequence of SEQ
D NO: 23; and an anti-CD3 arm comprising a second binding domain comprising the six hypervariable
regions (HVRs): (a) an HVR-H1 comprising the amino acid sequence of SEQ 1D NO: 115; (b) an HVR-HZ2
comprising the amino acid seguence of SEQ 1D NG: 118; (¢} an HVR-H3 comprising the amino acid
sequence of SEGQ 1D NO: 121; (d) an HVR-L1 comprising the aminc acid sequence of SEQ D NO: 118;
{e) an HVR-L2 comprising the amino acid sequence of SEQ 1D NO: 119; and (i} an HVYR-L3 comprising
the amine acid sequence of SEQ 1D NO: 123; and wherein the anti-FcRHS arm and the anti-CD3 arm
each comprise an N297G substitution mutation (EU numbering); and wherein the anti-FcRHS arm
comprises a T366YY substitution mutation and the anti-CD3 arm comprises a T3668, L368A, and Y4047V
substitution mutation.

in another aspect, the invention provides an anti-FCRHS antibody that binds to FeRHS and CD3,
wherein the anti-FCRHS antibody comprises an anti-FcRH5 arm comprising a first binding domain
comprising at least one, two, three, four, five, or six hypervariable regions (HVRs) selected from (&) an
HVR-H1 comprising the amine acid sequence of SEQ D NG 1; (b) an HVR-H2 comprising the amino
acid sequence of SEQ 1D NO: 8; (¢) an HVR-H3 comprising the amino acid sequence of SEQ ID NO: §;
() an HVR-L1 comprising the amino acid sequence of SEQ 1D NG: 12; (e) an HVR-L2 comprising the
amino acid sequence of SEQ 1D NO: 16; and () an HVR-L3 comprising the amino acid seguence of SEQ
ID NO: 23; and an anti-CD3 arm comprising a second binding domain comprising at least one, two, three,
four, five, or six hypervariable regions (HVRs) selecied from: (8) an HVR-H1 comprising the amino acid
sequence of SEQ 1D NO: 115; (b) an HVR-HZ comprising the amino acid sequence of SEQ 1D NO: 118;
{c} an HVR-H3 comprising the amino acid sequence of SEQ 1D NO: 121; (d) an HVR-L1 comprising the
amino acid sequence of SEQ D NO: 118; (&) an HVR-L2 comprising the amino acid sequence of SEQ ID
NO: 118; and {f) an HVR-L3 comprising the amino acid sequence of SEQ ID NO: 123; and wherein the

anti-FcRHS arm comprises a light chain comprising Q38E and V133K substifution mutations and a heavy
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chain comprising Q38K, S183E, and N297G substitution mutations; and wherein the anti-CD3 arm
cormnprises a light chain comprising Q38K and V133E substitution mutations and a heavy chain
cormnprising Q39E, S183K, and N297G substitution mutations (EU numbering). In some instances, the
anti-FocRH5 antibody comprises an anti-FcRHS arm comprising a first binding domain comprising the six
hypervariable regions (HVRs): {a) an HVR-H1 comprising the amino acid sequence of SEQ ID NG 1; (b}
an HVYR-H2 comprising the amino acid sequence of SEQ ID NO: 8; (¢} an HVR-H3 comprising the amino
acid sequence of SEQ 1D NG ; (d} an HVR-L1 comprising the amino acid sequence of SEQ ID NG: 1Z;
(&) an HVR-L2Z comprising the amino acid sequence of SEQ ID NO: 16; and (f) an HVR-L3 comprising the
amino acid sequence of SEQ D NO: 23; and an anti-CD3 arm comprising a second binding domain
comprising the six hypervariable regions (HVRs): (a) an HVR-H1 comprising the amino acid sequence of
SEQ D NO: 115; (b) an HVR-H2 comprising the amino acid sequence of SEQ ID NG: 116; {¢) an HVR-
H3 comprising the amino acid sequence of SEQ 1D NO: 121; (d) an HVR-L1 comprising the amino acid
sequence of SEQ ID NG: 118; (e) an HVR-L2 comprising the amino acid sequence of SEQ 1D NO: 118;
and () an HVR-L3 comprising the amino acid sequence of SEQ ID NO: 123; and wherein the anli-FCRH5
arm comprises a light chain comprising Q38E and V133K substitution mutations and a heavy chain
comprising Q39K, S183E, and N297G substitution mutations; and wherein the anti-CD3 arm comprises a
light chain comprising Q38K and V133E substitution mutations and a heavy chain comprising Q38E,
S183K, and N297G substitution mutations (EU numbering).

in another aspect, the invention provides an anti-FCRHS antibody that binds to FeRHS and CDS,
whergin the anti-FCRHS antibody comprises: (a) an anti-FcRHS arm comprising a first binding domain
comprising a VH domain comprising an aming acid sequence having at lsast 80% {(8.g., 80%, 21%, 92%,
93%, 94%, 85%, 98%, 97%, 98%, or 89%) sequence identity to, or the sequence of, SEQ ID NO: 104 and
a VYL domain comprising an amino acid sequence having at least 80% (e.g., 0%, 81%, 92%, 93%, 94%,
95%, 96%, 97%, 98%, or 99%) sequence identity to, or the sequence of, SEQ ID NO: 105, wherein the
anti-FoRHS arm comprises a light chain comprising Q38E and V133K substitution mutations and a heavy
chain comprising Q39K, S183E, and N297G substitution muiations; and (b) an anti-CD3 arm comprising
a second binding domain comprising a VH domain comprising an amine acid sequence having at least
90% (e.g., 90%, 91%, 92%, 93%, 94%, 85%, 96%, 97%, 98%, or 98%) sequence identity to, or the
sequence of, SEQ ID NO: 133 and a Vi domain comprising an amino acid sequence having at least 90%
(e.g., 90%, 91%, 92%, 93%, 94%, 85%, 96%, 97%, 98%, or 99%) sequence identity {o, or the sequence
of, SEQ 1D NG: 134, wherein the anti-CD3 arm comprises a light chain comprising Q38K and V133E
substitution mutations and a heavy chain comprising Q39E, $183K, and N297G substitution mutations
(EU numbering). In some instances, the invention provides an anti-FoRHS antibody that binds to FCRHES
and CD3, wherein the anti-FcRHS antibody comprises: (a) an anti-FeRHS arm comprising a first binding
domain comprising a VH domain comprising an amino acid sequence of SEQ 1D NO: 104 and a VL
domain comprising an amino acid sequence of SEQ ID NO: 105, wherein the anti-FcRH5 arm comprises
a light chain comprising Q38E and V133K substitulion mutations and a heavy chain comprising Q38K,
S183E, and N297G substitution muiations; and () an anti-CD3 arm comprising a second binding domain
comprising a VH domain comprising an aminoc acid sequence of SEQ 1D NG: 133 and a VL domain

comprising an amino acid sequence of SEQ 1D NO: 134, wherein the anti-CD3 arm comprises a light

76



10

15

20

25

30

35

40

WO 2016/205520 PCT/US2016/037879

chain comprising Q38K and V133E substitution mutations and a heavy chain comprising Q38E, 3183K,
and N297G substitution mutations (EU numbering).

in another aspedt, the invention provides an anti-FcRHS5 antibody that binds to FeRHS and CD3,
wherein the anti-FcRHS antibody comprises an anti-FCRHS arm comprising & first binding domain
comprising at least one, two, three, four, five, or six hypervariable regions (HVRs) selected from (a) an
HVR-H1 comprising the amino acid sequence of SEQ 1D NO: 1, (b) an HVR-H2 comprising the amino
acid sequence of SEQ 1D NO: 8; (¢) an HVR-H3 comprising the amino acid sequence of SEQ ID NO: §;
{d) an HVR-L1 comprising the amino acid sequence of SEQ 1D NO: 12; (e) an HVR-L2 comprising the
amino acid sequence of SEQ D NO: 16; and {f) an HVR-L3 comprising the amino acid sequence of SEQ
D NO: 23; and an anti-CD3 arm comprising a second binding domain comprising at least one, two, three,
four, five, or six hypervariable regions (HVRs) selected from (a) an HVR-H1 comprising the amino acid
sequence of SEQ 1D NGO: 115; (by an HVR-H2 comprising the amino acid seguence of SEQ 1D NO: 118;
(c) an HVR-H3 comprising the amino acid sequence of SEQ 1D NO: 121; (d) an HVR-L1 comprising the
amino acid sequence of SEQ D NO: 118; (e) an HVR-L2 comprising the amino acid sequence of SEQ ID
NO: 119; and () an HVR-L3 comprising the amino acid sequence of SEQ 1D NO: 123, and wherein the
anti-FcRHS arm comprises a light chain comprising Q38K and V133E substitution muiations and a heavy
chain comprising Q39E, S183K, and N287G substitution mutations; and wherein the anti-CD3 arm
comprises a light chain comprising Q38E and V133K substitution mutations and a heavy chain
comprising Q38K, S183E, and N287G substitution mutations (EU numbering). In some instances, the
anti-FcRHS antibody comprises an anti-FCRHS arm comprising a first binding domain comprising the six
hypervariable regions (HVRs). (8) an HVR-H1 comprising the amino acid sequence of SEQ ID NGO 1; (b
an HVR-H2 comprising the amino acid sequence of SEQ 1D NO: 8; (¢} an HVR-H3 comprising the amino
acid seguence of SEQ 1D NO: ¢; (d) an HVR-L1 comprising the amino acid sequence of SEQ iD NO: 12,
{e) an HVR-L2 comprising the amino acid sequence of SEQ 1D NG: 18; and (f) an HVYR-L3 comprising the
amino acid sequence of SEQ 1D NO: 23; and an anti-CD3 arm comprising a second binding domain
comprising the six hypervariable regions (HVRs): (&) an HVR-H1 comprising the amino acid sequence of
SEQ D NO: 115; (b) an HVR-HZ comprising the amino acid sequence of SEQ 1D NO: 116; (¢) an HVR-
H3 comprising the amino acid sequence of SEQ 1D NO: 121; (d) an HVR-L1 comprising the amino acid
sequence of SEQ 1D NO: 118; (e} an HVR-L2 comprising the amino acid sequence of SEQ 1D NO: 119;
and (f) an HVR-L3 comprising the amino acid sequence of SEQ 1D NO: 123; and wherein the anti-FoRHS
arm comprises a light chain comprising Q38K and V133E substitution mulations and a heavy chain
comprising Q30E, S183K, and N297G substitution mutations; and wherein the anti-CD3 arm comprises a
light chain comprising Q38E and V133K substitution mutations and a heavy chain comprising Q39K
S183E, and N297G substitution mutations (EU numbering).

in another aspect, the invention provides the invention provides an anti-FeRHS antibody that
binds to FcRHS and CD3, wherein the anti-FeRHS antibody comprises: (a) an anti-FCRHS am comprising
a first binding domain comprising a VH domain comprising an amino acid seguence having at least 90%
{8.9., 80%, 81%, 92%, 93%, 24%, 85%, 96%, 87%, 38%, or 99%) sequence identity {0, or the seguence
of, SEQ 1D NG: 104 and a VL domain comprising an amino acid sequence having at least 80% (e.g.,
90%, 81%, 92%, 93%, 84%, 85%, 96%, 97%, 88%, or 98%) sequence identity to, or the sequence of,
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SEQ D NGO: 105, wherein the anti-FeRHS arm comprises a light chain comprising Q38K and V133E
substitution mutations and a heavy chain comprising Q39E, S183K, and N287G substitution mutations;
and (b) an anti-CD3 anm comprising a second binding domain comprising a VH domain comprising an
amino acid sequence of SEQ 1D NO: 133 and a VL domain comprising an amino acid sequence of SEQ
D NO: 134, wherein the anti-CD3 arm comprises a light chain comprising Q38E and V133K substitution
mutations and a heavy chain comprising Q38K, S183E, and N287G substitution mutations (EU
numbering). In some instances, the invention provides an anti-FCRHS antibody that binds to FeRM5 and
CD3, wherein the anti-FeRHS antibody comprises: (2) an anti-FcRHS arm comprising a first binding
domain comprising a VH domain comprising an amino acid sequence of SEG 1D NG: 104 and a VL
domain comprising an amino acid sequence of SEQ 1D NG: 105, wherein the anti-FeRHS arm comprises
a light chain comprising Q38K and V133E substitution mulations and a heavy chain comprising G38E,
S183K, and N297G substitution mutations; and (b} an anti-CD3 arm comprising a second binding domain
comprising a VH domain comprising an amino acid sequence of SEQ 1D NO: 133 and a VL domain
comprising an amino acid sequence of SEQ 1D NO: 104, wherein the anti-CD3 arm comprises a light
chain comprising Q38E and V133K substitution mutations and a heavy chain comprising Q39K, 5183k,
and N2987G substitution mutations (EU numbering).

in ancther aspect, the invention provides an anti-FCRHS antibody that binds {o FeRMS and CDS,
whergin the anti-FCRHS antibody comprises an anti-FCRHS arm comprising a first binding domain
comprising at least one, two, thres, four, five, or six hypervariable regions (HVRs) selected from (8) an
HVR-H1 comprising the amino acid sequence of SEQ ID NO: 1, (b) an HVR-H2 comprising the amino
acid sequence of SEQ ID NG: 8; (¢) an HVR-H3 comprising the amino acid sequence of SEQ 1D NO: 9;
{d) an HVR-L1 comprising the amino acid sequence of SEQ 1D NO: 12; (e) an HVR-L2 comprising the
aming acid sequence of SEQ 1D NC: 16; and (f) an HVR-L3 comprising the amino acid sequence of SEQ
D NO: 23; and an anti-CD3 arm comprising a second binding domain comprising at least one, two, three,
four, five, or six hypervariable regions (HVRs) selected from (&) an HVR-H1 comprising the amino acid
sequence of SEQ 1D NO: 115; (b an HVR-H2 comprising the amino acid sequence of SEQ 1D NO: 116;
(¢} an HVR-H3 comprising the amino acid sequence of SEQ ID NO: 121; {d) an HVR-L1 comprising the
amino acid sequence of SEQ 1D NO: 118; (e} an HVR-L2 comprising the amino acid sequence of SEQ 1D
NO: 119; and ) an HVR-L3 comprising the amino acid sequence of SEQ 1D NO: 123; and wherein the
anti-FeRHS arm comprises a light chain comprising Q38E and V133K substitution mutations and & heavy
chain comprising Q39K, S183E, and N297G substitution mutations; and wherein the anti-CD3 arm
comprises a light chain comprising Q38K, F116A, L135V, 8174A, S176F, and T178V substitution
mutations and a heavy chain comprising Q39E, A1411, F170S, 3181M, S183A, V1854, and N297G
substitution mutations (EU numbering). In some instances, the anti-FcRHS antibody comprises an anti-
FeRHS arm comprising a first binding domain comprising the six hypervariable regions (HVRS): (a) an
HVR-H1 comprising the amino acid sequence of SEQ ID NO: 1; (b) an HVR-H2 comprising the amino
acid sequence of SEQ 1D NO: 8; (¢) an HVR-H3 comprising the amino acid sequence of SEQ ID NO: §;
{d) an HVR-L1 comprising the amino acid sequence of SEQ 1D NO: 12; (g) an HVR-LZ comprising the
amino acid sequence of SEQ 1D NO: 16; and () an HVR-L3 comprising the amino acid seguence of SEQ

D NO: 23; and an anti-CD3 arm comprising a second binding domain comprising the six hypervariable
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regions (HYRs): (8) an HVYR-H1 comprising the amino acid sequence of SEGQ 1D NG: 115; (b an HVR-H2
carnprising the amino acid sequence of SEQ 1D NO: 116; (¢) an HVR-H3 comprising the amino acid
sequence of SEQ 1D NO: 121; (d) an HVR-L1 comprising the amino acid sequence of SEQ 1D NC: 118;
{e) an HVR-L2 comprising the amino acid sequence of SEQ 1D NO: 118; and (f) an HVR-L3 comprising
the amino acid sequence of SEQ D NO: 123; and wherein the anti-FORHS5 arm comprises a light chain
cormnprising Q38E and V133K substitution mutations and a heavy chain comprising Q38K, S183E, and
N297G substitution mutations; and wherein the anti-CD3 arm comprises a light chain comprising Q38K,
F118A, L135V, S174A, S176F, and T178V substitution mutations and a heavy chain comprising Q39E,
At4tl, F170S, S181M, S183A, V185A, and N297G substitution mutations (EU numbering).

in anocther aspedt, the invention provides the invention provides an anti-FCRH5S antibody that
binds io FCRHS and CD3, wherein the anti-FCRHS antibody comprises: (a) an anti-FeRHS arm comprising
a first binding domain comprising a VH domain comprising an amino acid sequences having at least 90%
{e.g., 80%, 81%, 92%, 93%, 94%, 85%, 88%, 97%, 88%, or 98%) sequence identily to, or the sequence
of, SEQ ID NO: 104 and a VL domain comprising an amino acid sequence having at least 90% (e.g.,
80%, 91%, 82%, 93%, 94%, 95%, 96%, B7%, 98%, or 88%) sequence identity to, or the sequence of,
SEQ 1D NO: 105, wherein the anti-CD3 arm comprises a light chain comprising Q38K, F118A, L1358V,
S174A, 8176F, and T178V substitution mutations and a heavy chain comprising Q38E, A1411], F170S,
S181M, 8183A, V185A, and N297G substitution mutations (EU numbering). In some instances, the
invention provides an anti-FcRHS antibody that binds to FCRHS and CD3, wherein the anti-FeRHS
antibody comprises: (a) an anti-FcRHS arm comprising a first binding domain comprising a VH domain
comprising an amino acid sequence of SEQ ID NO: 104 and a VL domain comprising an amino acid
sequence of SEQ 1D NO: 105, wherein the anti-FcRHS arm comprises a light chain comprising Q38E and
V133K substitution mulations and a heavy chain comprising Q32K, S183E, and N287G substitution
mutations; and {(b) an anti-CD3 arm comprising a second binding domain comprising a VH domain
comprising an amino acid sequence of SEQ 1D NO: 133 and a VL domain comprising an amino acid
sequence of SEQ 1D NO: 134, wherein the anti-CD3 arm comprises a light chain comprising Q38K,
FA18A, L1385V, S174A, S176F, and T178V substitution mutations and a heavy chain comprising Q38E,
At4tl, F1708, S181M, S183A, VI85A, and N287C substitution mutations (EU numbering).

in another aspect, the invention provides an anti-FeRHS antibody that binds to FCRHS and CD3,
wherein the anti-FeRHS antibody comprises an anti-FeRHS5 anm comprising a first binding domain
comprising at least one, fwo, three, four, five, or six hypervariable regions (HVRs) selected from (&) an
HVR-H1 comprising the amine acid sequence of SEQ ID NO: 1, (b) an HVR-H2 comprising the amino
acid sequence of SEQ 1D NO: 8; (¢) an HVR-H3 comprising the amino acid sequence of SEQ ID NO: §;
() an HVR-L1 comprising the amino acid sequence of SEQ ID NG 12; (g) an HVR-L2 comprising the
amino acid sequence of SEQ 1D NO: 16; and () an HVR-L3 comprising the amino acid sequence of SEQ
ID NO: 23; and an anti-CD3 arm comprising a second binding domain comprising at least one, two, three,
four, five, or six hypervariable regions (HVRs) selected from (&) an HVR-H1 comprising the amino acid
saquence of SEQ 1D NO: 115; (b) an HVR-H2 comprising the aming acid sequence of SEQ 1D NO: 118;
{c} an HVR-H3 comprising the amino acid seguence of SEQ 1D NO: 121; (d) an HVR-L1 comprising the

amino acid sequence of SEQ 1D NO: 118; (&) an HVR-L2 comprising the amino acid sequence of SEQ ID
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NG 119; and {f) an HVR-L3 comprising the amino acid sequence of SEQ 1D NO: 123; and wherein the
anti-FcRHS arm comprises a light chain comprising Q38K and V133E substifution mutations and a heavy
chain comprising Q38E, S183K, and N297G substitution mutations; and wherein the anti-CD3 arm
comnprises a light chain comprising Q38E, F116A, L1358V, S1744, $176F, and T178Y substitution
mutations and a heavy chain comprising Q38K, A141l, F1708, S181M, S183A, V185A, and N297G
substitution mutations (EU numbering). In some instances, the anti-FcRHS antibody comprises an anti-
FeRHS arm comprising a first binding domain comprising the six hypervariable regions (HVRs): (@) an
HVR-H1 comprising the amino acid sequence of SEQ 1D NO: 1; (b) an HVR-H2 comprising the amino
acid sequence of SEGQ 1D NG: 8; (¢) an HVR-H3 comprising the amino acid sequence of SEQ ID NO: §;
{d) an HVR-L1 comprising the amino acid seguence of SEQ ID NO: 12; {e) an HVR-L2 comprising the
amino acid sequence of SEQ 1D NO: 16; and {f) an HVR-L3 comprising the amino acid sequence of SEQ
D NO: 23; and an anti-CD3 arm comprising a second binding domain comprising the six hypervariable
regions (HVRs): (8) an HVR-H1 comprising the amino acid sequence of SEQ 1D NO: 115; (b) an HVR-H2
comprising the amino acid sequence of SEQ ID NO: 116; (¢) an HVR-H3 comprising the amino acid
sequence of SEQ 1D NO: 121; (d) an HVR-L1 comprising the amino acid sequence of SEQ 1D NO: 118;
{e) an HVR-L2 comprising the amino acid sequence of SEQ 1D NO: 119; and () an HVR-L3 comprising
the amino acid sequence of SEQ ID NO: 123, and wherein the anti-FoRH5 arm comprises a light chain
comprising Q38K and V133E substitution mutations and a heavy chain comprising Q38E, $183K, and
N287G substitution mutations; and wherein the anti-CD3 anmm comprises a light chain comprising Q38E,
FA18A, L135V, S174A, S176F, and T178V substitution mutations and a heavy chain comprising Q38K
Atdtl, F1708, S181M, S183A, V1854, and N287G substitution mutations (EU numbering).

in another aspect, the invention provides an anti-FCRHS antibody that binds to FeRHS and CDS,
whergin the anti-FCRHS antibody comprises: (a) an anti-FcRHS arm comprising a first binding domain
comprising a VH domain comprising an amino acid sequence having at least 80% {(e.g., 80%, 91%, 92%,
93%, 94%, 85%, 96%, 97%, 98%, or 98%) sequence identity {o, or the sequence of, SEQ ID NO: 104 and
a VL domain comprising an amino acid sequence having at least 90% (e.g., 90%, 81%, 92%, 93%, 94%,
95%, 96%, 87%, 98%, or 99%) sequence identity to, or the sequence of, SEQ 1D NO: 105, wherein the
anti-FoRHS5 arm comprises a light chain comprising Q38K and V133E substitution mutations and a heavy
chain comprising Q39E, S183K, and N297C substitution mutations; and (b) an anti-CD3 arm comprising
a second binding domain comprising a VH domain comprising an amino acid sequence of SEQ ID NO:
133 and a VL domain comprising an amino acid sequence of SEQ ID NO: 134, wherein the anti-CD3 arm
comprises a light chain comprising Q38E, F116A, L135V, 8174A, S176F, and T178V substitution
mutations and a heavy chain comprising Q39K, A1411, F170S, 3181M, S183A, V1854, and N297G
substitution mutations (EU numbering). In some instances, the invention provides an anti-FeRHS
antibody that binds to FcRHS and CD3, wherein the anti-FoRHS antibody comprises: (a) an anli-FcRHS
arm comprising a first binding domain comprising a VH domain comprising an amino acid sequence of
SEQ ID NO: 104 and a VL domain comprising an aming acid sequence of SEQ ID NO: 105, wherein the
anti-FcRHS arm comprises a light chain comprising Q38K and V133E substifution mutations and a heavy
chain comprising Q38E, S183K, and N297G substitution mutations; and (b} an anti-CD3 arm comprising

a second binding domain comprising a VH domain comprising an amino acid sequence of SEQ ID
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NG:133 and a VL domain comprising an amingc acid sequence of SEQ 1D NO: 134, wherein the anti-CD3
arm comprises g light chain comprising Q38E, F116A, L135V, S174A, 8176F, and T178V substitution
mutations and a heavy chain comprising Q38K, A1411, F1708, S181M, S183A, V185A, and N297G
substitution mutations (EU numbering).

7. Antibody Variants
in certain embodiments, amino acid sequence variants of the anti-FcRHS antibodies of the

invention (&.g., bispecific anti-FcRHS antibodies of the invention that bind to FcRH5 and a second
biological molecule, e.g., CD3, such as FcRHS TDR antibodies of the invention or variants thereof) are
contemplated. For example, it may be desirable to improve the binding affinity and/or other biological
properties of the antibody. Amino acid sequence variants of an antibody may be prepared by introducing
appropriate modifications into the nuclectide seqguence encoding the antibody, or by peptide synthesis.
Such modifications include, for example, deletions from, and/or insertions inio and/or substitutions of
residues within the amino acid sequences of the antibody. Any combination of deletion, insertion, and
subsiitution can be made to arrive at the final construct, provided that the final consiruct possesses the
desired characieristics, for example, antigen-binding.

a.  Substitution, insertion, and deletion variants

in cartain embodiments, antibody varianis having one or more amino acid substitutions are
provided. Sites of interest for substitutional mutagenesis include the HVRs and FRs. Conservative
substitutions are shown in Table 1 under the heading of “preferred substitutions.” More substantial
changes are provided in Table 1 under the heading of “exemplary substitutions,” and as further described
below in reference 1o amino acid side chain classes. Amino acid substitutions may be introduced into an
antibody of interest and the products screened for g desired activity, for example, refained/improved
agntigen binding, decreased immunogenicity, or improved ADCC or CDC.

TABLE 1. Exemplary and Preferred Amino Acid Substitutions

Original Exemplary Preferred
Residue Substitutions Substitutions
Ala (A) Val; Leu; Hie Val

Arg (R) Lys; Gin; Asn Lys

Asn (N} Gln; His; Asp, Lys; Arg Gin

Asp () Glu; Asn Giu

Cys (C) Ser; Ala Ser

Gin {(Q) Asn; Giu Asn

Giu (E) Asp; Gin Asp

Gly (G) | Ala Ala

His (M) Asn; Gin; Lys; Arg Arg
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Original Exemplary Preferred
Residue Substitutions Substitutions
lte (H Leu; Val; Met; Ala; Phe; Norleucing Leu

Leu (L) Norleucing; ile; Val; Met; Ala; Phe ife

Lys (K} Arg; Gin; Asn Arg

Met (M) Lay; Phe; lie Leu

Phe (F) Trp; Leu; Val; lle; Ala; Tyr Tyr

FPro (P) Ala Ala

Ser (S) Thr Thr

Thr (T) Val, Ser Ser

Trp (W) Tyr; Phe Tyr

Tyr {Y) Trp; Phe; Thr; Ser Phe

Val (V) He; Leu; Met; Phe; Ala; Norleucine Leu

Amine acids may be grouped according 1o common side-chain properties:

(1) hydrophobic: Norleucine, Met, Ala, Val, Leu, lle;

(2) neutral hydrophilic: Cys, Ser, Thr, Asn, Gin;

(3) acidic: Asp, Glu;

{4) basic: His, Lys, Arg;

(8) residues that influence chain orientation: Gly, Pro;

(8) aromatic: Trp, Tvr, Phe.

Non-conservative substitutions will entall exchanging a member of one of these classes for
another class.

One type of substitutional variant involves substituting one or more hypervariable region residues
of a parent antibody (e.9., a humanized or human antibody). Generally, the resulting variant(s) selected
for further study will have modifications {g.g., improvements} in certain biological properties {e.g.,
increased affinity, reduced immunogenicity) relative {o the parent antibody and/or will have substantially
retained certain biological properties of the parent antibody. An exemplary substitutional variant is an
affinity matured antibody, which may be conveniently generated, e.g., using phage display-based affinity
maturation techniques such as those described hersin. Briefly, one or more HVR residues are mulated
and the variant antibodies displayed on phage and screened for a particular biological activity {e.g.
binding affinity).

Altergtions {e.g., substitutions) may be made in HVRs, e.¢., {0 improve antibody affinity. Such
alterations may be made in HVR “hoispots,” i.e., residues encoded by codons that undergo mutation at
high frequency during the somatic maturation process (see, e.g., Chowdhury, Methods Mol Biol.
207:179-198, 2008), and/or residues that contact antigen, with the resulting variant VH or VL being tested
for binding affinity. Affinity maturation by constructing and reselecting from secondary libraries has been
described, e.g., in Hoogenboom et al. in Methods in Molecular Biology 178:1-37 (O'Brien et al. ed.,
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Human Press, Totowa, NJ, (2001).) In some embodiments of affinity maturation, diversity is infroduced
into the variable genes chosen for maturation by any of a variety of methods (e.g., error-prone PCR,
chain shuffling, or oligonucieotide-directed mutagenesis). A secondary library is then created. The library
is then screened o identify any antibody variants with the desired affinity. Another method to introduce
diversity involves HVR-directed approaches, in which several HVR residues (e.g., 4-6 residues at a time)
are randomized. HVR residues invoived in antigen binding may be specifically identified, e.g., using
alanine scanning mutagenesis or modeling. CDR-H3 and CDR-L3 in particular are often targeted.

in certain embodiments, substitutions, insertions, or deletions may occur within one or more
HVRs so fong as such alterations do not substantially reduce the ability of the antibody to bind antigen.
For example, conservative alterations (e.q., conservative substitutions as provided herein) that do not
substantially reduce binding affinity may be made in HVRs. Such alierations may, for example, be
outside of antigen contacting residues in the HVRs. in certain embodiments of the variant VH and V0L
sequences provided above, each HVR sither is unaltered, or contains no more than one, lwo, or three
amino acid substitutions.

A useful method for identification of residues or regions of an antibody that may be targeted for
mutagenesis is called “alanine scanning mutagenesis” as described by Cunningham and Wells (1288)
Science, 244:1081-1085. In this method, a residue or group of target residues {g.g., charged residues
such as arg, asp, his, lys, and glu) are identified and replaced by a neutral or negatively charged amino
acid (e.g., alaning or polyalanine) io determine whether the interaction of the antibody with antigen is
affected. Further subsiitutions may be infroduced at the amino acid locations demonstrating functional
sensitivity to the initial substitutions. Alternatively, or additionally, a crystal structure of an antigen-
antibody complex to identify contact points between the antibody and antigen. Such contact residuss and
neighboring residues may be targeted or eliminated as candidates for substitution. Variants may be
screened to determine whether they contain the desired properties.

Amino acid sequence insertions include aminc- and/or carboxyl-terminal fusions ranging in length
from one residue to polypeptides coniaining a hundred or more residues, as well as intrasequence
insertions of single or multiple amino acid residues. Examples of terminal insertions include an antibody
with an N-terminal methionyi residue. Other insertional varianis of the antibody molecule include the
fusion to the N~ or C-terminus of the antibody to an enzyme {e.g., for ADEPT) or a polypeptide which

increases the serum haif-life of the antibody.

b.  Glycosylation variants

in certain embodiments, anti-FCRHS antibodies of the invention can be aliered to increase or
decrease the extent to which the antibody is glycosyiated. Addition or deletion of glycosylation sites to
anti-FcRHMS antibody of the invention may be conveniently accomplished by aliering the amino acid
sequence such that one or more glycosylation sites is created or removed. Addition or removal of a
glycosylation site may alter the effecior function of an aniibody, such as an anii-FcRHS antibody (e.g., an
FeRHS TDB). In some embodiments, the anti-FeRHS antibody (e.g., an FeRHS TDB) may contain an
aglycosylation site mutation. In some embodiments, the aglycosylation site mulation is a substitution

mutation. In some embodiments, the aglycosylation site mutation reduces the effector function of the
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anti-FocRH5 antibody by at feast 1% or more {e.g., 2%, 3%, 4%, 5%, 8%, 7%, 8%, 9%, 10%, 20%, 30%,
40%, 50%, 60%, 70%, 80%, or 80% or more). In some embodiments, the substifution mutation is gt
amino acid residue N297, L234, L235, D265, and/or P328 (EU numbering). In some embodiments, the
substitution mutation is selected from the group consisting of N297G, N297A, L234A, L235A, D265A, and
P328G. In some embodiments, the substitution mutation is an N297G mutation.

Where the antibody comprises an Fo region, the carbohydrate 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 1o Asn297 of the CH2 domain of the Fc region.
See, e.g., Wright et al. TIBTECH 15:28-32, 1887, The oligosaccharide may include various
carbohydrales, e.g., mannose, N-acetyl glucosamine (GloNAC), galactose, and sialic acid, as wellas a
fucose attached o a GlcNAC 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
o create antibody variants with certain improved properiies.

in one embodiment, anti-FcRHS5 antibody varianis are provided having a carbohydrate structure
that lacks fucose attached (directly or indirectly) to an Fo region. For example, the amount of fucose in
such antibody may be from 1% to 80%, from 1% to 65%, from 5% to §5% or from 20% o 40%. The
amount of fucose is determined by calculaling the average amount of fucose within the sugar chain at
Asn297, relative to the sum of all glycostructures attached to Asn297 {(e. g. complex, hybrid and high
mannose structuras) as measured by MALDI-TOF mass spectrometry, as described in WO 2008/077548,
for example. Asn297 refers to the asparagine residue located at about position 297 in the Fe region (EU
numbering of Fc region residues); however, Asn297 may also be located about £ 3 amino acids upsiream
or downsiream of position 287, i.e., betwsen positions 284 and 300, due to minor sequence variations in
antibodies. Such fucosylation variants may have improved ADCC function. See, e.g., US Patent
Publication Nos. US 2003/0157108 (Presta, L.); US 2004/0093621 (Kyowa Hakko Kogyoe Co., Lid).
Examples of publications related to “defucosylated” or "fucose-deficient” antibody variants include: US
2003/0157108; WO 2000/61739; WO 2001/29248; US 2003/0115614,; US 2002/0164328; US
2004/0083621; US 2004/0132140; US 2004/0110704; US 2004/0110282; US 2004/0109885; WO
2003/085119; WO 2003/084570; WO 2005/035586; WO 2005/035778; WQ2005/053742;
WO2002/031140; Okazaki et al. J. Mol Biol 338:1238-1248, 2004; Yamane-Ohnuki et al. Biofech.
Biceng. 87: 614, 2004, Examples of cell lines capable of producing defucosylaled antibodies include
Lect3 CHO cells deficient in protein fucosylation (Ripka et al. Arch. Biochem. Biophys. 248:533-545,
1986; US Pat Appl No US 2003/0157108 A1, Presia, L; and WO 2004/056312 A1, Adams et al.
especially at Example 11), and knockout cell lines, such as alpha-1,8-fucosyliransferase gene, FUTS,
knockout CHO cells (see, e.g., Yamane-Chnuki et al. Biotech. Bioeng. 87.614, 2004, Kanda, Y. et al.
Biotechnol. Bioeng., 34(4):680-888, 2006; and WO02003/085107).

Anti-FeRMS antibodies variants are further provided with bisecled oligosaccharides, for example,
in which a biantennary oligosaccharide attached to the Fc region of the antibody is bisected by GlcNAcC.
Such antibody varianis may have reduced fucosylation and/or improved ADRCC function. Examples of
such antibody varianis are described, e.g., in WO 2003/011878 (Jean-Mairet et al}; US Patent No.
6,602,684 (Umana et al); and US 2005/0123548 (Umana ef a/.). Antibody variants with at least one
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galactose residue in the oligosaccharide attached to the Fe region are also provided. Such antibody
variants may have improved CDC function. Such antibody variants are described, e.g., in WO
1897/30087 (Patel ef al.); WO 1598/58964 (Raiju, S.); and WO 1998/22764 (Raju, S.).

c. VH V0L, CH1, and CL domain variants

in certain embaodiments, one or more amino acid medifications may be introduced into the heavy
chain variable (VH, e.g., VH,; and/or VH;) domain, light chain variable (VL. e.q., VL, and/or Vi) domain,
heavy chain constant (CH1, e.g., CH1, and/or CH1y) domain, and/or the light chain constant (CL, e.g.,
ClLs and/or CL2) domain of an anti-FcRHS antibody of the invention {e.q., a bispecific anti-FeRHS antibody
of the invention that binds to FCRMHS and a second biological molecule, e.q., an FcRHE TDB antibody of
the invention or variant thereof). The VH, VL, CH1, and/or CL domains may have amino acid
maodifications (e.g., subsiftutions) atone ormore (e.g., 1, 2, 3,4, 5,8, 7, 8, 8, or 10) aming acid posilions.
In particular embodiments, the amino acid substitutions comprise acidic and/or basic amino acid residues.
Amino acid modifications, may form charged regions within the VH, VL, CH1, and/or CL domains (e.g.,
regions comprising acidic and/or basic amino acid residues). Charged regions within the VH, VL., CH1,
and/or CL domains may interact with a second charged regions of opposite overall charge to form a
charge pair. For example, amino acid muodifications may mediate the formation of a charge pair belween
charged regions present within the VL, and VH, domains of the FcRH5 arm of a TDB. In some instances,
amino acid modifications may mediate the formation of a charge pair between charged regions present
within the CL, and CH1, domains of the FcRH5S arm of a TDB. In some instances, amino acid
modifications may mediate the formation of a charge pair between charged regions present within the Vi,
and VH; domains of the second arm of a TDB (e.g., the CD3 arm of the TDB). In some instances, amino
acid modifications may mediate the formation of a charge pair between charged regions present within
the CL, and CH1. domains of the second arm of a TDB (e.g., the CD3 arm of the TDB). Exemplary
configurations of FcRH5 TDBs containing VH, VL, CH1, and/or CL domain variants are presented in Figs.
1A-1D.

in certain embodiments, an anti-FeRHS antibody (e.g., a bispecific anti-FCRHS antibody of the
invention that binds to FcRHE and a second biological molecule, e.q., CD3, such as an FcRHE TDB
antibody of the invention) comprises one or more asymimetrical modifications in the VH, VL, CH1, and/or
Cl regions {o facilitate correct heavy/light chain pairing. In other embodiments, the anti-FcRHS antibody
further comprises one or more modifications in the Fe region to facilitate heterodimerization of the fwo
arms (e.g., an anti-FCRHS arm and an anti-CPR3 arm) of the anti-FeRHS5 antibody (e.g., FcRHS TDB).

in some embodiments, the CH1, domain comprises an amino acid substitution at 3183 (EU
numbering) and the CL, domain comprises an amino acid substitution at V133 (EU numbering). In other
embodiments, the light chain of the first arm (e.g., an FCRHS binding arm) of the anti-FcRHS5 antibody is a
kappa chain. In some embodiments, the light chain of the second arm (g.g., an anli-CD3 binding arm) of
the anti-FcRHS5 antibody is a kappa chain. In certain embodimenis, the light chains in both arms of the
anti-FcRHS antibody (e.g, the FeRHS binding arm and the CD3 binding arm) are kappa chains.
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in some embodiments, the CH1; domain comprises an S183E mutation and the CL, domain
comprises a V133K mutation. In other embodiments, the CH1; domain comprises an S183K mutation
and the CL; domain comprises a V133E mutation.

in some embodiments, the CH1, domain comprises an S183K mutation, the CL, domain
comprises a V133E mulation, the CH1; domain comprises an S183E mutation, and the CL, domain
comprises a V133K mutation.

in some embodiments, the anti-FCRHS antibody further comprises a Q38E mutation in the VM,
domain, a Q38K mutation in the Vi, domain, a Q39K mutation in the VH» domain, and a Q38E muiation
in the Vi, domain.

in some embodiments, the anti-FCRHS antibody further comprises a knob {e.g., protuberance)
mutation in the CH3, domain and a hole {e.g., cavily) mutation in the CH3; domain. In ceriain
embodiments, the knob mutation comprises a T366W mutation (EU numbering). In certain embodiments,
the hole mutation comprises at least one, at least two, or all three of T366S, L368A, and Y407V mulations
{(EU numbering). In cerlain embodiments, the anti-FeRMHS antibody further comprises a T386W mutation
in the first heavy chain and T366S, L368A, and Y407V muiations in the second heavy chain.

in some embodiments, the CH1, domain comprises A1411, F1703, S181M, S183A, and V185A
mutations and the CL, domain comprises FTI8A, L135V, 81744, S176F, and T178V mutations. In
certain other embodiments, the CH1, domain comprises A1411, F1708, S181M, $1834A, and V1854
mutations; the CL; domain comprises F118A, L1358V, 8174A, $176F, and T178V mutations; the CH1»
dornain comprises an S183E mutation; and the CL; domain comprises a V133K mutation.

d.  Feregion variants

in certain embodiments, one or more amino acid maodifications may be introduced into the Fc
region of an anti-FecRHS antibody of the invention (2.q., & bispecific anti-FcRHS antibody of the invention
that binds to FcRH5 and a second biclogical molecule, e.g., CD3, such as a TDB antibody of the
invention or variant thereof), thereby generating an Fo region variant (see e.g., U.S. Pub. No.
2012/0251531, which is incorporated herein by reference in its entirety). In certain other embodiments,
an anti-FcRHS antibody comprises one or more modifications in the Fc region to facilifate
heterodimerization of the two arms {(e.g., an anti-FCRHS arm and an anti-CD3 arm) of the anti-FcRHS
antibody {e.g., FERHS5 TDB). In cerlain embodiments, the anti-FeRHS antibody (e.g., FcRHS TDE) having
one or more Fo modifications may also have one or more modifications in the VH, VL, CH1, and/or CL
domains, as described above. In some embodiments, the FeRHS antibody (e.q., FeRHS TDB) containing
Fo, VH, VL, CH1, and/or CL modifications may be produced by a one-cell antibody production approach,
as described herein. The Fe region variant may comprise a human Fo region sequence {8.g., 2 human
l0G1, 1gG2, 1gG3 or 1gG4 Fe region) comprising an aming acid modification (e.qg., a substitution) at one or
more amino acid positions.

in ceriain embodiments, the invention contemplates an anti-FocRHS antibody variant that
possesses some but not all effecior functions, which make it a desirable candidate for applications in
which the half-life of the antibody in vivo is important yvet certain effector functions (such as complement

and ADCC) are unnecessary or deleterious. i vitre and/or in vivo cylotoxicity assays can be conducted
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to confirm the reduction/depletion of CDC and/or ADCC achivities. For example, Fo receplor (FeR)
hinding assays can be conducted to ensure that the antibody tacks FoyR binding (henoe likely lacking
ADCC activity), but retains FeRn binding ability. The primary cells for mediating ADCC, NK cells, express
FoyRI only, whereas monoceyles express FoyRI, FoyRI and FeyRHL FeR expression on hematopoietic
ceils is summarized in Table 3 on page 464 of Ravetch el al. Annu. Rev. immunol, 9:457-482, 1991,
Non-limiting examples of in vifro assays 1o assess ADCC aclivity of a molecule of inferest is described in
U.S. Patent No. 5,500,382 (see, e.g., Helistrom et al. Proc. Natl Acad. Sci. USA 83.7059-7063, 1986) and
Hellstrom et al. Proc. Naff Acad. Sci, USA 82:1499-1502, 1985; 5,821,337 (see Bruggemann, et al. J.
Exp. Med. 166:1351-1361, 1987). Allernatively, non-radioactive assays methods may be employed (ses,
for example, ACTI™ non-radioactive cytoloxicily assay for flow cylometry (CellTechnology, Inc. Mountain
View, CA; and CYTOTOX 98% non-radioactive cylotoxicity assay (Promega, Madison, Wi). Useful
effector celis for such assays include peripheral blood mononuclear cells (PBMC) and Natural Killer (NK)
cells. Alternatively, or additionally, ADCC activity of the molecule of interest may be assessad in vivo,
e.g., in a animal model such as that disclosad in Clynes et al. Proc. Natl Acad. Soi. USA 85:652-658,
1988. C1q binding assays may also be carried out 1o confirm that the antibody is unable o bind C1lg and
hence lacks CDC aclivity. See, e.g., C1g and C3c binding ELISA in WO 2006/02987% and

WO 2005/100402. To assess complament activation, a CBC assay may be performed (see, for example,
Gazzano-Santoro ef al. J. Immunol. Methods 202:163, 1998; Cragg, M.S. et al. Blood. 101:1045-1052,
2003; and Cragg, M.S. and M.J. Glennie Blood. 103:2738-2743, 2004). FcRn binding and in vivo
clearance/half life determinations can also be performed using methods known in the arl (seg, e.g.,
Petkova, S.B. et al. Intl. Immunol 18(12):1759-1768, 20086).

Antibodies with reduced effector function include those with substitution of one or more of Fc
region residues 238, 265, 269, 270, 287, 327 and 329 (U.8. Patent Nos. 8,737,056 and 8,218,148). Such
Fo mutants include Fe mutants with substitutions at two or more of amino acid positions 285, 268, 270,
297 and 327, including the so-called "DANA” Fo mutant with substitution of residues 265 and 287 o
alanine (US Patent No. 7,332,581 and 8,219,149).

in certain embodiments, the proline at position 329 of a wild-type human Fc region in the antibody
is substituted with glycine or arginine or an amino acid residue large enough o destroy the proline
sandwich within the Fo/Fe.gamma. receptor interface that is formed between the proline 328 ofthe Fo
and fryptophan residues TrpB87 and Trp110 of FegRUll (Sondermann ef al. Nafure, 408:267-273, 2000). in
certain embodiments, the antibody comprises at least one further amino acid substitution. In one
embodiment, the further amino acid substitution is S228F, E233P, L234A, L235A, L235E, N297A,
N287D, or P3318, and still in another embodiment the at least one further amino acid substitution is
L234A and L235A of the human IgG1 Fc region or S228P and L235E of the human 1gG4 Fo region (see
e.g., US 2012/0251531), and still in another embodiment the at least one further amino acid substitution
is L234A and L235A and P323G of the human IgG1 Fo region.

Certain antibody variants with improved or diminished binding to FcRs are described (see, e.g.,
U.S. Patent No. 8,737,058, WO 2004/056312, and Shields et al. J. Bio/. Chem. 9(2):6581-8604, 2001).
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in certain embodiments, an antibody variant comprises an Fc region with one or more aming acid
substitutions which improve ADCC, e.g., substitutions at positions 298, 333, and/or 334 of the Fc¢ region
{EU numbering of residues).

in some embodiments, alterations are made in the Fc region that result in altered {i.e., sither
improved or diminished) C1qg binding and/or Complement Dependent Cytotoxicity (CDC), eg., a5
described in US Patent No. 6,184,551, WO 99/51642, and ldusogie et al. J Immunol 164, 4178-4184,
2000.

Antibodies with increased half-lives and improved binding to the neonatal Fo receptor (FeRn),
which is responsible for the transfer of maternal IgGs 1o the fetus (Guyer et al. J. Immunol. 117:587,
1976, Kim et al. J. immunol. 24:249, 1984), are described in US2005/0014934A1 (Hinlon et al.). Those
antibodies comprise an Fo region with one or more substitutions therein which improve binding of the Fe
region o FeRn. Such Fo varianis include those with substitutions at one or more of Fo region residues:
238, 256, 265, 272, 286, 303, 3085, 307, 311, 312, 317, 340, 356, 380, 382, 378, 378, 380, 382, 413, 424
or 434, e.g., substitulion of Fc region residue 434 (US Patent No. 7,371,828).

See also Duncan et al. Nature 322:738-40, 1988; U.S. Patent No. 5,648 ,260; U.S. Patent No.
5,624 ,821; and WO 84/28351 concerning other examples of Fe region variants.

in certain embodiments, the anti-FCRHS antibody comprises an aglycosylation site mutation. The
aglycosylation site mutation may be a substitution mutation. The aglycosylation site mutation may reduce
effector function of the anti-FcRH5 antibody, as compared to an unmutated version, by at lsast 1% {(s.g.,
2%, 3%, 4%, 5%, 8%, 7%, 8%, 9%, 10%, 20%, 30%, 40%, 50%, 80%, 70%, 80%, or 80%) or more. In
some instances, the substitution mutation is at amine acid residue N287, L2234, L235, D285, and/or P328
{EU numbering). Additionally, the substitution mutation may be selected from the group consisting of
N297G, N297A L234A, L235A, D265A, and P329G. In particular instances, the substitution mutation is
an N287G mutation.

e. Knob and hole variants

Knob and hole variants of antibodies may also be produced in which an amino acid modification
{e.g., a substitution) of one ormore {e.g., 1,2, 3, 4,5,6,7, 8, 8, or 10} amino acid residues creates a
protuberance (knob) or a cavity (hole). In some instances, the protuberance located on one polypeptide
of the antibody is positionable within the cavily located on a second polypeptide of the antibody such that
the two constituent polypeptides of the antibody can meet at an interface between the protuberance and
the cavity. A knob may be formed by the substitution of one or more amino acid residues with one or
more aming acid residues of larger size. A cavily may be formed by the substifution of g one or more
amine acid residues with one or more amino acid residues of smaller size. The protuberance or cavity
can be introduced into sither arm of an anti-FcRHS antibody {e.q., an FcRHS TDB (e.g., either the anti-
FeRHM5 arm or the anti-CD3 army)). Knob and hole modifications {e.g., of the Fc domain) are particularly
useful in increasing overall yield, homogeneity, and stability of bispecific antibodies (e.g., TDBs). In some
instances {e.g., when the protuberance-cavity pair are located on the LC/HC interfaces (e.g., VH and VL
or CL and CH1)), amino acid modifications that introduce knob and hole modifications can reduce light

chain swapping. In some embodiments, the protuberance is formed by introducing a T366W mulation
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into one arm of an anti-FcRHS antibody {e.g., either the anti-FCcRHS arm or the anti-CD3 arm). In some
embodiments, the T386W mutation is in the anti-FCRHS arm. In some embodiments the T388WY mutation
is in the anti-CD3 arm. In some embodiments, a cavity is formed by introducing a T366YY, L388A, and/or
a Y407V mutation into one arm of an anti-FeRHS5 antibody {8.q., either the anti-FcRHS arm or the anti-
CD3 arm). In some embodiments, a T388VY, L3G8A, and/or a Y407V mutation is in the anti-FeRHS amm.
in some embodiments, a T368W, L368A, and/or a Y407V mutation is in the anti-CD3 arm.

Technigues for making mutltispecific antibodies include, but are not limited to, recombinant co-
expression of two immunoglobulin heavy chain-light chain pairs having different specificities {see Milstein
and Cuello, Nafure 305: 537 (1883)), WO 83/08829, and Traunecker ef al., EMBO J. 10: 3855 (1281)),
and “kKnob-in-hole” engineering (see, e.g., U.S. Patent No. 5,731,168). “Knob-in-hole” engineering of
multispecific antibodies may be utilized to generate a first arm confaining a knob and a second arm
containing the hole into which the knob of the first arm may bind. For example, the TDB antibodies of the
invention may contain a knob located on its anti-CD3 arm and a hole located on its tumor-targeting arm.
Alternatively, the TDR antibodies of the invention may contain a knob located on its tumor-targeting arm
and a hole located on its anti-CD3 arm. Multispecific antibodies may also be engineered using
immunoglobulin crossover (also known as Fab domain exchange or CrossMab format) technology (see
eg., WO2008/080253; Schaefer et al., Proc. Natl Acad. Sci. USA, 108:11187-11192 (2011}).
Mutltispecific antibodies may ailso be made by engineering electrostatic steering effects for making
antibody Fo-heterodimeric molecules (WO 2009/089004A1); cross-linking two or more antibodies or
fragments (see, e.g., US Patent No. 4,676,980, and Brennan st al., Science, 229: 81 (1985)); using
leycine zippers to produce bi-specific antibodies (see, e.q., Kostelny et al., J. immunol., 148(5):1547-1553
(1892)); using "diabody" technology for making bispecific antibody fragmentis (see, e.g., Hollinger et al.,
Proc. Nati. Acad. Sci. USA, 80:6444-8448 (1993)); and using single-chain Fv (sFv) dimers (see.e.g.
Gruber et al,, J. Irmunol., 152:5368 (1994)); and preparing trispecific antibodies as described, e.g., in
Tutt et al. J. immunol 147 80 (1981).

£ Cysteine engineered anfibody variants

in certain embodiments, it may be desirable to create cysieine engineerad antibodies, e.g.,
“thioMADs,” in which one or more residues of an antibody are substituted with cysteine residues. In
particular embodiments, the substituted residues occur at accessible sites of the antibody. By
substituting those residues with cysieine, reactive thiol groups are thereby positioned af accessible sites
of the antibody and may be used to conjugate the antibody {0 other moieties, such as drug moieties or
linker-drug moieties, 1o create an immunoconjugate, as described further herein. In cerfain embodiments,
any one or more of the following residues may be substituted with cysteine: V205 (Kabat numbering) of
the light chain; A118 (EU numbering) of the heavy chain; and 3400 (EU numbering) of the heavy chain Fo
region. Cysteine engineered antibodies may be generated as described, for example, in U.S. Patent No.

7,521,541, which is incorporated herein by reference in its entirety.

g. Other antibody derivatives
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in certain embodiments, an anti-FeRHS antibody of the invention (e.g., bispecific anti-FcRHS
antibody of the invention that binds to FCRHS and & second biological molecule, e.g., CD3, such as a
TOB antibody of the invention or variant thereof) provided herein may be further modified {o contain
additional nonproteinaceous moieties that are known in the art and readily gvailable. The moieties
suitable for derivatization of the antibody include but are not imited to waler soluble polymers. Non-
limiting examples of water soluble polymers include, but are not limited 1o, polyethvlene glycol (PEG),
copolymers of ethyiene glycol/propylene glycol, carboxymethvicellulose, dextran, polyvinyt alcohol,
polyvinyl pyrrolidone, poly-1, 3-dioxolane, poly-1,3,8-trioxane, ethylene/maleic anhydride copolymer,
polyaminoacids (either homopolymers or random copolymers), and dexiran or poly{n-vinyl
pyrrolidone)polyethylene glycol, propropylene ghycol homopolymers, prolypropylens oxide/ethylene oxide
co-polymers, polyoxyethylated polyols (e.q., glycerol), polyviny alcohol, and mixdures thereof,
Polyeihyiene glycol propionaldehyde may have advantages in manufacturing due 1o iis stability in water.
The polymer may be of any molecular weighti, and may be branched or unbranched. The number of
polymers attached o the antibody may vary, and if more than one polymer are attached, they can be the
same or different molecules. in general, the number and/or type of polymers used for derivatization can
be delermined based on considerations including, but not limiled to, the particular properties or funclions
of the antibody to be improved, whether the antibody derivative will be used in a therapy under defined
conditions, sic.

in another embodiment, conjugates of an antibody and nonproteinaceous maoiely that may be
selectively heated by exposure to radiation are provided. in one embodiment, the nonproteinaceous
moiety is a carbon nanotube (Kam et al. Proc. Nafi Acad. Sci. USA 102:11600-11605, 2005). The
radiation may be of any wavelength, and includes, but is not limited to, wavslengths that do not harm
ordinary cells, but which heat the nonproteinaceous moisty to a temperature at which cells proximal to the
antibody-nonproteinaceous moiety are killed.

B. Recombinant Methods and Compositions

Anti-FCRHS antibodies of the invention {e.g., bispecific anti-FCRHS antibodies of the invention that
hind 1o FcRH5 and a second biclogical molecule, 2.g., CD3J, such as TDB antibodies of the invention or
variants thereof) may be produced using recombinant methods and compositions, for exampile, as
described in U.S. Palent No. 4,816,567, In one embodiment, isolated nucleic acid encoding an anti-
FcRHS antibody described herein is provided. In one embodiment, the host cell is eukaryolic, e.g., a
Chinese Hamster Ovary (CHO) cell. In one embuodiment, the host cell is prokaryotlic, e.g., an £. coli cell.
in one embodiment, a method of making an anti-FCRHS antibody i5 provided, wherein the method
comprises culturing a host cell comprising a nucleic acid encoding the antibody, as provided above, under
conditions suitable for expression of the aniibody, and optionally recovering the antibody from the host
cell {or host cell culture medium). In ancther embodiment, the msthod further comprises culturing a
second host cell comprising a second nucleic acid encoding an anti-CD3 antibody that comprises a
binding domain that binds CD3. In some embodiments, the hosi cells are co-cultured. A further
embodiment, comprises recovering the bispecific anti-FcRHS antibody from the host cell or the culture

medium. In some embodiments, the anti-FCRHS and anti-CD3 antibodies are produced in the same host
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ceill {e.g., a one-cell approach). in some embodiments, the anti-FeRHS and anti-CD3 antibodies are
produced in separaie host cells (e.g., a two-cell approach).

in the one-cell and two-cell approaches, one or more plasmids encoding the FCRHE TDB (e.g, an
FcRHS half-antibody and a CD3 half-antibody) are introduced into one or more host cells for culture and
expression of the TDB. In one instance, a single plasmid may encode both the FeRHS half-antibody and
the CB3 half-antibody. Alternatively, the half-antibodies can be encoded by separate plasmids. in
another instance, the heavy chain of each half-antibody is encoded on a first plasmid, while the light chain
of each half-antibody is encoded on a second plasmid. In the one-cell approach, the FecRHS TDB is
produced in a single host. In the two-cell approach, the FCRHS TDB is produced by expressing the half-
antibodies in separate hosis (e.g., separate cultures of the same host cells, or separate culiures of
different host cells). In the two-cell approach, the two hosis can be cultured in the same vessel orin
different vessels. The two host cultures can be combined prior to tysis and purification of the FocRHS TDR
or the two half-antibodies can be purified separately.

in some embodiments, an anti-FcRHS antibody of the invention (g.g., a bispecific anti-FCcRH5
antibody of the invention that binds to FCRHMS and a second biclogical molecule, e.g., CD3, such as an
FoRH5 TDR antibody of the invention) that has been modified o include asymmetrical modifications (e.q.,
mutations of the VH, VL, CH1, CL and/or Fc domains described above) is produced using a one-cell
approach, which results in improved correct heavy chain/light chain pairing and/or improved yield of the
anti-FcRHS antibody as comparad to an anti-FcRHS5 antibody that has not been modified o include the
asymmetrical modifications.

Suitable host cells Tor cloning or expression of antibody-encoding vectors include prokaryotic or
eukaryotic cells described herein. For example, antibodies may be produced in badcteria, in particular
when glycosylation and Fc effector function are not needed. For expression of antibody fragmenis and
polypeptides in bacleria, see, e.g., U.S. Palent Nos. 5,648,237, 5,788,188, and 5,840,523 (see, e.g.,
Charlion, Methods in Molecular Biology, Vol 248 (B.K.C. Lo, ed., Humana Press, Totowa, NJ, 2003), pp.
245-254, describing expression of antibody fragments in £, coiil} After expression, the antibody may be
isolated from the bacierial cell paste in g soluble fraction and can be further purified.

in addition to prokaryoies, eukaryotic microbes such as filamentous fungt or veast are suitable
cloning or expression hosts for antibody-encoding vectors, including fungi and yeast strains whose
ghycosylation pathways have been “humanized,” resulting in the production of an antibody with a partially
or fully human glycosylation patiern. See Gerngross, Nat. Biotech. 22:1409-1414, 2004, and Li et al. Nat.
Biotech. 24:210-218, 2008.

Suitable host celis for the expression of glycosyiated antibody are also derived from muiticeliular
arganisms {inveriebrates and vertebrates). Examples of inveriebrate cells include plant and insect celis.
Numerous baculoviral strains have been identified which may be used in conjunction with insect cells,
particularly for transfection of Spodoplera frugiperda cells.

Plant cell cultures can also be utilized as hosts. See, e.g., US Patent Nos. 5,958,177, 6,040,498,
6,420,548, 7,125,978, and 8,417 429 (describing PLANTIBODIES™ technology for producing antibodies
in transgenic plants).
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Vertebrate cells may aiso be used as hosts. For example, mammalian cell lines that are adapted
to grow in suspension may be useful. Other examples of useful mammailian host cell lines are monkey
kidney CV1 line transformed by SV40 (COS-7); human embryonic kidney line (293 or 293 cells as
described, e.g., in Graham et al. J. Gen Virol 36:58, 1977); baby hamster kidney cells (BHK); mouse
sertoli cells (TM4 cells as described, e.g., in Mather Biol Reprod. 23:243-251, 1980); monkey kidney celis
{CV1); African green monkey kidney cells (VERO-76); human cervical carcinoma cells (HELA); canine
kidney cells (MDCK, buffalo rat liver celis (BRL 3A); human lung cells (W138); human liver cells (Hep G23;
mouse mammary tumor (MMT 060562); TRI cells, as described, e.g., in Mather et al. Annals NUY. Acad.
Sci. 383:44-88, 1982; MRC-5 cells; and FS84 celis. Other useful mammalian host cell lines include
Chinese hamster ovary (CHQO) cealis, including DHFR- CHO celis (Urlaub et al. Proc. Matl. Acad. Sci. USA
77:4216, 1980); and myeloma cell lines such as Y0, NSU and Sp2/0. For a review of certain mammalian
host cell lines suitable for antibody production, see, e.q., Yazaki et al. Methods in Molecular Biology,
248:255-268, 2003,

C. Assays
Anii-FcRHS antibodies of the invention {e.q., bispecific anti-FcRHS antibodiss of the invention that
bind to FcRM5 and a second biological molecule, g.g., CD3, such as TDB antibodies of the invention or
varianis thereof) provided herein may be identified, screened for, or characlerized for their

physical/chemical properties and/or biclogicatl activities by various assays known in the art.

1. Binding assays and other assays
in one aspect, an anti-FCRHS antibody of the invention is tested for its antigen binding activity, for
example, by known methods such as ELISA, Western blot, etc.
in another aspect, competition assays may be used to identify an antibody that competes with an
anti-FeRHS antibody of the invention for binding {o FcRHS.
in an exemplary competition assay, immobilized FcRHS5 s incubated in a solution comprising a
first labeled antibody that binds fo FcRHS and a second unlabeled antibody that is being tested for ifs
ability to compete with the first antibody for binding to FGRH5. The second antibody may be presentin a
hybridoma supernatant. As a control, immobilized FCRHS is incubated in a solution comprising the first
iabeled antibody but not the second uniabeled antibody. Afier incubation under conditions permissive for
binding of the first antibody to FeRHS, excess unbound antibody is removed, and the amount of iabel
associated with immobilized FcRHS is measured. If the amount of label associated with immobilized
FeRH5 is substantially reduced in the test sample relative 1o the conirol sample, then that indicates that
the second antibody is competing with the first antibody for binding to FcRHS5. See, e.g., Harlow and
Lane {(1988) Anfibodies: A Laboratory Manual. Ch.14 (Cold Spring Harbor Laboraiory, Cold Spring
Harbor, NY).
2. Activity assays
in one aspect, assays are provided for identifying anti-FoRHS antibodies thereof having biclogical
activity. Biclogical activity may include, for example, binding to FCRHS, or a peptide fragment thereof,

either in vivo, in vitro, or ex vive. In the case of a multispecific (e.g., bispecific) anti-FCRHS antibody of the
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invention {e.g., a TDB antibody having one anti-FCRHS arm and one arm that recognizes a second
bioclogical molecule, e.g., CD3), biclogical activity may also include, for example, effector cell activation
{e.g., T cell (e.g., CD8+ and/or CD4+ T cell) activation), effector cell population expansion {i.e., an
increase in T cell count), target cell population reduction {i.e., a decrease in the population of cells
expressing the second biclogical molecule on their cell surfaces), and/or target cell killing. Antibodies
having such biological activity in vivo and/or in vifro are provided. In certain embodiments, an antibody of
the invention is tested for such biological activity, as described in detail in the Examples herein below.

in some embodiments, the anti-FCRHS antibody (e.g., FoRHS TDR) activity comprises ability to
support B cell killing and/or the activation of the cytotoxic T cells. In certain embodiments, an FeRHS TDB
antibody of the invention is tested for such B celi Killing and/or the activation of the coylotoxic effect of T
cells biological activity by any of the methods described herein, in particular the Examples. In some
embodiments of any of these activily assays, PBMCs may be isolated from whole blood of healthy donors
by Ficoll separation. In particular, human blood may be collected in heparinized syringes, and PBMCs
isolated using Leucosep and Ficoll Pague Plus. If needed CD4+T and CD8+T cells may be separated
with Miltenyi kits according {o manufacturer’s instructions.

Further, cells may be washed in RPMI medium containing 10% FBS, supplemented wilh
GlutaMax, penicillin & strepiomycin, and ~0.2 million suspended cells added to a 96-well U-bottom plate.
Cells may be culiured in RPMI1640 supplemented with 10% FBS at 37°C in a humidified standard cell
culture incubator. For BJAB cell killing assays, 20,000 BJAB cells may be incubated with affector cells,
either as huPBMCs or purified T celis, as indicated ratios per assay, in the presence of various
concentrations of TDB antibodies for 24 hours. For endogenous B cell killing assays, 200,000 huPBMCs
may be incubated with various concentrations of TDB antibodies for 24 hours.

After culturing, cells may be washead with FACS buffer (0.5% BSA, 0.05% Na Azide in PBES).
Cells may then be stained in FACS buffer, washed with FACS buffer and suspended in 100yl of FACS
huffer containing 1ug/mi Propidium iodide. Data may be coliected on a FACSCalibur flow cytometer and
analyzed using FlowJo. Live B celis may be gated out as Pl-negative CD19+ or Pl-negative CD20+ B
cells by FACS, and absolute cell count may be obtained with FITC beads added to reaction mix as an
internal counting control. The percent (%) of cell Killing may be calculated based on non-TDB ireated
controls. Activated T cells may be detected by CDGS and CD25 surface expression using anti-CDES8-
FITC and anti-CD25-PE.

D. Immunocconjugates

The invention also provides immunoconjugates comprising an anti-FCRHS antibody, for example
an anti-FoRHS multispecific antibody, for example an FeRHS TDB described herein conjugated o one or
more cylotoxic agenis, such as chemotherapeutic agents or drugs, growth inhibitory agents, toxins {(e.g.,
profein toxins, enzymatically active {oxins of bacterial, fungal, plant, or animal origin, or fragments
thereof), or radioactive isotopes.

in one embodiment, an immunoconjugate is an antibody-drug conjugate (ADC) in which an
antibody is conjugated to one or more drugs, including but not limited to a maytansinoid (see U.S. Patent
Nos. 5,208,020, 5,418,064 and European Patent EP § 425 235 B1); an auristatin such as
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monomethylaurisiatin drug moieties DE and DF (MMAE and MMAF) {see U.S. Patent Nos. 5,635,483 and
5,780,588, and 7,488,298); a dolastatin; a calicheamicin or derivative thereof (see UJ.S. Patent Nos.
5,712,374, 5,714,586, 5,738,118, 5,767,285, 5,770,701, 5,770,710, 5,773,001, and 5,877,296; Hinman et
al. Cancer Res. 53:3336-3342, 1993; and Lode ef al. Cancer Res. 58:2925-2828, 1898); an anthracycline
such as daunomycin or doxorubicin {(see Kratz et al. Current Med. Chem. 13:477-523, 20068; Jeffrey et al.
Bioorganic & Med. Chem. Leffers 16:358-362, 2008; Torgov et al. Bioconj. Chem. 16:717-721, 2005;
Nagy et al. Froc. Natl. Acad. Sci. USA 87:828-834, 2000; Dubowchik et al. Bicorg. & Med. Chem. Letfers
12:1529-1532, 2002; King et al. J. Med. Chem. 45:4336-4343, 2002; and U.S. Patent No. 6,830,579);
methotrexate; vindesing; a taxane such as docetaxel, paclitaxel, larotaxel, tesetaxel, and ortataxel; a
trichothecene; and CC10865.

in ancther embodiment, an immunoconjugate comprises an anti-FeRHS antibody (for example,
an anti-FCRHS multispecific antibody, for example an FCRHS TDB) described herein conjugated 1o an
enzymatically active toxin or fragment thereof, including but not limited {o diphtheria A chain, nonbinding
active fragmenis of diphtheria toxin, exoloxin A chain (from Pseudomonas aeruginosa), ricin A chain,
abrin A chain, modeccin A chain, alpha-sarcin, Aleurites fordil proteins, dianthin proteins, phytolaca
americana proteins (PAPH, PAPH, and PAP-S), momordica charantia inhibitor, curcin, crotin, sapaonaria
officinalis inhibitor, gelonin, mitogellin, restrictocin, phenomyein, enomycin, and the tricothecenes.

in another embodiment, an immunoconjugate comprises an anti-FoRHS antibody (for exampie,
an anti-FCRHS multispecific antibody, for example an FcRH5S TDB) described herein conjugated ic a
radicactive atom to form a radioconjugate. A varisly of radioactive isctopes are available for the
production of radioconjugates. Examples include A2 1131 125 Y90 Rg™5 Re88 Sm'se Bj21z psz ppete
and radioactive isotopes of Lu. When the radioconjugate is used for detection, it may comprise a
radioactive atom for scintigraphic studies, for example t¢89m or M23, or a spin label for nuclear magnetic
resonance (NMR) imaging (also known as magnetic resonance imaging, mri), such as iodine-123 again,
indine-131, indium-111, fluorine-19, carbon-13, nitrogen-15, oxygen-17, gadolinium, manganese or iron.

Conjugates of an antibedy and cvioioxic agent may be made using a variety of bifunctional
protein coupling agents such as N-succinimidyl-3-(2-pyridyidithio) propionate (SPDP), succinimidyi-4-{N-
maleimidomethyl) cyciohexane-i-carboxylate (SMCC), imingthiolane (IT), bifunctional derivatives of
imidoesters (such as dimethyl adipimidate HCH, active esters (such as disuccinimidyl suberaie),
aldehydes (such as glutaraldehyde), bis-azido compounds (such as bis {(p-azidobenzoyl hexanediamine),
bis-diazonium derivatives (such as bis-{(p-diazoniumbenzoyl)-ethylenediamineg), diisocyanates (such as
foluene 2, 8-diisocyanate), and bis-active fluorine compounds (such as 1,5-diflucro-2 4-dinitrobenzene).
For example, a ricin immunotoxin can be prepared as described in Viletta et al. Science 238:1088, 1987
Carbon-14-labeled 1-isothiocyanatobenzyl-3-methyldiethylene triaminepeniaacetic acid (MX-DTPA) is an
exemplary chelating agent for conjugation of radionucleotide to the antibody. See W0O84/11026. The
linker may be a “cleavable linker” facilitating release of a cytotoxic drug in the cell. For example, an acid-
iabile linker, peplidase-sensitive linker, photolabile linker, dimethyl linker or disulfide-containing linker
{Chari el al. Cancer Res. 52:127-131, 1992; U.S. Paleni No. 5,208,020) may be used.

The immunuoconjugates or ADCs hergin expressly contemplaie, but are not limited o such
conjugates prepared with cross-linker reagents including, but not limited {o, BMPS, EMCS, GMBS, HBVS,
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LC-SMCC, MBS, MPBH, SBAP, SIA, SIAB, SMCC, SMPB, SMPH, sulfo-EMCS, sulfo-GMBS, sulfo-
KMUS, sulfo-MBS, sulfo-SIAB, sulfo-SMCC, and sulfo-SMPB, and SV3B (succinimidyl-(4-
vinylsulfone)benzoate) which are commercially available {(e.q., from Pierce Biotechnology, inc., Rockford,
L., US.A).

E.  Pharmaceutical Formulations

Pharmaceutical formulations of an anti-FeRHS antibody of the invention {e.g., a bispecific anti-
FoRHS antibody of the invention that binds to FCRHS and a second biclogical molecule, e.g., CD3, eq.,
an FcRHS TDR) are prepared by mixing such antibody having the desired degree of purity with one or
more optional pharmaceutically acceptable carriers, buffers, stabilizers, and/or preservatives
{Remington’s Pharmaceutical Sciences 16th edition, Osol, A. Ed. (1980)), in the form of lyophilized
formulations or aqueous solutions. Pharmaceutically acceptable carriers are generally nontoxic to
recipients at the dosages and concentrations emploved, and include, but are not limited to: buffers such
as phosphate, citrate, and other organic acids; antioxidants including ascorbic acid and methionine;
preservatives (such as ocladecyldimethyibenzyl ammonium chioride; hexamethonium chioride;
benzalkonium chigride; benzethonium chloride; phenol, bulyl or benzyl alcohol; alkyl parabens such as
methyl or propyl paraben; catechol; resorcinol;, cyclohexanol; 3~-pentanol; and m-cresol); low molecular
weight {less than about 10 residues) polypeptides; proteins, such as serum albumin, gelatin, or
immunoglobuling; hydrophilic polymers such as polyvinyipyrrolidone; amino acids such as glycine,
glutamine, asparaging, histidine, arginine, or lysine; monosaccharides, disaccharides, and other
carbohydrates including glucose, mannose, or dexirins; chelating agents such as EDTA, sugars such as
sucrose, mannitol, trehalose or sorbitol; sait-forming counter-ions such as sodium; metal complexes {e.g.,
Zn-protein complexes); and/or non-ionic surfactants such as polyethylene glycol (PEG). Exemplary
pharmaceutically acceptable carriers herein further include insterstitial drug dispersion agents such as
soluble neutral-active hyaiurconidase glycoproteins (SHASEGP), for example, human soluble PH-20
hvaluronidase glycoproteins, such as rHuPH20 (HYLENEX®, Baxier international, Inc.). Certain
exemplary sHASEGPs and methods of use, including rHuPH20, are described in US Patent Publication
Nos. 2005/0260186 and 2006/0104868. In one aspect, a sHASEGP is combined with one or more
additional giycosaminoglycanases such as chondroitinases.

Exemplary lyophilized antibody formulations are described in US Patent No. 6,267,958, Aqueous
antibody formulations include those described in US Patent No. 6,171,586 and WO0O2006/044908, the
{atter formulations including a histidine-agcetate buffer.

The formulation herein may also contain more than one active ingredients as necessary for the
particular indication being freated, preferably those with complementary aclivities that do not adversely
affect each other. For example, it may be desirable to further provide an additional therapeutic agent
{e.g., a chemotherapeutic agent, a cytotoxic agent, a growth inhibitory agent, and/or an anti-hormeonal
agent, such as those recited herein above). Such active ingredients are suilably present in combination
in amounis that are effective for the purpose intended.

Active ingredienis may be entrapped in microcapsules prepared, for example, by coacervation

techniques or by interfacial polymerization, for example, hydroxymethyiceliulose or gelatin-microcapsules
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and poly-(methylmethacylate) microcapsules, respectivaly, in colioidal drug delivery systems (for
example, liposomes, albumin microspheres, microemuisions, nanc-particles and nanocapsules) or in
macroemuisions. Such technigues are disclosed in Reminglon’s Pharmaceutical Sciences 16th edition,
Osol, A, Ed. {1980).

in some instances, the composition may comprise a PD-1 axis binding antagonist and/or an
additional therapeutic agent. For example, the PD-1 axis binding antagonist may be selected from the
consisiting of MPDL3280A (atezolizumab), YW243.55.870, MDX-1105, MEDI473 (durvalumaby), and
MSBO010718C (avelumab), MDX 1108 (nivolumab), MiK-3475 (pembrolizumab), CT-011 (pidilizumab),
MEDI-0680 (AMP-514), PDROO1, REGN2810, and BGB-108. Additionally, a composition comprising an
anti-FoRHS antibody of the invention (e.g., an FCRHS TDB) may comprise a steroid, an immunomodulator
{IMiID), a proteosome inhibitor (P1), or a combination thereof.

Sustained-release preparations may be prepared. Suitable examples of sustained-release
preparations include semipermeable matrices of solid hydrophobic polymers conlaining the antibody,
which malrices are in the form of shaped articles, for example, films, or microcapsules.

The formulations to be used for in vive administration are generally sterile. Sterility may be
readily accomplished, e.g., by filtration through sterile filtration membranes.

F. Therapeutic Methods and Compositions

Any of the anti-FeRHS antibodies of the invention {e.g., bispecific anti-FCRHS antibodies of the
invention that bind to FCRHS5 and a second biclogical molecule, e.g., CB3, e.g., an FCRHS5 TDB) may be
used in therapeutic methods.

in one aspect, an anti-FCRHS antibody for use as a medicament is provided. in further aspecis,
an anti-FCRHS antibody for use in reating or delaying progression of a cell proliferative disorder (e.g.,
cancer, e.g., an FCRHS-positive cancer, e.g., multiple myeloma (MM)) and/ or enhancing an immune
function in an individual is provided. In certain embodiments, an anti-FORHS antibody for use in a method
of treatment is provided. In certain embodiments, the invention provides an anti-FeRHS antibody for use
in a method of treating an individual having a cell proliferative disorder {e.g., cancer, e.g., an FCRH5-
positive cancer, e.g., MM)) comprising administering to the individual an effective amount of the anti-
FeRHS5 antibody. In one such embodiment, the method further comprises administering to the individual
an effective amount of at least one gdditional therapeutic agent, for example, as described below.

in further embodiments, the invention provides an anli-FcRHS antibody for use in enhancing
immune function in an individual having a cell proliferative disorder, such as an FcRHS5-positive cancer
(e.g., MM). In certain embaodiments, the invention provides an anti-FcRHS antibody for use in a method
of enhancing immune function in an individual having a cell proliferative disorder comprising administering
to the individual an effective of the anti-FeRHS antibody to activate effector cells (e.g., T cells, e.g., CD8+
and/or CD4+ T cells) capable of exerting a cytoloxic and/or an apoptotic effect on target cells (e.g., a cell
expressing a second biclogical molecule recognized by an anti-FCRHS antibody of the invention, such as
a FoRHS TDB antibody of the invention) in an individual. The anti-FCRHS antibody may bind to both an
FcRH5 molecule located on a target cell and a CD3 molecule located on an immune effector cell. The
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target celi may be plasma cell, such as a long or short lived plasma cell. Additionaily, the target celi may
be a myeloma cell. An “individual” according o any of the above embodiments may be a human.

in a further aspect, the invention provides for the use of an anti-FCRHS antibody in the
manufacture or preparation of a medicament. In one embodiment, the medicament is for reatment of a
cell proliferative disorder (e.g., cancer, e.q., an FcRH&-positive cancer, e.g., MM)). In a further
embodiment, the medicament is for use in a method of treating a cell proliferative disorder comprising
administering to an individual having a cell proliferative disorder or an effective amount of the
medicament. In one such embodiment, the method further comprises administering to the individual an
effective amount of at least one additional therapeutic agent, for example, as described below.

in a further embaodiment, the medicament is for activating effector cells activate effeclor cells
{e.q., T celis, e.qg., CD8+ and/or CD4+ T cells) capable of exerting a cylotoxic and/or an apoptotic effect
on target cells (e.g., a call expressing a second biclogical molecule recognized by an anti-FeRHS
antibody of the invention, such as a FcRHS TDB antibody of the invention) in an individual. In a further
embodiment, the medicament is for use in a method of enhancing immune function in an individual having
a cell proliferative disorder comprising administering fo the individual an amount effective of the
medicament {0 aclivate effector cells {e.g., T cells, e.g., CD8+ and/or CD4+ T cells), expand (increase) an
effector cell population, reduce a target cell {e.g., a cell expressing a second biological molscule
recognized by an anti-FcRHS antibody of the invention, such as a FcRHS TDB antibody of the invention)
popuiation, and/or kil a target cell {e.g., target tumor cell). An “individual” according 10 any of the above
embodiments may be a human.

in a further aspedt, the invention provides a method for treating a cell proliferative disorder (8.4,
cancer). The FcRH5-positive cancer may be a B celi cancer. In some instances, the B-cell cancer may
be multiple myeloma (MM), chronic lymphoid leukemia (CLL), mantie cell lymphoma (MCL), diffuse large
B-cell ymphoma (DLBCL), and/or follicular lymphoma (FL). In particular instances, the B cell cancer is
MM, in other instances, the FcRH5-positive canceris g B cell cancer. In one embodiment, the method
comprises administering to an individual having such a cell proliferative disorder (e.g., cancer, e.g.,
FoRH5-positive cancer, e.g., mulliple myeloma (MM)) an effective amount of an anti-FCRHS antibody. in
one such embodiment, the method further comprises administering {o the individual an effective amount
of at least one additional therapeulic agent, for example, as described below. An “individual” according 1o
any of the above embaodiments may be a human.

Antibodies of the invention can be used either alone or in combination with other agents in a
therapy. Forinstance, an antibody of the invention may be co-administered with at least one additional
therapeutic agent. In certain embodiments, an additional therapeutic agent is a PD-1 axis binding
antagonist such as MPDL3280A (atezolizumab), YW243.55. 870, MDX-1105, MEDI473 (durvalumab),
and MSBOG10718C (avelumab), MDX 1108 (nivolumab), MK-3475 (pembrolizumab), CT-011
{piditizumab), MEDI-0680 (AMP-514), PDRU0Y, REGN2810, and/or BGB-108. Additionally, a steroid, an
immunomoduiator (IMID), a proteosome inhibitor (P, or a combination thereof may also be administered
to a subject. In one embodiment, the glucocorticoid is dexamethasone. In some embodiments, the IMID
is lenalidomide. in some embodiments, the Pl is bortezomib.
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Such combination therapies noted above encompass combined administration (where two or
more therapeutic agents are included in the same or separate formulations), and separate administration,
in which case, administration of the antibody of the invention can ocour prior to, simultaneously, and/or
following, administration of the additional therapeutic agent or agents. In one embodiment, administration
of the anti-FcRHS antibody and administration of an additional therapeutic agent ocour within about one
month, or within about one, two or three weeks, or within about one, two, three, four, five, or six days, of
each other.

An antibody of the invention (and/or any additional therapeutic agent) can be administered by any
suitable means, including infravenously, subcutaneously, intramuscularly, topically, orally, transdermally,
intraperitoneally, infraorbitally, by implantation, by inhalation, intrathecally, intraventricularly, or
infranasally. Dosing can be by any suitable rouie, for example, by injections, such as intravenous or
subcutaneous injections, depending in part on whether the administration is brief or chronic. Various
dosing schedules including but not imited to single or multiple administrations over various time-paoints,
bolus administration, and puise infusion are contemplated herein.

Antibodies of the invention would be formulated, dosed, and administered in a fashion consistent
with good medical practice. Factors for consideration in this context include the particular disorder being
ireated, the particular mammal being trealed, the clinical condition of the individual patieni, the cause of
the disorder, the site of delivery of the agent, the method of adminisiration, the scheduling of
administration, and other factors known o medical practitioners. The antibody need not be, butis
optionally formulated with one or more agents currently used to prevent or treat the disorder in question.
The effective amount of such other agents depends on the amount of antibody present in the formulation,
the type of disorder or freaiment, and other factors discussed above. These are generally used in the
same dosagss and with adminisiration routes as described hergin, or about from 1 to 99% of the dosages
described herein, or in any dosage and by any route that is empirically/clinically determined to be
appropriate.

For the prevention or freatment of disease (e.g., a proliferative cell disorder, e.q., cancer, e.g., 8
FoRH5-positive cancer, e.g., MM)), the appropriate dosage of an antibody of the invention (when used
alone or in combination with one or more other additional therapeutic agents) will depend on the type of
disease 10 be freated, the type of antibody, the severity and course of the disease, whether the antibody
is administered for preventive or therapeutic purposes, previous therapy, the patient’s ¢linical history and
response to the antibody, and the discretion of the atiending physician. The antibody is suitably
administered to the patient at one time or over a series of freatmenis.

As a general proposition, the therapeutically effective amount of the anti-FCRHS antibody
administered to g human will be in the range of about 0.01 {o about 100 mg/kg of patient body weight
whether by one or more administrations. In some embuodiments, the antibody used is about 0.01 {0 about
0.01 1o about 55 mg/kg, 50 mg/kg, 8.01 to about 45 mg/kg, about 0.01 1o about 40 mg/kg, about 0.01 to
about 35 mg/kg, about 0.01 to about 30 mg/kg, about 0.01 to about 25 mg/kg, about 0.01 to about 20
mg/kg, about 8.01 to about 15 mg/kg, about 0.01 10 about 10 mg/kg, about 8.01 to about & mg/kg, or
about 0.01 to about 1 mg/kg administered daily, for example. In one embodiment, an anti-FocRHS

antibody described hergin is administered to 2 human at a dose of about 100 mg, about 200 mg, about
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300 mg, about 400 mg, about 500 mg, about 600 mg, about 700 mg, about 800 mg, about 800 mg, about
1000 mg, about 1100 mg, about 1200 mg, about 1300 mg or about 1400 mg on day 1 of 21-day cycles.
The dose may be administered as a single dose or as multiple doses (e.g., 2 or 3 doses), such as
infusions. For repegted administrations over several days or longer, depending on the condition, the
treatment would generally be sustained until a desired suppreassion of disease sympioms occurs. One
exemplary dosage of the antibody would be in the range from about .05 mg/kg to about 10 mg/kg. Thus,
one or more doses of about 8.5 mg/kg, 2.0 mg/kyg, 4.0 ma/kg, or 10 mg/kg {or any combination thereof
may be administered o the patient. In some embodiments, the anti-FeRHS antibody is adminisiered at a
dosage of about 0.01 mg/kg/iwk to about 10 mg/kgiwk. In other embodiments, the anti-FoRHS antibody is
administered at a dosage of 0.1 mg/kg/wk 1o about 10 mg/kgiwk. In other embodiments, anti-FCRHS
antibody is administered at g dosage of about 1 mg/kg/wk.

Such doses may be administered intermitiently, for example, every week or every three weeks
{e.g., such that the patient receives from about two {0 about twenty, or, for example, about six doses of
the anti-FeRHS antibody). An initial higher loading dose, followed by one or more lower doses may be
adminisiered. The progress of this therapy is easily monitored by conventional techniques and assays.

in some embodiments, the methods may further comprise an additional therapy. The additional
therapy may be radiation therapy, surgery, chemotherapy, gene therapy, DNA therapy, viral therapy, RNA
therapy, immunotherapy, bone marrow transplantation, nanctherapy, monocional antibody therapy, or a
combination of the foregoing. The additional therapy may be in the form of adjuvant or necadjuvant
therapy. In some embodiments, the additional therapy is the administration of small molecule enzymatic
inhibitor or anti-metasiatic agent. In some embodiments, the additional therapy is the administration of
side-gffect limiting agents (e.g., agents intended to lessen the occurrence and/or severity of side effects
of treatrnent, such as anti-nausea agents, eic.). In some embodiments, the additional therapy is radiation
therapy. In some embodiments, the additional therapy is surgery. In some embodiments, the additional
therapy is a combination of radiation therapy and surgery. In some embodiments, the additional therapy
is gamma irradiation. In some embodiments, the additional therapy may be a separaie administration of
one or more of the therapeutic agents described above.

. Methods and Compositions for Diagnostics and Defection

In certain embodiments, any of the anti-FeRHS antibodies of the invention is useful for detecling
the presence of FeRHS in a biclogical sample. The term “detecting” as used herein encompasses
quantitative or qualitative detection. In cerlain embodiments, a biological sample comprises a cell or
tissue,

in one embodiment, an anti-FcRHS antibody for use in a method of diagnosis or detection is
provided. In a further aspect, 2 method of detecting the presence of naiurally occurring FcRH5 in a
biclogical sample is provided. In certain smbodiments, the method comprises contacting the biological
sample with an anti-FeRHS antibody as described herein under conditions permissive for binding of the
anti-FcRHS antibody to the naturally occurring FeRHS, and detecting whether a complex is formed
between the anti-FCRHS antibody and naturally occurring FCRHS. Such method may be an in vitro or in
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vivo method. In some instances, the biclogical sample is a biood sample. In some instances, the subject
is & human.

in certain embodiments, labeled anti-FCRHS antibodies are provided. Labels include, but are not
limited to, labels or moietias that are detected directly {such as fluorescent, chromophaoric, electron-
dense, chemiluminescent, and radioactive labels), as weil as moieties, such as enzymaes or ligands, that
are detected indirectly, e.q., through an enzymatic reaction or molecular interaction. Exemplary labels
include, but are not limited to, the radioisotopes 2P, MC, '35, *H, and 3, fluorophores such as rare earth
chelates or fluorescein and its derivatives, rhodamine and its derivatives, dansyl, umbelliferone,
luceriferases, e.g., firefly luciferase and baclerial luciferase (.S, Patent No. 4,737, 458), luciferin, 2,3-
dihydrophthalazinediones, horseradish peroxidase (HRP), alkaline phosphatase, B-galaciosidase,
glucoamylase, lysozyme, saccharide oxidases, €.g., glucose oxidase, galactose oxidase, and giucose-6-
phosphate dehydrogenase, heterooychic oxidases such as uricase and xanthine oxidase, coupled with an
enzyme that employs hydrogen peroxide {0 oxidize a dye precursor such as HRP, lactoperoxidase, or

microperoxidase, biotin/avidin, spin labels, bacteriophage labels, stable fres radicals, and the like.

H. Articles of Manufacture
in ancther aspect, the invention features an article of manufacture containing materials useful for

the treatiment, prevention, and/or diagnosis of proliferative cell disorders {g.g., cancer, £.¢., an FCRHS-
positive cancer, e.g., multiple myeloma (MM)) in a subject (e.g., a human). The article of manufacture
comprises a container and a label or package insert on or associated with the container. Suitable
containers include, for example, botlles, vials, syringes, 1V solution bags, etc. The containers may be
formed from a variely of materials such as glass or plastic. The container holds 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 accass port (for example the container may be an intravenous solution
bag or a vial having a stopper pierceable by a hypodermic injection needle). Atleast one gclive agentin
the composition is an antibody of the invention. The label or package insert indicates that the
composition is used for treating the condition of choice. Moreover, the article of manufaciure may
comprise {a) a first container with a cormposition contained therein, wherein the composition comprises an
antibody of the invention; and (b) a second container with a composition contained therein, wherein the
composition comprises a further cylotoxic or otherwise therapeutic agent. The article of manufacture in
this embodiment of the invention may further comprise a package insert indicating that the compositions
can be used to treat a particular condition. Alternatively, or additionally, the arlicle of manufacture may
further comprise a second {or third) container comprising a pharmaceutically-acceptable buffer, such as
bacteriostatic water for injection (BWF1), phosphate-buffered saline, Ringer's solution, and dextrose
solution. H may further include other materials desirable from a commercial and user standpoint,
including other buffers, diluents, fillers, needies, and syringes. In some instances, the kil includes a
package insert comprising insiructions for using the antibody for treating or delaying progression of an
FeRHS-positive cancer (.., MM) in a subject. In other instances, the kit includes a package insert
comprising instructions for using the antibody for enhancing immune function in a subject having an
FeRH5-positive cancer {(e.g., MM).
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HIR EXAMPLES

The following are examples of methods and compositions of the invention. | is undersiood that

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

Example 1. Generation of Anti-FcRHE Antibodies

immunizations and Screening

BALB/c mice (Charles River, Hollister, CA) were immunized with 2 ug, 10 ug, or 100 pg/injection
per mouse. Antigens were suspended in monophosphoryt lipid A (MPL)/trehalose dicorynomycolate
{TOM) (Ribi) adjuvant or Freund's adjuvant and injected into the fooipad, peritoneum, or the base of the
tail of each immunized animal. Mice received a total of 9 to 18 doses and 1 to 2 prefusion boosts in PBS
alone via footpad, intraperitoneally (IP), and/or hock routes 2 to 4 days prior to fusion. Immunization
Campaign A, described in U.S. Pub. No. 2015/0098800, produced the parental anti-FcRHS antibody

1G7, which is optimized and further characterized herein.

A, Immunization Campaign B

To produce isoform-specific antibodies for the membrane-proximal lg-domain of FeRHS, mice
were immunized with E11 protein (amino acids 745-850 of SEQ 1D NO: 114) with an N-terminal His-
expression tag that was expressed in CHO cells. Five mice were immunized with 10 ug of His-tagged
E11 protein in Ribi adjuvant via the 1P route. Mice raceived 18 dosss folliowed by two prefusion boosis in
PBS alone via the 1P route seven and four days prior to fusion. After 18 doses of the recombinant E11
protein, serum was analyzed for FcRH5-binding antibodies using FACS and by titration in ELISA using
E11 as the anligen. Significant reactivity was detected io SVT2 cells that expressed full-length human
FoRHS5, fuli-length cyno FCRHS, or £11 protein, bul not vector transfected SVT2 cells, indicating that
FoRHS5 binding antibodies were present in the sera of all five immunized mice. Afier 20 doses,
iymphocyies from the immunized mice were elecirofused with P3X83Ag8U.1.22 mouse myeloma cells.

Clones were tested for binding to recombinant human and cyno E11 proteins by ELISA. Eight
clones that were cross-reactive 1o both human and cyno FeRHS in ELISA were tested for binding to SVT2
cells that expressed full-length human FeRHS, full-length cyno FCRHS, or E11 protein by FACS. All eight
clones bound SVT2 cells expressing the human E11 domain, iransmembrane domain, and cytoplasmic
domains.

To test binding to cancer cells which endogenously express FCRHS or which were transfected
with FcRHS5, the cells were lifted using EDTA/PBS, and 1x105 cells were suspended in 100 ul and
incubated with primary antibodies (1 volume of non-IgG quantitated subclone supermatant, 4 ug/mi igG
quantified subclone supernatant or 2 yg/ul purified monocional antibodies). Cells were washed twice with
FACS buffer (PBS, 1%BSA, 2 mM EDTA) and incubsted with 1:1000 difution of goat anti-mouse
secondary labeled with PE or 1.100 of goat anti-mouse APC. Cells were washed twice with FACS buffer
and flow cytometry analysis was done on a FACSCalibur. Direct Xenon-labeling of antibodies was
carried out according to manufacturer's protocol (Invitrogen), when indicated. However, only three of the
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clones bound to cells that expressed full-length human FeRHS and none bound 10 cells that expressed
full-length cyno FcRHS (Table 2).

TABLE 2. Binding of mAbs from Iimmunization Campaign B in FACS to celis overexpressing
human FeRH1, 2, 3, 4, and §, human E11 domain, and cynomolgus FcRHS

Binding in PALS to SV¥T2 cells expressing:

Hursan Human Hurmsan Human Human  Human B3 Synomalgus
b FeRHI Bohie2 FeRMY FeRug FeRMS Tadioh® FrRNS
1Es - . . + * -
308 - . . - + .
BGR - - ~ + ~
11au - - ~ & ~
1008 . - ~ - * ¥ .
1148 N . . . . - .
1302 - - * + N
1489 = - - + ~

*£11 domain, transmembrane domaln, and optopiasmic domaine of human FeRHES

B, Immunization and mAb Characterization Campaign C
For immunization Campaign C, N-lerminally His-tagged E11 protein was produced in CHO cells.
Mice were immunized with an initial injection of 100 yg of E11 protein in complete Freund’s adjuvant in
the base of the 1ail. Mice received a fotal of 17 doses, followed by one prefusion boost in PBS alone via
the 1P and hock routes two days prior to fusion (Table 3).

TABLE 3. immunization schedule for the immunization Campaign ©

injection . . Yolume Volume Frotein .
number Adjuvant Route per site per amount Antigen
animal
1 CFA Base of tail 100 pi 100 ul 100 pg human E11
P 1FA intraperitoneal 100 i 100 ul 50 ug fnuman £11
IFA Hock 50 yi 100 ul 50 ug human E11
IFA Base of tail 100 i 100 yl 50 yg numan E11
3 IFA Subcutaneous 100 i 100 ul 50 ug human E11
IFA infraperitoneal 100 u 100 ul 50 ug human E11
4 IFA Hock 100 i 100 ul 50 ug human E11
IFA intraperiioneal 100 yi 100 ul 50 ug human E11
IFA intraperitoneal 100 100 ul 50 ug human E11
5 IFA Subcutaneous 100 ui 100 yl 50 ug human £11
IFA Base of tail 100 pi 100 ul 50 ug human E11
5 IFA intraperitoneal 100 100 ul 50 ug human E11
IFA Hock 100 Wi 160 yl 50 ug numan £11
IFA Base of tail 100 yi 100 ul 50 ug human E11
7 IFA Subcutaneous 100 pi 100 ul 50 ug fuman E11
1FA intraperitoneal 100 i 100 ul 50 ug fuman £11
8 Sterile PBS | Intraperitoneal 100 yi 100 ul 50 ug human E11
9 Sterile PBS | Intraperitoneal 100 pi 100 ul 50 yg humnan E11
10 Ribi intraperitoneal 100 i 100 ul 10 ug numan £11
11 Ribi intraperitoneal 100 i 100 ul 10 ug human E11
12 Ribi intraperitoneal 100 pi 100 ul 10 ug cynomolgus E11 and human E11
13 Ribi intraperitoneal 100 ui 100 ul 10 ug cynomolgus E11 and human E11
14 Ribi iniraperitoneal 100 100 ul 3.3 ug cynomaolgus E11 and human E11
Ribi Hock 100 i 160 ul 3.3 ug cynomolgus E11 and human E11
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injection . Volume Volume Protein .
. Adjuvant Route . per ) Antigen
number per site L amount
animal
Ribi Base of tail 100 i 100 ul 3.3 ug cynomolgus E11 and human E11
15 Ribi Subculaneous 100 pi 100 il 3.3 ug cynomgolgus E11 and human E11
Ribi intraperitoneal 100 i 100 ul 3.3 ug cynomelgus E11 and human E11
18 Ribi intraperitoneal 100 i 100 ul 3.3 ug cynomolgus E11 and human E11
Ribi Hock 100 i 200 ul 6.8 ug cynomolgus £11 and human E11
Ribi Base of tail 100 yi 100 ul 3.3 ug cynomolgus E11 and human E11
17 Ribi Subcutaneous 100 pi 100 ul 3.3 ug cynomolgus E11 and human E11
Ribi intraperiioneal 100 pi 1080 ul 3.3 g cynomolgus E11 and human EU
Pre-fusion | Sterile PES | Intraperitoneal 100 i 100 ul 3.3 ug cynomolgus E11 and human E11
boost Sterile PBS Hock 100 i 200 ul 8.8 ug cynomolgus E11 and human E11

After 15 doses of the recombinant E11 protein followed by co-injections of the recombinant

human and cyno E11 proteins, serum was analyzed for FeRH5-binding antibodies using FACS and by

titration in ELISA using E11 protein as the antigen. Significant reactivity was detected {0 SVT2 celis that

expressed full-length human FCRHS, full-length cyno FeRHS, or the human E11 domain, transmembrane

domain, and cytoplasmic domains, but not vector transfected SVT2 cells, indicating that FCRHS binding

antibodies were present in the sera of all five immunized mice. After the final boost in PBS, lymphocytes

from the immunized mice were elecirofused with P3X83Ag8U.1.22 mouse myeloma cells.

Clones were tested for binding to recombinant human and cyno E11 proteins and binding to
SVT2 cells that expressed full-length human FoRHS; full-length cyno FoRHS; full-length human FoRHA1,

FeRHM2, FcRH3, or FeRH4,; or human E11 domain, transmembrane domain, and cytoplasmic domains of

FORHS by FACS. There were 44 human E11 protein-positive clones and 32 cyno E11 protein-positive

clones in ELISA. Qut of those, a tolal of 16 clones were identified that bound to cells that expressed

human FeRHS and cells that expressed cyno FeRHS, hut not celis that expressed FeRH1, FocRH2,

FoRHM3, or FeRH4, indicative of specific FCRHS cross-species reactivity (Table 4).
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TABLE 4. Binding properties of monocional antibodies obtained from mmunization Campaign €

Binding in FACS 10 SYT2 cells expressing:

mab Human Human Human Human Human  Human E11- Cynomoigus MOLP-2 FACS  KD'human E11 KD cynomolgus
’ FCRH1 FcRH2 FcRH3 FCRHG FERHG Th-ICD* FeRHE biriding domaing £11 domaing

15G8 - - - - + ¥ +f- +/- 2.5 nM 8.1 nM
24H5 W . - + + ES + 3.2 nM 255 nM
16H10 - - - - + + + + 4.6 nM 3338V
I0ONT = - - - + + + + &8 nM 228 nM
3C5 - - - - * % + + 45 nivt 81 nivi
1781 + * + + 62 N\t 27 aM
2382 - - - - + + + + Not doney Not dona¥
503 - - - - *> + * Not done Not done
2388 - - - - + + + B Notdane Not done
238 - - - - + + + - Notdone Not done
24F5 - - - - + + + Not.done Not done
23G6 - - - - #* + + - Not'done Notdone
2404 - - * ¥+ Not doms Nt done
362 - - B - + + €] Not done Not done
BH - - - - - + e - Not done Not done
1010 - - + - + * # N done Not done Not done
1288 + + + - + + * Not dane Not dons Not done
1646 + + + - + + + Not done Not-done Not done
11C9 ~ - - + + fot dong Not done Not done
11H10 - - + ¥ Not done Mot done Niot donie
12E10 “ - = - + + - Not done Not done Notdone
16R5 - - S - + + Not done Not done Not done
16H1 - : - B + + - Not dons Not dane Not done
17A6 - - - - + + - Not done Not done Not done
2810 - - = - + + - Not.done Not done Not done
2¢8 - - - = + * = Not dong ot done Not done
JE3 - - - E + * Natdone Neot done Notdone
565 - - - B * + - Natdone Not done Notdone
5G4 B - 4 - + - - Not done Not done Not done
7£2 - - - E - + - Not.done Not done Not done
8E2 B - - B + # Nat done Net done Nt done
A6 > - - B + + Not .done Nouvdone Notdone
13C8 - - - - - + - Not done Notdone Not dene
1685 - - - - + = Not-done Not done Not done
2209 - - - - + Notdone Not dope Not-done
2369 - - - - + Not done Not done Not done
443 - - = B - + - Not done Not done Not done
5Bt - - 0 - s # - Nat done Not-dope Not done
189 “ - - - ~ +f< ~ Notdona Not.done Not done
2C3 - - - - - +f- - Not done Notdone Notdone
362 - - - - - - - Not done Not done Notdone
2054 - - : - - - : Nat done Nat done Naot dene

*ELY domialy, Fansmembrane domain, and optoplasmic eomatig of human FLRHS.

§-Suriace plasmon nance BIACORE @ KD, monovatent affinity. Buman E13 domatty experiments were performed 1 1o 3 Hmes and aueraged. Cynpamolgus £11
domain experiments were performed 6 sach antibody.

TNo recombirant choneswere obtained for wody 2382,

Purified igG from the 16 selected monocional antibody (mAb) clones were further characterized
for binding to cells that express human FcRHS endogenocusly (MOLP-2 cells). A total of eight mAD clones
were shown to bind MOLP-2 myeloma cells. Two of these eight mAb clones were found to be redundant
based on seguence analysis and one was not molecularly cloned. The six molecularty cloned MOLP-2-
positive mAb clones were expressed recombinantly as murine igG2a and tested for affinity by surface
plasmon resonance in a BIACORE® T200 apparatus in an IgG caplure format.

Briefly, test antibodies were caplured on flow celis 2, 3 or 4 with flow cell 1 as areference on a
protein A Series S CMS5 chip (GE Life Sciences, Piscataway, NJ). An FcRH5 protein fragment was used
as analyle, with a flow rate of 30 ul/minute. Between injections the caplure surface was regenerated by a
30 second injection of 10 mM glycine, pH 1.5 at a flow rate of 10 yi/minute. Interactions were assessed
gt 25°C in 10mM HEPES pH 7.4, 150mM NacCl, 0.05% Tween 20 (HBSP). Reference data from the
reference flow cell and from injection of buffer alone was sublracted prior to kinetic analysis. Kinetic
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information was calcuiated by fitting data to a 1.1 binding model. Reference subtraction and data fitling
were performed using BlAevaluation software (GE Life Sciences, Piscataway, NJ).

The monovalent affinities of these antibodies for the human E11 domain ranged from 0.5 nMio
68 nM while the affinities for cynomolgus E11 domain ranged from 8.1 nM to 338 nM (Table 4). Only one
clone had an affinity for human E11 domain that was higher than antibody 137, mAb 15G8. However,
the Ko difference between human and cynomolgus E11 domains was about 20-fold, which rendered this
clone unsuitable for further clinical development. In addition, despite the high affinity of this antibody
clone for the isclated human domain E11, the binding of this antibody clone to MOLP-2 cells was very
weak; it was weagker than the clones with lower affinities for isolated human E11 domain, indicating that

this clone did not bind well to the native human FcRH5 protein,

Exampie 2. Generation and Characterization of Anti-FeRHS Antibody Variants from

immunization Campaigns A and C

A, Humanization of anti-FeRHS monocional antibodies from immunization Campaign A
Anii-FcRHS antibody 1G7 from Immunization Campaign A, described in U.S. Pub. No.

2015/0088900, was humanized by the HVR graft method as previcusly described (Presta et al. Cancer
Res. 57:4523-4599,1997), except that consensus VH4 and Vk1 frameworks (Dennis, Current Trends in
Monocional Ant. Develop. and Manufac. 8-28, 2010} wers used as acceptor frameworks. The heavy
chain graft also included murine residues at framework Kabat positions 37, 48, 67, 71, 73, 78, 83, and
94, and the light chain graft also included murine residues at framework positions 38 and 43 for proper
HVR presentation and VH/VL domain contact. Residue numbers are according io Kabat et al.
{(Sequences of proteins of immunological interest, 5th Ed., Public Health Service, National Instifutes of
Health, Bethesda, Md., 1881). The seguence of humanized 1G7, herein referred 1o as hulG7.vi or
1G7.v1, is shown in Figs. 2 and 3.

B. Affinity maturation and characterization of hu1G7.v1 variants

To enhance potency, humanized antibody hu1G7.v1 was affinity matured using phage display.
Briefly, randomized libraries of the Fab antibody fragment on the surface of M13 bacteriophage were
displayed and panned for binders 1o biotinylated FeRHS protein fragment. Favored mulations were
identified by DNA sequencing of individual clones. These favored mutations were postulated to lead to
variants with improved affinity (Li et al. MAbs. 6:437-445, 2014). Antibody clones with selected
mutations were tested for affinity by surface plasmon resonance (Tables 5A and 5B).

Briefly, a human IgG capture surface was generated on a Series S CM5 chip using amine
coupling and the human 1gG capture kit (GE Life Sciences, Piscataway, NJ). Test antibodies were then
captured on flow cells 2, 3, or 4, with flow cell 1 used as a reference. An FcRHS protein fragment was
used as the analyie, with a flow rate of >30 yi/minute. Between injections the capiurs surface was
regenerated by a 30-second injection of 3M magnesium chioride or 10 mM glycine, pH 1.5
Interactions were assessed at 25°C in 10mM HEPES pH7 .4, 150mM NaC1, and 0.05% Tween 20

{HBSP). Reference data from the reference flow cell and from injection of buffer alone were subtracted
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prior to kinetic analysis. Kinetic information was calculated by fitling data to a 1.1 binding model.
Reference subtraction and data filting were performed using BlAevaluation software {GE Life Sciences,
Piscataway, NJ).

For initial affinity screening experiments, antibodies were captured directly from clarified culture
media collected following transient fransfaction of Expi283 ceils {Invifrogen) (Tables 5A-5B). The abiiity
of each antibody io bind an FCRHS protein fragment was assessed at 100 nM and 500 nM (Expt. 1,
Tables 5A-5B) or 0 nM, 20 nM, 100 nM, and 500 nM (Expt. 2, Tables 5A-5B). Association and
dissociation were monitored at a flow rate of 30 yl/min, for 180 s and 800 s, respectively. All
sequences present within Tabile 5A are disclosed within SEQ D NOs: 4-6 (e, the FecRHS L1, L2 L3
broad consensus). All sequences present within Table 5B are disclosed within SEQ 1D NOs: 1-3 (e,
the FeRHS5 H1, H2, H3 broad consensus). Affinity improvemenis of up to 5.2-fold were observed
{Table 54). As each individual mutation did not provide the improvements sought, it was decided to
combine various mutations with a focus on VL mutations S30R, 1328, AB1G, 852Y, Y53N, T588S, HE81Q,
Y92F, 383Q, and 884P and VH mutations 828K, L2987, and S567T.
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TABLE 5A. Affinity screening of selecied antibodies

Fold improvement HVR-L1 HVR-L2 Il HVR-L3
Screenin; of screening K
Expt.  Clone - g ng &p
Kp (nM) compared to 24 25 26 27 28 2930 31 32 33 34 50 51 52 53 54 55 56 89 90 91 92 93 94 95 95 97

hulG7.v1 control(s)
K

»

SQDVSENIVY SASYRYT QQHYSSPYT

1 LC.01 5 5.2 KASQDVSNVV SASYRYQQHY S P Y T
1 LC.02 5 5.0 KASQDVSNEEVY SHEs YRYT QQHYEESPYT
2 LC.03 6 4.3 KASQDVSNIVY § SYRYT QQHYSESEP Y T
2 LC.04 33 4.2 KASQDVSNEEVY SEES YRYT QQHYfESPYT
1 LC.05 6 4.0 KASQDVSNIVY SE#S YRYT QQHY SEEP Y T
1 LC.06 7 3.6 KASQDVSNIVYV SEESYRYT QQCHY SEEP Y T
1 LC.07 8 3.1 KASDVSNIVVS SYRYT QQGEREY S SPYT
2 LC.08 8 3.0 KASQDVSNIVYV 384 RYT QQ SSPYT
1 LC.09 9 2.9 KASQDVEENI VYV S ASMRYT QQEiY S SPYT
2 LC.10 10 2.5 KASQDVEEN I VYV SASYRYT QQEEBEYS SPYT
2 LC11 10 2.5 KASQDVEEN I VYV S ASPER YT QQES8Y S SPYT
1 LC.12 10 2. kasqopvsnNEvv sasvyryT eenvffseyT
2 LC.13 11 2. KASQDVSNIVY SSYRYQQHYSSPYT
2 LC.14 11 2. KASQD VEEN T V V SASRYTQQHYSEPYT
1 LC15 11 2.3 KASQDYV S NV V SSYRYTQQHYSSPYT
2 LC.16 11 2.2 KASQDVEEN I VYV SASYRYT QQEEEYSSPYT
2 LC.17 12 2.0 KASQDVNIVV SASER‘[TQQHYSPYT
2 LC.18 12 2.0 KASQ\/SNIVV SSYRYTQQHYSSPYT
2 LC.19 12 2.0 KASQDVSNIVY SASYRY'I‘QQYSSPYT
1 LC.20 13 1.9 KASQDVSNIVY 8 SYRYTQQHYSHPYT
2 Lc.21 13 1.8 KASQDVSNIVYV 5 A YRYQQHYSSPYT
1 LC.22 14 1.8 KASQDVSNIVYV SEISYRYT QQHYSSPYT
2 LC.23 14 1.7 KASQDVNIVV SAPSYRYT QQHYSSPYT
1 LC.24 14 1.7 KASQDVY S NEEV V SASYRYQQHYSPYT
2 LC.25 15 1.7 KASHIED VSNIVYV SASYRYTQQHYSSPT
1 LC.26 15 1.7 KASEEVSN[VV SSYRYTQQHYSSPYT
1 LC.27 15 1.6 KASQDVSNVV SASYRYTQQHYSPYT
2 LC.28 15 1.6 KASQDVSNIVYV SSRYTQQHYSSPYT
2 LC.29 17 1.4 KASQDVNIVV SASYRYT QQHYSSPYT
2 LC.30 17 1.4 KASQD\/SNIVSASYRYTQQHYSSPYT
1 LC31 19 1.3 KASQREVSNIVY SSYRYTQQHYSSPYT
2 LC.32 20 1.2 KASQEREVSNIVVY SASRYTQQHYSSPYT
2 LC.33 20 1.2 KASQDVSIVVSASYRYQQHYSSPYT
2 LC.34 20 1.2 KAS DVSNIVVSAYRYTQQHYSSPYT
2 LC.35 21 1.2 KASQ VNIVVSASYRYTQQHYSSPYT
2 LC36 21 1.2 KASED VS NIVY SAYRYTQQHYSSPYT
1 LC.37 22 1.1 KASQDVSNIVYV SASYRYTQQHYSPYT
1 LC.38 24 1.1 KASQEEVSNIVY SASYRYT QQHYSSPYT
2 LC.39 43 0.6 KA5£VSNIVV SASEER YT QQHYSSPYT
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TABLE 5B. Affinity screening of selecied antibodies

Fold
improvement HVR-HI18 HVR-H2 HVR-H3
Screening of screening

fapt et Ko (nM) com:;ll‘)ed to 4@u s

hulG7 vl %&2:@:39aammxmﬁam%%ssm:@gaa&&§§§§g§§

control{s)
1 HC.01 15 1.7 LTRFGVHVIWRGGSEAD YNAAFMSHYYGSSDYALDN
1 HC.02 17 1.5 SEETRFGVH VIWRGGEETD YNAAFMSHYYGSSDYALDN
1 HC.03 20 13 SEETRFGVH VIWRGGEETD YNAAFMSHYYGSSDYALDN
2 HC.04 20 12 LTRFGVHVIWRGGRTD YNAAFMSHYYGSSDYALDN
2 HC.05 22 1.1 SLTRFGVHVIWRGGSTDYNAAFMS HYYGSEIDYALDN
1 HC.06 23 1.1 SEETRFGVHVIWRGGSTDYNAAFMSHYYGSSDYALDN
1 HC.07 23 1.1 SBETR FGVHVIWRGGMTD YNAAFMSHYYGSSDYALDN
2 HC.0R8 25 1.0 SLER FGVH VIWRGGIMTD YNAAFMSHYYGSSDYALDN
1 HC.09 26 1.0 S[,'I‘RFGVHVI‘NRGS'['[)YNAAFMSHYY(}SSDYAL[)N
2 HC.10 26 0.9 SR FGVHVIWRGGSTDYNAAFMS HYYGSEDYALDN
1 HC.11 26 0.9 SEETRFGVH VIWRGGEETD YNAAFMSHYYGSSDYALDN
2 HC12 28 0.9 SLTRFGVHVIWRGGSEED YNAAFMSHYYGSSDYALDN
1 HC.13 30 0.8 SEMTRFGVHVIWRGGSTDYNAAFMSHYYGSSDYALDN
2 HC.14 30 0.8 5L RFGVHVIWRGGTDYNAAFMSHYYGSSDYALDN
1 HC.15 32 0.8 S TRFGVHVIWRGGSTDYNAAFMSHYYGSDYALDN
2 HC.16 33 0.7 SLESR FGVH VIWRGGSTDYNAAFMSHYYGSSDYALDN
1 HC.17 45 0.6 SL RFGVHVIWRGGTDYNAAFMSHYYGSSDYALDN
2 HC.18 46 0.5 LTRFGVHVIWRGSTDYNAAFMSHYYGSDYALDN
2 HC.19 48 0.5 SLTRFGHVIWRGSTDYNAAFMSHYYGSSDYALDN
P HC.20 50 0.5 SLRFGVHVIWRGGSTYNAAFMSHYYGSSDYALDN
1 HC.21 67 0.4 SLTRFGVHVIWRGGTDYNAAFMSHYYGSSDYALDN

Antibody phage display libraries were designed using both hard and soft site-directed
mutagenssis. Libraries L188 and L188 used soft mutagenesis to mutate VL residues 27-34, 503-56, 91-
94, and 86 {L188) or VH residuss 28-35, 50-58, and 85-100d {L189). At mutagenesis positions, soft
mutagenesis oligonuclectides utilized %1% parent-encoding nucleotide and 3% of each other nucleotide.
Libraries L1980 and L191 used hard mutagenesis (WK codons) to mulate VL residues 27-34, 50-58, and
89-96 (L190) or VH residues 28-35, 50-58 and 95-100d (L191), one codon al a time, with up {o three
HVRs mutated simultaneousty (Li et al. MADs. 6:437-445, 2014).

Up to four rounds of selection for binding to FCRHS protein fragment were performed.
Selections were performed in both solid phase (target protein adsorbed directly onto microplates) and in
solution. For solution selections, bictinylated target protein was used to enable capture of phage-
antibody-target complexes. Clones with selected mutations were expressed in Expi293 celis (Thermo
Fisher Scientific, Waltham, MA), and the supermnatanis screened by surface plasmon resonance.

Antibody phage display libraries were generated by Kunkel mutagenesis (Kunkel et al. Methods
in Enzymology, 154:367-382, 1987) using as template single-stranded DNA produced in CJ236 bacteria
and purified using the Qiagen QlAprep Spin M13 Kit (QIAGEN, Inc., Valencia, CA). Template DNA for
initial affinity maturation libraries contained stop codons in those HVRs selected for mutagenesis;
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template DNA for the subsequent "focused” phage library described below did not utilize template HVR
stop codons. Uniess stated otherwise, residues in antibody variable regions are numbered according to
the Kabat system. Enzymes were purchased from New England Biolabs (Ipswich, MA). Kunkel
mutagenesis reactions were cleaned up using QiAprep mini spin columns (QIAGEN, Inc., Valencia, CA)
and transformed into XL Blue E. oofi (Agilent Technologies, Santa Clara, CA) by electroporation.
Following recovery in SOC medium at 37°C, cultures were infected with helper phage and incubated at
37°C for an additional 0.5-2 hours before addition of antibiotics carbenicillin and kanamyecin, Cultures
were then incubated at 37°C for an additional 4-5 hours followed by further incubation overnight at
30°C. Bacleriophage were purified from clarified culture medium by precipitation with approximalely 1/6
voiume of precipitation reagent (20% PEG, 2.5M sodium chioride). Precipitaled phage were pelieted by
centrifugation and solubilized in phosphate buffered saline (PBS). The solution was further clarified by
centrifugation at 14,000g. Purified phage were stored in 50% glycerol in a -20°C freezer and re-
solubilized in PBS before use.

in a rational design approach, six VL mutations identified from the phage experiments (S30R,
1321, AS1G, T56S, HB1Q, and S84P) were combined with additional VL humanization mutation S43A
and evaluated in pairs in order to assess compatibility (Table 8). For compatibility assessment of
selected VL mutations (Table 8), antibodies were captured direclly from clarified culture media
collected following transient iransfection of Expiz93 cells. Binding of FCRHS protein fragment was
assassed at 6 nM, 18 nM, 56 nM, 167 nM, and 500 nM at a flow rate of 30 ul/min. Association and
dissociation were monitored for 300 s and 600 s, respectively. The sequences disclosed in Table & are
individual amino acids (i.e., the number at the fop of the column is the amino acid number within the
antibody sequence). The resulis indicated that the VL mutations 1320 and H81Q, while individually
improving affinity, did not benefit affinity when combined. However, the other sequences tested gave
incremental affinity improvements of up o four-fold compared to the hutG7.v1 control. Based on these
results, antibodies hul1G7.vi 1, hutG7.vi.2, hulG7.v1.3 and hul1G7.vi .4 (Figs. 2 and 3) were
designed. Antibody hutG7.v1.1 was designed to incorporate the six VL mutations S30R, 1321, AS1G,
T563, H81Q, and S94P. Antibody hut1G7.v1.2 was designed 1o incorporate the ten VL mutations
S30R, 1324, A51G, 852V, Y53N, T56S, HO1Q, Y92F, $93Q, and S84P. Antibodies hu1G7.v1.3 and
hutG7. vl 4 were based on hulG7 vl 1 and designed o omil either 1321 (hu1G7.v1.3) or H81Q
(hui1G7.v1.4).
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TABLE 6. Combinatorial analysis of muiations identified via antibody phage display

KD conor HVR-L1 HBVR-L2 HVR-L3
— /KD Sample
Sample name
* Mean, n=2 #30 #32 #43 #51 #3536 #91  #94

LCHO1Q.894P 4.1 S i A
LC.AS1G.8%4P 36 ) i A
LCI32L.AS51G 2.8 S A
LCI32L.894P 2.7 S A
LCS30RI32L 22 A
LCT568.594P 2.1 I A
LC.S30R.594P 2.1 i A
LCASIGHOQ 2.1 S i A
LCS30R.HSIQ 1.7 i A
LC.S30R ASIG 1.6 I A
LC.ASIGTS6S 1.5 i A
LCTS68 HO1Q 1.3 S i A
LC 3217568 1.3 S A
hulG7 vl (Control) 1.0 S i S A T H S
hulG7 vl (Control) 1.0 5 i s A T H s
LCI32LHOIQ 6.7 S A A T S

A focused phage library to investigate mutations of interest (VL mutations S30R, 1321, A51G,
852Y, YE3N, T88S, HR1Q, YO2F, S83Q, S84P; vH mutations 828K, L29T, S56T) in many different
combinations was also dasigned. In an effort {o further increase similarity {0 human antibody
sequences, the focused phage library also allowed limited variation at framework positions as follows:
S43A in the LC, L48] in the HC, and/or N73T in the HC. Approximately 102 transformants were
obtained. Selections were performed using FcRHS5 protein fragment as “bait”. The selections were
performed initially with solid phase immobilized target protein, with solution phase selections used in
later rounds. Antibodies hutG7.v1.5, huiG7.vi.7, huiG7.v1.13, and hutG7.v1.13.1 (Figs. 2 and 3)
were derived from this library.

Sequencing data from experimeants with the focused phage library also supported the concept
{Tables 5A-5B) of negative interaction beiween the 1320 and H81Q VL mutations. Following five rounds
of selection on phage and subsequent analysis of 163 VL sequences, the frequency of glutamine at VL
position 81 was found to be much higher in the presence of le32 (49/70 clones) than in the presence of
Leud?2 (5/93 clones). This effect was not observed in the unselected library, in which Gin81 was
observed in 50% {(9/18) of the analyzed clones that contained leucine at position 32. These resulis
suggested negative selection of clones that contained both 1321 and H91Q, despite positive enrichment

of each of these mutations in other contexis.
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Susceptibility to oxidation was investigated by incubating the antibody with 1mM 2,2"-azobis(2-
methylpropionamidine)dihydrochloride (AAPH) for 16 hours, foliowed by digestion with trypsin to create
peptides that could be analyzed using liquid chromatography (LC)-mass spectrometry (MS) analysis. For
each peptide in the sample, retention time from the LC, and high-resolution, accurate mass and peptide
ion fragmentation information (amino acid sequence information) were acquired in the M3, Extracied ion
chromatograms (XIC) were taken for peptides of interest (native and modified peptide ions) from the data
sets at a window of £10 ppm, and the peaks were integrated to determine area. Relative percentages of
modification were calculated for each sample as follows: (area of the modified peptide) / (area of the
modified peplide plus the area of the native peptide) x 100. These relative percentages were then
compared between the control and the AAPH-treated samples.

Following a 16-hour incubation at 40°C in the presence of 1 mM AAPH, an increase in oxidation
of HVR-HZ Trp52 and Mei64 (44.5% and 52.7%, respectively) was observed. Additionally, the Trps2
oxidation increased from 2% 1o 62% afler light siress, and mutation of Trp-52ic resulted in an affinity loss
for 1G7.v1.4 variants, as measured by BIACORE® (Fig. 4). Replacements of Trp52 with phenvylalanine,
tyrosing, leucine, or histidine and replacements of Mei64 with phenvialanine, isoleucine, valine, or faucine
were investigated in the context of the light chains from antibodies hul1G7.v1, hutG7.v1. 3, hulG7 vl 4,
hutG7.v1.5, hulG7.v1.8, and hulG7.v1.7 (Figs. 2 and 3). In particular, mutation of WS21to F, Y, L, or H
resulted in Kp values of 119 nM, 131 nM, 92 nM, and 60.4 nM, respectively. While mutation of M84 to V
in 1G7.v85 resulted in a Kp of 2.5 nM. For affinily screening of HVR-H2 Trp52 and Met84 variants (Table
7y, antibodies were expressed by transient transfection of Expi293 cells and purified using tip columns
that were custom packed with affinity resin MabSelect SuRe (Glygen Corp., Columbia, MD & GE Life
Sciences, Piscataway, NJ). Conirol antibodies hu1G7.v1 and hulG7.v1.5 were expressed by transient
transfection of 2937 celis and purified with MabSeiect SuRe. Binding of FcRHS protein fragment to
captured antibodies was monitored at 100 nM and 500 nM. Association and dissociation were monifored
gt a flow rate of 40 pl/min, for 180 s and 300 s, respectively. The resulis, shown in Table 7, demonstrated
that HVR-H2 Mel64 can be mutated to valine while maintaining high affinity for FCRHS.

Antibody hu1G7.v1 .4 was selected based on affinity and selectivity for FCRHS over other FeRH
family members. To improve the resistance of this antibody to oxidation, the M&4V mutation described
in Table 7 was also incorporated info the VH region. The resulting antibody hul1G7 v1.4 . M64V was
designated hul1G7.v85 (Figs. 5A-5B) and was produced as a bivalent igG and as a T celi-dependent
bispecific antibody (TDB). The sequence of hui1G7.v85 is presented in Figs. 6A-6B and Fig. 5A-5B.
Kinetic analysis of hulG7.v858 is shown in Table 8. Analysis of hu1G7.v1.4 is shown for comparison.
Differences observed in Kp of hu1G7.vi .4 (Tables 7 and 8) are within the experimental variagtion
expected for these molecules.

A non-affinity matured version of hutG7.v.1, hutG7.v87, was also produced, which possesses
the mouse 1G7 HVRs in the humanized framework described above, with an MB4V mutation to improve

oxidation resistancs.
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TABLE 7. Affinity screening of HVR-H2 position 52 and 54 variants of huiG7.v1

Light chain from
antibody:

Screening Kp (M} hulG7vihuiGivid huiGivig hulG7vis hulG7vie hutGTvi7

Nonels 7 x 108 - - 20x10°° - -
WS52F1o 5 10771 1.8x1077  112x107 148x10° 181x108 177108
WS2YH 5 107 641077 113x107 lisxio? 153x107 114x1077

W52Lh o x 107l 24 x107 192x108 113x107 lz2s5x107 11axio?
Heavy [o2Hli2x107le6x108 160x108 1e7x108 |11x107 lgox10®
chain M43 0x 108 21 x10® 125x10% l27x10% 127x10° 128x10°

MUENON  eavl 75 108l 25100 1 25x109 125109 127100 | 25x 109

MBALI2 7 x 1078 24109 125x10°® 123x10® 128x10% 120x10°

MBAFI G x 108 22x 109 128x108 114x10° {26x109% 124 x109

TABLE 8. Kinstic analysis of hu1G7.v1.4 and huiG7.v85 in higG1 and TDB formats

Human FcRHS Cyno FcRHS

AntibodyiFormat
Kp {ni)  Ka (1/Ms) Kd {1/s) Kp {nM) Ka (1/Ms) Kd (1/s}

higGt| 28 | 7,40% lox10® | 77 1x10° 11x10°

1G67.v1.4
TOB | 24 {5,100 [1xi0® | 83 1x10° lsx10?
higGt| 25 5 a1 72 5 -3

1G7.va5 g 6x10 2x10 1x10 1 x10
TOB | 24 | 4y10® [1x10® | ©8 1x10° lex10

An additional affinity maturagtion method utllized Sanger sequencing to randomize the heavy chain
HVR positions; however, no desirable mutations were identified by this method. Therefore, the number of
positions tested for variants and the depth of screening using next-generation seguencing (lllumina
sequencing) were expanded. A library was designed in which selected positions in the heavy chain
variable region were randomized with an MK codon, which encodes any aminoe acid or an amber stop
codon. The design allows only one amino acid change in the antibody variable regions per clone. The
positions were selected from HVRs and framewaork positions in direct contact or proximal to HVRs. Kabat
positions 1, 2, 24 10 40, 43, 4510 78, 80 t0 83, 85, 86, 81, and 93 to 102 were randomized. The library
was cregted by DNA synthesis (GeneWiz), producing 75 independent linear DNA fragments with one
position in each fragment randomized with the NNVK codon. The linear DNA fragmenis were pooled and
cloned into a monovalent Fab fragment phage display vector (Lee et al. J. Immunol. Methods 284:119-
132, 2004) containing the light chain variable region without affinity maturation mutations. Ligation
products were eleciroporated into £, cofi XL-1, superinfectad with M13 KO7 helper phage (New England

Biolabs) and grown as described. Binders were selected in three rounds of sorting with human or
112



10

15

20

25

30

35

40

WO 2016/205520 PCT/US2016/037879

cynomolgus FoRHS in parallel tracks. For these selections, ELISA plates coated with neutravidin (Pierce)
were used to capture biotinyiated human or cynomolgus FeRHS domain 8 at 50 ng/mi in PBS. Phage (4
Olzse/mil) was incubated with immobilized FCRHS for two hours at room temperature and unbound phage
removed by washing 10 times with PBS. Library and selected phage were used to infect £. coli XL-1,
plasmid DNA was exdracted and inseris were amplified by an 15-cycle PCR amplification using Phusion
DNA polymerase (New England Biolabs) followed by agarose gel purification of amplicons. DNA from
phage from the original library (2 OD2es) was extracied with a M13 DNA purification kit (Qiagen) and 200
ng of DNA were used as template to ampilify inserts using the same conditions as above. Amplicons
were sequenced by filumina sequencing as previously described (Koenig et al. J. Biol. Chem. 280:21773—~
21786, 2015). Seqguences were filtered and analyzed as previously described (Koenig et al. J. Biol.
Chem. 280:21773-21786, 2015), removing all sequences with more than one mutation in the variable
region, sequences with mutations not conforming to the NWVK degenerate codon usags and sequences
with stop codons. Enrichment was calculated by dividing the frequency of a given mutation at a given
position in the sorted sample by the frequency of the very same mutation in the unsoried (initial library)
sample, as described previously (Fowler et al. Nat. Methods 7:741-746, 2010), using the following
formula: Ev = log, ((Rv,s/ ¥ Bx,s5)/(Rv,i/ X Rx,i}), where Ev is the enrichment of a mutant, Rv,sis the
number of reads with mutation v in position s in the sorted population, Rx s is number of reads in the
sorted population with mutations in the same position as variant Rv,s, Rv,/ is the number of reads of the
same mutant as Ky, s in the input, unsorted population and Rx,i is the sum of all varianis in the input,
unsoried population with muiations in the same position as variant Rv,i. The £v scores for selections with
human and cyno FoRMHS are shown in Tables 8 and 10, respectfully, and the gray boxes represent
mutations that were not identified in the selected sampie or in the library.

Table 11 shows the mutations with scores of at least 0.5 in selections with human FcRHS and at
lzast 0 in selections with cynomolgus FeRHS. In Table 11, the mulations selected for further analysis
(i.e., mutations that are at least mildly favored for binding {o human FcRHS5 and that are neutral of better
for cynompolgus FeRHS binding) are highlighted in black or gray, and the L287T mutation identified by
Sanger sequencing is highlighted in gray. A total of 11 positions had mutations meeting these criteria,
with multiple variants in some positions. Cne position had a mutation that introduced a glycosylation site
{354N) and was not selected for further characterization. Another variant, L2987, had been identified by
screening with Sanger sequencing but was only identifisd in clones with the 8567 mutation. That variant
showed an average improvement in affinity of 1.2-fold only. The 3567 mutant had a strong negative
enrichment score of -2.1 {Table 8}, suggesting that the L29T mutation may have a beneficial effect that
was sbscured by the presence of the second S58T mutation in the double mutant. Of the other nine
positions, the mutation with the highest score was selected except for positions 1 and 65, where two
mutations were selected. These variants were made by DNA synthesis (GenWiz) and expressed as
human IgG1 in combination with the light chain of hu1G7.vi (without affinity maturation mutations) in
Expi283 cells in 1-mi cultures. Human IgG1 variants were purified by protein A chromatography and
tested in BIACORE® for affinity. Of the two mutations tested, only two, L29T and S100P, had a
significant impact on affinity when tested in BIACORE® with soluble human FeRHS5. The L28T mutation
alone improved affinity in that context by 2.2-fold, whereas the S100P mutation improved affinity by 3-
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fold. These mutstions were tested in isclation and in combination in the context of an affinity-matured
light chain with the [32L, A51G, T56S, and 384P mutations present in hui1G7.v86. The heavy chain L28T
improved the affinity of hu1G7.v88 by about 2-fold, similar to the effect in the context of a light chain
without mutations. In contrast, the 8100P, which in the context of a light chain without mutations
improved the affinity by 3-fold, improved the affinity of hu1G7.v86 by 1.5-fold. Combined, the L28T and
S100P mutations improved the affinity of hui1G7.v86 by 2.5-fold. Therefore, even using deep mining with
next-generation sequencing and testing many framework positions in addition to the CDR positions for
favored mutations in the heavy chain, only a 2.5-fold improvement in affinity could be achieved. The
results indicated that mutations that significantly contributed fo affinity when fested individually had much
less of an impact in molecules which already had other mutations. This was particularly true of the
S100P mutation in the heavy chain which, individually, improved affinity of hu1G7.v1 by about 3-fold but
in the context of a molecule with the light chain mutations 1320, AS1G, T58S, and 884F and heavy chain
mutation L287T had little additional impact on affinity (Table 12, compare hu1G7.v81 and hutG7.v83;
hutG7.v83 sequence presented in Figs. 7A-7B). Thus, while significant affinity improvements could be
achieved by adding several mutations to the light chain, relatively little improvement could be achieved by
infroducing mutations into the heavy chain.
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TABLE 9. Enrichment scores of mutations in huiG7.v1 selected with human FeRHS

Region  Position iy M [¢] R 5 ¥
£l ~1.4 (.1, 3.3 1 0.7
-6.0 .81-4.2
it -6.9 ~5.24-7.7
~3.7 ~2.94-1.0
~3.2 ~5.414-5.3
65 ~6.21-6.6
45 0.71-1.6
63 ~6.71-7.8
61 ~3.41-3.5
R 1 —
CoR <62 55163
-7.5 -8.11-6.4
=67 01-6.6
0 ‘
3
7
S
Q
W2 2

Nof o] | 2o o i

.
(=}

'
N
4

.
Rt B

2.
-2.91-4.9 .S -3.
5 ~1.41-3.4 7 -4.31-4.4
NED A ~6.51-3 5.7 8 -5.91-6.1
AGL 0 ~4.71-C. -3.1 -2.21-1.0 2 .
AG2 8 ~4.2}1-1. -2.2 21-2.0
A3 i5 ~2.1}-4. =55 .8 21-0.8
Mo4 -0.21-4.710.0 0.8 }1-141-2.11-C 0.7 .8 741-2.5
S65 -3.31-3.110.7 {-0. -0.1}-0.41-7.21 0 5 .5 31-18
REG -6.0{-6.01-6.21{-5. -5.51-6.21-6.41-5 2
L67 -2.31-6.1}1-4.51-5. -6.41-5.81-2.3}-4 2.
148 -1.2{-4.4 -2, -0.71-15
169 -5.7(-7.2 -7 -5.51-6.0 -5,
S70 -1.71-2.7 -2, i8 1 -1.8 -1
K71 -7.24-8 -8. 5.8 -5.8 -6,
D72 -2.91-5.1 -4. 3.3 -6.0 -3,
N73 -3.5{-5.1 -4. .4 -4 .4 5.
S74 -1.04-5.7 -2, i3 -1.2 -2,
K75 -3.04-5.1 -6.51-4.11~ -2.4 3.
N76 -3.7{-3.2 -3.561-2.81~ 4]
FW3 1077 -4.11-4.8 -5. - -3.31-
V78 -2.41-5.5 -1. =551
-3.51-7.3 -7. -5.9 -
-2.04-3.2 3. -1.7
-2.6 -4

KRR EXER IR K
NN VI RN BTN

-3.1
1 -4.2
2 -3.7
.2 .1 -4.3
-8 jt] -4.3
2 7 -6.2
5 -7.6 34 -5.014-
=) . -6.2 2 -6.8
S1-3. -3.7 [t} -6.6
246175 -6.2 a -6.2
1-1.5{-46 81-6.01-56.4 -6.4
31-291-8.0 -4.41-7.11-8.01-6.6 -7.3
3 -6.11{-654-5.81-7.1 -2.6
4 -7.71-8.21-7.41-7.9 1 -8.1 &
CDR 3 G- -5.2{-5.0}1-4.31-5.81- -4.5
e i -4.01-6.71-5.01-6.1 -4.3
5.2, -3.81-661-481-5.1 -5.4
AlD0c 2 7 . -7.5
1.100a .7 5 2
D101 .7
NiQ2 .8
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TABLE 18. Enrichment scores of mutations in huiG7.v1 selected with cynomolgus FcRHS

Region  Position y F G
£l 1. 2.5 10.9
: -6 -8
Wil %
&
.5
5
9
7
COR 3 9
W2

S
-0
-7,
-3
-4,
5 L 34-7.
-5, 2. 0 {-5.
8. -2 34{-3.
=i -5 1.14-3.
-4, -1, iy
2. 7 {-0.
6. 5.5 -5,
~2. 76,
~2. 1.2 3
K] -8 =74 3
.5 i -1.5 3
. -5.5 -5.8 -8
2 -3.1 =54 3
N73 -4.0 -5.1 1.2
S74 0.0 -1.2 1.3
K75 -3.81-
N76 -2.11- X
FW3 1077 -1.61- -2.
V78 -7 -5,
-4

S

NI

G, 3.
-3 7.0 5
550 55 3.
37 33 B
FIL 53 .3 3
L i Y
AT 5 5!
T8 7 61 ¥
-7 ) i
1 ; 57
CDR 3 i 1019 v
3 53 K]
Aifibe -7 € 6.2
116Gd 57
D01 i
Ni02
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TABLE 11. Mutations with enrichment scores of at least 4.5 in seiections with human FcRHS

{Table 8} and enrichment scores of at least 0 in selections with cynomoigus FeRHE (Table 18)

Region Position A C D E
El

=
i

1. hul W
LN

:

(=1 1eg
o
in

CDR 1

BRI
i L
[N ey

&
[
w

V34

w2

CDR 2

FW3

CDR 3
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TABLE 12. Affinities of hutG7 variants with muiations identified by deep sequencing of phage
display libraries selected with FcRHS

Mutations (Kabat position) Fold improvement over:

Variant Heavy Chain Light Chain Ko (nM) hul1G7. vl hutG7.v86
hutG7.wvi - - 14.8 -

E18 - 146 1.0
B E1F - 19.1 0.8
C 528P - 13.3 1.1
D L2897 - 6.7 2.2
E Y37y - 11.0 1.3
F ABTP - 11.7 1.2
G M6E4G - 14.4 1.0
H 565D - 15.0 1.0
{ 565P - 16.2 0.9
J Ka1M - 153 1.0
K S$326D - 15.0 1.0
L S100P - 4.8 3.0
hulG7.v85  Me4v S30R, 13201, AS1G, T56S, S94P 0.8 17.0
hutG7.va8 Ma4v 1321, AS1G, TH6SG, So4F 1.4 10.3
hutG7.v#1 MB4V, L2867 1324, AS1G, T56S, S04P 0.7 20.9 20
hutG7.v82  M64V, S100P 1321, AB1G, TH8S, S94P 0.8 15.8 1.5
hutG7.v83 ME4V, L2897, S100P 1321, AS1(G, TEES, 594P 0.6 253 2.5

Example 3. Gensration and In Vitro Characterization of Exemplary FCRHSE TDBs

Anii-FcRHS antibodies described herein were used to generate T cell-dependent bispecific (TDB)
antibodies comprising the binding determinants of the anti-human FcRHS on one arm and an anti-human
CD3¢ on the other arm. The FcRHS binding determinants inciuded the humanized and affinity matured
monoclonal antibody clones 1G7, 1G7.v85, and 1G7.v87. The humanized binding determinants for anti-
CD3¢ included the high-affinity antibody clone 38E4.v1, the high-affinity clone 38E4.v11, and the low-
affinity clone 40G5 (EC50 for hCD3e = 1.0 nM, 50 pM, and 13 nM, respectively). The anti-CD3 clones
38E4.v1, 38E4.v11, and 40G5¢ bind a hurman CD3e polypeptide (a fragment of the human CD3e
polypeptide consisting of amino gcids 1-26 or 1-27 (SEQ ID NO: 174}) and the amino acid residue Glub of
CD3¢ is not required for binding (see also PCT Pub. No. WO 2015/085392 and UJ.S. Pub. No. 2015-
(166661, each of which is incorporated herein by reference in its entirety).

Exempilary FcRHS TDBs were characterized 1o evaluate their therapeutic potential. Humanized
full-length FeRHSE TDB molecules were found to kill human plasma cells and patient-derived primary
myeloma tumor cells at exiremely low (pM) doses and to trigger & robust proliferation of T cells. FeRHS

TDBs were efficacious in suppressing the growth of myeloma xenografis in vivo and resulied in complete
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depietion of B cells and plasma celis in primates at well tolerated dose levels which were expecied o

saturate the targel. Complete plasma cell depletion provided compelling evidence of efficacy in the bone

marrow microenvironment. Activity of the FCRHS TDBs correlated with target expression (e.g., FcRHS
expression) level suggesting that high risk myeloma patients with chromosome 1g copy gain may be
uniquely sensitive 1o this immunotherapy.

Materials and Methods
A Antibodies
a. Production of TDBs
1. Rational Design Approach
To optimize expression and increase the yield of TDBs, mutations were engineered info the
Fo, VH, VL, CH1, and CL domains of the anti-FcRHS5 antibodies (e.g., FCRHS TDBs) to drive
appropriate antibody monomer formation. in particular, amino acid modifications that introduced
charged regions into the VH, VL, CH1, and/or CL domains provided a mechanism {o reduce heavy
chain and light chain mispairing. Cognate charged regions having cpposite overall charges are
driven together and assisi in appropriate heavy chain and light chain pairing, increasing the overall
production yield of an anti-FcRHS antibody (e.g., an FCRHS TDB). Exemplary Rational Design
configurations, including amino acid modifications of the Fg, VH, VL, CH1, and CL domains, are
presented in Figs. 1A-1B.

2. Rosefta Design Approach

in addition, or in the altsrnative, to optimize expression and increase the yield of TDBs,
mutations were engineered info the Fc, VH, VL, CH1, and CL domains of the anti-FcRHS antibodies
{e.g., FcRHS TDBs) to drive appropriate antibody monomer formation. The Rosetta Design approach
provided an additional mechanism o drive appropriate heavy chain and light chain pairing, in addition
to charged region mutations, in the form of knob and hole mutations in the CH1 and CL domains.
Exemplary Rosetta Design configurations, including amino acid modifications of the Fe, VH, VL, CH1,
and CL domains, are presented in Figs. 1C-1F.

3. Qne-cell Approach for FCRHS TDB Froduction
in one approach, the FcRHE TDBs can be produced by culturing host cells that have been

co-transfected with two plasmids, each encoding one of the two arms of the FCRHS TDB (e.q., a first
plasmid encoding an anti-FeRHS half-antibody and a second plasmid encoding an anti-CD3 half-
antibody). Transfection of host cells {e.g., bacterial, mammalian, or insect celis) was performed in a
96-well plate format. To screen for FCRHS TDB production, approximately 2,000 {o 3,000 clones may
be picked and assessed by ELISA and inlact igG homogeneous lime resolved fluorescence (HTRF)
for their ability to bind the {arget antigen, FcRHS. Clones producing FCRHS TDBs capable of binding
to FCRHS, or a fragment thereof, wers selected for expansion and further screening (&.g., for binding
to CD3y. Top clones can then be selected for further analysis based on percent bispecific antibodies

{bsAbs) produced, titer, and performance qualification (PQ).
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An exemplary one-cell approach that can be used {o produce FcRHS TBDs of the invention is
described in international Patent Application No. PCTAJS16/28850, which is incorporated herein by

reference in s entirety.

4. Two-cell Approach for FCRHS TDB Production

Alternatively, FCRHS TDBs can be produced by culturing the antibody hemimers (e.g., half-
antibodies) separately (i.e., in two different cell lines} using high-cell density fermentation and then
isolating each half-antibody independently by Protein A chromatography. The purified half-antibodies
can then be combined, for example, at a 1:1 molar ratio and incubated in 50 mM Tris, pH 8.5 in the
presence of 2 mM DTT for 4 hours 1o allow annealing and the reduction of disulfides in the hinge
region. Dialysis against the same buffer without DTT for 24-48 hours resulted in the formation of the
inter-chain disulfide bonds.

TDBs may be alternatively produced by iransfection of two plasmids, sach encoding the
distinct arms of the TDB, into separaie host cells. The host cslis may be co-culiured or cultured
separately. Transfection of host celis may be performed in a 86-well plate format. To screen for TDB
production, 2,000 to 3,000 clones are picked and assessed by ELISA and intact IgG homogeneous
iime resolved fluorescence (MTRF) for their ability to bind a selected antigen {e.g., FcRHS). Clones
producing TDBs capabile of binding to FcRHS5, or a fragment thereof, are selected for expansion and
further screening. Top clones are selected for further analysis based on percant bispecific antibodies
{bsAbs) produced, titer, and PQ.

& Exemplary Production Methods

in one example, using this strategy, FcRHS TDBs were produced by a co-culture strategy
using £. colfi cells expressing one half-antibody (hole) and £. coli cells expressing the second haif-
antibody (knob) were grown together in shaker flasks at a predetermined ratic such that it produced
similar amounts of each half-antibody (see, Spiess et al. Nat. Biofechnol 31(8):753-8, 2013, PCT
Pub. No. WO 2011/069104, which is incorporated herein by reference in its entirety). The co-cultured
hacterial broth was then harvested, the cells disrupted in a microfluidizer and the antibodies purified
by Protein A affinity. 1t has been observed that during microfluidizing and protein A capture the two
arms annealed and formed the hinge inter-chain disulfide bridges.

in another example, full-length bispecific antibodies were produced as previously described
{(Juntiila el al. Cancer Res. 74:5561-5571, 2014; Sun et al. Science Trans. Med. 7:.287ra270, 2015).
Briefly, the two half-antibodies {(e.g., anti-FeRHS (&.g., optimized variants of 1G7) and anti-CD3 {e.gq.,
38E4.v1)) containing "knob” or “hole” mulations in their CH3 domains were expressed by fransient
transfection of CHO cells and then affinity purified with Protein A, Equal amounts of the two half-

antibodies were incubated with a 200 molar excess of reduced glutathions at pH 8.5 overnight at 32°C to

drive the formation of the knob-hole disulfide bonds. The assembled bispecific antibody (e.g., FecRM5
TDB) was purifiad from contaminanis through hydrophobic interaction chromatography. The purified

FcRHS5 TDBs were characterized for purity by mass spectrometry, size exclusion chromatography (S8EC),

and gel electrophoresis.
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b, Purificaefion of FeRHSE TDBg

The FcRH5 TDBs were purified from contaminants by hydrophobic interaction
chromatography (HIiC). The resulting material was analyzed for endotoxin levels using an Endosafe
poriable test system, and, when needed, the endotoxin content was reduced by washing the protein
with .1% Triton X-114. The molecular weighis of the TDBs were analyzed by mass spectrometry
{L.C- ESIfTCF) as described before (Jackman et al. The Journal of Biological Chemisiry. 285:20850-9,
2010). FcRHS TDBs were also analyzed by analytical size exclusion chromatography on a Zenix
SEC-300 column (Sepax Technologies USA) using an Agilent 1:100 HPLC system. The presence of
residual antibody fragments were quantified by electrophoresis using a 2100 Bioanalyzer and a
Protein 230 Chip.

c.  Labelled Antibodies

All divectly labeled antibodies for flow cytometry, except ones otherwise mentioned, were
purchased from BD Bioscignce. Aniti-human PD-1 was purchased from Affymetrix. Goat anti-human IgG
and goat anti-mouse IgG were purchased from Jackson immunoresearch. Anti-PC-FITC (clone Vs38¢)
was purchased from DAKO. SLP-7€ antibody for Western Blot was purchased from Cell Signaling
Technology. The p-SLPT78 (Ser378) was generated at Geneniech, inc.

For detection of FCRHS from multiple myeloma (MM) samples and healthy donor plasma and B
cells by FACS, anti-FcRH5 antibody 1G7 was labeled with PE by Southern Biotec. For microscopy, the
TDBs were labeled with Alexa Fluor 847 using the appropriate protein labeling kit {ThernmoFisher)
according to the manufacturer’s instructions. TDBs were dialyzed into PBS, pH 7.2 prior to labelling and
a dye/protein ratio of ~4 was routinely achieved.

B, Molecular stability assays

To assess molecular stability of the FeRHS TDBs thermal stress tests were conducted at 30°C
to 40°C over four weeks. The FcRHS TDBs were incubated at 1 mg/mb in 20 mM his-acetate, 240 mM
sucrose, pH 5.5, and evaluated after 2 weeks. The TDBs were evaluated for <5% change in N
deamination/D isomerization, for <2.5% change in monomer loss by SEC, and for <16% in main peak
ioss by IEC at 2 weeks. The SEC buffer used was 0.25M KCI, 0.2M KaPO4, pHE.3. LC-MS was
conducted in reduced conditions using TCEP at 60°C for 10 minutes. LC-MS/MS analysis was
conducted by RCM tryplic peptide mapping with DTT reduction, IAA capping, and pH 8.2 digestion.

An AAPH oxidation assay was conducted {o evaluate <35% Trp oxidation and <1.1 Met
Ox/Metass. The FeRHS TDBs were incubated at a concentration of 1.0 mg/ml and siressed in 1 mM
AAPH for 16 hours. A light oxidation assay was also conducted to evaluate Trp
OXfTrpOX_ApoMabWa3d >0.5. For the light oxidation assay, the TDBs were incubated at a
concentration of 1.0 mg/mL for 48 hours and exposed to light for 2.4 million lux hours. Oxidation was
evaluated by LC-MS/MS analysis with RCM tryplic peptide mapping with DTT reduction, I1AA capping,
and pH 8.2 digestion.
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C. Cell cuiture and stabie cell line generation

HEK-293T and HEK-T cells expressing the 1G4 TCR complex and key TCR signaling
components {James et al. Nafure 487:64-69, 2012) were cultured in DMEM {(Sigma Aldrich). All other
cell lines were cultured in RPMI. Al media was supplementad with 10% heat inactivated FBS (Life
Technologies), 1mM HEPES {Lonza), 2mbM glutamine, 100 U/mi penicillin and 100 ug/mi Streptomycin
{Sigma Aldrich).

To evaluate the immunological synapse formation, SVT2 cells were infected with either retrovirus
encoding full-length FeRHS having an N-terminal gb tag or virus encoding a truncated FecRHS5 (e,
FcRHS5 including a deletion of amino acids 1-744) having an N-terminal gD tag. To evaluate the target
dependency of FCRHS TDB killing, FOX-NY cells were infected with lentivirus encoding full-length
FeRH5. Single cell derived clones with differential expression levels of FeRHS were then selected with 2
ug/mi puromyain.

To evaluate the effect of PD-1/PD-L1 signaling on FeRHS TDE activily, 293 cells were infected
with fenlivirus encoding FCRHMS followed by transfection of a plasmid encoding human PB-L1 using
Lipofectamine (Invitrogen).

0. Radioligand cell binding assay

The anti-FCRHS 1G7.v85 antibody was iodinated using the lodogen method {0 a specific activity
of 20 uCifug. Competition reaction mixtures containing a fixed concentration of iodinated antibody and
decreasing concenirations of serislly diluted, uniabeled antibody were placed into 86-well plates. The
cell lines expressing endogenous human FCRHS (e.g., MOLP-2, Ri-1, KARPAS 620, and KMS21-BM)
were washed with binding buffer, which consisted of Dulbecco’s Modified Eagle Medium (DMEM) with 2%
fetal bovine serum (FBS), 50 mM HEPES (pH 7.2), and 0.1% sodium azide and then added fo the
96-well plates. The competition reactions with cells were assayed in triplicaie for each concentration of
unlabeled antibody and incubated for two hours at room temperature. After the two-hour incubation, the
competition reactions were transferred o g Millipore Muitiscreen filter plate (Billerica, MA) and washed
four times with binding buffer io separaie the free from the bound iodinated antibody. The air-dried filters
were counted on a Wallac Wizard 2470 gamma counter (PerkinElmer Life and Analytical Sciences Inc.;
Wellesley, MA) and the binding data were evaluated using NewlLigand software (Genentech), which uses
the fitting algorithm of Munson and Robard {0 determine the binding affinity of the antibody (Munson et al,
Anal. Biochem. 107:22-39, 1980).

E. Vectors and transient fransfection for microscopy
FeRHS having an N-terminal gD tag was fused to the fluorescent protein mRuby2 by first inserting
FoRH5 into the pHR-SIN lentiviral vector, before ligating the mRuby2 DNA sequence into this vector,
thereby creating pHR-FoRHS5-mRuby2. The SFFYV promoter in this vecior was subsequently replaced
with the mHSP promoter, creating pHRI-FCRHS-mRuby2, which utilizes a weaker promoter than pHR,
allowing more physiological expression levels of FeRHS-Ruby. Vectors expressing LCK, ZAP7Q,
CSK/CBP, and CD45 have been described previously (James et al. Mafure. 487.64-69, 2012). The CD45

construct used was either the RO isoform or a construct confaining the cytoplasmic domain of CD45 with
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the fransmembrane and extracellular domains of CD43, which is known to mimic the function of CD45.
Prior to transfecting constructs, HEK cells were seeded to approximately 60% confluency in 6-well plates.
Vectors were then transiently transfected at appropriate ratios using Geneduice (Novagen), following the
manufacturer’s instructions. Cells were used in experimenis 24-48 hours afier transfection.

F.  Microscopy imaging and analysis

To image celi conjugates, 3x10° celis of each cell type o be imaged were harvested from culture
and resuspended in 100ul of 20nM TDB in RPMI-1640 (without Phenolred). After a 20-30 min incubation
io alflow ceil conjugation, celis were washed with PBS, resuspended in DMEM®2 imaging medium
{Evrogen) and added to 35mm imaging dishes (Mattek). An Andor spinning disc confocal microscope
asysiem was used to image the cells at 37°C. All images were analyzed and all presenied images were
manipulated in an eguivalent manner using Imaged. Presented images were hackground subtracted and
then cropped to focus on the pair of cells and the contrast was optimized. The degree of protein
clustering and segregation was determined by using the intensily of fluorescently labelied proteins in the
plasma membrang. The plasma membrane was selecied by manually drawing a line and the average
fluorescence intensity of the plasma membrane within the celi-cell interface was divided by the average
fluorescence intensity of the plasma membrane ouiside the celi-cell interface to calculate the degree of
clustering or segregation. To generate an imags of the inlerface of a pair of cells conjugated by TDBs
from a z-stack, the image stack was first deconvolved and then cropped to highlight the interface region
using Huygens software.

G. in vifro cyfotoxicify and T celf activation assays
Target cells were labeled with carboxyfluorescein succinimidyl ester (CFSE) according to

manufacturer’s profocol {(Life Technology, #U34554). The CFSE-labeled target cells and purified CDa+
cells were mixed in 3:1 effector celi to target cell (E:T) ratio and incubated with TDB for 48 hours. Atthe
end of the incubation, the cells were analyzed with flow cytometry on a FACSCalibur in automation
format. The number of live target cells was counied by gating on CFSE+/Pi-negative cells. The
percentage of cylotoxicity was calculated as follows: % cytotoxicity (live target cell number w/o TDB - live
target cell number w/ TDB)/(live 1arget cell number w/o TDB) X 100.

a. In vitro cyfotoxicity assay cell lines
Peripheral blood mononuclear cells (PBMC) and CD8+ separation, Cell Tiler Glo (Promega), and
fiow cytometry-based viability assays (48h) were conducted as previously described in Junttiia ef al.
Cancer Res. 74:5561-5571, 2014. CD8+ cell were used as effectors in a 3:1 effector:targst ratio.

b, Human plasma cells and primary multiple myeloma samples
Human bone marrow aspirate of healthy donors (ALLCELLS) were diluled in PBS and bone
marrow mononuciear celis (BMMCs) were isclated by conventional gradient separation {(Lymphoprep,
STEMCELL). A flow cytometry viability assay was used to test the effect of 72h FcRHS TDB treatment on

BMMC plasma cells. Frozen human BMMCs from MM patients were purchased from Conversant Bio.
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Myeloma BMMCs were mixed with freshly isolated healthy donor CD8+ T cells and the co-culture was
treated with FCRHS5 TDB for 72h. Pl-negative CR38+CD138+ cells were counted by flow cytometry.

H. T eell activation and profiferafion assays
The T cell activation assay has been previously described in Junitila et al. Cancer Res. 74.5561-
5571, 2014. Freshly isolated CD8+ T celis were labeled with CFSE and mixed with target cells (e.g.,
MOLP-2 cells) in 1:1 ratic and co-cultured with 1 pg/mi TDB for 48 hours or five days. Cells were stained
with anti-CD8-APC (BD Bioscience, #555634), anti-CD89-PE (BD Bioscience, #555531), and/or anti-
CD25-APC (BD Bioscience, #555434) and the dilution of fluorescence intensity of CFSE was analyzed by
fiow cytometry.

I Flow cyiomelry analysis for cyno plasma cells
Cyno bone marrow aspirates were diluted (1:10) into ACK lysis buffer (Life Technology, #Al 0482)
iwice. Cyno bone mairow cells were stained with anti-CD45, anti-CD20, and anti-CD38. After wash, cells
were fixed and permeabilized with IntraStain kit (DAKO). Celis then were stained with anti-PC (Clone
Vs38c¢). The cyno plasma cells were classified by flow cylometry as CR45-CD20-CD38+PC+.

J.  ELISA analysis for cyno IgG leve!

Total cyno serum IgG was quantified using standard colorimetric based sandwiched ELISA. A
goat anti-monkey IgG (Bethyl A140-2024) and a horseradish peroxidase (HRP) conjugated goat anti-
monkey IgG (Bethyl A140-202P) were used as the capture and delection antibody, respectively. Cyno
IgG (Cell Sciences CBI20183A) was used as the protsin quantification standard.

K. Wesfern Blof analysis
Freshly isolated human CD8+ T cells and 293T-FeRHS cells (2:1 ratio) were treated with 1 ug/mi
of 1G7.v85/38E4.v1 (“1G7.v85 TDB™, 10A8/38E4.v1 (“10A8 TDB", or anti-gD/38E4.v1 (“anti-gD TDB")
TDB and washed in phosphate-buffered saline (PBS) at 4°C and lysed with RIPA lysis buffer (Cell
Signaling Technology). pSLP78 (Ser378) and SLP78 were detected using standard Western biot
methods and antibodies.

Resulis

A, Binding affinity of FeRH5 TDBs

Among the FeRHS TDBs produced were molecules comprising clone 1G7 as the FCRH5-binding

domain and selected clones as the CD3-binding domain, including 38E4 .v1, 40G5¢, and 38.E4.v11.
Antibodies hutG7.vi1 (“1G7 v 1 TDBY, hutG7.vi.2 (167 v1.2 TDRY, hulG7.vi.3 (1G7.v1.3 TDBY,
hulG7.v1 4 (1G7.v1.4 TDB™, hutG7.vt.8 ("1G7.v1.8 TDBY, hulG7.vl.7 ("1G7.v1.7 TDB",
hutG7 w113 (M1G7.v1.13 TDRY, and hutG7.v1i.13.1 ("1G7.v1.13.1 TDB") were generated as FCRHS
TDBs with an anti-CD3 38E4 v1 arm and determined by BIACORE®, gensrally as described herein, to
have high affinity for soluble FCRHS protein fragment (Table 13}, Expression tests of 1G7.v85 and

1G7.v87 in half-antibody formats including “knob” mutants gave a titer above the disaster bar (Fig. 8).
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TABLE 13. Affinity evaluation of sight selecied affinity matured variants in TDB format

Variabie region category Antibody Ko
Parental (murine variable region) 1G7 TEB (mean , n=3) 5.4 nM
1G7v1.1TDB 2.7 nM
Site-directed mutagenesis of 1G7.v1 1G7.vi.2T0B 2.6 M
1G7.v1.3TDB 1.5 nM
1G7v1.4TDB 1.4 nM
1G7.vi.5TDB 1.4 nM
Focused phage antibody library 1G7v1 7 TDR 0.6 nid
{Library template = 1G7.v1) TR RER ] TSR
1G7.v1.13.1 TDB 0.9 nM

B. Binding and cross reactivify of FcRHS TDBs

Human FCRH5, cyno FoRHS, human FeRH1, FeRHM2, FeRHS, and FeRH4 transfecied mouse
SVT2 cells were usad o {est binding and cross-raactivity of FCRHS TDBs. The method was carried out
as follows. Cultured SVT2 cells were lifted using non-enzyme cell dissociation buffer (Sigma, #C5814).
1x10% cells were suspended in 100 b and incubaled with FCRHS TDBs at 3 pug/ml. Cells wers then
washed with FACS buffer (PBS, 1% BSA, 2 mM EDTA) and incubated with goat-anti-human Fc PE
{Jackson Immunoresearch, #109-116-170) at a 1:100 dilution. Cells were washed twice with FACS buffer
before flow cytometry analysis was carried out on a FACSCalibur.

After humanization and affinity maturation of murine 1G7, sight affinity matured varianis in TDB
format were generated. The optimized 1G7 TDBs were generated in “knob-into-hole” format with
38E4.v1 as an anti-CD3 arm. All eight variants showed a 5- to 15-fold increased affinity over the murine
1G7 TDB by BIACORE® in the TDE format (Table 13). All variants demonstrated negative binding to
FeRH1 or FcRH4, with different degrees of positive binding to FcRH2 or FecRH3. The 1G7.vi 4 TDE
showed the least cross-reactivity to FeRH2 and FeRH3 (Table 14). Binding of FcRHS TDBs containing
different anti-FcRHS arms {i.e., 1G7, 1G7.v85, or 1G7.v1.4) to FcRH3 was also evaluated by FACS (Fig.
9A).
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TABLE 14. FcRHS TDR Binding and Cross-reactivity
—— SVT2- SVT2- SVT2- SVT2- SVT2- SVT2-Cyno-
FeRH1 FCRH2 FORH3 FoRH4 FeRHS FCRHS
1G7 - . . . + +
1G7.v1.1 - + + . ++ t
1G7.v1.2 - +/e + . -+ +
1G7.v1.3 - * + - ++ S+
1G7.v1.4 - - e - 4 e
1G7.v1.5 - + + : ++ -
1G7.v1.13 - + + - b +h
1G7.v1.7 - + + - 4 +
1G7.v1.13.1 . +he + . ++ '

The abilities of 1G7.v1.4, 167 v85, and 1G7 TDBs fo bind huFcRHS and huFcRH3 were
evaluated by BIACORE® analysis (Figs. 10A-10D). The affinities of 1G7 v85 TDB and 1G7.v1.4 TDB
were comparable. 1G7.v1.4 TDE bound {o human FcRHS5 and human FCRM3 with a Ko of 2.4 nM and
~80 nM, respectively, and 1G7.v85 TDB bound to human FCRH5 and human FCRM3 with a Ko of 2.4 nM
and ~80 nhM, respectively (Figs. 10A-10D). Additional anti-FeRHS variants hu7D8.L1H2, 1781-VHGE,
1781, and 15G8 (sequences presenied in Figs. 11A-13B) were aiso generated in the TDB format with the
anti-CD3 arm 38E4.v1. The hu7D8.L1H2, 17B1, and 15G8 TDBs were tested for binding to human and
cyno FoRHS. Results are presented in Fig. 14 and in Table 4.

Comparison of 1G7.v85 TDBR and 1G7.v83 TDB binding to human FcRHS and cyno FocRHS was
conducted by BIACORE® analysis (Fig. 15). 1G7.v85 TDB exhibited a Kp of 2.1 nM for binding to
human FcRH5 and a Kp of 7.8 nm for binding {o cyno FCRHS. 1G7.v83 TDB exhibited a Ky of 1.1 nM for

human FoRHS and 8.1 nm for cyno FoRHS.

Kinetic characterization experiments were carried out (see Table 8). In these experimenits,

binding of soluble FoRHS protein fragment to purified antibodies in human TDB antibody format was

analyzed at six different non-zero concentrations {(a 1:3 dilution series, one concentration injected twice

as a replicate). Flow rale was set at 40 ul/min and association and dissociation moniored for 600 s.

Kinetic analysis of monovalent 1G7.v85 TDB affinity using a higG capture format and 1.1 binding model
produced a Kp for human FeRHS and cyno FeRHS of 2.4 nM and 6.8 nM, respectively (Figs. 16A-16B).
Mutation of oxidation prone Met-84ncto Val in the 167 .v85 TDB did not impact binding affinity.

C. In vitro cyfofoxicity assays

To evaluate the function of the humanized FcRHS TDR variants, cell oylotoxicity on FCRHS

MOLP-2 celis that endogenously express FeRH5 was fested. All variants showed similar target cell

killing activity but significantly increased activity compared to murine 1G7 (Figs. 17A-178). In the case
of variant 1G7.v1.4 TDE, the EC50 improved 5- to 13-fold relative to murine 1G7 TDB {n=10).
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Basead on its high cvtotoxic activity and low cross-reactivity 1o other family members, 1G7.v1.4
TOB was selected for further analysis. To increase the stability of the TDB molecule, the 1G7.v1.4 arm
was mutated at potential oxidization sites, thereby generating a polished version, 1G7.v85. The two
versions, 1G7.v1 4 and 1G7 v85, were evaluated in the TDB format in various assays, including T cel
activation, MOLP-2 target cell killing activity, cyno B cell in vitro depletion, and cyno plasma ceil
depietion (Figs. 18A-18D). In ali tested assays, the 1G7.v85 TDB behaved indistinguishably from the
1G7v1.4 TDB.

The humanized and polished 1G7.v87 TDR was also compared to the 1G7.v85 TDB.
Consisient with its lower affinity, the 1G7 v87 TDB exhibited reduced binding to human FoeRHS relative
to the 1G7.v85 TDB as indicated by flow cvtometry analysis (Fig. 184). 1G7.v87 also showed negative
cross-reactivity to FoRH3.

Target cell cytoxicity of the 1G7.v87 TDB and the 1G7.v85 TDE were evaluated on MOLP-2
CD8+ cells (Fig. 188) and on PBMCs from four healthy donors (Figs. 19C). in all donors, the 1G7.v87
TDB was negative for human B cell Killing, while the1G7.v85 TDE showed some degree of positive
killing activity. Cyno PBMCs from four healthy donors were also tested (Fig. 19D). The ranking of
ECSD's of three versions of 1G7 TDBs is consistent in all three donors. 1G7.v8Y TDB is comparable to
murine 1G7 TDB but has significantly less activity than the 1G7.v85 TDB. The 1G7.v87 TDB showed
significantly weaker killing activity than the 1G7.v85 TDB on cyno B cells in vitro. The 1G7.v85 TDB
was also evaluated for activity on human NK cells and found to have no killing activity £ 20 ug/mL (Fig.
9B). The ECS50 of the 1G7.v85 TDB was 5- to 8-fold better than that of the 1G7.v87 TDB.

D. Molecular assessment of stability of FCRHE TDBs

Chemical stability of hul1G7.v1 prior to affinity maturation indicated oxidation suscepiibility at
Met-B4nc and Trp-52nc. 1G7.v85 TDE samples were stressed via AAPH and light siress tests and
evaluated for FecRMHS binding by BIACORE®. The 1G7.v85 TDB demonsirated reduced binding for
FoRHS after both AAPH and light stress tests as compared to an unsiressad control (Figs. 20A-200).
Monomer stability and charge heterogeneity of the 1G7.v85 TDB was evaluated by size exclusion
chromatography (SEC) and imaged capiliary isoelectric focusing (iclEF), respectively, after being
stressed in a low pH buffer (his-acelale, pH 5.5) for 2 weeks (Figs. 21A-21B). The observable change in
monomer peak loss was smali for both monomer stability (0.1%) and charge heterogeneity (7.7%) (Figs.
21A-21B). Furthermore, there was no observable change in the mass of either the light chain or heavy
chains of 1G7.v85 TDE afier two weeks of low pH stress (Figs. 22A-228). After thermal stress at 30°C
for 2 weeks, monomer peak loss was 0.1% by SEC and 8% by iclEF.

E. A membrane proximal epifope is required for efficient TCR signaling and killing activity of the
FeRH5 TDB
To characterize the molecular events that leads to triggering of the T call receptor (TCR) upon
stimulation by FeRHS TDB, a reconstituled system was utilized (James et. al. Nafure. 487.64-69, 2012)
that allows initial events leading to receplor aclivation to be investigated in a controlled manner. Using
healthy donor CD8 cells, the 1G7/UCHT1.v8 TDB resulted in a very robust SLP78 phosphorylation,
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indicative of TCR signaling, and mediated efficient Killing of target celis (Figs. 23A-238; EC50 = 0.5 nM).
in contrast, the anti-gD TDB, which targets a membrane-distal epitope, did not result in detectable TCR
signaling and was unable to mediate T cell killing {Figs. 23A-23B). It was also confirmed that the TDB
activity was dictated by the location of the epitope and the size of the extraceilular domain by targeting
ceils that expressed heavily truncated target that retained the 1G7 and gD epitopes (Fig. 23C). Activity of
the proximal 1G7/UCHT1.v8 TDRB increased by 25-fold (Fig. 23D0; EC50 = 20 pM3, and gD TDB and was
able to effectively mediate killing of cells (EC50 = 0.1% nM)} when the interference caused by the ECD was
removed. Possibility of differential target expression level being the cause for the activity difference
between cell lines was excluded by FACS analysis (Fig. 24A).

To demonsirate that the differences in the killing activity were related to the epitope rather than
being properties of the specific antibody clones, a total of five unique antibody clones targeting the
membrane proximal domain for the FoRHS in TDB format were esied and demonstrated that the activity
of each clone was ~20-fold higher compared to 10A8 (Fig. 23E). Endogenous expression level of FeRHS
in multiple myeloma is low (e.g., ~100 to ~2000 copies/cell) and comparable to the MOLP-2 myeloma cell
line {e.g., ~2200 copies/cell). When T cells werg retargeted to kill MOLP-2 celis only membrane proximal
TDBs induced killing of the MOLP-2 cells. Targeting the mid-region of FCRHS using the 10A8 TDB did
not fead to sufficiently high TCR triggering required for killing of mysloma cells (Fig. 24B).

F. FeRHSE TDB induces farget-dependent cell killing and T cell profiferation

in Fig. 18A, the 1G7.v1.4 TDB and the 1G7.v85 TDB were found o have indistinguishable T cell-
activating abilitiecs. The 1G7.v85 TDB was evaluated for 1G7 epitope specificity and cyno cross-reactivity
(Figs. 25A-25C). The 1G7/38E4.v1 TDB (“1G7 TDB”) bound to MOLP-2 cells, healthy donor B cells, bone
marrow plasma cells, and primary myeloma tumor cells as expected (Figs. 26A-26D). Preclinical analysis
of the 1G7 TDB activity was initialed by characterization of the mechanism of action using healthy donor
CD8 celis. 1G7 TDB treatment of target expressing cells resulted in a dose dependent T cell activation
(Fig. 27A). The cytotoxic activity of the 1G7 TDB was exclusive to target positive cells and correlated with
FoRHS expression level (Fig. 27B). T cell activation by stimulation with 1G7 TDB and target cellied o a
robust profiferation of T cells. In five days 95% of the CD8 cells had undergone as many as six cell
divisions as demonstrated by dilution of fluorescent dye CSFE (Figs. 27C-27E). The contribution of the
anti-CBD3 arm and the Fc domain to the cyiotoxic activity of the TDE was further evaluated, and it was
found that a high-affinity anti-CD3 arm was required, while an Fo domain was not required, to achieve
cylotoxic activity (Figs. 27F-27G).

= FoRHS TDB mediates potent kiliing of normal plasma cells and patient derived primary myeloma
cells
Expression of FCRHS5 in CD138+CD38+ multiple myeloma cells and normal bone marrow plasma
cells was studied using the 1G7.v85 TDB and FACS. All patient-derived tumor cells and ali normal
plasma cells expressed FoRHS in all samples suggesting, 100% prevalence in myeloma (Fig. 28A).
Considerable inter-patient variability in expression level was detected in myeloma. Generally, expression

leved in tumor cells was not significantly elevated compared io normal plasma cells, suggesting that
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developing a tumor cell-speacific, normal plasma cell-sparing FeRHS TDB was likely not
feasible. Expression levelin normal B celis is consistently and significantly lower compared o normal
piasma cells and muttiple myeloma tumor cells.

The FcRHS5 gene is located in the chromosomal breakpoint in 1g21 (Halzivassiliou et al.
Immunity. 14:277-289, 2001). Analysis of ~20 primary multiple myeloma biopsies demonstrated a
significant association between FCRH5 RNA expression and 1g21 gain (Fig. 28E), demonsirating that the
chromosomal franslocation can lead to FocRHS overexpression in high risk myeloma patients.

The ability of the 1G7.v85 TDB to kill plasma cells was analyzed by targeting bone marrow
mononuclear cells (BMMC) isolated from bone marrow aspirates of healthy donors (Fig. 288). The
1G7.v85 TDB induced dose-~dependent, highly effective, and potent (ECS5C = 85180 pM) killing of plasma
cells. Similar robust activily was detected when BMMC from mulliple myeloma patients was subjecied to
1G7.v85 TDB treatment (Fig. 28C). Near 100% killing of myeloma cells was detected with high potency
{(EC50 = 80-1200 pM) regardiess of the in-life treatment history.

As FcRH5 expression is variable in myeloma (Fig. 28A) and 1G7.v85 TDB activity correlales with
axpression level (Fig. 28D}, whether patients in the low end of the expression specirum would be
predicied to respond to FCRHS TDBs was also investigated. MOLP-2 myeloma cell line was identified as
a benchmark cell line which has an expression level of FeRHS that is similar to average expression in
plasma cells and primary MM cells (Fig. 28A). We also identified ssveral cancer cell lines that express
extremely low lgvels of the targst and determined the number of FCRHS per cell using Scatchard analysis.
The range of FcRHS binding sites in these cell lines varied from 2200 to as low as 160 per cell. Despite
very fow target copy number, the 1G7.v85 TDB induced robust Killing of all tested cell lines (EC50 = 2-230
ph)y. Occupancy calculations indicated that as few as ~50 TDB molecules (2% occupancy at MOLP-2;
EC50 = 58 pM) were sufficient {o induce T cell activation and target cell apoptosis.

in summary, FcRHS is expressed in all myeloma patients. FcRHS TDBs can kill human plasma
cells and patient-derived primary myeloma tumor celis at pM doses. As very few TDBs are required to
redirect T celi activity, the molecule polently kills cells with very low expression of the farget. The resulis
suggest that FcRHS5 TDBs have the potential 1o be broadly active in myeloma patients and do not support

excluding patients from the therapy based on FCRHS expression level.

H. Cynomolgus monkey (cynoj is an appropriate safety and efficacy model for FCRH5 TDB
FACS analysis of peripheral B cells and bone marrow plasma cells confirmed that FcRH5 is

expressed throughout the B cell lineage in cyno similar to humans (Figs. 20A-28B; Polson et al. inf.
Immunol. 18:1363-1373, 2006). The amino acid sequences of human and cyno FCRHS are 89%
identical, and the 1G7.v85 TDE binds to cyno FecRHS5 and CD3 with comparable affinity. In vitro treatment
of target cells expressing cyno FeRMHS or MOLP-2 cells expressing human FCRHS resulied in robust
Killing using peripheral T cells from either human or cyno with comparable efficiency (Figs. 28C-28D).
Adding the 1G7.v85 TDB to PBMC/BMMC samples from cyno resulted in a dose dependent and robust
kiling of cyno B cells {Fig. 28&) and bone marrow plasma calis (Fig. 29F). InFig. 18C, the 1G7.v1.4 TDB
and 167 .v85 TDB were found to have indistinguishable cyno plasma cell killing abilities. These results

validate cyno as an appropriate safety and efficacy maodel for anti-FcRHS5/CD3.
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Exampie 4. In Vivo Characterization of Exemplary FcRHSE TDBs

Materials and Methods

A.  In vivo efficacy studies in murine models

a. huNSG/MOLP-2 mouse xenograft model

Female humanized NOD.Cg-Prkdescid H2rgtm1Wil/Szd (NOD/scid garmma; NSG) mice were
obtained from The Jackson Laboratery. On the day of cell inoculation, five animals weare incoulated with
0.2 ml of MOLP-2Z tumor cells at g concentration of 100 million celis/ml, in HBSS/malrigel,
subcdansously in the right Hank. As soon as the tumor volumes reached a volume range of 100-250
mim®, animals were randomized into fwo groups, a vehicle and treatment group, and the first treatments
were administered af that time (Day 0). All freatments were administered once a week by intravenous
{i.v.) tail vein injection for 3 iotal of four doses. The vehicle group was treated with .1 ml of 20mM
histidine acelale, pH 5.8, 240mM sucrose, 0.02% TW-20 bulfer. The realment group was treated with
a1l of 1GY vBS TDE at a concentration of 8.5 mgrkg. Tumors were measured 1-2 times per week with
calipers for the duration of the study, and animal body weights were taken at least once a week. Forthe
duration of ihis study, clinical observations were performed twice per week to monitor the health of the

animals.

B.  Toxicology study in cynomoigus monkeys

The tolerability, toxicity profile, pharmacokinetics (PK}, and pharmacodynamics (PD) of anti-
FoRH5 TDB were svaluated in naive, male cynomolgus monkeys (cynos) at Charles River Laboratories
{CRL). Cynos were trealted with a single dose, intravenous infusion (1h) of vehicle, 1, 2, or 4 mg/kg
1G7.v85 TDB and were necropsied seven days after treatment. The animals were closely monitored for
detailed clinical cbservations, respiratory rate, and body temperature during the first five hours and at
termination. Cage-side clinical observations and body weights were collected daily. Blood samples were
collected by venipuncture via the femoral vein pre-study and at selected time points throughout the study
for analyses of hematology, serum chemistry, coagulation, and PK iotal antibody levels) and PD
endpoints. PD consisted of measurements of cytokines (IL-18, IL-1RA, IL-2, 1L-4, 1L-5, IL-6, IL-12/23, IL-
13, 17, G-CSF, GM-CSF, IFN-y, TNF-¢, and MCP-1), flow cytometry of T-lyrphocytes, B-lymphocyles,
NK cells, activated T-lymphocytes, PD-1, and circulating cyno IgG. Bone marrow was coliected in
anesthetlized animals by aspiration from the humerus pre-study and prior to necropsy on Day 8 for
evaluation of B-lymphocytes and plasma celis by flow cylometry. Al necropsy, organ weights were
measured and select organs and tissues were thoroughly examined by gross and microscopic
examination. Spleen, mesenteric, and mandibular lymph nodes were evaluated for T-lymphocytes, B-
lymphocytes, and NK cells. All procedures were performed in compliance with the Animal Welfare Act,

the Guide for the Care and Use of Laboratory Animals, and the Office of Laboratory Animal welfare.

C.  PKPD study in cynomoigus monkeys and mice
The concentrations of FCRHS TDE in serum were determined by generic ELISA. Sheep anti-

human IgG antibody was used as the capluring reagent, and sheep anti-human IgG conjugated {o
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horseradish peroxidase (HRP) was used as the detection reagent. Analysis of serum concentration with
time from available samples were analyzed by a non-compartmental with IV bolus input model
{Phoenix™ WinNonlin®, Version 8.3; Pharsight Corporation; Mountain View, CA). Nominal sample
coilection time and nominal dose concenirations were used in the data analysis. All TK analysis was
based on individual animal data.

Resuits
A, FeRHSE TDE supprasses growth of established MOLP-2 tumors in mice reconstituted with human
immune cells
Modeling anti-myeloma aclivity of the FoRHS TDB in mice is challenging since anti-CD3
antibodies do not cross-react with mouse CD3 and an FeRHS5 orthelogue doees not exist in mouse.
Therefore, a mouse model with a reconstituled human immune system was esiablished by transplanting
CD34+ selected human hemalopoielic stem cells into irradiated mice (huNSG mice). Human CD8+ cells
harvested from spleens of huNSG mice were able 1o kill MOLP2 cells in vitro with comparabile efficiency
o human peripheral CD8+ cells from healthy donors (Fig. 30A). 20 weeks posi-iransplantation huNSG
mice were incculated with five million MOLP-2 caells subcutanecusly. Mice with established 100-200 mm?®
umors were {reated with single 1V dose of vehicle or 0.5 mg/kg of FcRHS TDB. FeRHS TDB reaiment
resulted in tumor regression in all animals (Fig 308), indicating that FCRHS TDB treatment suppresses

tumor growth in vivo.

B, FcRHSE TDB has long serum haif-life
A single dose siudy was designed to evaluate safsty, efficacy, pharmacokinetic (PK), and

pharmacodynamic (PD) properties of the 1G7.v85 TDB in non-human primates. Cynos wers treated with
g single siow infusion intravenous dose of vehicle or 1-4 mg/kg 1G7.v85 TDB. The animals were closely
monitored for adverse effects. Blood samples were coliecied at 8, 2, 6, and 24h for cytokine analysis,
clinical pathology analysis, and PK/PD response. The study was terminated seven days after treatment
was administered. The FcRHS TDB demonsirated dose proportional exposure (Cmax and AUC) between
1-4 mg/kg and was cleared 28-33 mi/day/kg in ali cohorts (Fig. 31A) and the Cmax at 4 mg/kg dose level
was 129 pg/mi. This is ~2000-fold higher than reguired to reach in vifro killing EC50 for human plasma
cells and MOLP-2. A PK study was also conducted in SCID . bg mice, which are non-binding, and the
1G7.v85 TDB was found to be have comparable clearance rates as anti-gD TDB (Fig. 31B). Receptor
acoupancy calculations suggested near saturated FeRHS engagement on peripheral blood B celis at
Crnax at ali dose fevels (Fig. 32D). These results demonstrated that the 1G7.v85 TDB has a long in vivo

half-life and support a weekly or less frequent dosing schedule.

C. FeRHS5 TDB depletes B cells and bone marrow plasma cells in cyno
FACS analysis of peripheral blood demonstrated a robust pharmacologic effect on all dose levels.
1G7.v85 TDR treatment resulted in T celf activation and transient iymphopenia (margination response)
within 24 hours (Figs. 31C-31D). B cells remained undetectable in blood seven days afler the dose,
suggesting that they were depleted by the 1G7.v85 TDB (Fig. 31E}). In contrast, CD4+ and CD8+ cells
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recovered by the end of the study (Figs. 32A-32B). All dose levels resulted in complete depletion of B
ceils in spleen and bone marrow (Figs. 31F and 31H). FcRHS treatment induced a robust, dose-
dependent depletion of B cells also from lymph nodes (Figs. 31G and 32C ).

Depletion of cyno bone marrow plasma celis in vivo is a key efficacy endpoint in the preclinical
development of the anti-FCRHS/CD3. Complete depletion of plasma cells was detecied in the animals
treated with 2-4 mg/kg doses (Fig. 311, 1G7.v85 TDB treatment also resulted in dose-dependent
reduction of cyno IgG, an expected secondary outcome resulting from plasma cell depletion.
Theoretically, complete depletion of plasma cells should decrease igG level ~ 30-40% by Day 7. The
measured reduction in cyno IgG was 37% in 2 mgrkg group and 44% in 4 mg/kg group (Fig. 31.0). In
sumnmary, 1G7.v85 TDBs induced g robust PD response in cyno, consistent with its mechanism of action.
Compleie plasma cell depletion provides compelling evidence of efficacy in the bone marrow

microenvironment.

D, FeRHSE TDB is welf tolerated in cyno

The 1G7.v85 TDEB was well tolerated in cyno at = 4 mg/kg dose levels. The mild/moderate
adverse effects that were detected were similar at all dose levels and we failed {0 see a clear dose
response. Clinical observations were limited o reversible increases in body temperature ranging from
0.4-1.6°C within four hours post-dose. Effecis on hematslogy consisted of the expected acuie and
reversible lymphopenia atiributed 1o margination. As expected, evidence of an gcute and reversible pro-
inflammatory staie were detected (increased CRP, fibrinogen, prothrombin time, and activaied partial
thromboplastin time). Treaitment caused a reversible increase of ALT, AST, and total bilirubin.

Consistent with the mechanism of action, the 1G7.v85 TDB induced a rapid, generally
mild/imoderate cytokine release (Figs. 33A-33F). All dose levels induced a pro-inflammatory response
(including lL-8, IL-8, IFN-g, IL-2, IL-13, G-CSF and MCP-1) and anti-inflammatory response {o counter
this {{L1R) peaking at 2-6 h. All cylokines were reversed to normal level within 24 hours. No signs of
extensive or prolonged cylokine release were seen. Extensive histopathological analysis including
detailed analysis of ceniral nervous system {CNS) did not reveal significant organ toxicity. In summary,
maximum iolerated dose was not reached in the study. The 1G7.v85 TDB was well tolerated at dose
levels that are expected to saturate target and sufficient for complete depletion of B cells and plasma
cells. No dose response was detected in adverse effecis.

Example 5. FcRHS Combination Therapies

To examine possible FCRH 5 combination therapies, a FCRHS TDB was tested in combination
with each of two exemplary PD-~1 axis binding antagonists. These experiments demonstrated that, while
PD-1/PD-L1 feedback signaling could reduce FeRHS TDB-mediated killing, PD-L1 blockade overcame

this inhibition, resulting in improved therapeutic efficacy.
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Materials and Methods
A, Anfibodies
All tabeled antibodies for flow cytometry, except ones otherwise mentioned, were purchased from
3D Bioscience. The anti-PD-1 antibody used was KEYTRUDA® (pembrolizumab) and the anti-PD-L1
antibody was generated at Genentech, Inc. Goat anti-human igG and goat anti-mouse IgG were
purchased from Jackson immunoresearch. Anti-PC-FITC (clone Vs38¢) was purchased from DAKO.

B, PD-1 induction and cyfotoxicity assay with anti-PD-L1

Fresh isolated human CD8+ T cells were mixed with MOLP-2 cells in a 1.1 ratio and co-cultured
in the presence of 1000 ng/mi of 1G7.v85 TDB for 48 hours. The cells were stained with a fluorescein
isothiocyanate (FITC)-labelled anti-CD8 antibody ("anti-CD8-FITC”), a phycoerythrin (PE)-conjugated
anti-CD89 antibody "anti-CDBB-PE”Y, and an allophycocyanin (APC)-conjugated anti-PD-1 antibody
("anti-PD-1-APC?), and analyzed by flow cytomelry. Cyioloxicity assay of HEK-293T celis expressing
FoRM5 and PD-L1 (*293-FoRHS-PD-L1 cells”) was set up, as generally described herein, with or without
10 mg/mil anti-PD-L1 or anti-PD-1 antibody and analyzed by flow cylometry.

C. Celf culture and stable cell line generalion
The effect of PD-1/PD-L1 signaling on 1G7.v85 TDB activity was evaluated by infecting HEK-
293T celis with lentivirus encoding FCRHS followed by transfection of a human PD-L1 encoding plasmid

using lipofectamine {(Invitrogen}).

D, In vifro cyfofoxicity and T cell activation assays
Target cells were labeled with carboxyfluorescein succinimidyl ester (CFSE) according to
manufacturer’s profocol {Life Technology, #034554). The CFSE-labeled target cells and purified CDa+
cells were mixed in 3:1 effector cell to target cell (E:T) ratio and incubated with 1G7.v85 TDB for 24 i0 48
hours. At the end of the incubation, the cells were analyzed with flow cytometry on a8 FACECalibur in
automation format. The number of live target cells was counted by gating on CFSE+/Pl-negative cells.
The percentage of cytoloxicity was calculated as follows: % cyiotoxicily (live target cell number wio TDB -

live target cell number w/ TDB) / (live target cell number w/o TDB) X 100,

Resulis

A PD-1/PD-L1 blockade enhances aclivity of the FcRHS TDB

Strong TCR stimulation signal can lead 1o immunosuppressive feedback that restricis T cell

activity. The PD-1/PD-L1 pathway is a critical component of this feedback and a therapeutically validated
immune escape mechanism in several tumor indications. PD-L1 is frequently expressad by myeloma
tumor celis (Gorgun et al. Amer. Assoc. for Cancer Res. 21:.4807-4618, 2015), and its signaling may limit
T cell aclivity in myeloma patisnis. PD-1 is absent in resting T cells, induced upon T cell activation and
limits T cell activity in chronic infection {(Zou et al. Science Tran. Med. 8:3281rv324, 2018). 1G7.v85 TDB
stimulation (48h) of human healthy donor CD8+ celis in the presence of FcRHS-expressing cells resulted

in significant PD-1 induction in T cells (Fig. 34). The feedback signal is also activated in vivo. Significant
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increase in PD-1-positive T cells was seen in cyno T cells at all dose levels. PD-1 induction was detected
in both CD8+ and CD4+ celis in blood, spleen, lymph nodes, and bone marrow (Figs. 35A-35B and 36A-
38D,

1G7.v85 TDB-mediated farget cell killing with primed CD&+ cells was evaluated in the presence
and absence of PD-1/PD-L1 antagonists. The efficiency of the 1G7.v85 TDB to prime CD8+ T celis to kill
PD-L1 expressing target cells was modest (Fig. 37A). Blocking PD-1/PD-L1 signaling using anti-PD-L1
antibody significantly increased the efficiency of 1G7.v85 TDB-mediated killing (Fig. 37A). In a particular
experiment, primed CD8+ celis were mixed with 283-FcRHS-PD-L1 cells and treated with the 1G7.v85
TDB alone, or in combination with an either an anti-PD-L1 antibody or the anti-PD-1 antibody
{pembrolizumab) (Fig. 378). Combined treatment with an anti-PD-L1 antibody or an anti-PD-1 antibody
{pembrolizumab) significantly enhanced the efficacy of the 1G7.v85 TDB. The ECS50 for both combined
reatment methods was 0.4 ng/mb, while the EC50 for treatment with 1G7.v85 TDB alone was 0683
ng/mL (Fig. 378).

These results demonsirate that 1G7.v85 TDB-mediated activation of T cells leads to induction of
PR-1in T cells in vitro and in vivo. These results further demonstrate that PD-1/PD-L1 signaling can limit
FoRHS5 TDRB-mediated killing and that PD-L1 blockage can overcome this inhibition and lead to improved
efficacy. These data support the use of FeRHS TDB in combination with a PD-1 axis binding aniagonist,

such as an anti-PD-1 antibody or an anti-PD-L1 antibody.

B. Dexamethasone reduces the first-dose cyfokine response without affecting FeRHE TDB activity
Target cell killing was also evaluated in the presence and absence of dexamethasone {(Dex), a

component of standard of care in myeloma that has anti-inflammatory and immunosuppressant effecis
{Fig. 38A). The IC5G for the 1G7.v85 TDE in buffer or in DMSO was 7 pM and 8 pM, respectively. In the
presence of 8.1 ul or 1 uM Dex, the C50 for the 1G7.v85 TDB was 16 pM and 25 pM, respectively. Dex
combination treatment had only a modest effect on 1G7.v85 TDB efficacy and significantly reduced [L-2,
IL-6, TNF-q, and IFN-y levels. These resuits demonstrate that dexamethasone may be used in
combination with FCRHS TDB therapy to mitigaie a firsi-dose cytokine response in patients (Fig. 38B).

Example 8. Production and testing of FcRHME bis-Fabs

A, Preparation of thio~-Fabs and hinge-cys-Fabs and protein production

To prepare antibody fragments with free sulfhydryl groups, cysteine (Cys) substitutions were

introduced into antibody constructs at various positions in either the variable or the constant domains of
light chains or heavy chains by site~directed mutagenesis 1o create thio-mAbs, as described previously
in Junutula et al. J. Immunol Methods 332(1-2):41-52, 2008. Thio-Fabs were generaied enzymatically
from thio-mAbs by diluting thic-mAbs {o 1 mg/mb in 25 mM Tris, pH 8.0, followed by enzymatic
digestion at 37°C for 1 hour using Lys-C (Wako Chemicals USA, Inc., Richmond, VA) at a 1:1000 (wiwt)
ratio of enzyme to antibody. The Lys-C digestion was stopped with 5uM of the prolease inhibitor {osyl-
L-lysine chioromethyl ketone (TLCK) (Bachem, Torrence, CA) and purified by cation ion exchange
chromatography on a 5 mL Hi-Trap 8P FF column (GE Healthcare, Piscataway, NJ) using a 50-mM
sodium acetlate buffer and a 0-300-mM NaCl 10 column volume (CV) gradient. The thio-Fabs produced
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by this method are sometimes referred 1o as “enzymatic thio-Fabs” herein. In another approach, DNA
constructs encoding Fabs having an engineered Cys residue or DNA constructs enceding heavy chain
fragments containing one native Cys residue in the hinge region, were subcioned into plasmid
expression veciors and expressed directly in CHO celis. The thio-Fabs produced by this method are
sometimes referred to as “recombinant thio-Fabs” herein. A third approach was used for antibodies
lacking an engineered Cys residue and relied upon the native Cys residue(s) present in the hinge region
of lgG. This method is used to produce “hinge-cys-Fabs” and is described in further detail below.

For the preparation of hinge-cys-Fabs from native antibodies that do not contain an engineered
cysieine for use in synthesis reactions, the following enzymatic procedure, as depicted in panel 1 of Fig.
39, was used. Both FCRHS and CD3 parental antibodies were digested with pepsin (1% w/iw) treatment
in sodium acetate buffer af pH 4.5, Afier digestion for 1 hour, the F(@b’), was isolated from the
digestion mbdure by capiure on an SP-HP cation exchange resin and purified by a 10 CV sait gradient
of 0-1 M NaCl. The F(ab’), was then reduced in a buffer containing 25 mm MES, pH 5.8, 2 mM EDTA,
and 300 mM NaCl. Afer reduction with 1 mM TCEP, the Fabs were oxidized, as depicted in panel 2 of
Fig. 39, by the addition of 5 mM DHAA 1o reform the disulfide between the heavy chain and light chain.
it was routinely observed that, under these reaction conditions, only the disulfide between the heavy
chain and light chain was reformed; the two cysteineg residues in the hinge region remained unoxidized.

The two free thiols (Cys residues) al the hinge, as depicted in panel 2 of Fig. 38, were then
reacted with a 1M equivalent of N-ethyimaleimide (NEM) (Sigma Aldrich, St Louis, MO). The resuliant
mixture containing singly-maodified, doubly-modified, and unmuodified Fabs was then reacted, as
depicted in panel 3 of Fig. 39, with an excess of the bis-maleimide crosslinker.

These reaction conditions yielded three products: Fabs with one crosslinker and one NEM, Fabs
with two NEM, and Fabs containing only one crosslinker. The Fabs containing only one crosslinker
were found to have no free cysteine. Thus, under these reaction conditions, a single crosslinker reacted
very efficiently with both cysteines resulting in a molecule in which the cysteines had been cyclized by
the crosslinker. The material comprising the above three reaction products was purified from the
reaction mixture (1o remove unwanted reaction components) by gel filtration and used in coupling to
other hinge-cys-Fabs, as depicted in panel 4 of Fig. 39, prepared in a similar manner or to thio-Fabs.
Only hinge cys-Fabs or thic-Fabs prepared as described and containing one crosslinker, one free
maleimide, and one free sulfhydryl were able 1o readt in the bis-Fab synthesis reactions described in
detail below.

B. Profein expression and purification

To facilitate purification, Fabs were expressed with either a Flag- or His-tag. Expression in
CHO celis was carried out by standard procedures. Affinity purification following cell culturing was
carried out using anti-Flag mAb resin or Nickel beads resin. Purified thio~-Fabs were characierized by
SDS-PAGE and mass spectromelry. These characterizations often showed mass increases of 275 Da
and 3086 Da. These mass increases were found o be disulfide adducis on the unpaired cysieine which
were removed by reduction and oxidation to prepare the thio-Fabs for crossiinking with bis-malgimide.
The reduction and oxidation of thio-Fabs was carried out as follows. First, thio-Fabs were reduced for
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24 hrs by the addition of 2 mM tris{2-carboxyethyl} phosphine HC (TCEP-HCI; also referred to as
TCEP) (Pierce [Thermo Fisher Scientific], Rockiord, 1L} in a buffer containing 25 mM MES, pH 5.8, 300
mi NaCl, and 5 mM EDTA. After reduction, the protein was oxidized by the addition of 5 mM
dehydroascorbic acid (DHAA) (Sigma-Aldrich, St. Louis, MO). The isolaied thio-Fabs were analyzed by
SDS-PAGE and mass spectromelry 10 ensure that the proteins are properly reduced and oxidized.

C. Bis-Fab synthesis
Two different types of crosslinkers could be used 1o covalently link the two Fabs: bis-maleimide
and the pair of adapters DBCO-PEG-malemidel/bromoacetamide-PEG-Azide.

Conjugation using bis-maleimide crossiinkers

in the first stage of the bis-Fab synthesis, thio- Fabs or hinge-cys-Fabs with an unpaired
oysteine were used. Generally, the thio-Fab or hinge-~cys-Fab was in the same buffer in which the
reduction (Fig. 39, panel 1) and oxidation (Fig. 39, panel 2) was carried out (MES, pH 5.8, 2 mM
EDTA, and 300 mM NaCl) at a protein conceniration of 1 mg/mbL. There were two potential undesired
reaction products at this stage: disulfide dimers and crosslinked dimers. Having a protein
concentration of 1 mg/mlb at this stage of the synthesis was an important feature of the reaction
because dimerization was minimized at that protein conceniration. In addition, controliing the reaction
by using a low pH buffer with EDTA helped minimize dimerization.

A five-fold excess of bis-maleimide crosslinker (Quanta BioDesign, Powell, OH) was added to
the reaction mixture, as depicted in panel 3 of Fig. 38. This five-fold excess of crosslinker was also
helpful in minimizing undesirable dimerization. The reaction was incubated at room temperature (RT) or
37°C for four hours untif complete. The mixture was then concentrated to a volume suitable for gel
filtration. A 22 mi $-200 Tricom column (GE Healthcare, Piscataway, NJ) for ug to mg quantity
synthesis was used. This first gel filtration step aliowed for the removal of unused crosslinker yielding a
purified thio-Fab or hinge-cys-Fab conjugated o the crosslinker. The conditions described above
typically resulied in at least 80% or greater of the desired product. Mo thio-Fab or hinge-cys-Fab
remained as free-thiol as all were conjugaled to either a crosslinker or bound by disulfide fo ancther thio-
Fab or hinge-cys-Fab through the unpaired cysteines. The isclated and purified thio-Fab (or hinge-cys-
Fab) plus crossiinker species was then added to the second thio-Fab (or hinge-cys-Fab) and
concentrated to 5 mg/mb or greater, generally to a volume suitable for gel filtration, as depicted in panel
4 of Fig. 39. A protein conceniration of at least 5 mg/mi. during this stage of the synthesis was important
o drive the reaction to completion. Lower protein concenirations resulted in formation of only small
quantities of crosslinked bis-Fab dimers. Without being bound by theory, it was hypothesized that a
steric effect or viscosity-related variable that hindered formation of cross-linked bis-Fab dimers was
overcome by increasing concentrations of reaclants. In addition, a range of prolein concentrations up to
and including 65 mg/mL was tesied. A correlation between protsin concentration and reaction time was
found such that the higher the protein concentration, the faster the reaction reached completion. Afier 2-
24 hours at room temperature or 37°C, the reaction was complete as determined by mass spectrometry.

Generally, one reagent was in excess and remained uncoupled in the final midure.
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Conjugation using DBCO-PEG-malemide/bromoacetamide-PEG-Azide

One of the purified and deblocked Fabs was reacted in 5 molar excess of DBCO-PEG-malemide
{#760676, Sigma) in 50 mM HEPES pH 8 while the other Fab was reacted with 5 molar excess of Azide-
PEG-maleimide #21097 BroadPharm) in 50 mM HEPES pH 8. After g one-hour incubation at 37°C, the
regction was checked by mass spectrometry {o verify completion of the reaction. The conjugated Fabs
were purified from the excess of crosslinker by SEC and subsequently mixed at a 1.1 ratio and adjusted
o a concentration above 5 mg/mi and incubated overnight at room temperature.

Regardless of the crosslinker used, the completed reaction was again purified by gel filtration;
this time the dimeric peak was collected, which contained the 100 kD bis-Fab irreversibly crosslinked
through the free cysieineg amino acid (in the case of thio-Fabs) or through the unpaired cysieine located
in the hinge region (in the case of unenginsered hinge-cys-Fabs). The reaction progress during both
steps was often monitored by mass specirometry which clearly showed the presence of both reactants
and the formation of the bis-Fab product. The purily of the desirsd product after the second gel filiration
was determined by mass specirometry and SDS-PAGE. Upon reduction and SDS-PAGE analysis,
irreversible crosslinking was ohserved by the presence of a 50-kD band representing non-reducible
crosslinked chains. Using the process described above at small scale, microgram vields with
microgram quantities of starting materials were typically achieved. In addition, al a larger scale,
milligram yields from milligram quantities of starting materials were typically achieved.

D. Synthesis of bis-Fabs targeting CD3 and FeRHE

Bispecific bis-Fabs obtained from two different antibodies that target CD3 and FcRHS were
generated. The anti-CD3 parent antibody used could be any anti-CD3 antibody, such as 38E4v.1,
38E4.v11, or 4035, In one embaodiment, the bis-Fab utilizes 38E4 v1 as the anti-CD3 component, with
a light chain sequence of SEQ 1D NO: 134 and a heavy chain sequence of SEQ 1D NO: 133, The anti-
FoRH5 antibody parent antibody used can also be any anti-FeRHS5, for example, those antibodies
described herein such as hu1G7.v85 and hui1G7.v87. Specifically, one exempilified bis-Fab includes a
variable light chain sequence of SEQ ID NG: 105 and a variable heavy chain sequence of SEQ ID
NO:104.

For each of these antibodies, recombinant thio-Fabs were produced in CHO celis as described
above. Then bis-Fabs were synthesized from the thio-Fabs in a combinatorial format using a synthesis
matrix, starting with approximately 2 mg of each thio-Fab. The different thio-Fabs were combined to
synthesize four unigue bis-Fab molecules. Approximately one mg of each bis-Fab was recovered from
the synthesis for the shown examples but vields were expected to vary depending on the different thio-
Fabs. Each of the his-Fabs was given a unigue identifier. The purity of each bis-Fab was analyzed by
SDS-PAGE and mass spectrometry using standard methods well known in the arl.

Using the maltrix recombination approach described above, a series of CD3- and FeRHb5-derived
bis-Fab structural variants was synthesized. Four different thic-atiachment poinis were chosen to
synthesize the bis-Fabs; one of the positions was in the heavy chain of the anti-CD3 thio-Fab arm (e.g.,
at position 76 (Cys76uc)), one position was in the light chain of the anti-CD3 thio-Fab arm {e.g., at
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position 22 (Cys22.c)), one of the positions was in the heavy chain of the anti-FoRHS thio-Fab arm (e.g.,
at position 114 (Cyst14duc)), and one position was in the light chain of the anti- FcRHS thio-Fab arm
{e.g., at position 148 (Cys148.c)}. Other positions can be ulilized for the inseriion of the required
cysieines. Fabs containing thic-attachment points were derived from three different sources; (1) thio-
mAbs with cysteine substitutions that were digested with Lysine-C {o liberate the thio-Fab from the
antibody, (2) thio-Fabs with cysteine substitutions that were directly expressed in and purified from CHO
ceils, and (3} hinge-cys-Fabs generated by the enzymatic method described above for the attachment of
a single crosslinker to the hinge region of a non-engineered antibody afier digestion with pepsin. This
approach resulted in different substitution points in thio-Fabs for recombination with other thio-Fabs,
thus yielding structural variants (see Table 15).

Table 15. Position of the engineered Cys in each Fab and corresponding bis-Fab numbers

FeRHE Fab {(1G7.v88)
HC A114C LG A149C Hinge Cys
HC S76C bis-Fab A bis-Fab C
D3 Fab (3884.v1) |-C N22C bis-Fab B bis-Fab D
Hinge Cys F{abh, A

£, Biological Activity of FCRHS Bis-Fabs

Next, each of the bis-Fab structural variants was iested for their binding abilily to each of the
antigens (i.e., CD3 and FcRHS) by ELISA. The bis-Fab generated by linking the Cys in the hinge region
resemiied the architeciurg of a natural antibody and served as a control. While all bis-Fab construcis
had similar binding capability to FCRHS (Fig. 40A), most of the bis-Fabs showed reduced binding {o CD3
compared io the reference bis-Fab (Fig. 40B). The biclogical aclivity was evaluated in an in vifro T cell
activation assay that served as a surrogate for T cell killing activity (Fig. 41). This assay used a Jurkat
cell tine (Jurkat-Dual, Invivogen) stably transfected with a luciferase reporter under the controt of the
transcription factor NF-kB, and the advantage of using this assay over a T cell killing assay was that the
number of celis could be ulilized was unlimited. In PBMC cell killing assays, the number of tests was
limited by the number of cells that could be obtained from a single donor. The assay was carried out as
follows. An appropriate cell line, such as MOLP-2, was chosen as the target cell and co-cultured with
Jurkat cells. 10,000 cell Hine target cells and 50,000 effecior cells (Jurkat) were added per weil (10,000
target cells per well, 200 pl total volume, with ratic of target.effector = 1:8), with or without the presence
of bis-Fabs, After overnight incubation, 10 yl of the supernatant of the different wells was assayed for
Luciferase aclivity using 50 yl. of QUANTI-LUC (nvivogen), and luminescence was quantified in an
Envision {(Perkin Elmer) luminometer instrument.

interestingly, atthough the HVR sequences of each bis-Fab variant generated for the anti-CD3
or the anti-FoRHS were not aliered in the generation of the bis-Fabs themselves, the maximum amount
of T-cell stimulation observed for each bis-Fab showed variance, one bis-Fab from another, simply
based upon the position of the cysieine engineered cross-linkage. Without being bound by theory, this

may have implications for how ioxicily and/or potency of a bis-Fab may be modulated to suil a particular
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therapeutic or diagnostic need. Another observation was that some bis-Fabs (e.g., bis-Fab C) had a
significantly reduced affinity towards CD3, yet had a T cell activating activity comparable {o that of the
reference F(ab): A (Figs. 408 and 41, Table 15).

F. Biological Activity of FCRHS Bis-Fabs using Endogenous Human B Cells

Each bis-Fab variant was tested for its biclogical efficacy in a T cell dependent bis-Fab killing
assay for peripheral endogenous B cell killing, as follows: 200,000 hPBMCs isolated from each of three
healthy donors were added per well with or without bis-Fabs. After a 48-hr incubation, cells were
stained with an appropriate cell surface antigen of the target cell line (B cells = CD20) (5 uliwell) and
propidium iodide for cell viability assessment and then analyzed by FACS, The bis-Fab-dependent
killing activities were caiculated acecording to the following equation: % killing = (1~ number of live cells
with bis-Fabs/number of live cells without bis-Fabs) x 100. As a positive control, an F(ab’), was used
which was derived from a “knob into hole” FCRHS TDB antibody wherein the anti-CD3 and anti-FeRHS
arms of each Fab had the same sequence as those used for the bis-Fabs tesied (except without the
cysteine-engineered point mutations) (see e.g., Ridgway et al. Profein Eng., 9:617-621, 18886).
Generally, resulis demonstrated reproducibility, despite using different donor cells.

The amounis of FCRHS bis-Fabs tesied herein required for half-maximal lysis of the peripheral
endogenous human B cells, or EC50 potency value expressed in ng/mil, was calculated for each bis-Fab
tested above. Cverall, it was expected that trends in potency for each bis-Fab tested in the endogenous
human B cell assay would track resulis determined in the ELISA gssay described above (Figs. 40A-408),
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CLAIMS

What is claimed is:

1. An anti-Fc Receptor-like 5 (FCcRH5) antibody, wherein the anti-FcRH5 antibody comprises:
(i) a binding domain comprising the following six HVRs:

a) an HVR-H1 comprising the amino acid sequence of SEQ ID NO: 1;

b) an HVR-H2 comprising the amino acid sequence of SEQ ID NO: 8;

c) an HVR-H3 comprising the amino acid sequence of SEQ ID NO: 9;

d) an HVR-L1 comprising the amino acid sequence of SEQ ID NO: 12;

e) an HVR-L2 comprising the amino acid sequence of SEQ ID NO: 16; and

f) an HVR-L3 comprising the amino acid sequence of SEQ ID NO: 23;

~ o~ o~ o~ o~ o~

(i) a binding domain comprising the following six HVRs:
(a) an HVR-H1 comprising the amino acid sequence of SEQ ID NO: 1;
(b) an HVR-H2 comprising the amino acid sequence of SEQ ID NO: 8;
(c) an HVR-H3 comprising the amino acid sequence of SEQ ID NO: 10;
(d) an HVR-L1 comprising the amino acid sequence of SEQ ID NO: 14;
(e) an HVR-L2 comprising the amino acid sequence of SEQ ID NO: 16; and
(f) an HVR-L3 comprising the amino acid sequence of SEQ ID NO: 23;
(iii) a binding domain comprising the following six HVRs:
(a) an HVR-H1 comprising the amino acid sequence of SEQ ID NO: 1;
(b) an HVR-H2 comprising the amino acid sequence of SEQ ID NO: 7;
(c) an HVR-H3 comprising the amino acid sequence of SEQ ID NO: 9;
(d) an HVR-L1 comprising the amino acid sequence of SEQ ID NO: 12;
(e) an HVR-L2 comprising the amino acid sequence of SEQ ID NO: 16; and
(f) an HVR-L3 comprising the amino acid sequence of SEQ ID NO: 21;
(iv) a binding domain comprising the following six HVRs:
(a) an HVR-H1 comprising the amino acid sequence of SEQ ID NO: 1;
(b) an HVR-H2 comprising the amino acid sequence of SEQ ID NO: 7;
(c) an HVR-H3 comprising the amino acid sequence of SEQ ID NO: 9;
(d)
(e) an HVR-L2 comprising the amino acid sequence of SEQ ID NO: 17; and
(f) an HVR-L3 comprising the amino acid sequence of SEQ ID NO: 22;

an HVR-L1 comprising the amino acid sequence of SEQ ID NO: 12;

(v) a binding domain comprising the following six HVRs:
(a) an HVR-H1 comprising the amino acid sequence of SEQ ID NO: 1;
(b) an HVR-H2 comprising the amino acid sequence of SEQ ID NO: 7;
(c) an HVR-H3 comprising the amino acid sequence of SEQ ID NO: 9;
(d) an HVR-L1 comprising the amino acid sequence of SEQ ID NO: 13;
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(e) an HVR-L2 comprising the amino acid sequence of SEQ ID NO: 16; and
(f) an HVR-L3 comprising the amino acid sequence of SEQ ID NO: 21;

(vi) a binding domain comprising the following six HVRs:

a) an HVR-H1 comprising the amino acid sequence of SEQ ID NO: 1;

b) an HVR-H2 comprising the amino acid sequence of SEQ ID NO: 7;

d) an HVR-L1 comprising the amino acid sequence of SEQ ID NO: 12;

)
¢) an HVR-H3 comprising the amino acid sequence of SEQ ID NO: 9;
)
e) an HVR-L2 comprising the amino acid sequence of SEQ ID NO: 16; and

(
(
(
(
(
(f) an HVR-L3 comprising the amino acid sequence of SEQ ID NO: 23;
(vii) a binding domain comprising the following six HVRs:
(a) an HVR-H1 comprising the amino acid sequence of SEQ ID NO: 1;
(b) an HVR-H2 comprising the amino acid sequence of SEQ ID NO: 7;
(c) an HVR-H3 comprising the amino acid sequence of SEQ ID NO: 9;
(d) an HVR-L1 comprising the amino acid sequence of SEQ ID NO: 11;
(e) an HVR-L2 comprising the amino acid sequence of SEQ ID NO: 18; and
(f) an HVR-L3 comprising the amino acid sequence of SEQ ID NO: 22; or
(viii) a binding domain comprising the following six HVRs:
a) an HVR-H1 comprising the amino acid sequence of SEQ ID NO: 1;
b) an HVR-H2 comprising the amino acid sequence of SEQ ID NO: 7;
¢) an HVR-H3 comprising the amino acid sequence of SEQ ID NO: 9;
d) an HVR-L1 comprising the amino acid sequence of SEQ ID NO: 12;
e) an HVR-L2 comprising the amino acid sequence of SEQ ID NO: 18; and

o~ o~ o~ o~ o~ —~

f) an HVR-L3 comprising the amino acid sequence of SEQ ID NO: 25.

2. The anti-FcRH5 antibody of claim 1(i), wherein the binding domain comprises (a) a heavy chain
variable (VH) domain comprising an amino acid sequence having at least 95% sequence identity to
the amino acid sequence of SEQ ID NO: 104; (b) a light chain variable (VL) domain comprising an
amino acid sequence having at least 95% sequence identity to the amino acid sequence of SEQ ID
NO: 105; or (c) a VH domain as in (a) and a VL domain as in (b); wherein optionally the antibody
further comprises the following heavy chain variable region framework regions (FRs):

(a) an FR-H1 comprising the amino acid sequence of SEQ ID NO: 52;

(b) an FR-H2 comprising the amino acid sequence of SEQ ID NO: 54;

(c) an FR-H3 comprising the amino acid sequence of SEQ ID NO: 46; and

(d) an FR-H4 comprising the amino acid sequence of SEQ ID NO: 47, wherein optionally the VH
domain comprises the amino acid sequence of SEQ ID NO: 104; and wherein optionally the antibody
further comprises the following light chain variable region FRs:

(a) an FR-L1 comprising the amino acid sequence of SEQ ID NO: 48;
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(b) an FR-L2 comprising the amino acid sequence of SEQ ID NO: 57;

(c) an FR-L3 comprising the amino acid sequence of SEQ ID NO: 50; and

(d) an FR-L4 comprising the amino acid sequence of SEQ ID NO: 51, wherein optionally the VL
domain comprises the amino acid sequence of SEQ ID NO: 105.

3. An anti-FcRH5 antibody, wherein the anti-FcRH5 antibody comprises a binding domain comprising
(a) a VH domain comprising an amino acid sequence of SEQ ID NO: 104 and (b) a VL domain

comprising an amino acid sequence of SEQ ID NO: 105.

4. The anti-FcRH5 antibody of claim 1(ii), wherein the binding domain comprises (a) a VH domain
comprising an amino acid sequence having at least 95% sequence identity to the amino acid
sequence of SEQ ID NO: 106; (b) a VL domain comprising an amino acid sequence having at least
95% sequence identity to the amino acid sequence of SEQ ID NO: 107; or (c) a VH domain as in (a)
and a VL domain as in (b); wherein optionally the antibody further comprises the following heavy
chain variable region FRs:

(a) an FR-H1 comprising the amino acid sequence of SEQ ID NO: 53;

(b) an FR-H2 comprising the amino acid sequence of SEQ ID NO: 54;

(c) an FR-H3 comprising the amino acid sequence of SEQ ID NO: 46; and

(d) an FR-H4 comprising the amino acid sequence of SEQ ID NO: 47, wherein optionally the VH
domain comprises the amino acid sequence of SEQ ID NO: 106; and wherein optionally the antibody
further comprises the following light chain variable region FRs:

(a) an FR-L1 comprising the amino acid sequence of SEQ ID NO: 48;

(b) an FR-L2 comprising the amino acid sequence of SEQ ID NO: 57;

(c) an FR-L3 comprising the amino acid sequence of SEQ ID NO: 50; and

(d) an FR-L4 comprising the amino acid sequence of SEQ ID NO: 51, wherein optionally the VL
domain comprises the amino acid sequence of SEQ ID NO: 107.

5. An anti-FcRH5 antibody, wherein the anti-FcRH5 antibody comprises a binding domain comprising
(a) a VH domain comprising an amino acid sequence of SEQ ID NO: 106 and (b) a VL domain
comprising an amino acid sequence of SEQ ID NO: 107.

6. The anti-FcRH5 antibody of claim 1(iii), wherein the binding domain comprises (a) a VH domain
comprising an amino acid sequence having at least 95% sequence identity to the amino acid
sequence of SEQ ID NO: 84; (b) a VL domain comprising an amino acid sequence having at least
95% sequence identity to the amino acid sequence of SEQ ID NO: 85; or (c) a VH domain as in (a)
and a VL domain as in (b); wherein optionally the antibody further comprises the following heavy
chain variable region FRs:
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(a) an FR-H1 comprising the amino acid sequence of SEQ ID NO: 52;

(b) an FR-H2 comprising the amino acid sequence of SEQ ID NO: 54;

(c) an FR-H3 comprising the amino acid sequence of SEQ ID NO: 46; and

(d) an FR-H4 comprising the amino acid sequence of SEQ ID NO: 47, wherein optionally VH
domain comprises the amino acid sequence of SEQ ID NO: 84; and wherein optionally the antibody
further comprises the following light chain variable region FRs:

(a) an FR-L1 comprising the amino acid sequence of SEQ ID NO: 48;

(b) an FR-L2 comprising the amino acid sequence of SEQ ID NO: 57;

(c) an FR-L3 comprising the amino acid sequence of SEQ ID NO: 50; and

(d) an FR-L4 comprising the amino acid sequence of SEQ ID NO: 51, wherein optionally the VL
domain comprises the amino acid sequence of SEQ ID NO: 85.

7. An anti-FcRH5 antibody, wherein the anti-FCRHS antibody comprises a binding domain comprising
(a) a VH domain comprising an amino acid sequence of SEQ ID NO: 84 and (b) a VL domain

comprising an amino acid sequence of SEQ ID NO: 85.

8. The anti-FcRH5 antibody of claim 1(iv), wherein the binding domain comprises (a) a VH domain
comprising an amino acid sequence having at least 95% sequence identity to the amino acid
sequence of SEQ ID NO: 86; (b) a VL domain comprising an amino acid sequence having at least
95% sequence identity to the amino acid sequence of SEQ ID NO: 87; or (c) a VH domain as in (a)
and a VL domain as in (b); wherein optionally the antibody further comprises the following heavy
chain variable region FRs:

(a) an FR-H1 comprising the amino acid sequence of SEQ ID NO: 52;

(b) an FR-H2 comprising the amino acid sequence of SEQ ID NO: 54;

(c) an FR-H3 comprising the amino acid sequence of SEQ ID NO: 46; and

(d) an FR-H4 comprising the amino acid sequence of SEQ ID NO: 47, wherein optionally the VH
domain comprises the amino acid sequence of SEQ ID NO: 86; and wherein optionally the antibody
further comprises the following light chain variable region FRs:

(a) an FR-L1 comprising the amino acid sequence of SEQ ID NO: 48;

(b) an FR-L2 comprising the amino acid sequence of SEQ ID NO: 57;

(c) an FR-L3 comprising the amino acid sequence of SEQ ID NO: 50; and

(d) an FR-L4 comprising the amino acid sequence of SEQ ID NO: 51, wherein optionally the VL
domain comprises the amino acid sequence of SEQ ID NO: 87.

9. An anti-FcRH5 antibody, wherein the anti-FcRH5 antibody comprises a binding domain comprising

(a) a VH domain comprising an amino acid sequence of SEQ ID NO: 86 and (b) a VL domain
comprising an amino acid sequence of SEQ ID NO: 87.
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10. The anti-FcRH5 antibody of claim 1(v), wherein the binding domain comprises (a) a VH domain
comprising an amino acid sequence having at least 95% sequence identity to the amino acid
sequence of SEQ ID NO: 88; (b) a VL domain comprising an amino acid sequence having at least
95% sequence identity to the amino acid sequence of SEQ ID NO: 89; or (c) a VH domain as in (a)
and a VL domain as in (b); wherein optionally the antibody further comprises the following heavy
chain variable region FRs:

(a) an FR-H1 comprising the amino acid sequence of SEQ ID NO: 52;

(b) an FR-H2 comprising the amino acid sequence of SEQ ID NO: 54;

(c) an FR-H3 comprising the amino acid sequence of SEQ ID NO: 46; and

(d) an FR-H4 comprising the amino acid sequence of SEQ ID NO: 47, wherein optionally the VH
domain comprises the amino acid sequence of SEQ ID NO: 88; and wherein optionally the antibody
further comprises the following light chain variable region FRs:

(a) an FR-L1 comprising the amino acid sequence of SEQ ID NO: 48;

(b) an FR-L2 comprising the amino acid sequence of SEQ ID NO: 57;

(c) an FR-L3 comprising the amino acid sequence of SEQ ID NO: 50; and

(d) an FR-L4 comprising the amino acid sequence of SEQ ID NO: 51, wherein optionally the VL
domain comprises the amino acid sequence of SEQ ID NO: 89.

11. An anti-FcRH5 antibody, wherein the anti-FCRH5 antibody comprises a binding domain
comprising (a) a VH domain comprising an amino acid sequence of SEQ ID NO: 88 and (b) a VL

domain comprising an amino acid sequence of SEQ ID NO: 89.

12. The anti-FcRH5 antibody of claim 1(vi), wherein the binding domain comprises (a) a VH domain
comprising an amino acid sequence having at least 95% sequence identity to the amino acid
sequence of SEQ ID NO: 90; (b) a VL domain comprising an amino acid sequence having at least
95% sequence identity to the amino acid sequence of SEQ ID NO: 91; or (c) a VH domain as in (a)
and a VL domain as in (b); wherein optionally the antibody further comprises the following heavy
chain variable region FRs:

(a) an FR-H1 comprising the amino acid sequence of SEQ ID NO: 52;

(b) an FR-H2 comprising the amino acid sequence of SEQ ID NO: 54;

(c) an FR-H3 comprising the amino acid sequence of SEQ ID NO: 46; and

(d) an FR-H4 comprising the amino acid sequence of SEQ ID NO: 47, wherein optionally the VH
domain comprises the amino acid sequence of SEQ ID NO: 90; and wherein optionally the antibody
further comprises the following light chain variable region FRs:

(a) an FR-L1 comprising the amino acid sequence of SEQ ID NO: 48;

(b) an FR-L2 comprising the amino acid sequence of SEQ ID NO: 57;
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(c) an FR-L3 comprising the amino acid sequence of SEQ ID NO: 50; and
(d) an FR-L4 comprising the amino acid sequence of SEQ ID NO: 51, wherein optionally the VL
domain comprises the amino acid sequence of SEQ ID NO: 91.

13. An anti-FcRH5 antibody, wherein the anti-FCRH5 antibody comprises a binding domain
comprising (a) a VH domain comprising an amino acid sequence of SEQ ID NO: 90 and (b) a VL
domain comprising an amino acid sequence of SEQ ID NO: 91.

14. The anti-FcRH5 antibody of claim 1(vii), wherein the binding domain comprises (a) a VH domain
comprising an amino acid sequence having at least 95% sequence identity to the amino acid
sequence of SEQ ID NO: 92; (b) a VL domain comprising an amino acid sequence having at least
95% sequence identity to the amino acid sequence of SEQ ID NO: 93; or (c) a VH domain as in (a)
and a VL domain as in (b); wherein optionally the antibody further comprises the following heavy
chain variable region FRs:

(a) an FR-H1 comprising the amino acid sequence of SEQ ID NO: 52;

(b) an FR-H2 comprising the amino acid sequence of SEQ ID NO: 54;

(c) an FR-H3 comprising the amino acid sequence of SEQ ID NO: 46; and

(d) an FR-H4 comprising the amino acid sequence of SEQ ID NO: 47, wherein optionally the VH
domain comprises the amino acid sequence of SEQ ID NO: 92; and wherein optionally the antibody
further comprises the following light chain variable region FRs:

(a) an FR-L1 comprising the amino acid sequence of SEQ ID NO: 48;

(b) an FR-L2 comprising the amino acid sequence of SEQ ID NO: 56;

(c) an FR-L3 comprising the amino acid sequence of SEQ ID NO: 50; and

(d) an FR-L4 comprising the amino acid sequence of SEQ ID NO: 51, wherein optionally the VL
domain comprises the amino acid sequence of SEQ ID NO: 93.

15. An anti-FcRH5 antibody, wherein the anti-FCRH5 antibody comprises a binding domain
comprising (a) a VH domain comprising an amino acid sequence of SEQ ID NO: 92 and (b) a VL
domain comprising an amino acid sequence of SEQ ID NO: 93.

16. The anti-FcRH5 antibody of claim 1(viii), wherein the binding domain comprises (a) a VH domain
comprising an amino acid sequence having at least 95% sequence identity to the amino acid
sequence of SEQ ID NO: 96; (b) a VL domain comprising an amino acid sequence having at least
95% sequence identity to the amino acid sequence of SEQ ID NO: 97; or (c) a VH domain as in (a)
and a VL domain as in (b); wherein optionally the antibody further comprises the following heavy
chain variable region FRs:

(a) an FR-H1 comprising the amino acid sequence of SEQ ID NO: 53;
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(b) an FR-H2 comprising the amino acid sequence of SEQ ID NO: 54;

(c) an FR-H3 comprising the amino acid sequence of SEQ ID NO: 46; and

(d) an FR-H4 comprising the amino acid sequence of SEQ ID NO: 47, wherein optionally the VH
domain comprises the amino acid sequence of SEQ ID NO: 96; and wherein optionally the antibody
further comprises the following light chain variable region FRs:

(a) an FR-L1 comprising the amino acid sequence of SEQ ID NO: 48;

(b) an FR-L2 comprising the amino acid sequence of SEQ ID NO: 57;

(c) an FR-L3 comprising the amino acid sequence of SEQ ID NO: 50; and

(d) an FR-L4 comprising the amino acid sequence of SEQ ID NO: 51, wherein optionally the VL

domain comprises the amino acid sequence of SEQ ID NO: 97.

17. An anti-FcRH5 antibody, wherein the anti-FCRH5 antibody comprises a binding domain
comprising (a) a VH domain comprising an amino acid sequence of SEQ ID NO: 96 and (b) a VL

domain comprising an amino acid sequence of SEQ ID NO: 97.

18. The anti-FcRH5 antibody of claim 1(viii), wherein the binding domain comprises (a) a VH domain
comprising an amino acid sequence having at least 95% sequence identity to the amino acid
sequence of SEQ ID NO: 98; (b) a VL domain comprising an amino acid sequence having at least
95% sequence identity to the amino acid sequence of SEQ ID NO: 99; or (c) a VH domain as in (a)
and a VL domain as in (b); wherein optionally the antibody further comprises the following heavy
chain variable region FRs:

(a) an FR-H1 comprising the amino acid sequence of SEQ ID NO: 52;

(b) an FR-H2 comprising the amino acid sequence of SEQ ID NO: 55;

(c) an FR-H3 comprising the amino acid sequence of SEQ ID NO: 46; and

(d) an FR-H4 comprising the amino acid sequence of SEQ ID NO: 47, wherein optionally the VH
domain comprises the amino acid sequence of SEQ ID NO: 98; and wherein optionally the antibody
further comprises the following light chain variable region FRs:

(a) an FR-L1 comprising the amino acid sequence of SEQ ID NO: 48;

(b) an FR-L2 comprising the amino acid sequence of SEQ ID NO: 57;

(c) an FR-L3 comprising the amino acid sequence of SEQ ID NO: 50; and

(d) an FR-L4 comprising the amino acid sequence of SEQ ID NO: 51, wherein optionally the VL
domain comprises the amino acid sequence of SEQ ID NO: 99.

19. An anti-FcRH5 antibody, wherein the anti-FCRH5 antibody comprises a binding domain

comprising (a) a VH domain comprising an amino acid sequence of SEQ ID NO: 98 and (b) a VL
domain comprising an amino acid sequence of SEQ ID NO: 99.
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20. The anti-FcRH5 antibody of claim 1(viii), wherein the binding domain comprises (a) a VH domain
comprising an amino acid sequence having at least 95% sequence identity to the amino acid
sequence of SEQ ID NO: 100; (b) a VL domain comprising an amino acid sequence having at least
95% sequence identity to the amino acid sequence of SEQ ID NO: 101; or (¢) a VH domain as in (a)
and a VL domain as in (b); wherein optionally the antibody further comprises the following heavy
chain variable region FRs:

(a) an FR-H1 comprising the amino acid sequence of SEQ ID NO: 52;

(b) an FR-H2 comprising the amino acid sequence of SEQ ID NO: 54;

(c) an FR-H3 comprising the amino acid sequence of SEQ ID NO: 46; and

(d) an FR-H4 comprising the amino acid sequence of SEQ ID NO: 47, wherein optionally the VH
domain comprises the amino acid sequence of SEQ ID NO: 100; and wherein optionally the antibody
further comprises the following light chain variable region FRs:

(a) an FR-L1 comprising the amino acid sequence of SEQ ID NO: 48;

(b) an FR-L2 comprising the amino acid sequence of SEQ ID NO: 57;

(c) an FR-L3 comprising the amino acid sequence of SEQ ID NO: 50; and

(d) an FR-L4 comprising the amino acid sequence of SEQ ID NO: 51, wherein optionally the VL

domain comprises the amino acid sequence of SEQ ID NO: 101.

21. An anti-FcRH5 antibody, wherein the anti-FcRH5 antibody comprises a binding domain
comprising (a) a VH domain comprising an amino acid sequence of SEQ ID NO: 100 and (b) a VL

domain comprising an amino acid sequence of SEQ ID NO: 101.

22. The anti-FcRH5 antibody of any one of claims 1-21, wherein the anti-FcRH5 antibody binds to an
epitope in the Ig-like domain 9 of FcRH5; wherein optionally the epitope comprises a portion of amino
acids 745-850 of SEQ ID NO: 114.

23. The anti-FcRH5 antibody of claim 22, wherein the binding domain binds to human FcRH5 or
cynomolgus monkey (cyno) FcRH5 or both; wherein optionally the binding domain does not
specifically bind to FcRH1, FcRH2, FcRH3, and/or FcRH4.

24. The anti-FcRH5 antibody of claim 23, wherein the anti-FcRH5 antibody binds human FcRH5 with
a Kp of about 100 nM or lower; wherein optionally the anti-FcRH5 antibody binds human FcRH5 with
a Kb of between about 10 pM and about 100 nM; wherein optionally the anti-FCRH5 antibody binds
human FcRH5 with a Ko of between about 100 pM and about 100 nM; wherein optionally the anti-
FcRH5 antibody binds human FcRH5 with a Kp of between about 1 nM and about 20 nM; and
wherein optionally the anti-FcRH5 antibody binds human FcRH5 with a Ko of between about 1 nM
and about 10 nM.
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25. The anti-FcRH5 antibody of claim 24, wherein the anti-FCRH5 antibody binds cyno FCRH5 with a
Kb of about 100 nM or lower; wherein optionally the anti-FcRH5 antibody binds cyno FcRH5 with a Ko
of between about 10 pM and about 100 nM; wherein optionally the anti-FcRH5 antibody binds cyno
FcRH5 with a Kb of between about 100 pM and about 100 nM; and wherein optionally the anti-FcCRH5
antibody binds cyno FcRHS5 with a Ko of between about 1 nM and about 50 nM.

26. The anti-FcRH5 antibody of any one of claims 1-25, wherein the anti-FcRH5 antibody comprises

a substitution mutation.

27. The anti-FcRH5 antibody of claim 26, wherein the substitution mutation reduces effector function
of the anti-FcRH5 antibody.

28. The anti-FcRH5 antibody of claim 26 or 27, wherein the substitution mutation is at amino acid
residue N297, L234, L235, D265, and/or P329 (EU numbering); wherein optionally the substitution
mutation is selected from the group consisting of N297G, N297A, L234A, L235A, D265A, and P329G;

and wherein optionally the substitution mutation is an N297G mutation.

29. The anti-FcRH5 antibody of any one of claims 1-28, wherein the anti-FcRH5 antibody is a
monoclonal, human, humanized, or chimeric antibody; wherein optionally the anti-FCRH5 antibody is
an IgG antibody.

30. The anti-FcRH5 antibody of any one of claims 1-29, wherein the anti-FCRH5 antibody is an
antibody fragment that binds FcRH5; wherein optionally the antibody fragment is selected from the
group consisting of bis-Fab, Fab, Fab’-SH, Fv, scFv, and (Fab’)2 fragments; and wherein optionally
the antibody fragment is a bis-Fab fragment.

31. The anti-FcRH5 antibody of any one of claims 1-29, wherein the anti-FcRH5 antibody is a full-
length antibody.

32. The anti-FcRH5 antibody of any one of claims 1-31, wherein the anti-FcRH5 antibody is (a) a
monospecific antibody; or (b) a multispecific antibody.

33. The anti-FcRH5 antibody of claim 32(b), wherein the multispecific antibody is a bispecific
antibody.
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34. The anti-FcRH5 antibody of claim 33, wherein the bispecific antibody comprises a second binding

domain that binds cluster of differentiation 3 (CD3).

35. The anti-FcRH5 antibody of claim 34, wherein the second binding domain binds to an epitope on

CD83 comprising amino acid residue Glu6 of CD3.

36. The anti-FcRH5 antibody of claim 35, wherein the epitope further comprises one or more
additional amino acid residues selected from the group consisting of Gin1, Asp2, and Met7 of CDS3.

37. The anti-FcRH5 antibody of claim 35 or 36, wherein the epitope comprises amino acid residues
Gin1, Asp2, and Glu6 of CD3; wherein optionally the epitope comprises amino acid residues Ginf,
Asp2, Glu6, and Met7 of CD3; wherein optionally the epitope does not comprise amino acid residue
Glu5 of CD3; wherein optionally the epitope does not comprise amino acid residues Gly3 and Glu5 of
CD83; and wherein optionally the epitope consists of amino acid residues Gin1, Asp2, Glu6, and Met7
of CD3.

38. The anti-FcRH5 antibody of any one of claims 35-37, wherein the second binding domain is
capable of binding to a human CDS3 polypeptide or a cyno CD3 polypeptide; wherein optionally the
human CD3 polypeptide or the cyno CD3 polypeptide is a human CD3¢ polypeptide or a cyno CD3¢
polypeptide, respectively; or a human CD3y polypeptide or a cyno CD3y polypeptide, respectively.

39. The anti-FcRH5 antibody of any one of claims 34-38, wherein the second binding domain binds
the human CD3e polypeptide with a Ko of about 100 nM or lower; wherein optionally the second
binding domain binds the human CD3e¢ polypeptide with a Kp of between about 10 pM to about 100
nM; wherein optionally wherein the second binding domain binds the human CD3e polypeptide with a
Kb of between about 100 pM to about 50 nM; and wherein optionally wherein the second binding

domain binds the human CD3¢ polypeptide with a Ko of between about 1 nM to about 10 nM.

40. The anti-FcRH5 antibody of any one of claims 34-39, wherein the second binding domain
comprises the following six HVRs:

(a) an HVR-H1 comprising the amino acid sequence of SEQ ID NO: 115;
(b) an HVR-H2 comprising the amino acid sequence of SEQ ID NO: 116;
(c) an HVR-H3 comprising the amino acid sequence of SEQ ID NO: 117;
(d) an HVR-L1 comprising the amino acid sequence of SEQ ID NO: 118;
(e) an HVR-L2 comprising the amino acid sequence of SEQ ID NO: 119; and
(f) an HVR-L3 comprising the amino acid sequence of SEQ ID NO: 120.
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41. The anti-FcRH5 antibody of claim 40, wherein the second binding domain comprises the following
six HVRs:
(a) an HVR-H1 comprising the amino acid sequence of SEQ ID NO: 115;
b) an HVR-H2 comprising the amino acid sequence of SEQ ID NO: 116;
¢) an HVR-H3 comprising the amino acid sequence of SEQ ID NO: 121;
)
e) an HVR-L2 comprising the amino acid sequence of SEQ ID NO: 119; and

(
(
(d) an HVR-L1 comprising the amino acid sequence of SEQ ID NO: 118;
(
(

f) an HVR-L3 comprising the amino acid sequence of SEQ ID NO: 123; wherein optionally

the second binding domain comprises (a) a VH domain comprising an amino acid sequence
having at least 95% sequence identity to the amino acid sequence of SEQ ID NO: 133; (b) a VL
domain comprising an amino acid sequence having at least 95% sequence identity to the amino
acid sequence of SEQ ID NO: 134; or (c) a VH domain as in (a) and a VL domain as in (b).

42. The anti-FcRH5 antibody of claim 41, wherein the second binding domain comprises the following
heavy chain variable region FRs:
(a) an FR-H1 comprising the amino acid sequence of SEQ ID NO: 125;
(b)
(c) an FR-H3 comprising the amino acid sequence of SEQ ID NO: 127; and
(d) an FR-H4 comprising the amino acid sequence of SEQ ID NO: 128; wherein optionally the

an FR-H2 comprising the amino acid sequence of SEQ ID NO: 126;

second binding domain comprises a VH domain comprising the amino acid sequence of SEQ ID NO:
133.

43. The anti-FcRH5 antibody of claim 41 or 42, wherein the second binding domain further comprises
the following light chain variable region FRs:

(a) an FR-L1 comprising the amino acid sequence of SEQ ID NO: 129;

(b) an FR-L2 comprising the amino acid sequence of SEQ ID NO: 130;

(c) an FR-L3 comprising the amino acid sequence of SEQ ID NO: 131; and

(d) an FR-L4 comprising the amino acid sequence of SEQ ID NO: 132; wherein optionally the
second binding domain comprises a VL domain comprising the amino acid sequence of SEQ ID NO:
134.

44. The anti-FcRH5 antibody of any one of claims 41-43, wherein the second binding domain
comprises (a) a VH domain comprising an amino acid sequence of SEQ ID NO: 133 and (b) a VL

domain comprising an amino acid sequence of SEQ ID NO: 134.

45. The anti-FcRH5 antibody of claim 40, wherein the second binding domain comprises the following
six HVRs:
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(a) an HVR-H1 comprising the amino acid sequence of SEQ ID NO: 115;

(b) an HVR-H2 comprising the amino acid sequence of SEQ ID NO: 116;

(c) an HVR-H3 comprising the amino acid sequence of SEQ ID NO: 121;

(d) an HVR-L1 comprising the amino acid sequence of SEQ ID NO: 118;

(e) an HVR-L2 comprising the amino acid sequence of SEQ ID NO: 119; and

(f) an HVR-L3 comprising the amino acid sequence of SEQ ID NO: 124; wherein optionally the
second binding domain comprises (a) a VH domain comprising an amino acid sequence having at least
95% sequence identity to the amino acid sequence of SEQ ID NO: 137; (b) a VL domain comprising an
amino acid sequence having at least 95% sequence identity to the amino acid sequence of SEQ ID NO:

138; or (c) a VH domain as in (a) and a VL domain as in (b).

46. The anti-FcRH5 antibody of claim 45, wherein the second binding domain comprises the following
heavy chain variable region FRs:
(a) an FR-H1 comprising the amino acid sequence of SEQ ID NO: 125;
(b)
(c) an FR-H3 comprising the amino acid sequence of SEQ ID NO: 127; and
(d) an FR-H4 comprising the amino acid sequence of SEQ ID NO: 128; wherein optionally the

an FR-H2 comprising the amino acid sequence of SEQ ID NO: 126;

second binding domain comprises a VH domain comprising the amino acid sequence of SEQ ID NO:
137.

47. The anti-FcRH5 antibody of claim 45 or 46, wherein the second binding domain further comprises
the following light chain variable region FRs:

(a) an FR-L1 comprising the amino acid sequence of SEQ ID NO: 129;

(b) an FR-L2 comprising the amino acid sequence of SEQ ID NO: 130;

(c) an FR-L3 comprising the amino acid sequence of SEQ ID NO: 131; and

(d) an FR-L4 comprising the amino acid sequence of SEQ ID NO: 132; wherein optionally the
second binding domain comprises a VL domain comprising the amino acid sequence of SEQ ID NO:
138.

48. The anti-FcRH5 antibody of any one of claims 45-47, wherein the second binding domain
comprises (a) a VH domain comprising an amino acid sequence of SEQ ID NO: 137 and (b) a VL

domain comprising an amino acid sequence of SEQ ID NO: 138.

49. The anti-FcRH5 antibody of any one of claims 34-39, wherein the second binding domain
comprises the following six HVRs:

(a) an HVR-H1 comprising the amino acid sequence of SEQ ID NO: 139;

(b) an HVR-H2 comprising the amino acid sequence of SEQ ID NO: 140;
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(c) an HVR-H3 comprising the amino acid sequence of SEQ ID NO: 141;

(d) an HVR-L1 comprising the amino acid sequence of SEQ ID NO: 142;

(e) an HVR-L2 comprising the amino acid sequence of SEQ ID NO: 143; and

(f) an HVR-L3 comprising the amino acid sequence of SEQ ID NO: 144; wherein optionally the
second binding domain comprises (a) a VH domain comprising an amino acid sequence having at least
95% sequence identity to the amino acid sequence of SEQ ID NO: 153; (b) a VL domain comprising an
amino acid sequence having at least 95% sequence identity to the amino acid sequence of SEQ ID NO:

154; or (¢) a VH domain as in (a) and a VL domain as in (b).

50. The anti-FcRH5 antibody of claim 49, wherein the second binding domain comprises the following
heavy chain variable region FRs:

(a) an FR-H1 comprising the amino acid sequence of SEQ ID NO: 145;

(b) an FR-H2 comprising the amino acid sequence of SEQ ID NO: 146;

(c) an FR-H3 comprising the amino acid sequence of SEQ ID NO: 147; and

(d) an FR-H4 comprising the amino acid sequence of SEQ ID NO: 148; wherein optionally the
second binding domain comprises a VH domain comprising the amino acid sequence of SEQ ID NO:
153.

51. The anti-FcRH5 antibody of claim 49 or 50, wherein the second binding domain further comprises
the following light chain variable region FRs:

(a) an FR-L1 comprising the amino acid sequence of SEQ ID NO: 149;

(b) an FR-L2 comprising the amino acid sequence of SEQ ID NO: 150;

(c) an FR-L3 comprising the amino acid sequence of SEQ ID NO: 151; and

(d) an FR-L4 comprising the amino acid sequence of SEQ ID NO: 152; wherein optionally the
second binding domain comprises a VL domain comprising the amino acid sequence of SEQ ID NO:
154.

52. The anti-FcRH5 antibody of any one of claims 49-51, wherein the second binding domain
comprises (a) a VH domain comprising an amino acid sequence of SEQ ID NO: 153 and (b) a VL

domain comprising an amino acid sequence of SEQ ID NO: 154.

53. The anti-FcRH5 antibody of any one of claims 34-39, wherein the second binding domain
comprises the following six HVRs:

(a) an HVR-H1 comprising the amino acid sequence of SEQ ID NO: 155;

(b) an HVR-H2 comprising the amino acid sequence of SEQ ID NO: 156;

(c) an HVR-H3 comprising the amino acid sequence of SEQ ID NO: 157;

(d) an HVR-L1 comprising the amino acid sequence of SEQ ID NO: 158;
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(e) an HVR-L2 comprising the amino acid sequence of SEQ ID NO: 159; and
(f) an HVR-L3 comprising the amino acid sequence of SEQ ID NO: 160.

54. The anti-FcRH5 antibody of claim 53, wherein the second binding domain comprises the following
six HVRs:
(a) an HVR-H1 comprising the amino acid sequence of SEQ ID NO: 155;
(b) an HVR-H2 comprising the amino acid sequence of SEQ ID NO: 162;
(c) an HVR-H3 comprising the amino acid sequence of SEQ ID NO: 157;
(d) an HVR-L1 comprising the amino acid sequence of SEQ ID NO: 158;
(e) an HVR-L2 comprising the amino acid sequence of SEQ ID NO: 159; and
(f) an HVR-L3 comprising the amino acid sequence of SEQ ID NO: 160; wherein optionally the
second binding domain comprises (a) a VH domain comprising an amino acid sequence having at least
95% sequence identity to the amino acid sequence of SEQ ID NO: 172; (b) a VL domain comprising an
amino acid sequence having at least 95% sequence identity to the amino acid sequence of SEQ ID NO:

173; or (¢) a VH domain as in (a) and a VL domain as in (b).

55. The anti-FcRH5 antibody of claim 54, wherein the second binding domain comprises the following
heavy chain variable region FRs:
(a) an FR-H1 comprising the amino acid sequence of SEQ ID NO: 164;
(b)
(c) an FR-H3 comprising the amino acid sequence of SEQ ID NO: 166; and
(d) an FR-H4 comprising the amino acid sequence of SEQ ID NO: 167; wherein optionally the

an FR-H2 comprising the amino acid sequence of SEQ ID NO: 165;

second binding domain comprises a VH domain comprising the amino acid sequence of SEQ ID NO:
172.

56. The anti-FcRH5 antibody claim 54 or 55, wherein the second binding domain further comprises
the following light chain variable region FRs:

(a) an FR-L1 comprising the amino acid sequence of SEQ ID NO: 168;

(b) an FR-L2 comprising the amino acid sequence of SEQ ID NO: 169;

(c) an FR-L3 comprising the amino acid sequence of SEQ ID NO: 170; and

(d) an FR-L4 comprising the amino acid sequence of SEQ ID NO: 171; wherein optionally the
second binding domain comprises a VL domain comprising the amino acid sequence of SEQ ID NO:
173.

57. The anti-FcRH5 antibody of any one of claims 54-56, wherein the second binding domain

comprises (a) a VH domain comprising an amino acid sequence of SEQ ID NO: 172 and (b) a VL
domain comprising an amino acid sequence of SEQ ID NO: 173.
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58. The anti-FcRH5 antibody of any one of claims 34-57, wherein the binding domain that binds
FcRH5 comprises a VH domain (VHy) comprising a charged region (CR7) and a VL domain (VL)
comprising a charged region (CRz), wherein the CR; in the VH; forms a charge pair with the CRzin
the VLy; wherein optionally the CR; comprises a basic amino acid residue and the CR comprises an
acidic amino acid residue; wherein optionally the CR; comprises a Q39K substitution mutation (EU
numbering);and wherein optionally the CR; consists of the Q39K substitution mutation.

59. The anti-FcRH5 antibody of claim 58, wherein the CR2 comprises a Q38E substitution mutation
(EU numbering); wherein optionally the CR2 consists of the Q38E substitution mutation.

60. The anti-FcRH5 antibody of claim 58 or 59, wherein the second binding domain that binds CD3
comprises a VH domain (VH2) comprising a charged region (CR3) and a VL domain (VLz) comprising
a charged region (CRy4), wherein the CR4in the VL2 forms a charge pair with the CR3 in the VH;
wherein optionally the CR4comprises a basic amino acid residue and the CRz;comprises an acidic
amino acid residue; wherein optionally the CR4 comprises a Q38K substitution mutation (EU
numbering); and wherein optionally the CR4 consists of the Q38K substitution mutation.

61. The anti-FcRH5 antibody of claim 60, wherein the CR3s comprises a Q39E substitution mutation
(EU numbering); wherein optionally the CR3 consists of the Q39E substitution mutation.

62. The anti-FcRH5 antibody of any one of claims 58-61, wherein the VL; domain is linked to a light
chain constant (CL) domain (CL) and the VHy is linked to a first heavy chain constant (CH1) domain
(CH14), wherein the CL; comprises a charged region (CRs) and the CH1; comprises a charged region
(CRe), and wherein the CR5 in the CL; forms a charge pair with the CRgin the CH1;; wherein
optionally the CRs comprises a basic amino acid residue and the CRs comprises an acidic residue;
wherein optionally the CRs comprises a V133K substitution mutation (EU numbering); and wherein
optionally the CR5 consists of the V133K substitution mutation.

63. The anti-FcRH5 antibody of any one of claims 62, wherein the CRs comprises a S183E
substitution mutation (EU numbering); wherein optionally the CRs consists of the S183E substitution

mutation.

64. The anti-FcRH5 antibody of claim 62 or 63, wherein the VL2 domain is linked to a CL domain
(CL2) and the VH: is linked to a CH1 domain (CH12), wherein the CL> comprises a charged region
(CR7) and the CH12 comprise a charged region (CRg), and wherein the CRgin the CH12forms a
charge pair with the CR7in the CLz; wherein optionally the CRg comprises a basic amino acid residue

and the CR7comprises an acidic amino acid residue; wherein optionally the CRscomprises a S183K
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substitution mutation (EU numbering); and wherein optionally the CRs consists of the S183K

substitution mutation.

65. The anti-FcRHS5 antibody of claim 64, wherein the CR7 comprises a V133E substitution mutation
(EU numbering); wherein optionally the CR7 consists of the V133E substitution mutation.

66. The anti-FcRH5 antibody of claim 62 or 63, wherein the VL, domain is linked to a CL domain
(CL2) and the VH: is linked to a CH1 domain (CH12), wherein (a) the CL> comprises one or more
mutations at amino acid residues F116, L135, S174, S176, and/or T178 (EU numbering) and (b) the
CH12 comprises one or more mutations at amino acid residues A141, F170, S181, S183, and/or V185
(EU numbering); wherein optionally the CL2 comprises one or more of the following substitution
mutations: F116A, L135V, S174A, S176F, and/or T178V; and wherein optionally the CL. comprises
the following substitution mutations: F116A, L135V, S174A, S176F, and T178V.

67. The anti-FcRH5 antibody of claim 66, wherein the CH1, comprises one or more of the following
substitution mutations: A1411, F170S, S181M, S183A, and/or V185A; wherein optionally the CH1-
comprises the following substitution mutations: A141l, F170S, S181M, S183A, and V185A.

68. The anti-FCRH5 antibody of any one of claims 34-57, wherein the binding domain that binds
FcRH5 comprises a VH domain (VH;) comprising a charged region (CRy) and a VL domain (VLy)
comprising a charged region (CRz), wherein the CR2 in the VL; forms a charge pair with the CRy in
the VHy; wherein optionally the CRz2comprises a basic amino acid residue and the CR; comprises an
acidic amino acid residue; wherein optionally the CR2 comprises a Q38K substitution mutation (EU
numbering); and wherein optionally the CR2 consists of the Q38K substitution mutation.

69. The anti-FcRH5 antibody of claim 68, wherein the CR; comprises a Q39E substitution mutation
(EU numbering); wherein optionally the CR; consists of the Q39E substitution mutation.

70. The anti-FcRH5 antibody of claim 68 or 69, wherein the second binding domain that binds CD3
comprises a VH domain (VH2) comprising a charged region (CR3) and a VL domain (VLz) comprising
a charged region (CRy4), wherein the CR3 in the VH2 forms a charge pair with the CR4 in the VL;
wherein optionally the CRscomprises a basic amino acid residue and the CR4 comprises an acidic
amino acid residue; wherein optionally the CR3 comprises a Q39K substitution mutation (EU
numbering); and wherein optionally the CR3 consists of the Q39K substitution mutation.

71. The anti-FcRH5 antibody of claim 70, wherein the CR4 comprises a Q38E substitution mutation

(EU numbering); wherein optionally the CR4 consists of the Q38E substitution mutation.
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72. The anti-FcRH5 antibody of any one of claims 68-71, wherein the VL; domain is linked to a light
chain constant (CL) domain (CLy) and the VH1 is linked to a first heavy chain constant (CH1) domain
(CH14), wherein the CL; comprises a charged region (CR5) and the CH1; comprises a charged region
(CRs), and wherein the CRg in the CH1 forms a charge pair with the CRs in the CL+; wherein
optionally the CRs comprises a basic amino acid residue and the CRs comprises an acidic amino acid
residue; wherein optionally the CRs comprises a S183K substitution mutation (EU numbering); and

wherein optionally the CRs consists of the S183K substitution mutation.

73. The anti-FcRH5 antibody of claim 72, wherein the CRs comprises a V133E substitution mutation
(EU numbering); wherein optionally the CR5 consists of the V133E substitution mutation.

74. The anti-FcRH5 antibody of claim 72 or 73, wherein the VL2 domain is linked to a CL domain
(CLz) and the VHz s linked to a CH1 domain (CH12), wherein the CL2 comprises a charged region
(CR7) and the CH1, comprises a charged region (CRg), and wherein the CR7 in the CL. forms a
charged pair with the CRg in the CH12; wherein optionally the CR7 comprises a basic amino acid
residue and the CRg comprises an acidic residue; wherein optionally the CR7 comprises a V133K
substitution mutation (EU numbering); and wherein optionally the CR7 consists of the V133K

substitution mutation.

75. The anti-FcRH5 antibody of claim 74, wherein the CRg comprises a S183E substitution mutation
(EU numbering); wherein optionally the CRs consists of the S183E substitution mutation.

76. The anti-FcRH5 antibody of claim 72 or 73, wherein the VL2 domain is linked to a CL domain
(CLz) and the VHz s linked to a CH1 domain (CH12), wherein (a) the CL> comprises one or more
mutations at amino acid residues F116, L135, S174, S176, and/or T178 (EU numbering) and (b) the
CH12 comprises one or more mutations at amino acid residues A141, F170, S181, S183, and/or V185
(EU numbering); wherein optionally the CL> comprises one or more of the following substitution
mutations: F116A, L135V, S174A, S176F, and/or T178V; and wherein optionally the CL> comprises
the following substitution mutations: F116A, L135V, S174A, S176F, and T178V.

77. The anti-FcRH5 antibody of claim 76, wherein the CH12 comprises one or more of the following
substitution mutations: A1411, F170S, S181M, S183A, and/or V185A; wherein optionally the CH1>

comprises the following substitution mutations: A141l, F170S, S181M, S183A, and V185A.

78. The anti-FcRH5 antibody of any one of claims 58-77, wherein the anti-FcRH5 antibody comprises

one or more heavy chain constant domains, wherein the one or more heavy chain constant domains
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are selected from a first CH2 domain (CH2,), a first CH3 domain (CH3;), a second CH2 domain
(CH2y), and a second CH3 domain (CH3y); wherein optionally at least one of the one or more heavy
chain constant domains is paired with another heavy chain constant domain; wherein optionally the
CH3; and the CH3; each comprise a protuberance (Ps) or a cavity (C;), and wherein the P; or the C;
in the CH3; is positionable in the C; or the Py, respectively, in the CH32; and wherein optionally the
CH3; and the CH32 meet at an interface between the P; and the C;.

79. The anti-FcRH5 antibody of claim 78, wherein P1 comprises a T366W substitution mutation (EU
numbering) and/or C1 comprises one or more mutations selected from the group consisting of T366S,
L368A, and Y407 substitution mutations (EU numbering).

80. The anti-FcRH5 antibody of claim 78, wherein the CH2; and the CH2, each comprise (P2) or a
cavity (Cz), and wherein the P2 or the C,in the CH2; is positionable in the C; or the Py, respectively,
in the CH22; wherein optionally the CH2; and the CH2, meet at an interface between the P, and the
Co.

81. An anti-FcRH5 antibody that binds to FcRH5 and CD3, wherein the anti-FcRH5 antibody
comprises an anti-FcRH5 arm comprising a first binding domain comprising the following six HVRs:
(a) an HVR-H1 comprising the amino acid sequence of SEQ ID NO: 1;
(b) an HVR-H2 comprising the amino acid sequence of SEQ ID NO: 8;
(c) an HVR-H3 comprising the amino acid sequence of SEQ ID NO: 9;
(d) an HVR-L1 comprising the amino acid sequence of SEQ ID NO: 12;
(e) an HVR-L2 comprising the amino acid sequence of SEQ ID NO: 16; and
(f) an HVR-L3 comprising the amino acid sequence of SEQ ID NO: 23; and
an anti-CD3 arm comprising a second binding domain comprising the following six HVRs:
(a) an HVR-H1 comprising the amino acid sequence of SEQ ID NO: 115;
(b) an HVR-H2 comprising the amino acid sequence of SEQ ID NO: 116;
(c) an HVR-H3 comprising the amino acid sequence of SEQ ID NO: 121;
(d) an HVR-L1 comprising the amino acid sequence of SEQ ID NO: 118;
(e) an HVR-L2 comprising the amino acid sequence of SEQ ID NO: 119; and
(f) an HVR-L3 comprising the amino acid sequence of SEQ ID NO: 123.

82. An anti-FcRH5 antibody that binds to FcRH5 and CD3, wherein the anti-FcRH5 antibody
comprises an anti-FcRH5 arm comprising a first binding domain comprising the following six HVRs:
(a) an HVR-H1 comprising the amino acid sequence of SEQ ID NO: 1;
(b) an HVR-H2 comprising the amino acid sequence of SEQ ID NO: 8;
(c) an HVR-H3 comprising the amino acid sequence of SEQ ID NO: 9;
(d) an HVR-L1 comprising the amino acid sequence of SEQ ID NO: 12;
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(e) an HVR-L2 comprising the amino acid sequence of SEQ ID NO: 16; and

(f) an HVR-L3 comprising the amino acid sequence of SEQ ID NO: 23; and
an anti-CD3 arm comprising a second binding domain comprising the following six HVRs:

(a) an HVR-H1 comprising the amino acid sequence of SEQ ID NO: 115;

(b) an HVR-H2 comprising the amino acid sequence of SEQ ID NO: 116;

(c) an HVR-H3 comprising the amino acid sequence of SEQ ID NO: 121;

(d) an HVR-L1 comprising the amino acid sequence of SEQ ID NO: 118;

(e) an HVR-L2 comprising the amino acid sequence of SEQ ID NO: 119; and

(f) an HVR-L3 comprising the amino acid sequence of SEQ ID NO: 123; and
wherein the anti-FcRH5 arm and the anti-CD3 arm each comprise an N297G substitution mutation
(EU numbering); and wherein the anti-FCRH5 arm comprises a T366W substitution mutation and the
anti-CD3 arm comprises T366S, L368A, and Y407V substitution mutations (EU numbering).

83. An anti-FcRH5 antibody that binds to FcRH5 and CD3, wherein the anti-FcRH5 antibody
comprises an anti-FcCRH5 arm comprising a first binding domain comprising the following six HVRs:
(a) an HVR-H1 comprising the amino acid sequence of SEQ ID NO: 1;
(b) an HVR-H2 comprising the amino acid sequence of SEQ ID NO: 8;
(c) an HVR-H3 comprising the amino acid sequence of SEQ ID NO: 9;
(d) an HVR-L1 comprising the amino acid sequence of SEQ ID NO: 12;
(e) an HVR-L2 comprising the amino acid sequence of SEQ ID NO: 16; and
(f) an HVR-L3 comprising the amino acid sequence of SEQ ID NO: 23; and
an anti-CD3 arm comprising a second binding domain comprising the following six HVRs:
(a) an HVR-H1 comprising the amino acid sequence of SEQ ID NO: 115;
(b) an HVR-H2 comprising the amino acid sequence of SEQ ID NO: 116;
(c) an HVR-H3 comprising the amino acid sequence of SEQ ID NO: 121;
(d) an HVR-L1 comprising the amino acid sequence of SEQ ID NO: 118;
(e) an HVR-L2 comprising the amino acid sequence of SEQ ID NO: 119; and
(f) an HVR-L3 comprising the amino acid sequence of SEQ ID NO: 123; and
wherein the anti-FcRH5 arm comprises a light chain comprising Q38E and V133K substitution
mutations and a heavy chain comprising Q39K, S183E, and N297G substitution mutations; and
wherein the anti-CD3 arm comprises a light chain comprising Q38K and V133E substitution mutations
and a heavy chain comprising Q39E, S183K, and N297G substitution mutations (EU numbering).

84. An anti-FcRH5 antibody that binds to FcRH5 and CD3, wherein the anti-FcRH5 antibody
comprises an anti-FcRH5 arm comprising a first binding domain comprising the following six HVRs:
(a) an HVR-H1 comprising the amino acid sequence of SEQ ID NO: 1;
(b) an HVR-H2 comprising the amino acid sequence of SEQ ID NO: 8;
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(c) an HVR-H3 comprising the amino acid sequence of SEQ ID NO: 9;

(d) an HVR-L1 comprising the amino acid sequence of SEQ ID NO: 12;

(e) an HVR-L2 comprising the amino acid sequence of SEQ ID NO: 16; and

(f) an HVR-L3 comprising the amino acid sequence of SEQ ID NO: 23; and
an anti-CD3 arm comprising a second binding domain comprising the following six HVRs:

(a) an HVR-H1 comprising the amino acid sequence of SEQ ID NO: 115;

(b) an HVR-H2 comprising the amino acid sequence of SEQ ID NO: 116;

(c) an HVR-H3 comprising the amino acid sequence of SEQ ID NO: 121;

(d) an HVR-L1 comprising the amino acid sequence of SEQ ID NO: 118;

(e) an HVR-L2 comprising the amino acid sequence of SEQ ID NO: 119; and

(f) an HVR-L3 comprising the amino acid sequence of SEQ ID NO: 123; and
wherein the anti-FcRH5 arm comprises a light chain comprising Q38K and V133E substitution
mutations and a heavy chain comprising Q39E, S183K, and N297G substitution mutations; and
wherein the anti-CD3 arm comprises a light chain comprising Q38E and V133K substitution mutations
and a heavy chain comprising Q39K, S183E, and N297G substitution mutations (EU numbering).

85. An anti-FcRH5 antibody that binds to FcRH5 and CD3, wherein the anti-FcRH5 antibody
comprises an anti-FCRH5 arm comprising a first binding domain comprising the following six HVRs:
(a) an HVR-H1 comprising the amino acid sequence of SEQ ID NO: 1;
(b) an HVR-H2 comprising the amino acid sequence of SEQ ID NO: 8;
(c) an HVR-H3 comprising the amino acid sequence of SEQ ID NO: 9;
(d) an HVR-L1 comprising the amino acid sequence of SEQ ID NO: 12;
(e) an HVR-L2 comprising the amino acid sequence of SEQ ID NO: 16; and
(f) an HVR-L3 comprising the amino acid sequence of SEQ ID NO: 23; and
an anti-CD3 arm comprising a second binding domain comprising the following six HVRs:
(a) an HVR-H1 comprising the amino acid sequence of SEQ ID NO: 115;
(b) an HVR-H2 comprising the amino acid sequence of SEQ ID NO: 116;
(c) an HVR-H3 comprising the amino acid sequence of SEQ ID NO: 121;
(d) an HVR-L1 comprising the amino acid sequence of SEQ ID NO: 118;
(e) an HVR-L2 comprising the amino acid sequence of SEQ ID NO: 119; and
(f) an HVR-L3 comprising the amino acid sequence of SEQ ID NO: 123; and
wherein the anti-FcRH5 arm comprises a light chain comprising Q38E and V133K substitution
mutations and a heavy chain comprising Q39K, S183E, and N297G substitution mutations; and
wherein the anti-CD3 arm comprises a light chain comprising Q38K, F116A, L135V, S174A, S176F,
and T178V substitution mutations and a heavy chain comprising Q39E, A141l, F170S, S181M,
S183A, V185A, and N297G substitution mutations (EU numbering).
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86. An anti-FcRH5 antibody that binds to FcRH5 and CD3, wherein the anti-FcRH5 antibody
comprises an anti-FcRH5 arm comprising a first binding domain comprising the following six HVRs:
(a) an HVR-H1 comprising the amino acid sequence of SEQ ID NO: 1;
b) an HVR-H2 comprising the amino acid sequence of SEQ ID NO: 8;

(b)
(c) an HVR-H3 comprising the amino acid sequence of SEQ ID NO: 9;
(d) an HVR-L1 comprising the amino acid sequence of SEQ ID NO: 12;
(e) an HVR-L2 comprising the amino acid sequence of SEQ ID NO: 16; and
(f) an HVR-L3 comprising the amino acid sequence of SEQ ID NO: 23; and
an anti-CD3 arm comprising a second binding domain comprising the following six HVRs:
(a) an HVR-H1 comprising the amino acid sequence of SEQ ID NO: 115;

b) an HVR-H2 comprising the amino acid sequence of SEQ ID NO: 116;

d
e) an HVR-L2 comprising the amino acid sequence of SEQ ID NO: 119; and

(b)
(c) an HVR-H3 comprising the amino acid sequence of SEQ ID NO: 121;
(d) an HVR-L1 comprising the amino acid sequence of SEQ ID NO: 118;
(e)

(f) an HVR-L3 comprising the amino acid sequence of SEQ ID NO: 123; and
wherein the anti-FcRH5 arm comprises a light chain comprising Q38K and V133E substitution
mutations and a heavy chain comprising Q39E, S183K, and N297G substitution mutations; and
wherein the anti-CD3 arm comprises a light chain comprising Q38E, F116A, L135V, S174A, S176F,
and T178V substitution mutations and a heavy chain comprising Q39K, A141l, F170S, S181M,
S183A, V185A, and N297G substitution mutations (EU numbering).

87. The anti-FcRH5 antibody of any one of claims 1(i), 2, 3, 22-44, and 58-86, wherein the anti-
FcRH5 antibody has a clearance following intravenous injection of between about 10 ml/kg/day to
about 35 ml/kg/day; wherein optionally the anti-FCRH5 antibody has a clearance following
intravenous injection of about 10 ml/kg/day to about 20 ml/kg/day in a mouse; and wherein optionally
the anti-FcRH5 antibody has a clearance following intravenous injection of about 12 ml/kg/day to

about 16 ml/kg/day in a mouse.

88. The anti-FcRH5 antibody of claim 87, wherein the anti-FCRH5 antibody has a clearance following
intravenous injection of about 20 ml/kg/day to about 40 ml/kg/day in a cyno; wherein optionally the
anti-FcRH5 antibody has a clearance following intravenous injection of about 25 ml/kg/day to about
35 ml/kg/day in a cyno; and wherein optionally the anti-FcRH5 antibody has a clearance following
intravenous injection of about 30 ml/kg/day to about 35 ml/kg/day in a cyno.

89. One or more isolated nucleic acids encoding the anti-FcRH5 antibody of any one of claims 1-88,

or an antigen-binding fragment thereof.
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90. One or more vectors comprising the one or more isolated nucleic acids of claim 89.

91. One or more host cells comprising the one or more vectors of claim 90.

92. The one or more host cells of claim 91, wherein the one or more host cells is are one or more
mammalian host cells, wherein optionally the one or more mammalian host cells are one or more
Chinese hamster ovary (CHO) host cells; or one or more prokaryotic host cells, wherein optionally the
one or more prokaryotic host cells are one or more E. coli host cells.

93. A method of producing the anti-FCRH5 antibody of any one of claims 1-88, the method comprising

culturing the one or more host cells of claim 91 in a culture medium.

94. The method of claim 93, wherein the method further comprises recovering the anti-FcRH5

antibody from the one or more host cells or the culture medium.

95. An immunoconjugate comprising the anti-FcRH5 antibody of any one of claims 1-88 and a

cytotoxic agent.

96. A composition comprising the anti-FcRH5 antibody of any one of claims 1-88.

97. The composition of claim 96, further comprising a pharmaceutically acceptable excipient or
diluent; wherein optionally the pharmaceutically acceptable excipient is a buffer, carrier, stabilizer, or

preservative; and wherein optionally the composition is a pharmaceutical composition.

98. The composition of claim 96 or 97, wherein the composition further comprises a PD-1 axis binding
antagonist or an additional therapeutic agent.

99. The anti-FcRH5 antibody of any one of claims 1-88 for use as a medicament.

100. Use of the anti-FcRH5 antibody of any one of claims 1-88 or the composition of any one of
claims 96-98 in the manufacture of a medicament for treating or delaying progression of an FCRH5-
positive cancer in a subject.

101. Use of the anti-FcRH5 antibody of any one of claims 1-88 or the composition of any one of

claims 96-98 in the manufacture of a medicament for enhancing immune function in a subject having

an FcRH5-positive cancer.
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102. The use of claim 100 or 101, wherein the FcRH5-positive cancer is a B cell cancer; wherein
optionally the B cell cancer is selected from the group consisting of multiple myeloma (MM), chronic
lymphoid leukemia (CLL), mantle cell ymphoma (MCL), diffuse large B-cell lymphoma (DLBCL), and
follicular lymphoma (FL); and wherein optionally the B cell cancer is MM.

103. The use of any one of claims 100-102, wherein the anti-FcRH5 antibody binds to (a) an FcRH5
molecule located on a target cell and (b) a CD3 molecule located on an immune effector cell; wherein
optionally the anti-FcRH5 antibody activates the immune effector cell following binding to the FcRH5
molecule and the CD3 molecule; wherein optionally the activated immune effector cell is capable of

exerting a cytotoxic effect and/or an apoptotic effect on the target cell.

104. The use of claim 103, wherein the target cell is a plasma cell; wherein optionally the plasma cell
is a short-lived plasma cell, or a long-lived plasma cell.

105. The use of claim 104, wherein the plasma cell is a myeloma cell.

106. The use of any one of claims 100-105, wherein the anti-FCRH5 antibody is to be administered to
the subject at a dosage of about 0.01 mg/kg/wk to about 50 mg/kg/wk; wherein optionally the anti-
FcRH5 antibody is to be administered to the subject at a dosage of about 0.1 mg/kg/wk to about 10
mg/kg/wk; and wherein optionally the anti-FCRHS antibody is to be administered to the subject at a
dosage of about 1 mg/kg/wk.

107. The use of any one of claims 100-106, wherein the medicament is to be administered with a PD-
1 axis binding antagonist and/or an additional therapeutic agent; wherein optionally the PD-1 axis
binding antagonist or additional therapeutic agent is to be administered prior to or subsequent to the
administration of the anti-FCRH5 antibody; and wherein optionally the PD-1 axis binding antagonist or

additional therapeutic agent is to be administered concurrently with the anti-FcCRH5 antibody.

108. The use of claim 107, wherein the PD-1 axis binding antagonist is selected from the group
consisting of a PD-L1 binding antagonist, a PD-1 binding antagonist, and a PD-L2 binding antagonist.

109. The use of claim 108, wherein the PD-1 axis binding antagonist is a PD-L1 binding antagonist;
wherein optionally the PD-L1 binding antagonist is selected from the group consisting of MPDL3280A
(atezolizumab), MDX-1105, MEDI4736 (durvalumab), and MSB0010718C (avelumab); and wherein
optionally the PD-L1 binding antagonist is MPDL3280A (atezolizumab).

110. The use of claim 108, wherein the PD-1 axis binding antagonist is (i) a PD-1 binding antagonist,

wherein optionally the PD-1 binding antagonist is selected from the group consisting of MDX 1106
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(nivolumab), MK-3475 (pembrolizumab), MEDI-0680 (AMP-514), PDR001, REGN2810, and BGB-
108; or (ii) a PD-L2 binding antagonist, wherein optionally the PD-L2 binding antagonist is an

antibody or an immunoadhesin.

111. The use of any one of claims 100-110, wherein the medicament is to be administered with a
steroid, an immunomodulator (IMiD), a proteosome inhibitor (Pl), or a combination thereof; wherein
optionally (i) the steroid is a glucocorticoid, wherein optionally the glucocorticoid is dexamethasone;

(i) the IMID is lenalidomide; or (iii) the Pl is bortezomib.

112. The use of any one of claims 100-111, wherein the anti-FcRH5 antibody, PD-1 axis binding
antagonist, steroid, IMiD, PI, or combination thereof is to be administered intravenously,
subcutaneously, intramuscularly, topically, orally, transdermally, intraperitoneally, intraorbitally, by

implantation, by inhalation, intrathecally, intraventricularly, or intranasally.

113. The use of claim 112, wherein the anti-FcRH5 antibody, PD-1 axis binding antagonist, steroid,

IMiD, PI, or combination thereof is to be administered intravenously or subcutaneously.

114. The use of any one of claims 100-113, wherein the subject is a human.

115. A method for detecting FCRH5 in a biological sample from a subject, wherein the method
comprises:

(a) contacting the biological sample with the anti-FcRH5 antibody of any one of claims 1-88 under
conditions permissive for binding of the anti-FCRH5 antibody to a naturally occurring FcRH5 in the
biological sample, and

(b) detecting whether a complex is formed between the anti-FCRH5 antibody and a naturally
occurring FcRH5 in the biological sample.

116. The method of claim 115, wherein the biological sample is a blood sample.
117. The method of claim 115 or 116, wherein the subject is a human.
118. A kit comprising the antibody of any one of claims 1-88 and a package insert comprising

instructions for using the antibody for treating or delaying progression of an FcRH5-positive cancer in

a subject.
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119. A kit comprising the antibody of any one of claims 1-88 and a package insert comprising
instructions for using the antibody for enhancing immune function in a subject having an FcRH5-

positive cancer.

120. The kit of claim 118 or 119, wherein the subject is a human.
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