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ANTEBCMA ANTIBODIES, BISPECIFIC ANTIGEN BINDING MOLECULES THAT
BIND BCMA AND D3, AND USES THEREOF

This application claims the benefit of U.S. Provisional Patent Application Serial No.

62/206,246, filed August 17, 2015, which 1s hereby incorporated by reference in its entirety.

Sequence Listing

The instant application contains a Sequence Listing which has been subnutied
electronically in ASCH format and is hereby incorporated by reference in its entirety. Said
ASCII copy, created on August 15, 2016, is named PRD3383USNP _SL txt and is 87,341 bytes

i size.

Technical Field

The disclosure provided herein relates to monoclonal antibodies that immunospecifically
bind B-cell maturation antigen (BCMA), multispecific antibodies that immunospecifically bind
BCMA and cluster determinant 3 {CD3), and methods of producing and using the described

anttbodies.

Background

B-cell maturation antigen, also known as BCMA, CD269, TNFRSF17 (UniProt Q02223),
1s a member of the tumor necrosis receptor superfanuly that is preferentially expressed in
differentiated plasma cells [Laabi et al. (1992) EMBO J 11(11):3897-3904; Madry et al. (1998)
Int Immunol 10(11):1693-1702]. BCMA 1s a non-glycosylated type I transmembrane protein,
which is involved in B cell maturation, growth and survival. BCMA 1s a receptor for two ligands
of the TNF superfamily: APRIL (a proliferation-inducing ligand, CD256, TNFSF13), the high-
affimity ligand to BCMA and the B cell activation factor BAFF (THANK, BlyS, B lymphocyte
stimulator, TALL-1 and zTNF4}, the low-affinity ligand to BCMA. APRIL and BAFF show
structural similarity and overlapping yet distinct receptor binding specificity. The negative
regulator TACT also binds to both BAFF and APRIL. The coordinate binding of APRIL
and BAFF to BCMA and/or TACT activates transcription factor NF-xB and increases the

expression of pro-survival Bel-2 family members {e.g. Bel-2) Bel-xL, Bel-w, Mcl-T, Al and
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down regulates expression of pro-apoptotic factors (e.g. Bid, Bad, Bik, Bim, etc.), thus inhibiting
apoptosis and promoting survival. This combined action promotes B cell differentiation,
proliferation, survival and antibody production (as reviewed in Rickert RC et al., Immunol Rev
(2011) 244 (1) 115-133). In line with this finding, BCMA also supports growih and survival of
malignant human B cells, including multiple myeloma (MM} cells. Novak et al. found that MM
cell lines and freshly isolated MM cells express BUMA and TACT protem on their cell surfaces
and have variable expression of BAFF-R protemn on their cell surface (Novak et al, (2004) Blood
103{23685-694).

Multiple myeloma (MM) 15 the second most common hematological malignancy and
constitutes 2% of all cancer deaths. MM is a heterogeneous disease and caused by mostly by
chrovnosome translocations vuer alia t{11; V44, 14008, 14) del{13),del17) (Drach et al,,
{1998 Blood 92{(33802-809; Geriz et al, (2005) Blood 106{8Y:2837-2840; Facon et al., (2001
Blood 97(6) 1566-1571). MM-affected patients may experience a variety of disease-related
symptoms due to, bone marrow infiltration, bone destruction, renal failure, immunodeficiency,
and the psychosocial burden of a cancer diagnosis. As of 2006, the S-vear relative survival rate
for MM was approximately 34% highlighting that MM 15 a difficult-to-treat disease where there
are currently no curative options.

The use of anti-BCMA antibodies for the treatment of lymphomas and multiple myeloma
are mentioned in W(2002066516 and W(32010104949. Antibodies against BCMA are
described e.g. 1n Gras M-P. et al. Int Immunol. 7 (1995) 1093-1106, W0O200124811, and
WO200124812 . Nevertheless, despite the fact that BCMA, BAFF-R and TAC], 1.¢., B cell
receptors belonging {o the TNF receptor superfamily, and their ligands BAFF and APRIL are
subject to therapies in fighting against cancer, there is still a need for having available further

options for the reatment of such medical conditions.

Summary

Provided herein are antibodies that mumunospecifically bind to BCMA and antigen-
binding fragments thereof. Also described are related polynucleotides capable of encoding the
provided BCMA-specific antibodies and antigen-binding fragments, cells expressing the
provided antibodies and antigen-binding fragments, as well as associated vectors and deteciably
labeled antibodies and antigen-binding fragments. In addition, methods of using the provided
anttbodies and antigen-binding fragments are described. For example, the BCMA-specific

2



WO 2017/031104 PCT/US2016/047146

antibodies and antigen-binding fragments may be used to diagnose or monitor BCMA-
expressing cancer progression, regression, or stability; to determine whether or not a patient
should be treated for cancer; or to determine whether or not a subject is afflicted with BCMA-
expressing cancer and thus may be amenable to treatment with a BCMA -specific anti-cancer
therapeutic, such as the multispecific antibodies against BCMA and CD3 described herein.
Further provided herein are multispecific antibedies that immunospecifically bind to
BCMA and CD3 and multispecific antigen-binding fragments thereof. Alsc described are
related polynucleotides capable of encoding the provided BCMA x CD3-multispecific
anttbodies, cells expressing the provided antibodies, as well as associated vectors and detectably
iabeled multispecific antibodies. In addition, methods of using the provided multispecific
antibodies are described. For example, the BCMA x CD3-multispecific antibodies may be used
to diagnose or monitor BCMA-expressing cancer progression, regression, or stability; to
determine whether or not a patient should be treated for cancer; or to determine whether or not a
subject 1s afflicted with BCMA-expressing cancer and thus may be amenable to treatment with a
BCMA-specific anti-cancer therapeutic, such as the BCMA x CD3-moultispecific antibodies

described heren.

BCMA-Specific Antibodies

Diescribed herein are recombinant antibodies and antigen-binding fragments specific for
BCMA. In some embodiments, the BCMA-specific antibodies and antigen-binding fragments
bind human BCMA. In some embodiments, the BCMA-specific antibodies and antigen-binding
fragments bind human BCMA and cynomolgus monkey BCMA. In some embodiments, the
BUMA-specific aniibodies and antigen-binding fragments bind to an epitope including one or
more residues from the BCMA extracellular domain (ECD). This BCMA-specific antibody or
antigen-binding fragment may block APRIL-binding with an ICs; of at least 5.9 nM as measured
by ELISA.

Table 1 provides a summary of examples of some BCMA-specific antibodies described

herein:

Table 1. UDR sequences of mAbs generated against human BCMA
{SEQ 1D NGs for each listed sequence are provided m parenthesis)
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In some embodiments are provided a BCMA-specific antibody, or an antigen-binding

fragment thereof, comprising a heavy chain comprising a CDR1, a CDR2, and a CDR3 of any

one of the antibodies described in Table 1. In some embodiments are provided a BCMA-specific

antthody, or an antigen-binding fragment thereof, comprising a heavy chain comprising a CDR1,
a CDOR2, and a CDR3 of any one of the antibodies described in Table 1 and a light chain
comprising a CDR1, a CDR2Z, and a CDR3 of any one of the antibodies described in Table 1.

The 1gG class is divided in four isotypes: IgGl, 122, 1gG3 and 1G4 in humans. They

share more than 95% homology in the amino acid sequences of the Fc¢ regions but show major

differences in the amine acid composition and structure of the hinge region. The Fe region

mediates effector functions, such as antibody-~-dependent cellular cytotoxicity (ADCC) and

complement-dependent cytotoxicity (CDC). In ADCC, the Fo region of an antibody binds to Fc

receptors (FegRs) on the surface of immune effector cells such as natural killers and

macrophages, leading to the phagocytosis or lysis of the targeted cells. In CDC, the antibodies

kill the targeted cells by triggering the complement cascade at the cell surface. The antibodies

described herein mclude antibodies with the described features of the variable domains in

combination with any of the IgG i1sotypes, including modified versions in which the Fe sequence

has been modified to effect different effector functions.

For many applications of therapeutic antibodies, Fe-mediated effector functions are not

part of the mechanism of action. These Fe-mediated effector functions can be detrimental and

potentially pose a safety risk by causing off-mechanism toxicity. Modifying effector functions

can be achieved by engineering the Fc regions o reduce their binding to FegRs or the

complement factors. The binding of IgG to the activating (FegRI, FegRHa, FegRIHa and

FegRIIIL) and inhibitory (FegRIEb) FegRs or the first component of complement {C1q) depends
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on residues located in the hinge region and the CH2 domain. Mutations have been introduced in
1gG1, G2 and Ig(4 to reduce or silence Fe functionalittes. The antibodies described herein
may include these modifications.

In one embodiment, the antibody comprises an Fc region with one or more of the
following properties: (a) reduced effector function when compared to the parent Fc; (b} reduced
affinity to Feg RE, Feg Rifa, Fog Rilb, Feg Rltlb and/or Feg Rilla, (c) reduced affinity to FegRI
(d) reduced affinity to FcgRIla (e} reduced affinity to FegRllb, (f) reduced affinity to Feg Rillb
or {g} reduced affinity to FcgRilla.

In some embodiments, the antibodies or antigen-binding fragments are feG, or
dertvatives thereof, e.g., IgGl, IgG2, IgG3, and IgG4 isotypes.  In some embodiments wherein
the antibody has an 1gG4 isotype, the antibody contains K409R, S228P, 1.234A, and L235A
substitutions i its Fe region. The antibodies described herein may include these modifications.

In some embodiments the described antibodies are capable of inhibiting APRIL binding
with a 1Cs of 5.9 oM as measured by ELISA.

In some embodiments the described antibodies bind to BCMA-positive multiple
myveloma cell lines.

In addition to the described BCMA-specific antibodies and antigen-binding fragments,
also provided are polynucleotide sequences capable of encoding the described antibodies and
antigen-binding fragments. Vectors comprising the described polynucleotides are also provided,
as are cells expressing the BCMA-specific antibodies or antigen-binding fragments provided
herem. Also described are celis capable of expressing the disclosed vectors. These cells may be
mammalian cells (such as 293F cells, CHO cells), insect cells (such as Sf7 cells), yeast cells,
plant cells, or bacteria cells (such as E. coli). The described antibodies may also be produced by

hybridoma cells.

Methods of using BCMA-Specific Antibodies

Methods of using the described BOCMA-specific antibodies or antigen-binding fragments
are also disclosed. Particular antibodies for use in the methods discussed in this section include
those with the set of CDRs described for antibodies in Table 1. For example, these antibodies or
antigen-binding fragments may be useful in treating cancer, by interfering with BCMA-receptor

mteractions or where the antibody 1s conjugated to a toxin, so targeting the toxin {o the BCMA-
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expressing cancer. Further, these antibodies or antigen-binding fragments may be useful for
detecting the presence of BCMA in a biological sample, such as blood or serum; for quantifying
the amount of BCMA in a bislogical sample, such as blood or serum; for diagnosing BCMA-
expressing cancer; deternuning a method of treating a subject aftlicted with cancer; or
monitoring the progression of BCMA-expressing cancer in a subject. In some embodiments,
BCMA-expressing cancer may be a lymphoma, such as multiple myeloma (MM}, The described
methods may be carried out before the subject receives treatment for BCMA-expressing cancer,
such as treatment with a multispecific antibody against BCMA and CD3. Furthermore, the
described methods may be carried out after the subject receives treatment for BCMA-expressing
cancer, such as treatment with a multispecific antibody against BCMA and CD?3 described
herein.

The described methods of detecting BCMA n a biological sample include exposing the
biological sample to one or more of the BCMA-specific antibodies or antigen-binding fragments
described herein.

The described methods of diagnosing BCMA-expressing cancer in a subject also mvolve
exposing the biological sample to one or more of the BCMA-specific antibodies or antigen-
binding fragments described herein; however, the methods also inchude quantifying the amount
of BCMA present 1n the sample; comparing the amount of BCMA present 1n the sample to a
known standard or reference sample; and determining whether the subject’s BCMA levels fall
within the levels of BCMA associated with cancer.

Also described herem are methods of monitoring BCMA-expressing cancer in a subject.
The described methods include exposing the biological sample to one or more of the BCMA-
specific aniibodies or antigen-binding fragments described herein; quantifying the amount of
BCMA present in the sample that i1s bound by the antibody, or antigen-binding fragment thereof,
comparing the amount of BCMA present in the sample to either a known standard or reference
sample or the amount of BUMA 1n a similar sample previously obtained from the subject; and
determining whether the subject’s BCMA levels are indicative of cancer progression, regression
or stable disease based on the difference in the amount of BCMA in the compared samples.

The samples obtained, or derived from, subjects are biological samples such as urine,

blood, serum, plasma, saliva, ascites, circulating cells, circulating tumor cells, cells that are not
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tissue associated, tissues, surgically resected tumor tissue, biopsies, fine needle aspiration
samples, or histological preparations.

The described BCMA-specific antibodies or antigen-binding fragments may be labeled
for use with the described methods, or other methods known to those skilied in the art. For
example, the antibodies described herein, or antigen-binding fragments thereof, may be labeled
with a radiolabel, a fluorescent label, an epitope tag, biotin, a chromophore label, an ECL label,
an enzyme, ruthenium, ' 'In-DOTA, " 'In- diethylenetriaminepentaacetic acid (DTPA),
horseradish peroxidase, alkaline phosphatase and beta-galactosidase, or poly-histidine or similar

such labels known n the art.

BCMA-Specific Antibody Kits

Described heremn are kits including the disclosed BCMA-specific antibodies or antigen-
binding fragments thereof. The described kats may be used to carry out the methods of using the
BCMA-specific antibodies or antigen-binding fragrents provided heretn, or other methods
known to those skilled 1n the art.  In some embodiments the described kits may include the
antihodies or antigen-binding fragments described herein and reagents for use in detecting the
presence of BCMA 1 a bological sample. Accordingly, the deseribed kits may mclude one or
more of the antibodies, or an antigen-binding fragment(s) thereof, described heren and a vessel
for containing the antibody or fragment when not in use, instructions for use of the antibody or
fragment, the antibody or fragment affixed to a sohd support, and/or detectably labeled forms of

the antibody or fragment, as described herein.

BCMA x CD3-Multispecific Antibodies

The redirection of T-lymphocytes to MM cells expressing BCMA via the TCR/CD3
complex represents an atiractive alternative approach. The TCR/CD3 complex of T-lymphocytes
consists of either a TCR alpha {a)/beta ({B) or TCR gamma {y)/delta (5} heterodimer coexpressed
at the cell surface with the invariant subunits of CD3 labeled gamma (y), delta (8), epsilon (g),
zeta (0}, and eta (). Human CD3¢g 1s described under UniProt PO7766 (CD3E HUMAN). An
anti CD3¢ antibody described in the state of the art is SP34 (Yang SJ, The Journal of
Immunology (1986} 137; 1097-1100). SP34 reacts with both primate and human CD3. SP34 is

avatlable from Pharmingen. A further anti CD3 antibody described in the state of the art is
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UCHT-1 (see WQ2Z000041474). A further anti CD3 antibody described in the state of the art is
BC-3 (Fred Hutchinson Cancer Research Institute; used in Phase VI trials of GvHD, Anasetti et
al., Transplantation 54: 844 (1992)). $P34 differs from UCHT-1 and BC-3 in that SP-34
recognizes an epitope present on solely the £ chain of CD3 (see Salmeron et al, (1991} J.
Immunol. 147: 3047} whereas UCHT-1 and BC-3 recognize an epitope contributed by both the e
and vy chains. The sequence of an antibody with the same sequence as of antibody $P34 15
mentioned in WOZ008119565, WO2008119566, WO2008119567, WO2010037836,
WO2010037837 and WO2010037838. A sequence which 1s 96% identical to the heavy chain
variable domain (VH) of antibody SP34 1s mentioned in US8236308 (WO2007042261).

A variety of bispecific antibodies against CD3 and BCMA are mentioned in
WOE2007117600, WOZ009132058, WO2012066058, W(O2012143498, W(O20130724006,
W02013072415, and WO2014122144. However, no data describing progression to the clinic is
currently available.

Described herein are recombinant multispecific antibodies that bind BCMA and CD3
{“BCMA x CD3 multispecific antibodies”) and multispecific antigen-binding fragments thereof.
In some embodiments a recombinant antibody, or an antigen-binding fragment thereof, that binds
mmunospecifically to BCMA 1s provided.

In some embodiments, the BCMA-specific arm of the multispecific antibody binds
human BCMA and cynomolgus monkey BCMA. In some embodiments, the BCMA-specific
arm of the BCMA x CD3-multispecific antibodies or antigen-binding fragments binds the
extracellular domain of human BCMA. In preferred embodiments, the BCMA x CD3
multispecific antibody or antigen-binding fragment 1s a bispecific aniibody or antigen-binding
fragment. In some embodiments, a recombinant BCMA x CD3 bispecific anitbody comprising:
a) a first heavy chain (HC1); b} a second heavy chain (HC2); ¢) a first light chain (LC1Y, and d)
a second light chain {L.C2), wherein the HC1 and the LC1 pair to form a first antigen-binding site
that immunospecifically binds BCMA, and the HCZ and the LC2 pair to form a second antigen-
binding site that immunospecifically binds CD3, or a BCMA x CD3-bispecific binding fragment
thereof is provided. In another embodiment, a recombinant cell expressing the antibody or
bispecific binding fragment is provided. In some embodiments, the BCMA-binding arm {or

“BCMA-specific arm”) of the BCMA x CD3 multispecific antibody is derived from a BCMA
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antibody described herein (for example, from an antibody having the CDR sequences listed in
Table 1).

In some embodiments, the BCM A-specitic arm of the BCMA x CD3-multispecific
antibodies or antigen-binding fragments are Ig(G, or derivatives thereof. In some embodiments
the described BCMA x CD3-multispecific antibodies are capable of binding to BCMA witha
dissociation constant of at least 0.18 oM as measured by surface plasmon resonance. In some
embodiments the described BCMA x CD3-multispecific antibody is not an agonist. In some
embodiments the described BCMA x CD3-multispecific antibody does not alter NF-«B
activation at concentrations below 10 nM.

In some embodiments, the CD3-binding arm {or “CD3-specific arm”) of the BCMA x
CD3 nultispecific antibody 15 derived from the mouse monoclonal antibody SP34, a mouse
1gG3/lambda 1sotype. (K.R. Abhinandan and A. C. Martin, 2008. Mol. Immunol. 45, 3832-
3839). In some embodiments, the CT33-binding arm of the BCMA x CD33 multispecific antibody

comprises one heavy chain and one light chain selected from Table 2.

Table 2. Heavy chains and light chains of the CD3-specific antibodies and antigen-binding

fragments,

Heavy chain Light chain

CB3B219 (SEQ 1D NO:55): CD3B219 (SEQ D NO:56):
EVOLVESGGGLVOPGGSLRLSCAASGFTFN | QTVVTGEPSLTVSPGGTVTLTCRSSTGAVTTSNYA
TYAMNVWVRQAPGKGLEWVARIRSKYNNYAT | NWQAQKPGQAPRGLIGGTNKRAPGTPARFSGSLL
YYAASVKGRFTISRDDSKNSLYLOMNSLKTE | GGKAALTLSGVQPEDEAEYYCALWYSNLWVFGG
DTAVYYCARHGNFGNSYVEWFAYWGQGTL | GTRKLTVLGQPKAAPSVTLFPPSSEELQANKATLVC
VTVSSASTKGPSVFPLAPCSRETSESTAALG | LISDFYPGAVTVAWKADSSPVKAGVETTTRPSKQSN
CLVKDYFPEPVTYSWNSGALTSCVHTFPAVL | NKYAASSYLSLTPEQWKSHRSYSCQVTHEGSTVE
QSSCGLYSLSSVVTVPESELGTKTYTCNVDHK | KTVAPTECS
PENTKVDKRVESKYGPPUPPCPAPEAAGGP
SVFLFPPKPKDTLMISRTPEVTCVVVDVSQED
PEVOFNWYVDGVEVHNAKTKPREEQFNSTY
RVWEVLTVLHOQDWLNGKEYKCKVSNKGLPE
SIEKTISKAKGQPREPQVYTLPPSQEEMTKN
QVSLTCLVKGFYPEDIAVEWESNGQPENNYK
TTPPVLDSDGSFLLYSKLTVDKSRWOEGNVF

9
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SCSVMHEALHNHYTQKSLSLELGK

CDR 1: TYAMN (SEQ 1D NO: 89) CDR 1: RGSTGAVTTENYAN (SEQ ID NO: 62)

CDR 2: RIRSKYNNYATYYAASVKG (SEQ ID | CDR 2. GTNKRAP (SEQ ID NO: 63)
NO: 60)

CDR 3: HGNFGNSYVSWFAY (SEQ 1D NO: CDR 3. ALWYSNLWY (SEQ ID NO: 64)
1)

The IgG class 13 divided in four 1sotypes: [gG1, 1g(32, 1gG3 and IgG4 10 humans. They
share more than 95% homology mn the aminge acid sequences of the Fe regions but show major
differences in the amino acid composition and structure of the hinge region. The F¢ region
mediates effector functions, such as antibody-dependent cellular cytotoxicity (ADCC) and
complement-dependent cytotoxicity (CDC). In ADCC, the Fe region of an antibody binds to Fe
receptors (FegRs) on the surface of immune effector cells such as natural killers and
macrophages, leading to the phagocytosis or lysis of the targeted cells. In CDC, the antibodies
kill the targeted cells by triggering the complement cascade at the ceil surface.

For many applications of therapeutic antibodies, Fe-mediated effector functions are not
part of the mechanism of action. These Fe-mediated effector functions can be detrimental and
potentially pose a safety risk by causing off-mechanism toxicity. Modifying effector functions
can be achieved by engineering the Fc regions to reduce their binding to FcgRs or the
complement factors. The binding of IgG to the activating (FegRI, FegRlila, FegRIHa and
FegRIITb) and inhibitory (FcgRIEb) FegRs or the first component of complement (C1g) depends
on residues located in the hinge region and the CH2 domain. Mutations have been introduced in
11, 1gG2 and Ig(G4 to reduce or stlence Fe functionalities.

In one embodiment, the antibody comprises an Fc region with one or more of the
following properties: (a) reduced effector function when compared to the parent Fe; (b) reduced
affimity to Feg RI, Feg Rlla, Feg RiTb, Feg RIITb and/or Feg Riffa, (¢) reduced affinity to FcgRI
{d) reduced affinity to FegRIla (e) reduced affinity to FegRIb, (f) reduced affinity to Feg RIITb
or (g} reduced affinity to FegRIla.

In some embodiments, the CD3-specific antibody or antigen-binding fragment from
which the CD3-specific arm of the multispecific antibody is derived 15 IgG, or a denivative
thereof. In some embodiments, the CD3-specific antibody or antigen-binding fragment from

which the CD3-specific arm of the multispecific antibody is derived 15 IgG1, or a denivative

10




WO 2017/031104 PCT/US2016/047146

thereof. In some embodiments, for example, the F¢ region of the CD3-specific IgGl antibody
from which the CD3-binding arm 1s derived comprises L234A, 1.235A, and F4051 substitutions
in its Fo region. In some embodiments, the CD3-specific antibody or antigen-binding fragment
from which the CD3-specific arm of the multispecific antibody is derived is 1gG4, or a derivative
thereof. In some embodiments, for example, the Fe region of the CD3-specific IgG4 antibody
from which the CD3-binding arm is derived comprises S228P, L234A L.235A, F405L, and
R409K substitutions in its Fc region. In some embodiments, the CD3-specific antibody or
antigen-binding fragment from which the CD3-specific arm of the multispecific antibody 1s
derived binds CD3¢ on primary human T cells and/or primary cynomolgus T cells. In some
embodiments, the CD3-specific antibody or antigen-binding fragment from which the CD3-
specific arm of the multispecific antibody is derived activates primary human CD4+ T cells
and/or primary cynomolgus CD4+ T cells.

In addition to the described BCMA x CD3-multispecific antibodies, also provided are
polynucleotide sequences capable of encoding the described BCMA x CD3-multispecific
antibodies. In some embodiments, an isolated synthetic polynucleotide encoding the HCI, the
HC2, the LC1 or the LC2 of the BCMA x CD3 bispecific antibody or bispecitic binding
fragment 1s provided. Vectors comprising the described polynucleotides are also provided, as
are cells expressing the BCMA x CD3-multispecific antibodies provided herein. Also described
are cells capable of expressing the disclosed vectors. These cells may be mammahan cells (such
as 293F cells, CHO cells), insect cells (such as S{7 cells), yeast cells, plant cells, or bacteria cells
{such as E. coli). The described antibodies may also be produced by hybridoma cells. In some
embodiments, methods for generating the BCMA x UD3 bispecific antibody or bispecific
binding fragment by culturing cells is provided.

Further provided herein are pharmaceutical compositions comprising the BCMA x CD3

multispecific antibodies or antigen-binding fragments and a pharmaceutically acceptable carrier.

Methods of using BUMA x CD3-Multispecific Antibodies
Methods of using the described BCMA x CD3-multispecific antibodies and multispecific
antigen-binding fragmenis thereof are also disclosed. For example, the BCMA x CD3-

multispecific antibodies and multispecific antigen-binding fragments thereof may be useful in
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the treatment of a BCMA-expressing cancer in a subject in need thereof. In some embodiments,
the BCMA-expressing cancer is a lymphoma, such as multiple myeloma.

The described methods of treating BCMA-expressing cancer in a subject in need thereof
include administering to the subject a therapeutically effective amount of a described BCMA x
CD3-multispecific antibody or multispecific antigen-binding fragment thereof. In some
embodiments, the subject 15 a mammal, preferably a human. In preferred embodiments are
provided methods for treating a subject having cancer by administering a therapeutically
effective amount of the BCMA x CD3 bispecific antibody or bispecific antigen-binding fragment
to a patient in need thereof for a time sufficient to treat the cancer.

Further provided herein are methods for inhibiting growth or proliferation of cancer cells
by administering a therapeutically effective amount of the BCMA x CD3 bispecific antibody or
bispecific binding fragment to mhibit the growth or proliferation of cancer cells.

Also provided herein are methods of redirecting a T cell to a BCMA-expressing cancer
cell by administering a therapeutically effective amount of the BCMA x CD3 baspecific antibody

or bispecific binding fragment to redirect a T cell to a cancer.

BCMA x CD3-Specific Antibody Kits

Described herein are kits inclading the disclosed BCMA x CD3-multispecific antibodies.
The described kits may be used to carry out the methods of using the BCMA x CD3-
multispecific antibodies provided herein, or other methods known {0 those skilied mn the art. In
some embodiments the described kits may nclude the antibodies described herein and reagents
for use in treating a BCMA-expressing cancer. Accordingly, the described kits may include one
or more of the multispecific antibodies, or a multispecific antigen-binding fragment(s} thereof,
described herein and a vessel for containing the antibody or fragment when not in use, and/or
mstructions for use of the antibody or fragment, the antibody or fragment affixed to a sohd

support, and/or detectably labeled forms of the antibody or fragment, as described herein.

Detailed Description of Hlustrative Embodiments
Definitions
Various terms relating to aspects of the description are used throughout the specification

and claims. Such terms are to be given their ordinary meaning in the art unless otherwise
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mdicated. Other specifically defined terms are to be construed in a manner consistent with the
definitions provided herein.

As used in this specification and the appended claims, the singular forms “a,” “an,” and
“the” include plural referents unless the content clearly dictates otherwise. Thus, for example,
reference to “a cell” includes a combination of two or more cells, and the like.

The term “about” as used herein when referring to a measurable value such as an amount,
a temporal duration, and the like, is meant to encompass variations of up to £10% from the
specified value, as such variations are appropriate to perform the disclosed methods. Unless
otherwise indicated, all numbers expressing guantities of ingredients, properties such as
molecular weight, reaction conditions, and so forth used in the specification and claims are to be
understood as being modified in all instances by the term “about.” Accordingly, unless indicated
to the contrary, the numerical parameters set forth in the following specification and attached
claims are approxamations that may vary depending upon the desired properties sought to be
obtained by the present invention. At the very least, and not as an attempt to limit the application
of the doctrine of equivalents to the scope of the claims, each numerical parameter should at least
be construed m light of the number of reported significant digits and by applving ordinary
rounding techniques.

Notwithstanding that the numerical ranges and parameters setting forth the broad scope
of the mvention are approximations, the numerical values set forth in the specific examples are
reported as precisely as possible. Any numerical value, however, inherently containg certain
errors necessarily resulting from the standard deviation found in their respective testing
measurements.

“Isolated” means a biological component {such as a nucleic acid, peptide or protein} has
been substantially separated, produced apart from, or purified away from other biological
components of the grganism in which the component naturally occurs, i.e., other chromosomal
and extrachromosomal DNA and RNA and proteins. Nucleic acids, peptides and proteins that
have been “isolated” thus include nucleic acids and proteins purified by standard purification
methods. “Isolated” nucleic acids, peptides and proteins can be part of a composition and still be
isolated 1f such composition is not part of the native environment of the nucleic acid, peptide, or
protein. The term also embraces nucleic acids, peptides and proteins prepared by recombinant

expression in a host cell as well as chemically synthesized nucleic acids. An "isolated” antibody
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or antigen-binding fragment, as used herein, 1s intended to refer to an antibody or antigen-
binding fragment which is substantially free of other antibodies or antigen-binding fragments
having different antigenic specificities {for instance, an isolated antibody that specifically binds
to BCMA is substantially free of antibodies that specifically bind antigens other than BCMA).
An 1solated antibody that specifically binds to an epitope, isoform or variant of BCMA may,
however, have cross-reactivity to other related antigens, for instance from other species (such as
BCMA species homologs).

“Polynucleotide,” synonymously referred to as “nucleic acid molecule,” “nuclectides” or
“nucleic acids,” refers to any polvribonucleotide or polydeoxyribonucleotide, which may be
unmodified RNA or DNA or modified RNA or DNA. “Polynucleotides” include, without
limitation single- and double-stranded DNA, DNA that is a mixture of single- and double-
stranded regions, single- and double-stranded RNA, and RNA that 1s mixture of single- and
double-stranded regions, hybrid molecules comprising DNA and RNA that may be single-
stranded or, more typically, double-stranded or a mixture of single- and double-stranded regions.
In addition, “polynucleotide” refers to triple-stranded regions comprising RNA or DNA or both
RNA and DNA. The term polynucleotide also includes DNAs or RNAs containing one or more
modified bases and DNAs or RNAs with backbones modified for stability or for other reasons.
“Modified” bases mclude, for example, tritylated bases and unusual bases such as inosine. A
variety of modifications may be made to DNA and RNA; thus, “polynucleotide” embraces
chemically, enzymatically or metabolically modified forms of polynucleotides as typically found
in nature, as well as the chemical forms of DNA and RNA characteristic of viruses and cells.
“Polynuclectide” also embraces relatively short nucleic acid chains, often referred to as
oligonucleotides.

The meaning of “substantially the same” can differ depending on the context in which the
term is used. Because of the natural sequence variation likely to exist among heavy and light
chains and the genes encoding them, one would expect to find some level of variation within the
amino acid sequences or the genes encoding the antibodies or antigen-binding fragments
described herein, with little or no impact on their unique binding properties {e.g., specificity and
affinity). Such an expectation s due in part to the degeneracy of the genetic code, as well as to
the evolutionary success of conservative amino acid sequence variations, which do not

appreciably alter the nature of the encoded protein. Accordingly, in the context of nucleic acid
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sequences, “substantially the same” means at least 65% identity between two or more sequences.
Preferably, the term refers to at least 70% identity between two or more sequences, more
preferably at least 75% identity, more preferably at least 80% identity, more preferably at least
85% identity, more preferably at least 90% identity, more preferably at least 91% identity, more
preferably at least 92% identity, more preferably at least 93% identity, more preferably at least
94% identity, more preferably at least 95% identity, more preferably at least 96% identity, more
preferably at least 97% identity, more preferably at least 98% identity, and more preferably at
least 99% or greater identity. The percent identity between two sequences is a function of the
number of identical positions shared by the sequences (i.e., % homology = # of identical
positions/total # of positions x 100}, taking into account the number of gaps, and the length of
each gap, which need to be introduced for optimal alignment of the two sequences. The percent
identity between two nucleotide or amino acid sequences may e.g. be determined using the
algorithm of E. Meyers and W. Miller, Comput. Appl. Biosci 4, 11-17 (1988) which has been
mcorporated into the ALIGN program {version 2.0), using a PAMI120 weight residue table, a gap
length penalty of 12 and a gap penalty of 4. In addition, the percent identity between two amino
acid sequences may be determined using the Needleman and Wunsch, J. Mol Biol 48, 444-453
{1970} algorithm.

The degree of vanation that may occur within the amino acid sequence of a protein
without having a substantial effect on protein function 1s much lower than that of a nucleic acid
sequence, since the same degeneracy principles do not apply to amino acid sequences.
Accordingly, in the context of an antibody or antigen-binding fragment, “substantially the same”
means antibodigs or antigen-binding fragments having 90%, 91%, 92%, 93%, 94%, 95%, 96%;,
97%, 98%, or 99% identity to the antibodies or antigen-binding fragments described. Other
embodiments include BCMA specific antibodies, or antigen-binding fragments, that have
framework, scaffold, or other non-binding regions that do not share significant identity with the
anttbodies and antigen-binding fragments described herein, but do incorporate one or more
{DRs or other sequences needed to confer binding that are 90%, 91%, 92%, 93%, 94%, 95%,
96%, 97%, 98%, or 99% identical to such sequences described herein.

A “vector” is a replicon, such as plasmid, phage, cosmid, or virus in which another
nucleic acid segment may be operably inserted so as to bring about the replication or expression

of the segment.
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A “clone” 15 a population of cells derived from a single cell or common ancestor by
mitosis. A “cell ling” is a clone of a primary cell that is capable of stable growth in vitro for
many generations. In some examples provided herein, cells are transformed by transfecting the
cells with DNA.

The terms “express” and “produce” are used synonymaously herein, and refer to the
biosynthesis of a gene product. These terms encompass the transcription of a gene into RNA.
These terms also encompass translation of RNA into one or more polypeptides, and further
encompass all naturally occurring post-transcriptional and post-translational modifications. The
expression or production of an antibody or antigen-binding fragment thereof may be within the
cytoplasm of the cell, or into the extraceliular milieu such as the growth medium of a cell
culture.

The terms “treating” or “treatment” refer {0 any success or indicia of success in the
attenuation or amelioration of an injury, pathology or condition, including any objective or
subjective parameter such as abatement, remission, diminushing of symptoms or making the
condition more tolerable to the patient, slowing in the rate of degeneration or decline, making the
final point of degeneration less debilitating, improving a subject’s physical or mental well-being,
or prolonging the length of survival. The treatment may be assessed by objective or subjective
parameters; including the results of a physical examination, neurclogical examination, or
psychiatric evaluations.

An "effective amount” or "therapeutically effective amount” refers to an amount
effective, at dosages and for periods of time necessary, to achieve a desired therapeutic result. A
therapeutically effective amount of a BCMA x CD3 aniibody may vary according to factors such
as the disease state, age, sex, and weight of the individual, and the ability of the antibody to elicit
a desired response in the individual A therapeutically effective amount is also one in which any
toxic or detrimental effects of the antibody or antibody portion are outweighed by the
therapeutically beneficial effects.

“Antibedy” refers to all isotypes of immunoglobuling (IgG, 1gA, IgE, IsM, IgD, and IgY)
inchuding various monomeric, polymeric and chimeric forms, unless otherwise specified.
Specifically encompassed by the term “antibody” are polyclonal antibodies, monoclonal
antibodies {mAbs), and antibody-like polypeptides, such as chimeric antibodies and humanized

anttbodies.
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“Antigen-binding fragments” are any proteinaceous structure that may exhibit binding
affinuty for a particular antigen. Antigen-binding fragments include those provided by any
known technique, such as enzymatic cleavage, peptide synthesis, and recombinant techniques.
Some antigen-binding fragments are composed of portions of intact antibodies that retain
antigen-binding specificity of the parent antibody molecule. For example, antigen-binding
fragments may comprise at least one variable region {either a heavy chain or light chain variable
region) or one or more CDRs of an antibody known to bind a particular antigen. Examples of
suttable antigen-binding fragments include, without limitation diabodies and single-chain
molecules as well as Fab, F(ab’)2, Fc, Fabe, and Fv molecules, single chain {Sc) antibodies,
mdividual antibody light chains, individual antibody heavy chains, chimeric fusions between
anttbody chains or CDRs and other proteins, protein scaffolds, heavy chain monomers or dimers,
fight chain monomers or dimers, dimers consisting of one heavy and one light chain, a
monovalent fragment consisting of the VL, VH, CL and CHI domains, or a monovalent antibody
as described in WO2007059782, bivalent fragments comprising two Fab fragments linked by a
disulfide bridge at the hinge region, a Fd fragment consisting essentially of the V.sub. H and
C.sub H1 domains; a Fv fragment consisting essentially of the VL and VH domains of a single
arm of an antibody, a dADb fragment (Ward et al., Nature 341, 544-546 (19893}, which consists
essentially of a VH domamn and also called domain antibodies (Holt et al; Trends Biotechnol.
2003 Nov.; 21{11):484-90); camelid or nancbodies (Revets et al; Expert Opin Biol Ther. 2005
Jan.; 5(1):111-24); an isolated complementarity determining region (CDR), and the like. Al
anttbody isotypes may be used to produce antigen-binding fragments. Additionally, antigen-
binding fragments may include non-antibody proteinaceous frameworks that may successfully
mcorporate polypeptide segments in an orientation that confers affinity for a given antigen of
interest, such as protein scaffolds. Antigen-binding fragments may be recombinantly produced
or produced by enzymatic or chemical cleavage of intact antibodies. The phrase “an antibody or
antigen-binding fragment thereof” may be used to denote that a given antigen-binding fragment
mcorporates one or more amino acid segments of the antibody referred to in the phrase.

The term "epitope” means a protein determinant capable of specific binding to an
antibody. Epitopes usually consist of surface groupings of molecules such as amino acids or
sugar side chains and usually have specific three dimensional structural characteristics, as well as

spectfic charge characteristics. Conformational and nonconformational epitopes are
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distinguished in that the binding to the former but not the latter is lost in the presence of
denaturing solvents. The epitope may comprise aming acid residues directly mvolved in the
binding and other amino acid residues, which are not directly involved in the binding, such as
aming acid residues which are effectively blocked or covered by the specifically antigen binding
peptide (in other words, the anmino acid residue s within the footprint of the specifically antigen
binding peptide).

“Specific binding” or “immunospecific binding” or derivatives thereof when used in the
context of antibodies, or antibody fragments, represents binding via domains encoded by
immunoglobulin genes or fragments of immunoglobulin genes to one or more epitopes of a
protein of interest, without preferentially binding other molecules in a sample containing a mixed
population of molecules. Typically, an antibody binds to a cognate antigen with a Ky of less than
about 1x10° M, as measured by a surface plasmon resonance assay or a cell binding assay.
Phrases such as “[antigen]-specific” antibody (e.g , BCMA-specific antibody) are meant to
convey that the recited antibody specifically binds the recited antigen,

The term "Kp", as used herein, refers to the dissociation equilibrium constant of &
particular antibody-antigen interaction.

The term “subject” refers to human and non-human animals, including all vertebrates,
e.g., mammals and non-mammals, such as non-human primates, mice, rabbits, sheep, dogs, cats,
horses, cows, chickens, amphibians, and reptiles. In many embodiments of the described
methods, the subject 1s a human.

The term “sample” as used heremn refers to a collection of simular fluids, cells, or tissues
{e.g., surgically resected tumor tissue, biopsies, including fine needle aspiration), isolated from a
subject, as well as fluids, cells, or tissues present within a subject. In some embodiments the
sample 15 a biological fhind. Biological fluids are typically liguids at physiological temperatures
and may include naturally occurring fluids present in, withdrawn from, expressed or otherwise
extracted from a subject or biological source. Certain biological fluids derive from particular
tissues, organs of localized regions and certain other biological fhunds may be more globally or
systemically situated in a subject or biclogical source. Examples of biological fluids include
blood, serum and serosal fluids, plasma, lymph, urine, saliva, cystic fluid, tear drops, feces,
sputum, mucosal secretions of the secretory tissues and organs, vaginal secretions, ascites fluids

such as those associated with non-solid tumors, fluids of the pleural, pericardial, peritoneal,
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abdominal and other body cavities, fluids collected by bronchial lavage and the like. Biological
fluids may also include liquid solutions contacted with a subject or biological source, for
example, cell and organ culture medium including cell or organ conditioned medium, lavage
fluids and the like. The term “sample,” as used herein, encompasses materials removed from a
subject or materials present in a subject.

A “known standard” may be a solution having a known amount or concentration of
BCMA, where the solution may be a naturally occurring solution, such as a sample from a
patient known 1o have early, moderate, late, progressive, or static cancer, or the solution may be
a synthetic solution such as buffered water having a known amount of BCMA diluted therein.
The known standards, described herein may include BCMA 1solated from a subject, recombinant
or purified BCMA protemn, or a value of BCMA concentration associated with a disease
condition.

The term "BCMA" as used herein relates to human B cell maturation antigen, also known
as BCMA, CD269, and TNFRSF17 (UniProt Q02223), which is a member of the tumor necrosis
receptor superfamily that is preferentially expressed i differentiated plasma cells. The
extracellular domaim of human BCMA consists, according to UniProt of anuno acids 1 - 54 (or
5-51). The term “antibody against BCMA, aunti BCMA antibody" as used herein relates to an
antibody immunospecifically binding to BCMA.

The term “CD3” refers 1o the human CD3 protein multi-subunit complex. The CD3
protein melti-subunit complex 1s composed to 6 distinctive polypeptide chains. These include a
CD3y chain (SwissProt PO9693), a CD36 chain (SwissProt P04234), two CD3e chains
{SwissProt PO7766), and one CD3 { chain homodimer (SwissProt 20963}, and which is
associated with the T cell receptor ¢ and B chain. The term “CD3” includes any (D3 variant,
isoform and species homolog which 1s naturally expressed by cells {(including T cells) or can be
expressed on cells transfected with genes or cDNA encoding those polvpeptides, unless noted.

A "BCMA x UD3 antibody" 1s a multispecific antibody, optionally a bispecific antibody,
which comprises two different antigen-binding regions, one of which binds specifically to the
antigen BCMA and one of which binds specifically to CD3. A multispecific antibody can be a
bispecific antibody, diabody, or similar molecule (see for instance PNAS US4 90(14), 6444-8
{1993} for a description of diabodies). The bispecific antibodies, diabodies, and the like,

provided herein may bind any suttable target in addition to a portion of BCMA. The term
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"bispecific antibody" s to be understood as an antibody having two different antigen-binding
regions defined by different antibody sequences. This can be understood as different target
binding but includes as well binding to different epitopes in one target.

A “reference sample” 1s a sample that may be compared against another sample, such as a
test sample, to allow for characterization of the compared sample. The reference sample will
have some characterized property that serves as the basis for comparison with the test sample.
For instance, a reference sample may be used as a benchmark for BCMA levels that are
mdicative of a subject having cancer. The reference sample does not necessarily have to be
analyzed in parallel with the test sample, thus in some instances the reference sample may bea
numerical value or range previously determined to characterize a given condition, such as
BCMA levels that are indicative of cancer in a subject. The term also includes samples used for
comparative purposes that are known 1o be associated with a physiologic state or disease
condition, such as BCMA-expressing cancer, but that have an unknown amount of BCMA.

The term “progression,” as used n the context of progression of BCMA-expressing
cancer, meludes the change of a cancer from a less severe to a more severe state. This may
mclude an increase in the number or severity of tumors, the degree of metastasis, the speed with
which the cancer is growing or spreading, and the like. For example, “the progression of colon
cancer” includes the progression of such a cancer from a less severe to 8 more severe state, such
as the progression from stage I to stage 11, from stage II to stage {11, etc.

The term “regression,” as used i the context of regression of BCMA-expressing cancer,
mncludes the change of a cancer from a more severe to a less severe state. This could include a
decrease in the number or severity of tumors, the degree of metastasis, the speed with which the
cancer is growing or spreading, and the like. For example, “the regression of colon cancer”
inchudes the regression of such a cancer from a more severe o a less severe state, such as the
progression from stage 1 to stage 11, from stage Il to stage 1, etc.

The term “stable” as used in the context of stable BCMA-expressing cancer, is mtended
to describe a disease condition that 1s not, or has not, changed significantly enough overa
clinically relevant period of time to be considered a progressing cancer or a regressing cancer.

The embodiments described herein are not limited to particular methods, reagents,

compounds, compositions or biological systems, which can, of course, vary.
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BCMA-Specific Antibodies and Anticen-Binding Fragments

Described herein are recombinant monoclonal antibodies or antigen-binding fragments
that specifically bind BCMA. The general structure of an antibody molecule comprises an
antigen binding domain, which includes heavy and light chains, and the Fc domaimn, which serves
a vartety of functions, including complement fixation and binding antibody receptors.

The described BCMA-specific antibodies or antigen-binding fragments include all
isotypes, IgA, IgD, IgE, TgGand IgM, and synthetic multimers of the four-chain
mmunoglobulin structure. The described antibodies or antigen-binding fragments also include
the IgY isotype generally found in hen or turkey serum and hen or turkey egg volk.

The BCMA-specific antibodies and antigen-binding fragments may be derived from any
species by recombinant means. For example, the antibodies or antigen-binding fragments may
be mouse, rat, goat, horse, swine, bovine, chicken, rabbit, camelid, donkey, human, or chimeric
versions thereof. For use in administration to humans, non-human derived antibodies or antigen-
binding fragments may be genetically or structurally altered to be less antigenic upon
administration to a human patient.

In some embodiments, the antibodies or antigen-binding fragments are chimeric. As used
herein, the term “chimeric” refers to an antibody, or antigen-binding fragment thereof, having at
least some portion of at least one vanable domain derived from the antibody amino acid
sequence of a non-human mammal, a rodent, or a reptile, while the remaining portions of the
anttbody, or antigen-binding fragment thereof, are derived from a human.

In some embodiments, the antibodies are humanized antibodies. Humanized antibodies
may be chimeric immunoglobuling, immunoglobulin chains or fragments thereof (such as Fv,
Fab, Fab’, F(ab’}2 or other antigen-binding subsequences of antibodies) that contain minimal
sequence derived from non-human immunoglobulin. For the most part, humanized antibodigs
are human immunoglobulins (recipient antibody ) in which residues from a complementary-
determining region {CDR) of the recipient are replaced by residues from a CDR of a non-human
species {donor antibody) such as mouse, rat or rabbit having the desired specificity, affinity, and
capacity. In general, the humanized antibody will comprise substantially all of at least one, and
typically two, variable domains, in which all or substantially all of the CDR regions correspond

to those of a non-human immunoglobulin and all or substantially all of the framework regions
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are those of a human immunoglobulin sequence. The humanized antibody may include at leasta
portion of an immunoglobulin constant region (Fe), typically that of a human immunoglobulin,

The antibodies or antigen-binding fragments described herein can occur in a variety of
forms, but will include one or more of the antibody CDRs shown in Table 1.

Described herein are recombinant antibodies and antigen-binding fragments that
mmunospecifically bind t¢ BCMA. In some embodiments, the BCMA-specific antibodies or
antigen-binding fragments are human IgG, or derivatives therecf. While the BCMA-specific
antibodies or antigen-binding fragments exemplified herein are human, the antibodies or antigen-
binding fragments exemplified may be chimerized.

In some embodiments are provided a BCMA-specific antibody, or an antigen-binding
fragment thereof, comprising a heavy chain comprising a CDR1, a CDR2, and a CDR3 of any
one of the antibodies described in Table 1. In some embodiments are provided a BCMA-specific
antibody, or an antigen-binding fragment thereof, comprising a heavy chain comprising a CDR1,
a CDR2, and a CDR3 of any one of the antibodies described m Table 1 and a light chain
comprising a CDR1, a CDR2, and a CDR3 of any one of the antibodies described in Table 1.

In some embodiments, the BCMA-~specific antibodies and antigen-binding fragments
comprise a heavy chain CDR1 comprising SEQ ID NG: 4, a heavy chain CDR2 comprising SEQ
ID NO: 5, and a heavy chain CDR3 compnising SEQ ID NG 6. In some embodiments, the
BCMA-specific antibodies and antigen-binding fragments comprise a heavy chain CDR1
comprising SEQ 1D NO: 4, 3 heavy chain CDR2 comprising SEQ ID NG: 5, a heavy chain
CDR3 comprising SEQ ID NO: 6, a light chamn CDR1 comprising SEQ 1D NG: 7, a light chain
CDRZ comprising SEQ ID NO: 8, and a light chain CDR3 comprising SEQ 1D NO: 9. Ths
BCMA-specific antibody or antigen-binding fragment may comprise human framework
sequences. This BCMA-specific antibody or antigen-binding fragment may block APRIL
binding with an ICs; of at least 5.9 nM. In some embodiments, the BCMA-specific antibodies
and antigen-binding fragments comprise a heavy chain variable domain substantially the same
as, or identical to, SEQ ID NO: 10, In some embodiments, the BCMA-specific antibodies and
antigen-binding fragments comprise a heavy chain variable domain substantially the same as, or
identical to, SEQ ID NO: 10 and a light chain variable domain substantially the same as, or

identical to, SEQ ID NO: 11. The heavy chain variable domain and light chain variable domain
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of antibodies discussed in this paragraph are suitable for inclusion in bispecific constructs in
which one arm is an anti-BCMA arm.

In some embodiments, the BCMA-specific antibodies and antigen-binding fragments
comprise a heavy chain CDR1 comprising SEQ 1D NO: 4, a heavy chain CDRZ comprising SEQ
ID NO: 5, and a heavy chain CDR3 comprising SEQ ID NO: 6. In some embodiments, the
BCMA-specific antibodies and antigen-binding fragments comprise a heavy chain CDR1
comprising SEQ D NO: 7, a heavy chain CDR2 comprising SEQ 1D NO: S, a heavy chain
CDR3 comprising SEQ ID NO: 6, a light chain CDR1 comprising SEQ 1D NOG: 24, a light chain
CDR2Z comprising SEQ ID NO: 25, and a light chain CDR3 comprising SEQ 1D NO: 26, This
BCMA-specific antibody or antigen-binding fragment may comprise human framework
sequences. In some embodiments, the BCMA-specific antibodies and antigen-binding fragments
comprise a heavy chain variable domain substantially the same as, or identical to, SEQ ID NO:
57. In some embodiments, the BCMA-specific antibodies and antigen-binding fragments
comprise a heavy chain variable domain substantially the same as, or identical to, SEQ ID NO:
57 and a light chain variable domain substantially the same as, or identical to, SEQ ID NO: 28,
The heavy chain variable domain and light chain variable domain of antibodies discussed in this
paragraph are suitable for inclusion in bispecific constructs in which one arm 13 an anti-BCMA
arnt,

In some embodiments, the BCMA-specific antibodies and antigen-binding fragments
comprise a heavy chain CDRI comprising SEQ 1D NG: 7, a heavy chain CDR2 comprising SEQ
ID NO: 5, and a heavy chain CDR3 comprising SEQ ID NG 6. In some embodiments, the
BCMA-specific antibodies and antigen-binding fragments comprise a heavy chain CDRI
comprising SEQ [D NG 7, a heavy chain CBR2 comprising SEQ D NO: 5, a heavy chain
CDR3 comprising SEQ 1D NO: 6, a light chain CDR1 comprising SEQ ID NGO 24, a light chain
CDR2 comprising SEQ ID NO: 25, and a light chain CDR3 comprising SEQ 1D NO: 26, This
BCMA-spectfic antibody or antigen-binding fragment may comprise human framework
sequences. In some embodiments, the BCMA-specific antibodies and antigen-binding fragments
comprise a heavy chain variable domain substantially the same as, or identical to, SEQ ID NO:
34. In some embodiments, the BCMA-specific antibodies and antigen-binding fragments
comprise a heavy chain variable domain substantially the same as, or identical to, SEQ ID NO:

34 and a light chain variable domain substantially the same as, or identical to, SEQ 1D NO: 28.
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The heavy chain variable domain and light chain variable domain of antibodies discussed in this
paragraph are suitable for inclusion in bispecific constructs in which one arm is an anti-BCMA
arm.

In some embodiments, the BCMA-specific antibodies and antigen-binding fragmenis
comprise a heavy chain CDRI comprising SEQ 1D NQO: 4, a heavy chain CDR2 comprising SEQ
ID NO: 5, and a heavy chain CDR3 comprising SEQ [D NO: 19, In some embodiments, the
BCMA-specific antibodies and antigen-binding fragments comprise a heavy chain CDR1
comprising SEQ ID NO: 4, a heavy chain CDR2 comprising SEQ ID NO: 5, a heavy chain
CDR3 comprising SEQ ID NO: 19, a light chain CDR1 comprising SEQ ID NO: 24, a light
chain CDRZ comprising SEQ ID NO: 25, and a light chain CDR3 comprising SEQ ID NO: 26,
This BCMA -specific antibody or antigen-binding fragment may comprise human framework
sequences. In some embodiments, the BCMA-specific antibodies and antigen-binding fragments
comprise a heavy chain variable domain substantially the same as, or identical to, SEQ 1D NO:
39. In some embodiments, the BCMA-specific antibodies and antigen-binding fragments
comprise a heavy chain variable doman substantially the same as, or identical to, SEQ 1D NO:
39 and a light chain variable domain substantially the same as, or identical to, SEQ ID NO: 28,
The heavy chain variable domain and hight chain variable domain of antibodies discussed in this
paragraph are suitable for inclusion in bispecific constructs 1n which one arm 1s an anti-BCMA
arm.

In some embodiments, the BCMA-specific antibodies and antigen-binding fragments
comprise a heavy chain CDR1 comprising SEQ ID NO: 4, a heavy chain CDRZ2 comprising SEQ
1D NO: 8, and a heavy chain CBR3 comprising SEQ ID NO: 6. In some embodiments, the
BCMA-specific antibodies and antigen-binding fragments comprise a heavy chain CDR1
comprising SEQ 1D NO: 4, a heavy chain CDR2 comprising SEQ 1D NO: &, a heavy chain
CDR3 comprising SEQ ID NO: 6, a light chain CDR1 comprising SEQ 1D NG: 24, a light chain
CDR2Z comprising SEQ 1D NO: 25, and a light chain CDR3 comprising SEQ 1D NO: 26. This
BCMA-specific antibody or antigen-binding fragment may comprise human framework
sequences. In some embodiments, the BCMA-specific antibodies and antigen-binding fragments
comprise a heavy chain variable domain substantially the same as, or identical to, SEQ 1D NO:
40. In some embodiments, the BCMA-specific antibodies and antigen-binding fragments

comprise a heavy chain variable domain substantially the same as, or identical to, SEQ 1D NO:
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40 and a light chain variable domain substantially the same as, or identical to, SEQ ID NO: 28.
The heavy chain variable domain and hight chain variable domain of antibodies discussed in this
paragraph are suitable for inclusion in bispecific constructs in which one arm is an anti-BCMA
arm.

In some embodiments, the BCMA-specific antibodies and antigen-binding fragments
comprise a heavy chain CDR1 comprising SEQ 1D NO: 13, a heavy chain CDRZ comprising
SEQ ID NG: 5, and a heavy chain CDR3 comprising SEQ 1D NO: 19, In some embodiments,
the BCMA-specific antibodies and antigen-binding fragments comprise a heavy chain CDR1
comprising SEQ D NO: 13, a heavy chain CDR2 comprising SEQ D NO: 3, a heavy chain
CDR3 comprising SEQ ID NO: 19, a light chain CDRI comprising SEQ ID NO: 24, a light
chain CDR2 comprising SEQ 1D NO: 25, and a light chain CDR3 comprising SEQ 1D NO: 26.
This BCMA-specific antibody or antigen-binding fragment may comprise human framework
sequences. In some embodiments, the BCMA-specific antibodies and antigen-binding fragments
comprise a heavy chain variable domain substantially the same as, or identical to, SEQ ID NO:
58. In some embodiments, the BCMA-specific antibodies and antigen-binding fragments
comprise a heavy chain variable domain substantially the same as, or identical to, SEQ ID NO:
58 and a light chain variable domam substantially the same as, or identical to, SEQ 1D NO: 28,
The heavy chain vanable domaim and light chain variable domain of antibodies discussed m this
paragraph are suitable for inclosion in bispecific constructs in which one arm 1s an anti-BCMA
arm.

In some embodiments, the BCMA-specific antibodies and antigen-binding fragments
comprise a heavy chain CDRI comprising SEQ ID NO: 13, a heavy chain CDR2 comprising
SE(Q 1D NO: 8, and a heavy cham CDR3 comprising SEQ 1D NO: 19, In some embodiments,
the BCMA-specific antibodies and antigen-binding fragments comprise a heavy chain CDR1
comprising SEQ ID NO: 13, a heavy chain CDR2 comprising SEQ 1D NO: 8, a heavy chain
CDR3 comprising SEQ 1D NG: 19, a light chain CDR1 comprising SEQ ID NO: 24, a light
chain CDRZ comprising SEQ 1D NG: 25, and a light chain CDR3 comprising SEQ D NO: 26.
This BCMA-specific antibody or antigen-binding fragment may comprise human framework
sequences. In some embodiments, the BCMA-specific antibodies and antigen-binding fragments
comprise a heavy chain variable domain substantially the same as, or identical to, SEQ ID NO:

43, In some embodimenis, the BCMA -specific antibodies and antigen-binding fragments
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comprise a heavy chain variable domain substantially the same as, or identical to, SEQ ID NO:
43 and a light chain variable domain substantially the same as, or identical to, SEQ 1D NO: 28.
The heavy chain variable domain and light chain variable domain of antibodies discussed in this
paragraph are suitable for inclusion in bispecific constructs in which one arm is an anti-BCMA
arm.

In some embodiments, the antibodies or antigen-binding fragments are 1gG, or
derivatives thereof, e g, IoGl, IgG2, 123, and 1G4 sotypes.  In some embodiments wherein
the antibody is of IgG1 isotype, the antibody comprises an 1gG1 Fe region (SEQ D NO. 74).

SEQ ID NO. 74
ASTKGPSVFPLAPSSKSTSGGTAALGCLVKDYFPEPVTVSWNSGALTSGVHTFPAVLQSS
GLYSLSSVVTVPSSSLGTQTYICNVNHKPSNTKVDKKVEPKSCDK THTCPPCPAPELLGG
PSVFLFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVKFNWYVDGVEVHNAKTKPREEQY
NSTYRVVSVLTVLHODWLNGEEYKCKVSNKALPAPIEK TISKAKGQPREPQVYTLPPSR
EEMTKNQVSLTCLVKGFYPSDIAVEWESNGQPENNYK TTPPVLDSDGSFFLYSKLTVDK
SRWQOQGNVFSCSVMHEALHNHYTQKSLSLSPGK

In some embodiments wherein the antibody s of TgG4 isotype, the antibody contains S228P,
L.234A, and L235A substitutions in its Fc region (SEQ ID NO. 73).

SEQ ID NO. 73
ASTKGPSVFPLAPCSRSTSESTAALGCLYVKDYFPEPVTVSWNSGALTSGVHTFPAVLQSS
GLYSLSSVVTVPSSSLGTKTYTCNVDHKPSNTK VDKRVESK YGPPCPPCPAPEAAGGPS
VFLFPPKPKDTLMISRTPEVTCVVVDVSQEDPEVQFNWYVDGVEVHNAK TKPREEQFNS
TYRVVSVLTVLHQDWLNGKEYKCKVSNKGLPSSIEK TISKAKGQPREPQVYTLPPSQEE
MTKNQVSLTCLVKGFYPSDIAVEWESNGQPENNYKTTPPVLDSDGSFFLYSRLTVDKSR
WQEGNVFSCSVMHEALHNHYTQKSLSLSLGK

The specific antibodies defined by CDR and/or variable domain sequence discussed in the above
paragraphs may include these Ig(G Fe regions.

Also disclosed are isofated synthetic polynucleotides that encode the antibodies or
antigen-binding fragments that immunospecifically bind to BCMA. The isolated
polynucleotides capable of encoding the variable domain segments provided herein may be
included on the same, or different, vectors to produce antibodies or antigen-binding fragments.

Polynucleotides encoding recombinant antigen-binding proteins also are within the scope
of the disclosure. In some embodiments, the polynucleotides described (and the peptides they
encode) include a leader sequence. Any leader sequence known in the art may be employed.

The leader sequence may include, but is not limited to, a restriction site or a translation start site.
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The BCMA-specific antibodies or antigen-binding fragments described herein inchude
variants having single or multiple amino acid sebstitutions, deletions, or additions that retain the
biclogical properiies (e.g., binding atfinity or immune effector activity) of the described BCMA-
spectfic antibodies or antigen-binding fragments. In the context of the present invention the
following notations are, unless otherwise indicated, used to describe a mutation; 1) substitution of
an amino acid in a given position 1s written as e.g. K409R which means a substitution of a
Lysine in position 409 with an Arginine; and i1} for specific variants the specific three or one
letter codes are used, including the codes Xaa and X to indicate any amino acid residue. Thus,
the substitution of Arginine for Lysine in position 409 is designated as: K409R, or the
substitution of any amino acid residue for Lysine in position 409 1s designated as K409X. In case
of deletion of Lysine in position 409 1t is indicated by K409* The skilled person may produce
variants having single or multiple amino acid substitutions, deletions, or additions.

These variants may include: {a} variants in which one or more amino acid residues are
substituted with conservative or nonconservative amino acids, (b} vartants in which one or more
amino acids are added to or deleted from the polypeptide, (¢) varants in which one or more
amino acids include a substituent group, and (d) variants in which the polypeptide 1s fused with
another peptide or polypeptide such as a fusion partner, a protein tag or other chemical moiety,
that may confer useful properties to the polypeptide, such as, for example, an epitope for an
antibody, a polyhistidine sequence, a biotin moiety and the like. Antibodies or antigen-binding
fragments described herein may include variants in which amino acid residues from one species
are substituted for the corresponding residue m another species, either at the conserved or
nonconserved positions. In other embodiments, amino acid residues at nonconserved positions
are substituted with conservative or nonconservative restdues. The techniques for obtaining
these variants, incloding genetic {deletions, mutations, etc.), chemical, and enzymatic techniques,
are known to persons having ordinary skill in the art.

The BCMA-specific antibodies or antigen-binding fragments described herein may
embuody several antibody isotypes, such as IgM, Igh, I2(, IgA and IgE. In some embodiments
the antibody sotype 1s Ig(G1, 1gG2, 1903, or 1gG4 isoiype, preferably 1gG1 or IgG4 isotype.
Antibody or antigen-binding fragment thereof specificity is largely determined by the amino acid
sequence, and arrangement, of the CDRs. Therefore, the CDRs of one isotype may be

transferred to another isotype without altering antigen specificity. Alternatively, techniques have

B
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been established to cause hybridomas to switch from producing one antibody isotype to another
{isotype switching} without altering antigen specificity. Accordingly, such antibody isotypes are
within the scope of the described antibodies or antigen-binding fragments.

The BCMA-specific antibodies or antigen-binding fragments described herein have ICs,
values of at least 5.9 nM for APRIL binding. The 1Csq of the described BCMA-specific
antibodies, or antigen-binding fragments, may be determined by a variety of methods known in
the art, such as ELIS A-based methods or flow cytometry (FACS). Assays for measuring {Cso by
ELISA have plate-bound BCMA in the presence and absence of a BCMA specific antibody and
varying concentrations of the APRIL are used. A BCMA antibody that blocks the binding of
APRIL to BCMA is to “block APRIL as measured by ELISA”

Also provided are vectors comprising the polvnucleotides described herein. The vectors
can be expression vectors. Recombinant expression vectors containing a sequence encoding a
polypeptide of interest are thus contemplated as within the scope of this disclosure. The
expression vector may contain one or more additional sequences such as but not hinuted to
regulatory sequences (e.g., promoter, enhauncer), a selection marker, and a polyadenylation
signal. Vectors for transforming a wide variety of host cells are well known and 1nclude, but are
not bimited to, plasmids, phagemids, cosmuds, baculoviruses, bacmids, bacterial artificial
chromosomes (BACs}, veast artificial chromosomes {(YACs), as well as other bactenial, veast and
viral vectors.

Recombinant expression vectors within the scope of the description include synthetic,
genomic, or cDNA-derived nucleic acid fragments that encode at least one recombinant protemn
which may be operably hinked to suitable regulatory elements. Such regulatory elements may
include a transcriptional promoter, sequences encoding suitable mRNA ribosomal binding sites,
and sequences that control the termination of transcription and translation. Expression vectors,
especially mammalian expression vectors, may also mclude one or more nontranscribed elements
such as an origin of replication, a suitable promoter and enhancer linked to the gene to be
expressed, other 5' or 3' flanking nontranscribed sequences, 5' or 3' nontranslated sequences
{such as necessary ribosome binding sites), a polyadenylation site, splice donor and acceptor
sites, or transcriptional termination sequences. An origin of replication that confers the ability to

replicate in a host may also be incorporated.
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The transcriptional and translational control sequences in expression vectors 1o be used in
transforming vertebrate cells may be provided by viral sources. Exemplary vectors may be
constructed as described by Okayama and Berg, 3 Mol Cell Biol 280 (1983},

In some embodiments, the antibody- or antigen-hinding fragment-coding sequence is
placed under control of a powerful constitutive promoter, such as the promoters for the following
genes: hypoxanthine phosphoribosy! transferase (HPRT), adenosine deaminase, pyruvate kinase,
beta-actin, human myosin, human hemoglobin, human muscle creatine, and others. In addition,
many viral promoters function constitutively in eukaryotic cells and are suitable for use with the
described embodiments. Such viral promoters include without limitation, Cytomegalovirus
{CMV) immediate early promoter, the early and late promoters of SV40, the Mouse Mammary
Tumor Virus (MMTV) promoter, the long terminal repeats (L TRs) of Maloney leukenua virus,
Human Immunodeficiency Virus (HIV), Epstein Barr Virus (EBV), Rous Sarcoma Virus (RSV),
and other retroviruses, and the thynudine kinase promoter of Herpes Suuplex Virus. In one
embodiment, the BCMA-specific antibody or antigen-binding fragment thereof coding sequence
13 placed under control of an inducible promoter such as the metaliothionein promoter,
tetracychne-mducible promoter, doxycychine-inducible promoter, promoters that contain one or
more interferon-stimulated response elements (ISRE} such as protein kinase R 2/,5'-
oligoadenylate synthetases, Mix genes, ADARI, and the hike.

Vectors described herein may contain one or more Internal Ribosome Entry Site(s)
(IRES). Inclusion of an IRES sequence into fusion vectors may be beneficial for enhancing
expression of some protemns. In some embodiments the vector systermn will include one or more
polvadenylation sites (e.g., SV40), which may be upstream or downstream of any of the
aforementioned nucleic acid sequences. Vector components may be contiguously linked, or
arranged in a manner that provides optimal spacing for expressing the gene products {i.e., by the
mtroduction of “spacer” nucleotides between the ORFs), or positioned in another way.
Regulatory elements, such as the IRES motif, may also be arranged to provide optimal spacing
for expression.

The vectors may comprise selection markers, which are well known in the art. Selection
markers include positive and negative selection markers, for example, antibiotic resistance genes
{e.g., neomycin resistance gene, a hygromycin resistance gene, a kanamycin resistance gene, a

tetracycline resistance gene, a penicillin resistance gene, a puromycin resistance gene, a

29



WO 2017/031104 PCT/US2016/047146

blastictdin resistance gene), glutamate synthase genes, HSV-TK, HSV-TK derivatives for
ganciclovir selection, or bacterial purine nucleoside phosphorylase gene for 6-methylpurine
selection (Gadi et al., 7 Gene Ther. 1738-1743 (2000)). A nucleic acid sequence encoding a
selection marker or the cloning site may be upstream or downstream of a nucleic acid sequence
encoding a polypeptide of interest or cloning site.

The vectors described herein may be used to transform various cells with the genes
encoding the described antibodies or antigen-binding fragments. For example, the vectors may
be used to generate BCMA-specific antibody or antigen-binding fragmeni-producing cells.
Thus, another aspect features host cells transformed with vectors comprising a nucleic acid
sequence encading an antibody or antigen-binding fragment thereof that specifically binds
BCMA, such as the antibodies or antigen-binding fragments described and exemplified herein.

MNumerous technigues are known in the art for the introduction of foreign genes mto cells
and may be used to construct the recombinant cells for purposes of carrying out the described
methods, in accordance with the various embodiments described and exemplified herein. The
technique used should provide for the stable transfer of the heterologous gene sequence to the
host cell, such that the heterologous gene sequence is heritable and expressible by the cell
progeny, and so that the necessary development and physiological fumctions of the recipient cells
are not disrupted. Techniques which may be used include but are not linuted to chromosome
transfer {e.g., cell fusion, chromosome mediated gene transfer, micro cell mediated gene
transfer), physical methods {e.g., transfection, spheroplast fusion, micromnjection,
electroporation, liposome carrier), viral vector transfer {e.g., recombinant DNA viruses,
recombinant RNA viruses) and the hike (described in Cline, 29 Pharmac. Ther. 69-92 (1985)).
Calciom phosphate precipitation and polyethylene glvcol (PEG)-induced fusion of bacterial
protoplasts with mammalian cells may also be used to transform cells,

Cells suitable for use in the expression of the BCMA-specific antibodies or antigen-
binding fragments described herein are preferably eukaryotic cells, more preferably cells of
plant, rodent, or human origin, for example but not limited to N8G, CHCG, CHOKI1, perC.6, Tk-
ts13, BHK, HEK?293 cells, C0OS8-7, T98G, CV-1/EBNA, L cells, C127, 3T3, Hela, NS1, Sp2/
myeloma cells, and BHK cell lines, among others. In addition, expression of antibodies may be
accomplished using hybridoma cells. Methods for producing hybridomas are well established in

the art.
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Cells transformed with expression vectors described herein may be selected or screened
for recombinant expression of the antibodies or antigen-binding fragments described herein.
Recombinani-positive cells are expanded and screened for subclones exhibiting a desired
phenotype, such as high level expression, enhanced growth properties, or the ability to yield
proteins with desired biochemical characteristics, for example, due to protein modification or
altered post-translational modifications. These phenotypes may be due to inherent properties of
a given subclone or to mutation. Mutations may be effected through the use of chemicals, UV-
wavelength light, radiation, viruses, insertional mutagens, inhibition of DNA mismatch repair, or

a combination of such methods.

Methods of using BCM A-specific antibodies for treatment

Provided herein are BCMA-specific antibodies or antigen-binding fragments thereof for
use in therapy. In particular, these antibodies or antigen-binding fragments may be useful in
treating cancer, such as BCMA-expressing cancer. Accordingly, the mvention provides a method
of treating cancer comprising administering an antibody as described herein, such as BCMA-
specific anttbodies or antigen-binding fragments. For example, the use may be by nterfering
with BCMA-receptor interactions or where the antibody 15 conjugated to a toxin, so targeting the
toxin to the BCMA-expressing cancer. In some embodiments BCMA-expressing cancer includes
lyrmaphoma, such as multiple myeloma (MM). The antibodies for use in these methods include
those described herein above, for example a BCMA-specific antibody or antigen-binding
fragment with the features set out in Table 1, for example the CDRs or variable domain
sequences, and in the further discussion of these antibodies.

In some embodiments described herein, immune effector properties of the BCMA-
specific antibodies may be enhanced or silenced through Fc modifications by techniques known
to those skilled in the art. For example, Fe effector functions such as Clq binding, complement
dependent cytotoxicity (CDC), antibody-dependent cell-mediated cytotoxicity {ADCC),
antibody-dependent cell-mediated phagocytosis (ADCP), down regulation of cell surface
receptors (e.g., B cell receptor; BCR), etc. may be provided and/or controlied by modifying
residues in the Fc responsible for these activities.

" Antibody-dependent cell-mediated cytotoxicity” or "ADCC" refers to a cell-mediated

reaction in which non-specific cytotoxic cells that express Fc receptors (FeRs) (e.g. Natural

31



WO 2017/031104 PCT/US2016/047146

Killer {NK) cells, neutrophils, and macrophages) recognize bound antibody on a target cell and
subsequently cause lysis of the target cell.

The ability of monoclonal antibodies to induce ADCC can be enhanced by engineering
their oligosaccharide component. Human IgG1 or 1g(G3 are N-glycosylated at Asn297 with the
majority of the glycans in the well-known biantennary GO, GOF, G1, GIF, G2 or G2F forms.
Antibodies produced by non-engineered CHO cells typically have a glycan fucose content of
about at least 85%. The removal of the core fucose from the biantennary complex-type
oligosaccharides attached to the Fe regions enhances the ADCC of antibodies via improved
Fc gamma Rilla binding without altering antigen binding or CDC activity. Such mAbs can be
achieved using different methods reported to lead to the successful expression of relatively high
defucosylated antibodies bearing the biantennary complex-type of Fc ohigosaccharides such as
control of culture osmolahity (Konno et al., Cytotechnology 64:249-65, 2012), application of a
variant CHO line Lecl3 as the host cell Iine (Shuelds et al., J Biol Chem 277:26733-26740,
2002y, application of a variant CHO line EBO66 as the host cell line (Olivier et al., MAbs; 2(4),
2010; Epub ahead of print; PMID:20562582), application of a rat hybridoma cell ine YB2/0 as
the host cell line (Shinkawa et al, J Biol Chem 278:3466-3473, 2003}, introduction of small
interfering RNA specifically against the .alpha. 1,6-fucosylirasferase (FUTE) gene (Mori et al,,
Biotechno! Bioeng 88:901-908, 2004), or coexpression of B-1,4-N-acetylglucosaminyltransferase
I and golgi a-mannosidase I or a potent alpha~-mannosidase T inhubitor, kifunensine (Ferrara et
al., I Biol Chem 281:5032-5036, 2006, Ferrara et al., Biotechno! Bioeng 93:851-861, 2006;
Xhou et al., Biotechnol Bioeng 99:652-65, 2008).

In some embodiments described herein, ADCC elicited by the BCMA antibodies may
also be enhanced by certain substitutions in the antibody Fe. Exemplary substitutions are for
example substitutions at amino acid positions 256, 290, 298, 312, 356, 330, 333, 334, 360, 378

or 430 {residue numbering according to the EU index) as described in U.S. Pat. No. 6,737,056.

Methods of detecting BCMA

Provided herein are methods for detecting BCMA n a biological sample by contacting
the sample with an antibody, or antigen-binding fragment thereof, described herein. As
described heremn, the sample may be derived from urine, blood, serum, plasma, saliva, ascites,

circulating cells, circulating tumor cells, cells that are not tissue associated (7.e., free cells),
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tissues {e.g., surgically resected tumor tissue, biopsies, including fine needle aspiration},
histological preparations, and the like. In some embodiments the described methods include
detecting BCMA in a biological sample by contacting the sample with any of the BOCMA-
specific antibodies or antigen-binding fragments thereof described herein.

In some embodiments the sample may be contacted with more than one of the BCMA-
spectfic antibodies or antigen-binding fragments described herein. For example, a sample may
be contacted with a first BCMA-specific antibedy, or antigen-binding fragment thereof, and then
contacted with a second BCMA-specific antibody, or antigen-binding fragment thereof, wherein
the first antibody or antigen-binding fragment and the second antibody or antigen-binding
fragment are not the same antibody or antigen-binding fragment. In some embodiments, the first
anttbody, or antigen-hinding fragment thereof, may be affixed to a surface, such as a multiwell
plate, chip, or similar substrate prior to contacting the sample. In other embodiments the first
antibody, or antigen-binding fragment thereof, may not be affixed, or attached, to anything at ali
prior to contacting the sample.

The described BCMA-specific antibodies and antigen-binding fragments may be
detectably labeled. In some embodiments labeled antibodies and antigen-binding fragments may
facilitate the detection BCMA via the methods described herein. Many such labels are readily
known to those skilled 1 the art. For example, suitable labels include, but should not be
considered linited to, radiolabels, fluorescent labels, epitope tags, biotin, chromophore labels,
ECL labels, or enzymes. More specifically, the described labels include ruthenium, ' 'In-DOTA,
"in- diethylenetriaminepentaacetic acid (DTPA), horseradish peroxidase, alkaline phosphatase
and beta-galactosidase, poly-histidine (HIS tag), acridine dyes, cvanine dyes, fluorone dyes,
oxazin dyes, phenanthridine dyes, rhodamine dyes, Alexafluor® dyes, and the like.

The described BCMA-specific antibodies and antigen-binding fragments may be used in
a variety of assays to detect BCMA in a biological sample. Some suitable assays include, but
should not be considered limited to, western biot analysis, radioimmunoassay, surface plasmon
resonance, immunotlucrimetry, immunoprecipitation, equilibrium dialysis, immunodiffusion,
electrochemiluminescence (ECL) immunoassay, immunchistochemistry, fluorescence-activated

cell sorting (FACS) or ELISA assay.
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In some embodiments described herein detection of BCMA-expressing cancer cells in a
subject may be used to determine that the subject may be treated with a therapeutic agent
directed against BCMA.

BCMA 1s present at detectable levels in blood and serum samples. Thus, provided herein
are methods for detecting BCMA n a sample derived from blood, such as a serum sample, by
contacting the sample with an antibody, or antigen-binding fragment thereof, that specifically
binds BCMA. The blood sample, or a derivative thereof, may be diluted, fractionated, or
otherwise processed to vield a sample upon which the described method may be performed. In
some embodiments, BCMA may be detected in a blood sample, or a derivative thereof, by any
number of assays known in the art, such as, but not limited to, western blot analysis,
radioimmunoassay, surface plasmon resonance, immunoflucrimetry, immunoprecipitation,
equilibrium dialysis, immunodiffusion, electrochemiluminescence (ECL) immunoassay,

immunohistochemistry, fluorescence-activated cell sorting (FACS) or ELISA assay.

Methods for Diagnosing Cancer

Provided herein are methods for diagnosing BCMA-expressing cancer in a subject. In
some embodiments BCMA-expressing cancer include lymphomas, such as multiple myeloma
(MM}, In some embodiments, as described above, detecting BCMA 1 a biological sample, such
as a blood sample or a serum sample, provides the ability to diagnose cancer n the subject from
whom the sample was obtained. Alternatively, in some embodiments other samples such as a
histological sample, a fine needle aspirate sample, resected tumor tissue, circulating cells,
circulating tumor cells, and the like, may also be used to assess whether the subject from whom
the sample was obtained has cancer. In some embodiments, it may already be known that the
subject from whom the sample was obtained has cancer, but the type of cancer afflicting the
subject may not vet have been diagnosed or a preliminary diagnosis may be unclear, thus
detecting BCMA in a biological sample obtained from the subject can allow for, or clanify,
diagnosis of the cancer. For example, a subject may be known to have cancer, but it may not be
known, or may be unclear, whether the subject’s cancer is BCMA-expressing.

In some embodiments the described methods involve assessing whether a subject is
afflicted with BCM A-expressing cancer by determining the amount of BCMA that is present ina

biological sample derived from the subject; and comparing the observed amount of BCMA with
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the amount of BCMA in a control, or reference, sample, wherein a difference between the
amount of BCMA in the sample derived from the subject and the amount of BCMA 1n the
control, or reference, sample is an indication that the subject 1s afflicted with a BCMA-
expressing cancer. In another embodiment the amount of BCMA observed in a biological
sample obtained from a subject may be compared to levels of BCMA known to be associated
with certain forms or stages of cancer, to determine the form or stage of the subject’s cancer. In
some embodiments the amount of BCMA in the sample derived from the subject 1s assessed by
contacting the sample with an antibody, or an antigen-binding fragment thereof, that
immunospecifically binds BCMA, such as the BCMA-specific antibodies described herein. The
sample assessed for the presence of BCMA may be derived from urine, blood, serum, plasma,
saliva, ascites, circulating cells, circulating tumor cells, cells that are not tissue associated (i.e.,
free cells), tissues {(e.g., surgically resected tumor tissue, biopsies, including fine needle
aspiration}, histological preparations, and the like. In some embodiments BCMA-expressing
cancer includes hematological cancer, such as mutilple myeloma (MM). In some embodiments
the subject 1s a human.

In some embodiments the method of diagnosing a BCMA-expressing cancer will involve:
contacting a biological sample of a subject with a BCMA-specific antibody, or an antigen-
binding fragment thereof (such as those derivable from the antibodies and fragments provided n
Table 1), quantifying the amount of BCMA present in the sample that 15 bound by the antibody
or antigen-binding fragment thereof, comparing the amount of BCMA present in the sample to a
known standard or reference sample; and determining whether the subject’s BCMA levels fall
within the levels of BCMA associated with cancer. In an additional embodiment, the diagnostic
method can be followed with an additional step of administering or prescribing a cancer-specific
treatment. In another embodiment, the diagnostic method can be followed with an additional
step of transmitting the results of the determination to facilitate treatment of the cancer. In some
embodiments the cancer-specific treatment may be directed against BCMA-expressing cancers,
such as the BCMA x CID3 multispecific antibodies described herein.

In some embodiments the described methods involve assessing whether a subject is
afflicted with BCMA-expressing cancer by determining the amount of BCMA present 1n a blood
or serum sample obtained from the subject; and comparing the observed amount of BCMA with

the amount of BCMA in a control, or reference, sample, wherein a difference between the
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amount of BCMA in the sample derived from the subject and the amount of BCMA in the
control, or reference, sample is an indication that the subject 15 afflicted with a BCMA-
expressing cancer.

In some embodiments the conirol, or reference, sample may be derived from a subject
that is not afflicted with BCMA-expressing cancer. In some embodiments the control, or
reference, sample may be derived from a subject that is afflicted with BCMA-expressing cancer.
In some embodiments where the control, or reference, sample is derived from a subject that 1s
not afflicted with BCMA-expressing cancer, an observed increase in the amount of BCMA
present in the test sample, relative to that observed for the control or reference sample, is an
mdication that the subject being assessed is afflicted with BCMA-expressing cancer. In some
embodiments where the control sample 15 derived from a subject that 1s not afflicted with
BCMA-expressing cancer, an observed decrease or similarity in the amount of BCMA present in
the test sample, relative to that observed for the control or reference sample, is an indication that
the subject being assessed is not afflicted with BCMA-expressing cancer. In some embodiments
where the control or reference sample ts derived from a subject that is afflicted with BCMA-
expressing cancer, an observed simutlarity in the amount of BCMA present in the test sample,
relative to that observed for the control or reference sample, 15 an indication that the subject
being assessed is afflicted with BCMA-expressing cancer. In some embodiments where the
control or reference sample 15 derived from a subject that is afflicted with BCMA-expressing
cancer, an observed decrease in the amount of BCMA present in the test sample, relative to that
observed for the control or reference sample, is an indication that the subject being assessed is
not afflicted with BCMA-expressing cancer.

In some embodiments the amount of BCMA in the sample derived from the subject is
assessed by contacting the sample with an antibody, or an antigen-binding fragment thereof, that
specifically binds BCMA, such as the antibodies described herein. The sample assessed for the
presence of BCMA may be derived from a blood sample, a serum sample, circulating cells,
circulating tumor celis, cells that are not tissue associated (7.e., free cells), tissues {e.g., surgically
resected tumor tissue, biopsies, including fine needle aspiration), histological preparations, and
the like.

In various aspects, the amount of BCMA is determined by contacting the sample with an

antibody, or antigen-binding fragment thereof, that specifically binds BCMA. In some
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embodiments, the sample may be contacied by more than one type of antibody, or antigen-
binding fragment thereof, that specifically binds BCMA. In some embodiments, the sample may
be contacted by a first antibody, or antigen-binding fragment thereof, that specifically binds
BCMA and then contacted by a second antibody, or antigen-binding fragment thereof] that
specifically binds BCMA. BCMA-specific antibodies or antigen-binding fragments such as
those described herein may be used in this capacity.

Various combinations of the BCMA-specific antibodies and antigen-binding fragments
can be used to provide a “first” and “second” antibody or antigen-binding fragment to carry out
the described diagnostic methods.  In some embodiments BCMA-expressing cancer includes
lymphomas, such as multiple myeloma (MM).

In certain embodiments, the amount of BCMA 1s determined by western blot analysis,
radioimmunoassay, immunoflucrimetry, immunoprecipitation, equilibrium dialysis,
inmunodiffusion, electrochemiluminescence (ECL) immuncassay, immunohistochenustry,
fluorescence-activated cell sorting (FACS) or ELISA assay.

In various embodiments of the described diagnostic methods a control or reference
sample 15 used. This sample may be a positive or negative assay control that ensures the assay
used 18 working properly; for example, an assay control of this nature night be commonly used
for immunchistochemistry assays. Alternatively, the sample may be a standardized reference for
the amount of BCMA 11 a biological sample from a healthy subject. In some embodiments, the
observed BCMA levels of the tested subject may be compared with BCMA levels observed 1n
samples from subjects known to have BCMA-expressing cancer. In some embodiments, the
control subject may be afflicted with a particular cancer of interest. In some embodiments, the
control subject 1s known to have early stage cancer, which may or may not be BCMA-expressing
cancer. In some embodiments, the control subject is known to have intermedhate stage cancer,
which may or may not be BCMA-expressing cancer. In some embodiments, the control subject

1s known to have late stage, which may or may not be BCMA-expressing cancer.

Methods for Meonitoring Cancer
Provided herein are methods for monttoring BCMA-expressing cancer in a subject. In
some embodiments BCMA-expressing cancer includes lymphomas, such as multiple myeloma

{(MM). In some embodiments the described methods involve assessing whether BCMA-
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EXpressing cancer is progressing, regressing, or remaining stable by determining the amount of
BUMA that 1s present in a test sample derived from the subject; and comparing the observed
amount of BCMA with the amount of BCMA in a biological sample obtained, in a simiar
manner, from the subject at an earlier point in time, wherein a difference between the amount of
BCMA in the test sample and the earlier sample provides an indication of whether the cancer is
progressing, regressing, or remaining stable. In this regard, a test sample with an increased
amount of BCMA, relative to the amount observed for the earlier sample, may indicate
progression of a BCMA-expressing cancer. Conversely, a test sample with a decreased amount
of BCMA, relative to the amount observed for the earlier sample, may indicate regression of a
BCMA -expressing cancer.

Accordingly, a test sample with an insignificant difference in the amount of BCMA,
relative to the amount observed for the earlier sample, may indicate a state of stable disease fora
BCMA-expressing cancer. In some embodiments the amount of BCMA in a biological sample
derived from the subject 1s assessed by contacting the sample with an antibody, or an antibody
fragment thereof, that specifically binds BCMA, such as the antibodies described herein. The
sample assessed for the presence of BCMA may be derived from urine, blood, serum, plasma,
saliva, ascites, circulating cells, circulating tumor cells, cells that are not tissue associated (1.¢e,,
free cells), tissues (e g, surgically resected tumor tissue, biopsies, including fine needle
aspiration}, histological preparations, and the ike. In some embodiments the subject is 8 human,

In some embodiments the methods of monttoring a BCMA-expressing cancer will
myolve: contacting a biological sample of a subject with 2 BCMA-specific antibody, or antigen-
binding fragment thereof (such as those derivable from the antibodies and fragments provided 1n
Table 1), quantifying the amount of BCMA present in the sample, comparing the amount of
BCMA present in the sample to the amount of BCMA determined to be in a biological sample
obtained, in a similar manner, from the same subject at an earlier point in time; and determining
whether the subject’s BCMA level has changed over time. A test sample with an increased
amount of BCMA, relative to the amount observed for the earlier sample, may indicate
progression of cancer. Conversely, a test sample with a decreased amount of BCMA, relative to
the amount observed for the earlier sample, may indicate regression of a BCMA-expressing
cancer. Accordingly, a test sample with an insignificant difference in the amount of BCMA,

relative to the amount observed for the earlier sample, may indicate a state of stable disease for a
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BCMA-expressing cancer. In some embodiments, the BCMA levels of the sample may be
compared to a known standard or a reference sample, alone or 1n addition to the BCMA levels
observed for a sample assessed at an earlier point in time. In an additional embodiment, the
diagnostic method can be followed with an additional step of administering a cancer-specific
treatment. In some embodiments the cancer-specific treatment may be directed against BCMA-
expressing cancers, such as the BCMA x {13 multispecific antibodies described herein.

In various aspects, the amount of BCMA is deternined by contacting the sample with an
antibody, or antigen-binding fragment thereof, that specifically binds BCMA. In some
embodiments, the sample may be contacted by more than one type of antibody, or antigen-
binding fragment thereof, that specifically binds BCMA. In some embodiments, the sample may
be contacted by a first antibody, or antigen-binding fragment thereof, that specifically binds
BCMA and then contacted by a second antibody, or antigen-binding fragment thereof, that
specifically binds BCMA. Antibodies such as those described herein may be used in this
capacity.

Various combimations of the antibodies and antigen-binding fragments described in Table
1 can be used to provide a “first” and “second” antibody or antigen-binding fragment to carry out
the described monitoring methods. In some embodiments BCMA-expressing cancer includes a
hematological cancer, such as acute myelowd leskemia (AML).

In certain embodiments, the amount of BCMA s determined by western blot analysis,
radioimmuncassay, immunoflucrimetry, immunoprecipitation, equilibrium dialysis,
mmunodiffusion, electrochenuluminescence (ECL} mumuncassay, immunohisiochemistry,

fluorescence-activated cell sorting (FACS) or ELISA assay.

Kits for Detecting BCMA

Provided hergin are kiis for detecting BOCMA 1n a biological sample. These kits include
one or more of the BCMA-specific antibodies described herein, or an antigen-binding fragment
thereof, and instructions for use of the kit.

The provided BCMA-specific antibody, or antigen-binding fragment, may be n solution;
ivophilized; affixed to a substrate, carrier, or plate; or detectably labeled.

The described kits may also include additional components useful for performing the

methods described herein. By way of example, the kits may comprise means for obtaining a
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sample from a subject, a control or reference sample,

b

e.g., a sample from a subject having slowly
progressing cancer and/or a subject not having cancer, one or more sample compartments, and/or
wstructional material which describes performance of a method of the invention and tissue
specific controls or standards.

The means for determining the level of BCMA can further include, for example, buffers
or other reagents for use in an assay for determining the level of BCMA. The instructions can
be, for example, printed instructions for performing the assay and/or instructions for evaluating
the level of expression of BCMA.

The described kits may also include means for isolating a sample from a subject. These
means can comprise one or more items of equipment or reagents that can be used to obtain a
fluid or tissue from a subject. The means for obtaining a sample from a subject may also
comprise means for isolating blood components, such as serum, from a blood sample.

Preferably, the kit is designed for use with a human subject.

Multispecific Antibodies

The binding domains of the anti- BCMA antibodies described herein recognize cells
expressing BCMA on their surface. As noted above, BCMA expression can be indicative of a
cancerous cell. More specific targeting to particular subsets of cells can be achieved by making
bispecific molecules, such as antibodies or antibody fragments, which bind to BCMA and to
another target, such as CD3. This 1s achieved by making a molecule which comprises a first
region binding to BCMA and a second binding region binding to the other target antigen. The
antigen-binding regions can take any form that aliows specific recognition of the target, for
example the binding region may be or may include a heavy chain variable domain, an Fv
{combination of a heavy chain variable domain and a light chain variable domain}, a binding
domain based on a fibronectin type 11 domain {such as from f{ibronectin, or based on a
consensus of the type 1iI domains from fibronectin, or from tenascin or based on a consensus of
the type I domains from tenascin, such as the Centyrin molecules from Janssen Biotech, Inc.,
see e.g. WO2010/051274 and W(O2010/093627). Accordingly, bispecific molecules comprising
two different antigen-binding regions which bind BCMA and another antigen, respectively, are

provided.
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Some of the multispecific antibodies described herein comprise two different antigen-
binding regions which bind BCMA and CD3, respectively. In preferred embodiments,
multispecific antibodies that bind BCMA and CD3 (BCMA x CD3-multispecific antibodies) and
multispecific antigen-binding fragments thereof are provided. In some embodiments, the BCMA
x CD3-multispecific antibody comprises a first heavy chain (HC1) and a first light chain (L.C1)
that pair to form a first antigen-binding site that immunospecifically binds BCMA and a second
heavy chain (HC2) and a second light chain (LC2) that pair to form a second antigen-binding site
that immunospecifically binds CD3. In preferred embodiments, the BCMA x CD3-multispecific
anttbody 1s a bispecific antibody comprising a BCMA-specific arm comprising a first heavy
chain (HC1) and a fivst ight chain (L.C1) that pair to form a first antigen-binding site that
immunospecifically binds CD3 and a CD3-specific arm comprising second heavy chain (HC2)
and a second light chain (LC2) that pair to form a second antigen-binding site that
immunospecifically binds BCMA. In some embodiments, the bispecific antibodies of the
mvention include antibodies having a full length antibody structure. "Full length antibody" as
used herein refers to an antibody having two full length antibody heavy chains and two full
length antibody light chains. A full length antibody heavy chain (HC) includes heavy chain
variable and constant domains VH, CHI, CH2, and CH3. A full length antibody hight cham (1.C)}
meludes hight cham variable and constant domains VL and CL. The full length antibody may be
lacking the C-terminal lysine (K} in etther one or both heavy chains. The term "Fab-arm™ or "half
molecule” refers to one heavy chamn-light chain pair that specifically binds an antigen. In some
embodiments, one of the antigen-binding domains is a non-antibody based binding domain, e.g.

a binding domain of based on a fibronectin type 3 domain, e.g. Centyrin.

The BCMA-binding arm of the muliispecific antibodies provided herein may be derived
from any of the BCMA-specific antibodies described above. In some exemplary embodiments
of such BCMA-binding arms, the first antigen-binding region which binds BCMA comprises a
heavy chain CDR1, CDR2, and CDR3 derived from an antibody clone as described in Table 1.

In some exemplary embodiments of such BCMA-binding arms, the first antigen-binding region
which binds BCMA comprises heavy chain CDR1, CDR2, and CDR3 and light chain CDR1,
CDR2, and CDR3 derived from an antibody clone as described in Table 1. In some exemplary
embodiments of such BCMA-binding arms, the first antigen-binding region which binds BCMA
comprises heavy chain CDR1, CDRZ, and CDR3 of clone BCMB69, BCMB117, BCMBI123,
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BCMB128, BCMB129, BCMBI176, or BCMB177. In some exemplary embodiments of such
BCMA-binding arms, the first antigen-binding region which binds BCMA comprises heavy
chain CDR1, CDR2Z, and CDR3 and light chain CDRI, CDR2, and CDR3 of clone BCMB69,
BCMB117, BCMB123, BCMB128, BCMBI129 BCMB176, or BCMB177. 1n some exemplary
embodiments of such BCMA-binding arms, the first antigen-binding region which binds BCMA
comprises a heavy chain variable domain derived from an antibody clone as described in Table
1. Insome exemplary embodiments of such BCMA-binding arms, the first antigen-binding
region which binds BCMA comprises heavy chain variable domain and light chain variable
domain derived from an antibody clone as described in Table 1. In some exemplary
embodiments of such BCMA-binding arms, the first antigen-binding region which binds BCMA
comprises heavy chain variable domain of clone BCMB69, BCMBI117, BCMB123, BCMB128,
BCMBI129, BCMB176, or BCMB177. In some exemplary embodiments of such BCMA-
binding arms, the first antigen-binding region which binds BCMA comprises heavy chain
vaniable domain and hight chain variable domain of clone BCMB69, BCMBI117, BCMB123,
BCMB128, BCMBI129, BCMB176, or BCMB177.

Table 3 provides a listing of BCMA x CD3 bispecific antibodies having one heavy and light
chain pair specific for BCMA and another heavy and hight cham pair specific for CD3, where the
particular antibody 1D 1s listed to describe the antigen-specific antibody arms used to produce the

described embodiment.

Table 3:
BCMA-specific arm = | CD3-specific arm
Ab ID = Ab IB

BCMBGY CD3B219
BCMBIYY CDIB2IY
BCMB123 CD3B219
BCMEBI128 CD3B21Y
BCMB129% CD3B21Y
BCMRB176 CD3B219
BCMBI177 CD3B21S

In some embodiments of the bispecific antibodies, the BCMA-binding arm binds also

binds cynomolgus BCMA, preferably the extracellular domain thereof.
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In some embodiments, the BCMA-binding arm of the multispecific antibody 1s 1gG, or a
derivative thereof, e g, I(G1, 1gG2, 123, and Ig(G4 isotypes. In some embodiments wherein the
BCMA-binding arm has an IgG4 isotype, it contains S228P, L234A  and L235A substitution{s)
n its Fc region.

In some embodiments of the bispecific antibodies, the second antigen-binding arm binds
human CD3. In some preferred embodiments, the CD3-specific arm of the BCMA x CD¥3
bispecific antibedy is derived from a CD3-specific antibody that binds and activates human
primary T cells and/or cynomolgus monkey primary T cells. In some embodiments, the CD3-
binding arm binds to an epitope at the N-terminus of CD3&. In some embodiments, the CD3-
binding arm contacts an epitope including the six N-terminal amino acids of CD3g. In some
embodiments, the CD3-specific binding arm of the bispecific antibody 1s derived from the mouse
monocional antibody SP34, a mouse IgG3/lambda isotype. In some embodiments, the CD3-
binding arm comprises the CDRs of antibody SP34. Such CD3-binding arms may bind to CD3
with an affinity of 5x107M or less, such as 1x107M or less, Sx10™M or less, 1x10™M or less,
5x10"M or less, or 1x10”M or less. The CD3-specific binding arm may be a humanized version
of an arm of mouse monoclonal antibody SP34. Human framework adaptation (HFA) may be
used to humanize the anti-CD3 antibody from which the CD3-specific arm is derived. In some
embodiments of the bispecific antibodies, the CI33-binding arm comprises a heavy chain and
light chain pair selected from Table 2. In other embodiments of the bispecific antibodies, the
CD3-binding arm comprises heavy chain CDR1, CDRZ, and CDR3 and hight ¢hain CDRI,
CDR2, and CDR3 sequences set forth in Table 2. For example, the heavy chain and light chain
CDR sequences of some embodiments of the CD3-bimding arm of the bispecific antibodies
described heremn can include the following amino acid sequences: He CDRI, SEQ ID NO: 59,
He CDRZ: SEQ ID NO: 60; He CDR3, SEQ ID NG: 61; Le CBRI, SEQ ID NGO 62; Le CDR2:
SEQ ID NG: 63; and Le CBR3, SEQ ID NO: 64,

In some embodiments, the CB3-binding arm s IgG, or a derivative thereof. 1n some
embodiments, the CD3-binding arm 1s [gG1, 1gG2, 1963, or 1gG4. In some embodiments
wherein the CD3-binding arm has an [g(G4 1sotype, it contains S228P, 1.234A L2354, F405L,
and R409K substitution(s) in i#ts Fc region. In some embodiments, the anttbodies or antigen-
binding fragments bind CD3e on primary human T cells. In some embodiments, the antibodies

of antigen-binding fragments bind CD3e on primary cynomolgus T cells. In some embodiments,
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the antibodies or antigen-binding fragments bind CD3¢ on primary human and cynomolgus T
cells. In some embodiments, the antibodies or antigen-binding fragments activate primary
human CD4+ T cells. In some embodiments, the antibodies or antigen-binding fragments
activate primary cynomolgus CD4+ T cells.

In some embodiments are provided a BCMA x CD3 bispecific antibody having a BCMA-
binding arm comprising a heavy chain of antibody clone BCMBG69, BCMB117, BCMBI123,
BCMB128 BCMBI129, BCMB176, or BCMB177. 1n some embodiments are provided a BCMA
x CD3 bispecific antibody having a BCMA-binding arm comprising a heavy chain and hight
chain of antibody clone BCMB69, BCMB117, BCMB123, BCMB128, BCMBI129, BCMB176,
or BCMBI177. In some embodiments are provided a BCMA x CD3 hispecific antibody having a
CD3-binding arm comprising a heavy chain of antibody clone CID3B219. In some embodiments
are provided a BCMA x CD3 hispecific antibody having a CD3-binding arm comprising a heavy
chain and light chain of antibody clone CI33B219. In some embodiments are provided a BCMA
x CI3 bispecific antibody having a BCMA-binding arm comprising a heavy chain of antibody
clone BCMB69, BCMB117, BCMBI123, BCMBI128, BCMB129, BCMB176, or BCMBI177 and
a CP3-binding arm comprising a heavy chain of antibody clone CD3BZ19. In some
embodiments are provided a BCMA x CD3 bispecific antibody having a BCMA-binding arm
comprising 2 heavy chain and hight chain of antibody clone BCMB69, BCMB117, BCMB123,
BCMBI128 BCMBI129, BCMB176, or BCMB177 and a CD3-binding arm comprising a heavy
chain and tight chain of antibody clone CD3B219.

An exemplary BCMA x CD3 bispecific antibody s provided in Tables 9.

Different formats of bispecific anitbodies have been described and were recently
reviewed by Chames and Baty (2609} Curr Opin Drug Disc Dev 12: 276

In some embodiments, the bispecific antibody of the present invention is a diabody, a
cross-body, or a bispecific antibody obtamed via a controlled Fab arm exchange as those
described in the present invention.

In some embodiments, the bispecific antibodies include IgG-like molecules with
complementary CH3 domains to force heterodimerisation; recombinant IgG-like dual targeting
molecules, wherein the two sides of the molecule each contain the Fab fragment or part of the
Fab fragment of at least two different antibodies; IgG fusion molecules, wherein full length 1oG

antibodies are fused to an extra Fab fragment or parts of Fab fragment; Fc fusion molecules,
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wherein single chain Fv molecules or stabilized diabodies are fused to heavy-chain constant-
domains, Fe-regions or parts thereof; Fab fusion molecules, wherein different Fab-fragments are
fused together; ScFv- and diabody-based and heavy chain antibodies {(e.g., domain antibodies,
nanobodies) wherein different single chain Fv molecules or different diabodies or different
heavy-chain antibodies {e.g. domain antibodies, nanobodies) are fused to each other or to another
protein or carrier molecule.

In some embodiments, [gG-like molecules with complementary CH3 domains molecules
mclude the Triomal/(Quadroma (Trion Pharma/Fresenius Biotech), the Knobs-into-Holes
{Genentech), CrossMAbs (Roche} and the electrostatically-matched (Amgen), the LUZ-Y
{Genentech), the Strand Exchange Engineered Domain body (SEEDbody ) (EMD Serono), the
Biclonic (Merus) and the DuoBody® (Genmab A/S).

In some embodiments, recombinant IgG-like dual targeting molecules include Dual
Targeting (DT)-Ig (GSK/Domantis), Two-in-one Antibody {Genentech), Cross-linked Mabs
{Karmanos Cancer Center), mAb2 (F-Star) and CovX-body (CovX/Pfizer).

Tn some embodiments, IgG fusion molecules mclude Dual Variable Domaim (DVD)-Ig
{Abbott), IgG-like Bispecific (InnClone/Eh Lilly), TsZAb (Medlmmune/AZ) and BsAb
{Zymogenetics), HERCULES (Biogen Idec) and TvAb (Roche).

In some embodiments, Fe fusion molecules include to ScFv/Fe Fusions (Academic
Institution}, SCORPION (Emergent BioSolutions/Trubion, Zymogenetics/BMS), Dual Affinity
Retargeting Technology {Fe-DART) (MacroGenics) and Dual(ScFv).sub.2-Fab (National
Research Center for Antibody Medicine--China).

In some embodiments, Fab fusion bispecific antibodies include F{ab)2
{Medarex/AMGEN), Dual-Action or Bis-Fab {Genentech), Dock-and-Lock (BNL)
{ImmunoMedics), Bivalent Bispecific (Biotecnol) and Fab-Fv (UCB-Celltech}. ScFv-, diabody-
based and domain antibodies include but are not himited to Bispecific T Celi Engager (BITE)
{(Micromet), Tandem Diabody {Tandab) (Affimed), Dual Affinity Retargeting Technology
{DART) (MacroGenics), Single-chain Diabody (Academic), TCR-like Antibodigs {AlT,
ReceptorLogics), Human Serum Albumin ScFv Fusion (Merrimack) and COMBODY (Epigen
Biotech), dual targeting nanobodies {Ablynx}, dual targeting heavy chain only domain

antibodies.
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Full length bispecific antibodies of the invention may be generated for example using Fab
arm exchange (or half molecule exchange) between two mono specific bivalent antibodies by
wntroducing substitutions at the heavy chain CH3 mnterface in each half molecule to favor
heterodimer formation of two antibody half molecules having distinct specificity either in vitro
i cell-free environment or using co-expression. The Fab arm exchange reaction is the result of a
disulfide-bond isomerization reaction and dissociation-association of CH3 domains. The heavy-
chain disulfide bonds in the hinge regions of the parent mono specific antibodies are reduced.
The resulting free cysteines of one of the parent monospecific antibodies form an inter heavy-
chain disulfide bond with cysteine residues of a second parent mono specific antibody molecule
and simultaneously CH3 domains of the parent antibodies release and reform by dissociation-
association. The CH3 domains of the Fab arms may be engineered to favor heterodimerization
over homodimerization. The resulting product is a bispecific antibody having two Fab arms or
half molecules which each bind a distinct epitope, 1.e. an epitope on BCMA and an epitope on
CD3.

"Homodimerization" as used herein refers to an interaction of two heavy chains having
identical CH3 amin acid sequences. "Homodimer” as used herein refers to an antibody having
two heavy chains with identical CH3 amino acid sequences.

"Heterodimerization" as used herein refers to an interaction of two heavy chains having
non-identical CH3 amino acid sequences. "Heterodimer™ as used herein refers to an antibody
having two heavy chains with non-identical CH3 amino acid sequences.

The "knob-in-hole" strategy (see, e.g., PCT Inti. Publ. No. W 2006/028936} may be
used to generate full length bispecific aniibodies. Briefly, selected amino acids forming the
mterface of the CH3 domains in human [gG can be mutated at positions affecting CH3 domain
mnteractions to promote heterodimer formation. An aming acid with a small side chain (hole) is
mtroduced into a heavy chain of an antibody specifically binding a first antigen and an amino
actd with a large side chain (knob) is introduced into a heavy chain of an antibody specifically
binding a second antigen. After co-expression of the two antibodies, a heterodimer 1s formed as a
result of the preferential interaction of the heavy chain with a "hole" with the heavy chain with a
"knob". Exemplary CH3 substitution pairs forming a knob and a hole are (expressed as modified
position in the first CH3 domain of the first heavy chain/modified position in the second CH3

domain of the second heavy chain): T3I66Y/F405A, TI6OW/ F405W, FAOSW/Y40TA,
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T394W/Y407T T3945/Y407A, T366W/T3948, F405W/T3948 and
T366W/T366S_L368A Y407V

Other strategies such as promoting heavy chain heterodimerization using electrostatic
mnteractions by substituting positively charged residues at one CH3 surface and negatively
charged residues at a second CH3 surface may be used, as described m US Pat. Publ. No.
US2010/0015133; US Pat. Publ. No. US2009/0182127; US Pat. Publ. No. US2010/028637 or
US Pat. Publ. No. US2011/0123532. In other strategies, heterodimerization may be promoted by
the following substitutions (expressed as modified position in the first CH3 domain of the first
heavy chain/modified position in the second CH3 domain of the second heavy chain):

L331Y _F405AY407V/T394W, T3661 K392M T394W/F405A_ Y407V,

T366L K392M T304W/F405A_ Y407V, L351Y _Y407A/T366A K409F,

L351Y _Y407A/T366V K409F Y407A/T366A _K409F, or T350V_L351Y F40SA
Y407V/T350V_T366L K392 T394W as described in U.S. Pat. Publ. No. US2012/0149876 or
U.S. Pat. Publ. No. US2013/0195849.

In addition to methods described above, bispecific antibodies of the invention may be
generated in vitro m a cell-free environment by introducing asymmetrical mutations in the CH3
regions of two mono specific homodimeric antibodies and forming the bispecific heterodimeric
antibody from two parent monospecific homodimeric antibodies in reducing conditions to allow
disulfide bond isomertzation according to methods described 1o Inti. Pat. Publ No.
WO2011/131746. In the methods, the first monospecific bivalent antibody (e.g., anti- BCMA
anttbody) and the second monospecific bivalent antibody (e.g., anti-CD3 antibody} are
engineered to have certain substitutions at the CH3 domain that promotes heterodimer stahility;
the antibodies are incubated together under reducing conditions sufficient to allow the cysteines
in the hinge region to undergo disulfide bond isomerization; thereby generating the bispecific
anttbody by Fab arm exchange. The incubation conditions may optimally be restored to non-
reducing conditions. Exemplary reducing agents that may be used are 2-mercaptoethylamine (2-
MEA), dithiothreitol (DTT), dithicerythritol {DTE), elutathione, tris (2-carboxyethyliphosphine
{TCEP), L-cysteine and beta-mercaptoethanol, preferably a reducing agent selected from the
group consisting of: 2-mercaptoethylamine, dithiothreitol and tris {2-carboxyethyliphosphine.

For example, incubation for at least 90 min at a temperature of at least 20° C in the presence of at

I
3



WO 2017/031104 PCT/US2016/047146

least 25 mM 2-MEA or in the presence of at least 0.5 mM dithiothreitol at a pH from 5-8, for
example at pH of 7.0 or at pH of 7.4 may be usad.

In addition to the described BCMA x CD3-multispecific antibodies, also provided are
polynucleotide sequences capable of encoding the described BCMA x CD3-multispecific
antibodies. Vectors comprising the described polynucleotides are also provided, as are cells
expressing the BCMA x CD3-multispecific antibodies provided herein. Also described are cells
capable of expressing the disclosed vectors. These cells may be mammalian cells {such as 293F
cells, CHO cells}, insect cells {such as St7 cells), veast cells, plant cells, or bacteria cells (such as

FE. coli). The described antibodies may also be produced by hybridoma cells.

Therapeutic composition and metheods of treatment using multispecific antibodies and
multispecific antigen-binding fragments thereof

The BCMA bispecific antibodies discussed above, for example the BCMA x CD3
bispecific antibodies discussed above, are useful in therapy. In particular, the BCMA bispecific
anttbodies are useful in treating cancer. Also provided herein are therapeutic compositions for
the treatment of a hyperproliferative disorder 1n a mammal which comprises a therapeutically
effective amount of a multispecific antibody or multispecific antigen-binding fragment described
herem and a pharmaceutically acceptable carrier. In preferred embodiments, the multispecific
antibody 15 a BCMA x CD3-multispecific antibody as described herein, or a multispecific
antigen-binding fragment thereof, and more preferably a BCMA x CD3-bispecific antibody as
described herein, or a BCMA x CD3-bispecific antigen-binding fragment thereof. In one
embodiment said pharmaceutical composition is for the treatment of a BCMA-expressing cancer,
including {but not limited to} the following: BCMA-expressing B cell cancers, such as multiple
myeloma (MM}, and other cancers yet to be determined in which BCMA is expressed. Particolar
bispecific antibodies that may be used to treat cancer, such as hematological cancer, including
the specific cancers discussed above, include antibodies BCMB69, BCMB117, BCMB123,
BCMBI128, BCMB129, BCMB176, or BCMB177 or CD3B219. One example of a useful
bispecific antibody for treating cancer, such as hematological cancer, including these specific
cancers is BCMB72.

The pharmaceutical compositions provided herein comprise: a} an effective amount of a

multispecific antibody or antibody fragment of the present invention, and b) a pharmaceutically

43



WO 2017/031104 PCT/US2016/047146

acceptable carrier, which may be inert or physiologically active. In preferred embodiments, the
multispecific antibody 15 a BCMA x CD3-multispecific antibody as described herein, or a
multispecific antigen-binding tragment thereof, and more preferably a BCMA x CD3-bispecific
antibody as described herein, or a BCMA x CD3-bispecific antigen-binding fragment thereof.
As used herein, the term "pharmaceutically acceptable carriers” includes any and all solvents,
dispersion media, coatings, antibacterial and antifungal agents, and the like that are
physiologically compatible. Examples of suitable carriers, diluents and/or excipients include one
or more of water, saline, phosphate buffered saline, dexirose, glycerol, ethanol, and the like, as
well as any combination thereof. In many cases, it will be preferable to include isotonic agents,
such as sugars, polvalcohols, or sodium chloride in the composition. In particular, relevant
examples of suttable carrier include: (1) Dulbecco's phosphate buffered saline, pH.about.7 4,
containing or not containing about T mg/mL to 25 mg/mL human serum albumin, {2) 0.9% saline
{0.9% w/v sodium chioride (NaCl}y), and (3) 5% (w/v) dextrose; and may also contain an
antioxidant such as tryptamine and a stabilizing agent such as Tween 20 ®.

The compositions herein may also contain a further therapeutic agent, as necessary for
the particular disorder being treated. Preferably, the multispecific antibody or antibody fragment
and the supplementary active compound will have complementary activities that do not
adversely affect each other. In a preferred embodiment, the further therapeutic agent 1s
cytarabine, an anthracycline, histamine dihydrochloride, or interleukin 2. In a preferred
embodiment, the further therapeutic agent is a chemotherapeutic agent.

The compositions of the invention may be in a variety of forms. These include for
example liquid, semi-solid, and solid dosage forms, but the preferred form depends on the
mtended mode of administration and therapeutic application. Typical preferred compositions are
in the form of injectable or infusible solutions. The preferred mode of administration is
parenteral {e.g. intravenous, intramusculiar, intraperinoneal, subcutaneous). In a preferred
embodiment, the compositions of the invention are administered intravenously as a bolus or by
continuous infusion over a period of time. In another preferred embodiment, they are injected by
mtramuscular, subcutaneous, intra-articular, intrasynovial, intratumoral, peritumoral,
mntralesional, or perilesional routes, to exert local as well as systemic therapeutic effects.

Sterile compositions for parenteral administration can be prepared by incorporating the

antibody, antibody fragment or antibody conjugate of the present invention in the required
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amount in the appropriate solvent, followed by sterilization by microfiltration. As solvent or
vehicle, there may be used water, saline, phosphate buffered saline, dextrose, glycerol, ethanol,
and the like, as well as combination thereof In many cases, it will be preferable to include
isotonic agents, such as sugars, polyalcohols, or sodium chloride in the composition. These
compositions may also contain adjuvants, in particular wetting, isotonizing, emulsifying,
dispersing and stabilizing agents. Sterile compositions for parenteral administration may also be
prepared in the form of sterile solid compositions which may be dissolved at the time of use in
sterife water or any other injectable sterile medium.

The multispecific antibody or antibody fragment may also be orally administered. As
solid compositions for oral administration, tablets, pills, powders {gelatine capsules, sachets) or
gramules may be used. In these compositions, the active ingredient according to the invention is
mixed with one or more mert diluents, such as starch, cellulose, sucrose, lactose or silica, under
an argon stream. These compositions may also comprise substances other than diluents, for
example one or more lubricants such as magnesium stearate or tale, a coloring, a coating (sugar-
coated tablet) or a glaze.

As liguid compositions for oral administration, there may be used pharmaceutically
acceptable solutions, suspensions, emulsions, syrups and elixirs containing nert diluents such as
water, ethanol, glycerol, vegetable oils or paraffin oil. These compositions may comprise
substances other than diluents, for example wetting, sweetening, thickening, flavoring or
stabilizing products.

The doses depend on the desired effect, the duration of the treatment and the route of
administration used; they are generally between 5 mg and 1000 mg per day orally for an adult
with unit doses ranging from 1 mg to 250 mg of active substance. In general, the doctor will
determine the appropriate dosage depending on the age, weight and any other factors specific to
the subject to be treated.

Also provided herein are methods for killing a BCMA + cell by administering to a patient
in need thereof a multispecific antibody which binds said BCMA and 1s able to recruit T cells to
kill said BCMA + cell (1e., T cell redirection). Any of the multispecific antibodies or antibody
fragments of the invention may be used therapeutically. For example, in one embodiment the
BCMA x CD3-multispecific antibody BCMB72 may be used therapeutically to treat cancer in a

subject.
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In a preferred embodiment, multispecific antibodies or antibody fragments of the
invention are used for the treatment of a hyperproliferative disorder in a mammal. In a more
preferred embodiment, one of the pharmaceuiical compositions disclosed above, and which
contains a multispecific antibody or antibody fragment of the invention, is used for the treatment
of a hyperproliferative disorder in a mammal. In one embodiment, the disorder is a cancer. In
particular, the cancer 15 a BCMA-expressing cancer, including (but not limited to) the following:
BCMA-expressing B-cell cancers, such as multiple myeloma (MM); and other cancers vet to be
determined in which BCMA s expressed. In preferred embodiments, the multispecific antibody
1s a BCMA x CD3-multispecific antibody as described herein, or a multispecific antigen-binding
fragment thereof, and more preferably a BCMA x CD3-bispecific antibody as described herein,
or a BCMA x CD3-bispecific antigen-binding fragment thereof.

Accordingly, the pharmaceutical compositions of the invention are useful in the treatment
or prevention of a variety of cancers, including (but not limited to) the following: a BCMA-
expressing cancer, including (but not limited to) the following: BCMA-expressing B cell
cancers, such as acute multiple myveloma (MM); and other cancers vet to be determined in which
BCMA 15 expressed.

Similarly, further provided herein is a method for inhubiting the growth of selected cel
populations comprising contacting BCMA-expressing target cells, or tissue containing such
target cells, with an effective armount of a multispecific antibody or antibody fragment of the
present invention, etther alone or in combination with other cytotoxic or therapeutic agents, in
the presence of a peripheral blood mononuclear cell (PBMC). In preferred embodiments, the
multispecific antibody 15 8 BCMA x CD3-multispecific antibody as described herein, or a
multispecific antigen-binding fragment thereof, and more preferably a BUMA x CD3-bispecific
antibody as described herein, or a BCMA x CD3-bispecific antigen-binding fragment thereof. In
a preferred embodiment, the further therapeutic agent is cytarabine, an anthracycline, histamine
dihydrochloride, or interleukin 2. In a preferred embodiment, the further therapeutic agent is a
chemotherapeutic agent. The method for inhibiting the growth of selected cell populations can
be practiced in vitro, in vivo, or ex vivo.

Examples of in vitro uses include treatmenis of autologous bone marrow prior to their
transplant into the same patient in order to kill diseased or malignant cells; treatments of bone

marrow prior to its transplantation in order to kill competent T cells and prevent graft-versus-
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host-disease (GVHD); treatments of cell cultures 1n order to kill all cells except for desired
varianis that do not express the target antigen; or to kill varianis that express undesired antigen.
The conditions of non-clinical in vitro use are readily determined by one of ordinary skill in the
art.

Examples of clinical ex vivo use are to remove tumor cells from bone marrow prior to
autologous transplantation in cancer treatment. Treatment can be carried out as follows. Bone
marrow is harvested from the patient or other individual and then incubated in medium
containing serum to which is added the cytotoxic agent of the invention. Concentrations range
from about 10 uM to 1 uM, for about 30 min to about 48 hr at about 37 °C. The exact conditions
of concentration and time of incubation, 1.e., the dose, are readily determined by one of ordinary
skill in the art. After incubation the bone marrow cells are washed with medium containing
serurn and returned to the patient by 1.v. infusion according to known methods. In circumstances
where the patient receives other treatment such as a course of ablative chemotherapy or total-
body uradiation between the time of harvest of the marrow and reinfusion of the treated cells, the
treated marrow cells are stored frozen in liquid mitrogen using standard medical equipment.

For clinical in vivo use, a therapeutically effective amount of the multispecific antibody
or antigen-binding fragment is administered to a subject in need thereof. For example, the
BCMA x CD3-multispecific antibodies and multispecific antigen-binding fragments thereof may
be useful in the treatment of a BCMA-expressing cancer in a subject in need thereof. In some
embodiments, the BCMA-expressing cancer 15 a B-cell cancer, such as multiple myeloma (MM),
In preferred embodiments, the multispecific antibody 15 a BCMA x CD3-multispecific antibody
as described herein, or a multispecific antigen-binding fragment thereof, and more preferably a
BCMA x CD3-bispecific antibody as described herein, or a BCMA x CD3-bispecific antigen-
binding fragment thereof. In some embodiments, the subject 1s a mammal, preferably a human
In some embodiments, the multispecific antibody or antigen-binding fragment will be
administered as a solution that has been tested for sterility.

Posage regimens in the above methods of treatment and uses are adjusted to provide the
optimum desired response (e.g., a therapeutic response). For example, a single bolus may be
administered, several divided doses may be administered over time or the dose may be

proportionally reduced or increased as indicated by the exigencies of the therapeutic situation.
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Parenteral compositions may be formulated in dosage unit form for ease of administration and
uniformity of dosage.

The efficient dosages and the dosage regimens for the multispecific antibodies and
fragments depend on the disease or condition to be treated and may be determined by one skilled
i the art. An exemplary, non-hmiting range for a therapeutically effective amount of a
compound of the present invention is about 0.001-10 mg/kg, such as about 0.001-5 mg/kg, for
example about 0.001-2 mg/kg, such as about 8.001-1 mg/kg, for instance about 0.001, about
0.01, about 0.1, about 1 or about 10 mg/kg.

A physician or veterinarian having ordinary skill in the art may readily deternune and
prescribe the effective amount of the pharmaceutical composition required. For example, the
physician or veterinarian could start doses of the multispecific antibody or fragment employed in
the pharmaceutical composition at levels lower than that required in order to achieve the desired
therapeutic effect and gradually increase the dosage until the desired effect is achieved. In
general, a suitable daily dose of a bispecific antibody of the present invention will be that amount
of the compound which is the lowest dose effective to produce a therapeutic effect.
Administration may e.g. be parenteral, such as intravenous, intramuscular or subcutaneous. In
one embodiment, the multispecific antibody or fragment may be administered by infusion ina
weekly dosage of calculated by mg/m’. Such dosages can, for example, be based on the mg/kg
dosages provided above according to the following: dose {mg/kgix70: 1.8. Sach admimstration
may be repeated, e.g., 1 to 8 tumes, such as 3 to § times. The adounistration may be performed by
continuous infusion over a period of from 2 1o 24 hr, sach as of from 2 to 12 hr. In one
embodiment, the multispecific antibody or fragment may be administered by slow continuous
infusion over a long period, such as more than 24 hours, in order to reduce toxic side effects.

In one embodiment, the multispecific antibody or fragment may be administered in a
weekly dosage of caiculated as a fixed dose for up to eight times, such as from four to six times
when given once a week. Such regimen may be repeated one or more times as necessary, for
example, after six months or twelve months. Such fixed dosages can, for example, be based on
the mg/ke dosages provided above, with a body weight estimate of 70 kg. The dosage may be
determined or adjusted by measuring the amount of bispecific antibody of the present invention

in the blood upon administration by for instance taking out a biological sample and using anti-
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idiotypic antibodies which target the BCMA antigen binding region of the multispecific
anttbodies of the present invention.

In one embodiment, the multispecific antibody or fragment may be administered by
matntenance therapy, such as, e.g., once a week for a period of six months or more.

A multispecific antibody or fragment may also be adminstered prophylactically in order
to reduce the risk of developing cancer, delay the onset of the occurrence of an event in cancer
progression, and/or reduce the risk of recurrence when a cancer is in remission.

The multispecific antibodies and fragments thereof as described herein may also be
administered in combination therapy, i.e., combined with other therapeutic agents relevant for
the disease or condition to be treated. Accordingly, in one embodiment, the antibody-containing
medicament 1s for combination with one or more further therapeutic agent, such as a
chemotherapeutic agent. In some embodiments, the other therapeutic agent 1s cytarabine, an
anthracycline, histamine dihydrochloride, or interleukin 2. Such combined administration may
be simultaneous, separate or sequential, in any order. For simultaneous administration the agents
may be administered as one composition or as separate compositions, as appropriate.

In one embodiment, a method for treating a disorder involving cells expressing BCMA in
a subject, which method comprises adminstration of a therapeutically effective amount of a
multispecific antibody or fragment, such as a BCMA x CD3 bispecific antibody described
heremn, and radiotherapy to a subject in need thereof 1s provided. In one embodiment 1s provided
a method for treating or preventing cancer, which method comprises administration of a
therapeutically effective amount of a multispecific antibody or fragment, such as a BCMA x
CD3 antibody described herein, and radiotherapy 10 a subject in need thereof. Radiotherapy may
comprise radiation or associated administration of radiopharmaceuticals to a patient is provided.
The source of radiation may be either external or internal to the patient being treated {radiation
treatment may, for example, be in the form of external beam radiation therapy (EBRT) or
brachytherapy (BT)). Radioactive elements that may be used in practicing such methods include,
e.g., radium, cesium-137, indium-192, americium-241, gold-198, cobalt-57, copper-67,

[=281

technetium-99, iodide-123, 10dide-131, and indium-111.

Kits
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Also provided herein are includes kits, e.g., comprising a described multispecific
anttbody or antigen-binding fragment thereof and instructions for the use of the antibody or
fragemtn for killing of particular cell types. In preferred embodiments, the multispecific antibody
is a BCMA x CD3-multispecific antibody as described herein, or a muliispecific antigen-binding
fragment thereof, and more preferably a BCMA x CD3-bispecific antibody as described herein,
or a BCMA x CD3-bispecific antigen-binding fragment thereof. The instructions may include
directions for using the multispecific antibody or antigen-binding fragment thereof in vitro, in
VIV OF €X VIVO.

Typically, the kit will have a compartment contaming the muitispecific antibody or
antigen-binding fragment thereof. The multispecific antibody or antigen-binding fragment
thereof may be in a Iyophilized form, liquid form, or other form amendable to being included in
a kit. The kit may also contain additional elements needed to practice the method described on
the instructions in the kit, such a sterilized solution for reconstituting a lyophilized powder,
additional agents for combining with the multispecific antibody or antigen-binding fragment
thereof prior to admunistering to a patient, and tools that aid in administering the multispecific

antibody or antigen-binding fragrment thereof to a patient.

Diagnostic Uses

The multispecific antibodies and fragments described herein may also be used for
diagnostic purposes. Thus, also provided are diagnostic compositions comprising a multispecific
antibody or fragments as defimed herein, and to its use. In preferred embodiments, the
multispecific antibody 1s a BCMA x CD3-multispecific antibody as described herein, or a
multispecific antigen-binding fragment thereof, and more preferably a BCMA x CD3-bispecific
antibody as described herein, or a BCMA x CD3-bispecific antigen-binding fragment thereof. In
one embodiment, the present invention provides a kit for diagnosis of cancer comprising a
container comprising a bispecific BCMA x CD3 antibody, and one or more reagents for
detecting binding of the antibody to BCMA. Reagents may include, for example, fluorescent
tags, enzymatic tags, or other deteciable tags. The reagents may also include secondary or
tertiary antibodies or reagents for enzymatic reactions, wherein the enzymatic reactions produce
a product that may be visualized. For example, the multispecific antibodies described herein, or

antigen-binding fragments thereof, may be labeled with a radiclabel, a fluorescent label, an
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epitope tag, biotin, a chromophore label, an ECL label, an enzyme, ruthenium, ''In-DOTA,
"in- diethylenetriaminepentaacetic acid (DTPA), horseradish peroxidase, alkaline phosphatase

and beta-galactosidase, or poly-histidine or similar such labels known in the art.

Exemplary Embodiments of the Described Subject Matter
To better and more fully describe the subject matter herein, this section provides
enumerated exemplary embodiments of the subject matter presented.
Enumerated embodiments:
1. A recombinant antibody, or an antigen-binding fragment thereof, that binds
mmunospecifically to BCMA, wherein the antibody has a heavy chain and a light chain, said

heavy chain comprising;

a. a heavy chain complementarity determining region 1 (CDR1) having the ammno acid
sequence of SEQ ID NG: 4, a heavy chain CDRZ having the amino acid sequence of SEQ ID
NO: S, and a heavy chain CDR3 having the ammo acid sequence of SEQ 1D NO: 6;

b. a heavy chain CDR1 having the amino acid sequence of SEQ ID NO: 4, 3 heavy chain
CDR2 having the amino acid sequence of SEQ 1D NO: 5, and a heavy chain CDR3 having the
amino acid sequence of SEQ ID NG 6;

¢. a heavy chain CDR1 having the amino acid sequence of SEQ ID NG: 7, a heavy chain
CDR2 having the amino acid sequence of SEQ ID NO: §, and a heavy chain CDR3 having the
amino acid sequence of SEQ ID NO: 6;

d. a heavy chain CDRI1 having the amino acid sequence of SEQ ID NO: 4, a heavy chain
CDR2 having the amino acid sequence of SEQ ID NO: 5, and a heavy chain CDR3 having the
amino acid sequence of SEQ ID NO: 19;

e. a heavy chain CDR1 having the amino acid sequence of SEQ ID NG: 4, a heavy chain
CDR2 having the amino acid sequence of SEQ ID NO: 8, and a heavy chain CDR3 having the
amino acid sequence of SEQ ID NO: 6;

f a heavy chain CDR1 having the amino acid sequence of SEQ ID NO: 13, a heavy chain
CDR2 having the amino acid sequence of SEQ 1D NO: 5, and a heavy chain CDR3 having the
amino acid sequence of SEQ ID NO: 19
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2. a heavy chain CDR1 having the amino acid sequence of SEQ 1D NG: 13, a heavy
chain CDRZ having the amino acid sequence of SEQ ID NO: 8, and a heavy chain CDR3 having
the amino acid sequence of SEQ 1D NO: 19

2. The antibody, or antigen-binding fragment thereof, of embodiment 1, wherein said
anttbody further comprises a light chain CDR1 having the amine acid sequence of SEQ ID NO:
24, a light chain CDR2 having the amino acid sequence of SEQ ID NO: 25, and a light chain
CDR3 having the amino acid sequence of SEQ D NO: 26,

3. The antibody or antigen-binding fragment of embodiment 1, wherein the heavy chain of
the antibody of {a) comprises the amino acid sequence of SEQ ID NO: 27, the heavy chain of the
antibody of (b) comprises the amino acid sequence of SEQ ID NO: 57; the heavy chain of the
antibody of (f} comprises the amino acid sequence of SEQ ID NO: 34; the heavy cham of the
antthody of (k) comprises the aming acid sequence of SEQ ID NG: 39; the heavy chain of the
anttbody of (I} comprises the amino acid sequence of SEQ ID NO: 40; the heavy chain of the
antthody of {(m) comprises the amino acid sequence of SEQ ID NO: 58 or the heavy chain of the

antibody of {n) comprises the amino acid sequence of SEQ 1D NO: 43.

4. The antibody or antigen-binding fragment of embodiment 2 or embodiment 3, wherein

the light chain of the antibody comprises the amino acid sequence of SEQ ID NO: 28,

S. The antibody or antigen-binding fragment of any one of embodiments 1 to 4 wherein the
antibody or antigen-binding fragment thereof binds to the extracellular domain of human

BCMA.

6. The antibody or antigen-binding fragment of any one of embodiments 1 to 5 wherein the

antibody or antigen-binding fragment is a human antibody or antigen-binding fragment.

=
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The antigen binding fragment of any one of embodiments 1 to 6 wherein the antigen

binding fragment 1s a Fab fragment, a Fab2 fragment, or a single chain antibody.

8. The antibody or antigen-binding fragment of any one of embodiments 1 to 7 wherein the

antibody or antigen-binding fragment thereof inhibits the interaction of BCMA and APRIL.
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9. The antibody or antigen-binding fragment of embodiment 8, wherein the antibody or
antigen-binding fragment exhibits an 1Csy for the interaction of BCMA and APRIL of about 5.9
nM as measured by ELISA.

10. The antibody or antigen-binding fragment of any one of embodiments 1 to 9 wherein the

antibody or antigen-binding fragment thereof 1s an Ig(x

11. The antibody or antigen-binding fragment of any one of embodiments 1 to 10 1s an 1gG4
1sotype.
12. The antibody of embodiment 11 wherein the 1gG4 has a S228F substitution, a L234A

substitution and a L235A substitution in its Fe region.

13. The antibody or antigen-binding fragment of any one of embodiments 1 to 12 wherein the
antibody or antigen-binding fragment thereof immunospecifically binds human BCMA and cross

reacts to cynomolgus monkey BCMA.

14. The antibody or antigen-binding fragment of any one of embodiments 1 to 13 wherein the
antibody or antigen-binding fragment thereof binds BCMA on the surface of human myeloma

cells.

15. The antibody or antigen-binding fragment of any one of embodiments 1 to 14 wherein the
antibody or antigen-binding fragment thereof binds BCMA on the surface of human multiple

myeloma cells.

16. A recombinant cell expressing the antibody or antigen-binding fragment of any one of

embodiments 1 to 15,

17. The cell of embodiment 16 wherein the cell 1s a hybridoma.
18 The cell of embodiment 16 wherein the antibody 1s recombinantly produced.

19. A recombinant BCMA x CD3 bispecific antibody or a BCMA x CD3 bispecific binding

fragment thereof comprising:
a) a first heavy chain (HC1};

b} a second heavy chain (HC2};
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c) a first ight chain (LC1}; and
d} a second light chain (LC2),

wherein HC1 1s assoctated with LC1 and HCZ is associated with LC2 and wherein HC1
comprises SEQ 1D NO: 59, SEQ 1D NG: 60, and SEQ 1D NG: 61 and LC1 comprises SEQ ID
NG: 62, SEQ 1D NO: 63, and SEQ D NO: 64 to form a first antigen-binding site that
mmmunospecifically binds CD3 and wherein HC2 comprises SEQ ID NO: 4, SEQ ID NO: 5, and
SEQ 1D NG: 6 a and LCZ comprises SEQ ID NO: 24, SEQ 1D NO: 25, and SEQ 1D NO: 26 10

form a second antigen-binding site that immunospecifically binds BCMA.

20. A recombinant BCMA x CD3 bispecific antibody or fragment thereof of embodiment 19
comprising an HC1 comprising SEQ ID NO: 55, a LCT comprising SEQ 1D NO: 56,3 HCZ
comprising SEQ I} NO: 65, and a LC2 comprising: a) SEQ ID NO: 66 or b) SEQ 1D NG: 76.

21 The BCMA x CD3 ispecific antibody or bispecific binding fragment of embodiment 20

wherein the antibody or bispecific binding fragment is an IgG.

22 The BCMA x CD3 bispecific antibody or bispecific binding fragment of any of
embodiments 19, embodiment 20 or embodiment 21 wherein the antibody or bispecific binding

fragment 1s 1gG4 1sotype.

23. The BCMA x CD3 bispecific antibody or bispecific binding fragment of embodiment 19
to 22 wherein the antibody or bispecific binding fragment immunospecifically binds human

BCMA with an affinity of at least 0.22 nM as measured by surface plasmon resonance.

24. The BCMA x CD3 bispecific antibody or bispecific binding fragment of embodiments 19
to 23 wherein the antibody or bispecific binding fragment thereof binds BCMA on the surface of

human myeloma cells.

25. The BCMA x CD3 bispecific antibody or bispecific binding fragment of embodiments 19
1o 24 wherein the antibody or bispecific binding fragment thereof binds BCMA on the surface of

human multiple myveloma cells.

26. The BCMA x CD3 bispecific antibody or bispecific binding fragment of embodiment 19
to 25 wherein the antibody or bispecific binding fragment induces human T-cell activation in

vitro with an ECsg of less than about 0.37 nM.
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27 The BCMA x CD3 bispecific antibody or bispecific binding fragment of embodiment 19
to 26 wherein the antibody or bispecific binding fragment induces T-cell dependent cytotoxicity

of BCMA-expressing cells in vitro with an ECs; of less than about 0.45 nML

28. The BCMA x CD3 bispecific antibody or bispecific binding fragment of embodiment 19
to 27 wherein the antibody or bispecific binding fragment 1s not a BCMA agonist.

~

29. The BCMA x CD3 bispecific antibody or bispecific binding fragment of embodiment 19
to 28 wherein the antibody or bispecific binding fragment does not alter NF-xB activation at

concentrations below 10 nML

30. A recombinant cell expressing the antibody or bispecific binding fragment of any one of

embodiments 19 to 29.
31 The cell of embodiment 30 wherein the cell 1s a hybridoma.

32. A method for treating a subject having cancer, said method comprising administering a
therapeutically effective amount of the BCMA x U3 bispecific antibody or bispecific binding
fragment of any one of embodiments 19 10 29 to a subject in need thereof for a time sufficient to

treat the cancer.

33. A method for inhibiting growth or proliferation of cancer cells, said method comprising
administering a therapeutically effective amount of the BCMA CD3 bispecific antibody or
bispecific binding fragment of any one of embodiments 19 to 29 to inhibit the growth or

proliferation of cancer celis.

34 A method of redirecting a T cell to a BCMA-expressing cancer cell, said method
comprising administering a therapeutically effective amount of the BCMA x CD3 bispecific

antibody or bispecific binding fragment of any one of embodiments 19 to 29 to redirect a T cell

to a cangcer.
35. The method of embodiment 32, 33, or 34 wherein the cancer 1s a hematological cancer.
36. The method of embodiment 35 wherein the hematological cancer 1s a BCMA-expressing

B cell cancer.
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37. The method of embodiment 36 wherein the BCMA-expressing B cell cancer is multiple

myeloma.

38. The method of embodiment 32 further comprising administering a second therapeutic

39 The method of embodiment 38 wherein the second therapeutic agent is a

chemotherapeutic agent or a targeted anti-cancer therapy.

40, The method of embodiment 39 wherein the chemotherapeutic agent is cytarabine, an

anthracycline, histamine dibydrochloride, or interfeukin 2.

41, A pharmaceutical composition comprising the BCMA x CD3 bispecific antibody or
bispecific binding fragment of any one of embodiments 19 to 29 and a pharmaceutically

acceptable carrier.

42. A method for generating the BCMA x CD3 bispecific antibody or bispecific binding
fragment of any one of embodiments 19 to 29 by culturing the cell of any one of embodiments

30t0 31,

43, An isolated synthetic polvnucleotide encoding the HCI, the HC2, the LCT or the LC2 of
the BCMA x CD3 bispecific antibody or bispecific binding fragment of any one of embodiments

190 29.

44, A at comprising the BCMA x CD3 bispecific antibody or bispecific binding fragment as
defined in any one of embodiments 19 to 29 and/or a polvnucleotide as defined 1n claim 44 and

packaging for the same.

Brief Description of the DBrawings

Figure 1A and 1B Vectors used for cloning human BCMA (Figure 1A) and cyno BCMA
{Figure 1B).

Figure 2A4-2D. BCMBG69 epitope location and interactions between human BCMA and
BCMBG6Y. (Figure 2A) Overview of the epitope location. BCMBG69 binds to the concave surface
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of BCMA (black regions). (Figure 2B} Interaction map showing direct contacts between BCMA
and BCMBG9. Residues from all CDRs except CDR-L1 contact BOCMA. Van der Waals
interactions are shown as dashed lines, H-bonds are solid lines with arrows indicating backbone
H bonds and pointing to the backbone atoms. BCMA residues that contact both BCMB69 and
APRIL have a black frame. A distance cut-off of 4 A was used to identify the contact residues
(3.5 A distance threshold for H bonds). (Figure 2C and Figure 2D} Close view of BCMA main
mteractions with the BCMB69 Light (Figure 2C) and Heavy (Figure 2D) Chains. H bonds are

shown as dashed lines with the distances in Angstroms.

Figure 3. Epitope and paratope residues of BCMB69. The epitope and paratope residues are
shaded, the CDR regions are underlined (Kabat definition), and BCMA resudues that differ from

human are in bold italic. Only the BCMB69 Fab and extracellular BCMA sequences are shown.

Figure 44 and 4B. Regions of clash between BCMBGY Fab and APRIL (Figure 4A) and
BCMB69 Fab BAFF (Figure 4B). Structural overlay of BCMA/BCMBGY complex onto the
BCMA/APRIL and BCMA/BAFF complexes showing regions of clash between the Fab and
ligand. The solvent accessible surface of BCMA 1s displayed. The Fab and ligand molecules are
shown as gray and black cartoons, respectively. The overlay was achieved by superposition of
equivalent BCMA Ca atoms in both complexes (RMSD of 0.9 A for APRIL complex and 1.24
for BATF).

Figure 5. SPR data for BCMB72 demonsirates that the molecule has binding to human, cyno
and mouse BCMA. The Average Ky for cyno and mouse BCMA is about 36-fold and 402-fold,

respeciively when compared to human BCMA.

Figure 6. ECs¢ determination for BCMB72 binding on BCMA™ cell tines. Cell lines were stained
for BCMA using BCMB72. Geometrical mean fluorescence intensities of BCMB72 binding to
cells are shown. ECs are indicated in the legend. Saturation was achieved at a concentration of
around 100 nM. The mean fluorescence intensity was considered to derive the ECy, values for

U2932 (BCso= 7.92 nM), MMIR (ECso= 8.74 nM), H929 (ECs¢= 14.7 nM), EIM (ECsp=17.5
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aM) and LP1 (ECse= 22.3 nM) cells. Graphing and fitting of data were done in GraphPad Prism

6 using nonlinear regression with variable slope (four parameters) function.

Figure 7. BCMB72 binding profile in whole blood. Whole blood from three normal human
donors was stained with monoclonal or polyclonal antibodies against BCMA or BCMB72.
Gating analysis was performed to identify lymphocytes in the leukocyte population using
standard cell specific markers. Staining intensity for one representative donor 1s shown in the
panels, where solid black lines are antibodies of mterest and dotted lines with filled gray are the
corresponding isotype. No BMCA expression was observed on lymphocytes, monocytes,
granulocytes or plasmacytoid DBCs in three normal donors. BCMB72 showed binding to CD3+ T
cells in all three donors with varying intensity between donors. BCMB72 did not bind to any

other cell type tested in this assay.

Figure 8A-8E, BCMRB72-dependent T-cell activation in the presence of various MM cell Iines.
H929 (Figure 9A), MM IR (Figure 9B), RPMI 8226 (Figure 9C), U266 (Figure 9D) and Mv4-11
{Figure 9E) cells were subjected to the indicated antibodies 1n the presence of T cells from six
normal donors {donor averages +=SEM are shown) and Fe blocker (2 mg/mL) for 48 hours. The
ECse values are indicated on the graphs. Statistical analysis: In addition to the simple fact of
model convergence, the width of the 95% confidence mterval about the LogECs are considered
to evaluate adequacy of fit. {The confidence interval about LogECse 15 used because it is
symmetric; confidence mtervals about the ECsg itself are not) An interval less than +/- 2 {or a

total 95% confidence interval width less than 4} is considered adequate.

Figure 9. Summary of ECs, and maximum T cell activation values from two independent
experiments using T cells from multiple normal donors. Individual donor values and donor
averages are shown for each cell line and for each experiment No data = did not test; no fit =

software unable to generate a curve; ~ values = approximation based on model extrapolation.

Figure 10A-10E. T-cell mediated BCMB72-dependent cytotoxicity of various multiple
myeloma cell lines. HO29 (Figure 11A), MM IR (Figure 11B), RPMI 8226 (Figure 11(C), U266
{Figure 11D} and Mv4-11 (Figure 11E) cells were subjected to the indicated antibody
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concentration in the presence of T cells from six normal donors {(donor averages :SEM are
shown}) and Fc blocker (2 mg/mL) for 48 hours. The ECs values are indicated on the graphs.
Statistics analysis: In addition to the simple fact of model convergence, the width of the 95%
confidence interval about the LogECsg 1s considered to evaluate adequacy of fit. {The confidence
mterval about LogECs; 1s used because it 1s symmetric; confidence intervals about the ECs, tself
are not.) An interval less than +/- 2 {(or a total 95% confidence interval width less than 4) s

considered adequate.

Figure 11. Summary of ECs and maximum lysis values from two independent experiments
using T cells from multiple normal donors. Individual donor values and donor averages are
shown for each cell line and for each experiment. No data = did vot test; no fit = software unable

to generate a curve; ~ values = approximation based on model extrapolation.

Figure 12, Cytotoxicity and T cell activation in H929 cells. BCMAxCD3 bispecific antibodies
{Mutant molecules of BCMB72) were tested 1n a T-cell mediated cytotoxicity assay. BCMA-
positive cell ine (H929) was incubated with various concentrations the antibodies for 48 hours in
presence of exogenous human T cells from normal donors {donor ID7s: M5763 and M6576).
After 48 hour incubation cell kithing was measured by flow cytometry based approach (FACS)
and reported as % cytotoxicity in Figure 12A. Figure 12B shows the T-cell activation, as
assessed by CD2S upregulation on T-cell surface. In general, data points aligned tightly along the

generated it curve and there was hittle varniability between T cell donors and the repeat studies.

Figure 13. Summary of ECse values for BCMB72-mediated cytokine release. RPMI 8226 cell
supernatants from the cvtotoxicity experiments (see Example 12, Figure 8) were collected and
anafyzed for six different cytokine levels using an MSD based multiplex assay. BOCMB72
(BCMA x CD3) and control antibodies (BCMA x null and null x CD3) were used at various

concentrations.

Figure 14A and 14B. T-cell mediated BCMB72-dependent cytotoxicity assay was performed
using BCMA positive H929 cell line. Cells were subjected to BCMB72 at various

concentrations in the presence of T cells from multiple normal donors (summary of three donors
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M7197, M5137 and M6457 is shown as representative) and Fe blocker (2 mg/mL) for 48 hours.
The effector /target (E/T) ratio was 5:1. Figure 14A indicates the cytotoxicity potential and
Figure 14B on the right side shows T-cell activation curves that were similar between the various

fots of BCMB72.

Figure 15 H929 cells were treated with BCMB72 (BCMA x CD3) and control antibodies
(BCMA x null and null x CD3) for 30 nunutes at the doses indicated on the X-axis in the above
eraph and total protein was analyzed using Simple Western analysis method according to the
standard protocel as per ProteinSimple user manual. Data were normalized using actinas a
housekeeping gene and ratios were plotted on Y-axis. APRIL and BAFF induced
phosphorylation of P38 as expected and the antibodies have no stimulatory effect at any

concentration tested.

Figure 16A-16F. HEK-NF«B cells expressing BCMA (Figure 16A, Figure 16C and Figure 16E)
or parent cells (Figure 16B, Figure 16D and Figure16F) were stimulated with TNFu and various
concentrations of APRIL or BCMB72. Three time points, 16 hr. (Figure 16A and Figure 16B),
24 hr. (Figore 16C and Figure 16D) and 48 br (Figure 16E and Figure 16F) were analyzed.
TNFou induced NF-kB activation in both HEK- Nf-kB parent cells and HEK-NF-kB-BCMA
cells, whereas, APRIL induction was seen only in BCMA specific cell type. BCMB72 has no
effect on the parental cell line and showed activation only at high concentrations in BCMA-

expressing cells.

Figure 17A and 17B. T cells do not exhibit sSBCMA-mediated and BCMB72-dependent
activation. BCMB72 (Figure 17A) and a null x CD3 control antibody (Figure 17B) were titrated
in with the T cells from two normal donors {M7077 and M5137) in the presence of various doses
of soluble BCMA ECD. Data: MeantSEM.

Figure 18A- 18F. Effect of soluble factors, sSBCMA, APRIL and BAFF on T cell activation and
T cell mediated cytotoxic potential of BCMB72 in H929 cells. Cells were subjected to a killing
assay for 48 hours using donor T cells (M7077 & M6521) and BCMB72. Target cytotoxicity 18

depicted in the graphs on the left and T cell activation is shown in the graphs on the right (n=2).
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The ECso values for each treatment are indicated in the legends. Cell cytotoxicity in the presence
of sBCMA (Figure 18A), APRIL (Figure 18B) and BAFF (Figure 18C) are shown. T cell
activation in the presence of sSBCMA (Figure 18D}, APRIL (Figure 18E) and BAFF (Figure 18F)
are shown. Data: Mean=SEM.

Figure 194 and 198. Signals from two independent experiments were normalized to maximum
signal of BCMA-Fc binding to APRIl and BAFF in the absence of competing antibodies.
BCMA binding to APRIL (Figure 19A) and BAFF (Figure 19B) is plotted as a function of
BCMB72 and control antibody (null x CD3) concentration.

Figure 20A-20E. Cyiotoxic potency of BCMB72 agamst human primary MM plasma cells.
Frozen bone marrow-derived mononuclear cells from five different patients (MM240BM
{Figure 20A), MM259BM (Figure 20B), MM270BM (Figure 20C), MMZ2Z76BM (Figure 20D)
and MM277BM (Figure 20E)) were used to assess BCMB72 binding, compared to IgG4 1sotype
{CNTO 9412, left panel) control, plasma cell eytotoxicity {middle) and T cell activation (right).
For the cytotoxicity assay, T cells from the M7077 normal healthy donor were exogenously
added to patient BMMUC samples and incubated with BCMB72 (BCMA X CDi3), BC3B4
(BCMA X null} or CNTO 7008 (mull X CP3) for 48 hours. BCMB72 binds to plasma cells ina
dose dependent manner to all donor samples and the mean fluorescence intensities were recorded
on the Y-axis. Note the loss of live plasma cells (CD138") and the concomitant upregulation of
D25 on T cells n response to BCMB72 treatment. The ECs values for T cell activation are

indicated on the graphs.

Figure 21. BCMB72 in vivo efficacy in H929 prophylactic model.

Figure 22, Serum soluble BCMA levels in H929 xenograft mice. Serum soluble BCMA
concentration was detected using the human BCMA ELISA kit (R&D Systems). Soluble BCMA
levels were significanily lower in the mice treatment with 1 pug and 0.5 pg/mice of BCMB72
compared to PBS control which correlates nicely with the tumor burden in these amimals . Lower

doses of BCMB72 (0.1 pg/mice) had no effect on the sSBCMA levels or the tumor size.
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Examples

The following examples are provided to supplement the prior disclosure and to provide a
better understanding of the subject matter described herein. These examples should not be
considered to limit the described subject matter. It is understood that the examples and
embodiments described herein are for illustrative purposes only and that various modifications or
changes in light thereof will be apparent to persons skilled in the art and are to be included

within, and can be made without departing from, the true scope of the mvention.

Example 1: Materiails
BCMA ECD molecules

Recombinant human (h) BCMA-Fc fusion protein (catalog # 193-BC-050), corresponding
to amino acid 1 to 54 of hBCMA (SEQ ID NG:1) and recombinant mouse {m) BCMA-Fc fusion
protein {catalog# 593-BC-050) corresponding to amino acid | to 49 of mBCMA (SEQ ID
NO:2ywas obtained from R&D Systems. Recombinant cyno BCMA protein prepared from
cDNA obtained from gene synthesis techniques (U.S. Pat. No. 6,670,127; U.S. Pat. No.
6,521,427y, All proteins were tested for endotoxin prior to use and were biotinylated for phage
panning studies. These materials were also used for binding and affinity measurements.

Soluble human BCMA was obtained from AB Biosciences {Catalog no. P011Xp, iot no.

033-013} and was used for characterization studies.

APRIL, BAFF, BAFF-R and TACI molecules
Soluble hAPRIL {catalog #DY884), hBAFF (catalog #2149-BF), hBAFF-R (catalog
#1162-BR), corresponding to amino acids 7 t¢ 71 of hBAFF-R, and hTAC1, corresponding to
amino acids 2 to 166 of TACT were obtained from R&D Systems. BAFF-R and TACT were
biotinylated for SPR studies.

Generation of BCMA cell lines
Vectors presenting human BCMA (Figure 1 A) and cyno BCMA (Figure 1B) were
transiently transfected mto HEKZ293 expi cells using standard methods. Transfected 293F

adherent cells were selected for stable plasmid integration, then single cell sorted and the BCMA

o
e



WO 2017/031104 PCT/US2016/047146

surface receptor expression was quantified by FACS using an anti-human BCMA-PE labeled

anttbody (R&D Systems FAB193P}.

Example 2; Isolation of human BCMA monocional antibody expressing hybridomas

A human immunoglobulin transgenic rat strain (OmniRat ®; OMT, Inc.) was used to
develop human BCMA monoclonal antibody expressing hybridoma cells. The OmmiRat®
contains a chimeric human/rat IgH locus (comprising 22 human Vs, all human D and
Jq segments in natural configuration linked to the rat Cy locus) together with fully human IgL
loct (12 Vs linked to Jx-Cx and 16 Vis linked to JA-CA). (see e g, Osborn, et al (2013} 7
Trnmunol 190(4): 1481-1490).  Accordingly, the rats exhibit reduced expression of rat IgM or «,
and 1 response to immunization, the introduced human heavy and light chain transgenes
undergo class switching and somatic mutation to generate high affinity buman IgG monoclonal
anttbodies. The preparation and use of OromRat®, and the genomic modifications carried by
such rats, 13 described in PCT Publication WO 14/093908 to Bruggemann et al.

When immunized with recombinant human BCMA (rhBCMA), this transgenic rat
produces human [gG antibodies specific to human BCMA.

The immunization scheme was performed as follows: six rats were immunized with
hBCMA-Fc¢ fusion. Following a 21 day immunization regimen, spleens and lymph nodes from
the tmmunized rats were harvested and used to generate four total hybridomal Iibraries. The
fibraries were titrated and assaved by ELISA to identify mAbs which exhibited binding to
biotinylated hBCMA. The mAbs were captured on an MSI Streptavidin plate. After further
confirmatory screenings, hybridoma supernatants that exhibited binding specific to human
BCMA and cyno BUMA were sequenced, cloned and expressed and converted to both human

1gG1 and IgG4.

Example 3: Purification of BCMA antibodies

The BCMA antibodies in the clarified culture supernatants were captured by MabSelect
SuRe Protein A resin and eluted with 100 mM sodiom acetate (pH 3.5). The fractions containing
the antibodies were pooled and promptly neutralized with 2.5 M Tris HCI (pH 7.2}, then buffer
exchanged into 1xD-PBS or other desired buffers if specified. The protein concentration was

determined by measurement of OD280 on a NanoDrop spectrophotometer and calculated using
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its absorbance coefficient. The purity and homogeneity of the antibody was assessed by 8DS-
PAGE and SE-HPLC. An SEC polishing step using Superdex 200 was performed if the

monomer falls below 95% per SE-HPLC.

Example 4: Characterization of BCMA antibodies Cell Binding to BCMA

Binding of BCMA antibodies to engineered BCMA expressing cells and the cancer cell
lines U2392, EJM, MMIR, U266, OPM2, and RPMI-18226 was assessed using a MSD
{Mesoscale) cell binding assay and flow cytometry. The object of the screening assay was to
identify antibodies that bound to cells expressing BCMA as well as cross reactivity with cells
expressing cyno BCMA.

For MSD cell binding assay, cells were immobilized and BCMA antibody samples were
assaved in triplicate. Briefly, expression supernatants of purified BCMA antibodies were
normalized to 10 ng/mL. 5000 cells per well were plated 1nto a 384 well plate (MAG000, cat.
L21XB, MSD) and allowed to adhere for 2 hr. Cells were then blocked with 20% FBS in PBS
{Gibeo) for 15 mins. Auntibody supernatants were then added and left at RT for 1 hr. Cells were
washed 3 times with PBS and a ruthenium labeled secondary antibody {(Jackson Immuno
Research) was then added at 1 wg/mL and mcubated for 1 hr at room temperature. A further
washing step was then applied and 35 gL per well of MSD Read buffer T (surfactant free} was
then added and incubated for 30 min for detection. Plates were then read using MSD Sector
6000. Data were normalized to controls and graphed using GraphPad Prism Version 5. A
positive binder was determined to be a hit with a signal 3x greater than background. The assay
was repeated for data consistency and top binders were selected for further development.

For flow cytometry, celis were incubated with a viability stain and 100,000 cells were
added to a U bottom plate and centrifuged to peliet the cells. The titrated BCMA antibodies
were added to the cells. After an incubation period, the cells were pelleted and washed. An
AlexaFluor 647 labeled species specific secondary antibody was added to the cells and allowed
to mncubate. The cells were pelleted and washed several times. The cells were resuspended in an
appropriate amount of running buffer and analyzed using a FACS Cantoll. Cells were gated by
FSC-A versus S8C-A for size, SSC-A versus SSC-H for singlets and for the viability stain. The
geoMFT values of the live cell population was graphed and used to calculate ECso values if

possible, Le., if curves were fully sigmoidal
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Inhibition of APRIL ligand-binding

The BCMA antibody panel was screened in an APRIL binding competition ELISA.
Soluble human April was purchased from R&D systems Catalog # DY884) the ability of anti-
BCMA antibodies to block the binding of April to immobilized BCMA was evaluated.

Briefly, 96-well clear maxisorb plates were treated with 100 L of 0.5 pe/mL of
BCMA-ECD made in PBS and incubated at room temperature overnight  The plates were then
washed three times with FELISA wash buffer containing 0.05% Tween-20 n PBS (R&D Systems
Catalog # WA126), and then blocked with 300 pL/well of Reagent Diluent containing 1%
BSAS in PBS (R&D Systems catalog # DY995). ). For competitive binding, BCMA antibodies
were added to the plate in 100 pL volumes and were incubated for 30 minutes before APRIL
addition. After 30 munutes, | ng of APRIL was added per well and the plates were mcubated
overnight at 4 °C. Unbound APRIL was washed with ELISA wash buffer and bound bictinylated

APRIL was detected using SA-HRP conjugate at an optical density of 450 nm.

Example 5: Hit Evaluation and Selection
After completion of the characterization expertrments, the antibody derived from the M2
hybridoma-named BCMB69- was determined to have the following characteristics:
¢ Binds to recombinant human BCMA
¢ Binds to recombinant cyno BCMA
s Exhibits weak binding to mouse BCMA
s Binds to both HEK -expressing human BCMA and HEK -expressing cyno BCMA as
measured by flow cytometry
¢ Binds to human cancer lines that express BCMA (U2392, EIM, MMIR, U266, OPM2,
and RPMI-18226)
= Blocks APRIL binding with an ICsp = 5.9 nM
As a result, BCMBO69 (Table 4 and Table 5) was expressed and purified for the purpose of
making BCMA x CD3 bispecific antibodies.
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Table 4. CDR sequences of BUMBG69 (relevant SEQ [D NO provided in parenthesis)

D HC-CDBR1 HC-CBR2 HC-CDBR3 LC-CBRY LC-CDR2 1LC-CBR3
BCMBGEY SGSYFWG SIYVYSGITYYNPSLKS HBGAVAGLFDY GONNIGSKSVH DDSDRPS QVWDSSEDHVY
o) &) ) (24) 5 (26)

Table 5: Vg and V), sequences of BCMB6D

TLSL T SYVLTOPPSVSVAPGOTA

TCTVEGGSISSGSYFWGWIR RITCGGNNIGSESVHWY(Q
BCMB QPPGKGLEWIGAIYYSGITYY QPPGOAPVVVY YN DDSDR o8
69 NPSLKSRVTISVDTSKNQFSL 27 PSGIPERFSGENSGNTATL i
KLSSVTAADTAVYYCARHD TISRVEAGDEAVYYCQV
GAVAGLFDYWGQGTLVTVS WDSSSDHVVEFGGGTKLT
SA VL

Example 6: Crystal Structure of an anti-BCMA Fab

The crystal structure of one anti-BCMA antibody (BCMB69) was determined in free Fab
form, as well as when bound to human BCMA, to characterize the antibody/antigen interactions
in atomic details, increase our understanding of the antibody mechanism of action, and support

any required antibody engineering efforts.

Materials

His-tagged BCMA Fab (SEQ ID NOs: 75 and 76; hereafter simply BCMB69 Fab) was
expressed in HEK293 cells and purified using affinity and size-exclusion chromatographies. The
Fab was received in 130 mM Na(l, 20 mM MES, pH 7.4.

Human BCMA extracellular region (residues 5-51 of SEQ ID NO:1; hereafter simply
BCMA) with a C-terminal His tag was expressed using the baculovirus system and purified by
affinity and size-exclusion chromatography. The protemn was received in 50 mM NaCl, 20 mM

Tris pH 8.

71



WO 2017/031104 PCT/US2016/047146

Crystallization

BCMA/BCMBGY Fab Complex

The Fab/antigen complex was prepared by mixing BCMA with BCMB69 Fab at a molar
ratio of 3.8 : 1 {excess BCMA) for about 16 h at 4°C while buffer exchanging to 20 mM Hepes
pH 7.5, The complex was then eluted from a monoS 5/50 column with a gradient of 51-63 mM
NaCl in 20 mM Hepes pH 7.5 and concentrated to 17 mg/mL. Crystals suitable for X-ray
diffraction were obtained from 25% PEG 3kDa, 0.2M MgCh, 0.1M Mes pH 6.5 using the stiting
drop vapor-diffusion method at 20°C with micro-seeding.

BCMBGY Kab

The BCMB69 Fab was concentrated to 9 mg/mL without further purification. Crystals
suttable for X-ray diffraction were obtained from 2M (NH LSOy, 5% MPD, 0.1M Mes pH 6.5

using the sitting drop vapor-diffusion method at 20°C.

X-ray data collection and structure determination

For X-ray data collection, the crystals were soaked for few seconds in a cryvo-protectant
solution containing the corresponding mother liquor supplemented with 20% glycerol and then,
flash frozen in liquid nitrogen. X-ray diffraction data for the BCMA/BCMB6% complex was
collected with a Rayonix 300HS CCD detector at beamline CMCF-08ID of the Canadian Light
Source (CLS), while X-ray data for the free BCMI369 Fab was collected with a Dectris Pilatus
6M Pixel Array detector at beamline 17-ID of the Advanced Photon Source (APS) at Argounne
National Laboratory. Diffraction data were processed with the programa HKL (Otwinowsks, 2. &
Minor, W. (1997). Processing of X-ray diffraction data collected in oscillation mode. Methods in
Enzymology 276: 307-326.).

The structures were solved by molecular replacement (MR with Phaser (Read, R. 1.
{2001). Pushing the boundaries of molecular replacement with maximum likelihood. Acra
Crystallogr D Biol Crystallogr S7: 1373-82). In the case of the free Fab structure, the search
model for MR was the anti-influenza hemagglutinin 518 Fab (PDB code: 4M3Y). In the case of
the BCMA/Fab complex, the search models for MR were the crystal structures of BCMA (PDB
code: 1XU2) and the BCMB69 free Fab structure. The structures were refined with PHENIX
{Adams, P. D, Gopal, K., Grosse-Kunstleve, R. W, Hung, L. W, Toerger, T. R, McCoy, A. ],
Mortarty, N. W, Pai, R. K., Read, R I, Romo, T. B, Sacchetting, . O, Sauter, N. K., Storoni,
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L C & Terwilliger, T. C. (2004). Recent developments in the PHENIX software for automated
crystallographic structure determination. J Synchrotron Radiat 11 53-5) and model adjustments
were carried out using COOT (Emsley P. & Cowtan, K. (2004). Coot: Model building toels for
molecular graphics. Acta Crystallogr. D60 2126-2132). All other crystallographic calculations
were performed with the CCP4 suite of programs (Collaborative Computational Project Number
4,1994). All molecular graphics were generated with PyMol (DeLano, W. (2002). The PyMOL

molecular graphics system. Palo 4iro, CA, USA; Delano Scientific).

The data statistics for both the BCMB69 free Fab structure and the complex are shown in Table
6.

Table 6, Crystallographic data for the BCMA/BCMBGY Fab complex and free BCMBG6Y
Fab.

Complex Free Fab
Structure 1D in CBIS PS41 PS40
Crystal data
Crystallization solution
0. M Beoffer Mes pH 6.5 Mes pH 6.5
Precipitant 25% PEG 3 kDa 2 M (NH S0,
Additive 0.2 M Mgl 5% MPD
Space group P2, P2:2:2,
Molecuoles/asyraraetric unit 2 i
Unit celf
a b, c(A) 62.9,87.1, 887 64.3,71.1,123.0
o By () 90.0, 94.8, 90.0 90.0, 90.0, 90.0
Solvent condent (%) 47 56
Neray data™
Resolution (A) 50.00-2.00 50.00-2.70
Highest Resolution Shell (A) (2.07-2.00} (2.75-2.70)
Measured reflections 235,905 91,256
Completeness (%) 99.9 (99.8) 99.9 (99.9)
Redundancy 37{3.6) 57(4.8)
Rom (%0 10.0 (52.7) i4.8 (31.9)
<lg> 3329 135 (3.1
Refinement
Resolution (A) 45.4-2.0 34.2-2.7
Numaber of reflections 64,157 15,890
Number of all atoms 7,001 3,149
Nuarber of waters 89 10
Bone / Biee (%0 19.0/237 18.5/24.0
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Bond length RMSD (A) 0.009 0.004
Bond angle RMSD (%} §180 0.869
Mean B-factor (A) 310 51.1
MolProbity
Ramachandran favored (%4 97.32 96.86
Ramachandran allowed (%) 2.68 2.90
Ramachandran cutlicrs (%) 0.00 0.24
Rotamer outliers (%) 0.39 0.39
Clash score 3.2¢ 1.86

The epitope, paratope and interactions

BCMB69 recognizes a conformational epitope composed of residues in the f-hairpin
{residues Y13-H19) and helix-loop-helix {residues L26, R27, and N31-L35) regions of BCMA
(Figures 3 and 4). The BCMB69 epitope comprises an area of about 830 AZ on BCMA and
contains the hgand-binding DXL motif (residues D15-L18 in the type I turn of the B-hairpin),
which protrudes into a shallow cavity lined by the antibody complementarity determining
regions (CDRs). Leucine 17, at the tip of the DXL turn, 1s completely buried in the antibody
cavity and has extensive interactions with BCMBG9. Another prevalent epitope residue is
Arg27, which is on the 3j¢-helix h1 and makes several hydrogen bond contacts with the heavy
chain CDRs.

The BCMBG69 paratope is composed of residues from all CDRs except CDR-L1 (Figures
2 and 3). The heavy chain has twice the number of contacts with BCMA compared to the light
chain. Small side chains in the CDR-H3 loop tip (102-GAVAG-106) (SEQ 1D NO: 77) facilitate
CDR-H3 insertion into BCMA and establishment of extensive antibody/antigen contacts (40% of
total contacts are made by CDR-H3). The BCMB69 CDRs pack onto a concave surface of the
BCMA chair-like structure with CDR-L2 (residues Y48, D32, P54, §55), CDR-H1 (residues
(332-Y34), and CDR-H3 (D101, A103, V104, Y110) contacting the “seat” formed by the hl
helix and h1h2 loop, while CDR-L3 (residues W90, §92, D95), CDR-H1 (F35), CDR-H2 (Y54,
Y603, and CDR-H3 (H100, G102, A103, A105) interact with the “back” formed by the BCMA
B-hatrpin. Leu35, the only epitope residue in a “chair leg” (W2 helix), has van der Waals contacts
with CDR-L2 residue D52,

BCMA has a small (about 50 residues) and compact extracellular domain. There is
limited surface available for binding of non-competing antibodies or ligands to BCMA. Most of

the BCMB69 epitope residues are also the binding residues for APRIL (12 out of 14 epitope
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residues) and BAFF {9 out of 14 residues). In the case of APRIL, which is BCMA highest
affinity ligand, the only epitope residues not shared are F14 and 516 (Figure 2B}, while for
BAFF the not-shared residues are F14, 1L.26, T32, P33, and L.35. The DXL loop 15 buried by both
figands and BCMB69.

Proposed mechanisms of action of BCMB6Y

BCMB69 1s a candidate for redirection of T-cells to MM cancer cells. Killing of cancer
cells mediated by a BCMB69 x anti-CID3 bispecific antibody is not expected to be impaired by
the structure and location of the BCMB69 epitope. The accessible location of the epitope allows
binding of the BCMB69 Fab arm to the membrane-bound BCMA , while the other Fab arm is
still bound to CD3 in the T-cell membrane.

BCMB69 can also disrupt the APRIL and BAFF signaling pathways in plasma cells
through steric occlusion and direct competition for the BCMA binding site. The overlay of the
BCMA/BCMB69 structure onto the BCMA/APRIL and BCMA/BAFF structures (Liy, Y., Hong,
X., Kappler, 1, Jiang, L., Zhang, R, Xy, L., Pan, CH., Martin, W.E., Murphy, RC,, Shu, HB,,
Dai, S. & Zhang, G. (2003). Nature 423: 49-56; Hymowitz, 8.G., Patel, D.R., Wallweber,

H.I A, Runyon, S, Yan, M, Yin, J, Shriver, S K., Gordon, N.C,, Pan, B, Skelton, N.J, Kelley,
RF & Starovasnmik, M. A. (2005). J. Biol. Chem. 280: 7218-7227.) shows regions of clash
between BCMBG69 and APRIL, BAFF (Figures 2B and Figures 4A and 4B), making 1t
impossible for BCMA to bind simultaneously to antibody and natural ligand. APRIL and BAFF
can signal using other receptors, such as TACI and BAFF-R, and BCMA knock-out mice are still
viable. Therefore, blocking the APRIL and BAFF activity through BCMA occlusion may not be

critically toxic for MM patients.

Example 7: Structure-based design of BCMB6Y mutanis

Computational assessment of post-translational modification motifs and aggregation risk
of the unbound BCMBO9 variable domain reveals a medium risk of tsomerization for the D101-
G102 residues {CDR-H3) and a 486 A” hydrophobic patch in the CDR region that might pose an
aggregation risk. The most exposed hydrophobic residues in the patch are 158 (CDR-H2), F35
{CDR-H1), and V104 (CDR-H3; V104 was relevant in the Fv homology model, but not in the



Fab crystal structure). To remove the isomerization and a
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goregation risks in the BCMB69

f=t=]

variable domain, various mutations were rationally designed (Table 7).

Table 7: Panel of BCMB69 mutants

Set | Clone 1D Mutation Goal
1 | BCMB117 G1524- Remaove isomerization and decrease hydrophobicity
1 i BCMB118 a1oea” Fasy! viost" Remove isomerization and decrease hydrophobicity
1 | BCMB119 D101 Fasy™, vioar" Remiove isomerization and decrease hydrophobicity
1 | BCMB120 D1018" Fasy” vioat” Remove isomerization and decrease hydrophabicity
1 1 BOMB121 | aaps” Fasy” isss” parit vadlt vesp' | VH and VL germiine mutations to decrease hydrophabicity
1 | BCMB122 Gaze” Fasy" 588" VH gerrline mutations to decrease hydrophobicity
1 | BCMB123 aa8M Accass effect of single mutation, decrease hydrophobicity
1 | BCMB124 F3sy" Accass effect of single mutation, decrease hydrophuobicity
1 i BCMB125 pi01E" Access effect of single mutation, remove isomerization
1 | BCMB126 1" Access effect of single mutation, remove isomerization
1 | BOMB127 a1024" Access affect of single mutation, remove isomerization
1 i BCMB128 VA04T! Access effect of single mutation, decrease hydrophobicity
1 i BOMB129 i5ag" Access efiect of single mutation, decrease hydrophobicity
1 | BCMB130 G102a" Fasy" ises” Remove isomerization and decrease hydrophobicity
1 | BCMB131 pio1e" Fasy” 15es" Remove isomerization and decrease hydrophobicity
2 | BCMB1i76 G3258" vi04T", 31524 VH and VL germiine mutations to Decrease hydrophobicity
2 i BOMB177 i58R" G325 vioaT" G150a- VH and VL. germiine mutations to Decrease hydrophobicity
2 | BCMB178 158w G3es” vioaT” Gisza VH and VL. germiine mutations to decrease hydrophobicity
2 | BCMB179 D1016", G325" V104T" G152A Disrupt iscmarization and hydrophobicity,
2 | BCMB180 D10H", 5328" vioaT? G150 Disrupt isomerization and hydrophobicity
~ ; i YH and YL germline mutations fo decrease hydrophohicity and
A H ~onafl H magn b h b )
2 | BoMBit DI0IW', G325, VI04T', G152A Remove isomerization
CM H o manal yanarH amspl VH and VL. germline mutations to dacrease hydrophebicity and
2 | BCMB182 DGy, G328, V04T, G152A Remove isomerization
5 : ; ; VH and VL. germline mutations o decrease hydrephobicity and
- r H sl yinath arsoat ! , rEaE Y
2 | BOMBI33 | i58R°, D101Q°, 63287 V104T", G152A Bamove isomerization
g A " H sl et .| VHand VL germline mutations to decrease hydrophobicity and
2 [ BOMBI84 | 188R", DH0MH", B328", V104T ), G152A Remove isomerization
. : . . . VH and VL gerrmline mutations to decrease hydrophobicity and
O 5 H H moneH H mapoal * e
2 | BOMBIES | 158R", D101Y", G328", V104T", G152A Rermove isomerization
. ; o H H . VH and VL. germline mutations to decrease hydrophobicity and
ot H H onsaft izl
2 | BOMBI8E | 158w, D101Q°, G3287, VI04T", G152A Remove isomerization
. . VH and VL germline mutations o decreass hydrophobicity and
i H o ~H H mapaal
2 | BOMBI8T | 1saw’ D1oiH”, G3zs” v104T", G524 Remove isamerization
g A . . , . ; WH and VL germline mutations o decrease hydrophobicity and
2 | BCMBI8B | isaw” Doty o328 viodaT" GiseAt AL G - yeroprebiesy

Remove isomerization
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The CDR sequences and the VH and VL sequences for the structure-based BCMBG69 mutants are

depicted in Tables 8 and 9 respectively.

Table 8: CDR Sequences of BCMB69? mutants {relevant SEQ ID NG provided in parenthesis)

B HC-CBRI HO-CBR2 HC-CDR3 LC-CDRI LC-CDR2 LC-CDR3
BCMBI117 | SGSYFWG SIYYSGITYYNPSLKS | HDBGAVAGLFDY DDSDRPS QVWDSSSDHVY
) ) (@ (25} 26)
BCMBI118 | SGSYFWG STYYSGITYYNPSLKS | HDAATAGLFDY DDSDRPS QVWDSSSDHVV
@ 5 © 23 (26)
BOMBI19 | SGSYFWG STYYSGITYYNPSLKS | HEGATAGLFDY DDSDRPS QVWDSSSDHVY
@) (5) (12} 25} 26)
BCMBI20 | SGSYFWG SIYYSGITYYNPSLKS HSGATAGLFDY DDSDRPS QOVWDSSSDHVY
4 ) as 25 (26)
BCMBI21 | SSSYYWG | SIVYSGSTYYNPSLKS | HBGAVAGLFDY DDSDRPS QVWDSSSDHVY
) () {6} ( 25 (26)
BCMBI122 | SSSYYWG | SIYYSGSTYYNPSLKS | HDGAVAGLFDY | GGNNIGSKSVH | DDSDRPS DSSSDRVY
o) (8) (6} 24) 25 (26)
BCMBI123 | SSSYYWG SIYYSGITYYNPSLKS | HDBGAVAGLFDY | GGNNIGSKSVH | DDSDRPS QVWDSSSDHYVY
(7 (3 ) 24) 25) (26)
BCMB124 | SGSYYWG | SIYYSGITYYNPSLKS | HDGAVAGLFDY | GGNNIGSKSVH | DDSDRPS QVWDSSSDHVY
Qo) (5) 6} 23 (26)
BCMBI125 | SGSYFWG SIYYSGITYYNPSLKS | HEGAVAGLFDY DDSDRPS QVWDSSSDHVY
) 3) (i6) ) (26)
BCMBI126 | SGSYFWG STYYSGITYYNPSLKS | HSGAVAGLFDY | GGNNIG DDSDRPS QVWDSSSDHVY
) ) 7 (24) (23} (26)
BCMBI27 | SGSYFWG SIYYSGITYYNPSLKS | HDAAVAGLFDY | GGNNIGSKSVH DDSDRPS QVWDSSSDHVY
) ) (18) (24) 25 (26)
BCMBI28 | SGSYFWG SIYYSGITYYNPSLKS | HDGATAGLFDY | GGNNIGSKSVH | DDSDRPS QVWDSSSDHVY
“) (5) 19} (24) ()] 26)
BCMEIZ9 | SGSYFWG | SIYYSGSTYYNPSLKS | HDGAVAGLFDY | GONNIGSKSVH | DDSDRPS OVWDSSSDHVY
“) ) ©} 24 23 (26)
BCMBI130 | SGSYYWG | SIYYSGSTYYNPSLKS | HDAAVAGLFDY | GGNNIGSKSVH | DDSDRPS QVWDSSSDHVY
(10) (8 {18} (24 (5) (26)
BCMBI131 | SGSYYWG | SIVYSGSTYYNPSLKS | HEGAVAGLFDY | GGNNIGSKSVH | DDSDRPS QVWDSSSDHVY
(6 (®) (16 : (25 (26)
BCMB176 | SSSYFWG | SIYYSGITYYNPSLKS HDGATAGLFDY DDSDRPS QVWDISSSDHVY
(13) 3 (1% 24 25 26
BCMB177 | SSSYFWG | SIYYSGSTYYMNPSLKS | HDGATAGLFDY | GGNNIGSKSVH | DDSDRPS QVWDSSSDHVY
(3} ) (19} (24) 23} 26)
BCMBI178 | SSSYFWG | SIYYSGWTYYNPSLES | ADGATAGLFDY DDSDRPS QVWDSSSDHYY
(13) (i) (i9 23 (26
BOMR179 | S8SYFWG STYYSGITYYNPSLKS | HOQGATAGLFDY DDSDRPS QVWDSSSDHVY
(13) (%) (20} 25 (26)
BCMBIR0 | SSSYFWG SIYYSGITYYNPSLKS | HHGATAGLFDY | GGNNIGSKSVH DDSDRPS OVWDSSSDHVY
a3 5) 20 48 235} (26)
BCMBI181 | SSSYFWG SIYYSGITYYNPSLKS | HWGATAGLFDY | GGNNIGSKSVH | DDSDRPS QVWDSSSDHYY
(13) ) 22 24 (25) (26)
BCMBI182 | SSSYFWG SIVYSGITYYNPSLKS | HYGATAGLFDY | GGNNIGSKSVH | DDSDRPS QVWDSSSDHVY
(3) (5) 23 25) (26)
BCMBI183 | SSSYFWG | SIVYSGRTIYYNPSLKS | HQGATAGLFDY | GG DDSDRPS QVWDSSSDHVV
(13) (14 20 24 (25 (26)
BCMBI84 | SSSYFWG | SIYYSGRTIYYNPSLES | HHGATAGLFDNY | GGNNIGSKSVH | DDSDRPS QVWDSSSDHVY
(3) (4 (21} (24 25} (26)
BCMBI85 | SSSYFWG | SIYYSGRIYYNPSLKS | HYGATAGLFDY | GGNNIGSKSVH | DDSDRPS QOVWDSSSDHVY
3) 4 (23} 23] 25 (26)
BCMBI86 | SSSYFWG | SIYYSGWIYYNPSLKS | HOGATAGLFDY | GGNNIGSKSVH | DDSDRPS QVWDSSSDHVY
{13} (an 20} ( (23} 26)
BCMBIR7 | SSSYFWG | SIYYSGWTYYNPSLKS | HAGATAGLFDY | GOGNNIGSKSVH | DDSDRPS QVWDSSSDHVY
(13) (11) (2} (24) 25 26)
BOMBISS | SSSYFWG | SIYYSGWTYYNPSLKS | HYGATAGLEDY | GGNNIGSKSVA | DDSDRPS QVWHSSSDHVY
(13) (1) (23} (24) 25) (26)
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Table 9: Vh and VI sequences of BCMBOG9 mutants

QLQLQESGPGLVEPSETLSL SYVLTQPPSVSVAPGQTA
TCTVSGGSISSGSYFWGWIR RITCGGNNIGSKSVHWYQ
senvp | QPPGKGLEWIGSIYYSGITYY QPPGQAPVVVVYDDSDR
7 NPSLESRVTISVDTSKNQFSL | §7 PSGIPERFSGSNSGNTATL | 28
' KLSSVTAADTAVYYCARH TISRVEAGDEAVYYCQV
DGAVAGLFDYWGQGTLVT WDSSSDHVVFGGGTKLT
VSSA VL
QLQLOESGPGLVKPSETLSL SYVLTQPPSVSVAPGQTA
TCTVSGGSISSGSY YWGWIR RITCGGNNIGSKSVHWYQ
sovp | QPPGKGLEWIGSIYYSGITYY QPPGQAPVVVVYDDSDR
18 NPSLEKSRVTISVDTSKNQFSL | 29 PSGIPERFSGSNSGNTATL | 28
: KLSSVTAADTAVYYCARHD TISRVEAGDEAVYYCQV
AATAGLFDYWGQGTLVTVS WDSSSDHVVFGGGTKLT
SA VL
QLOLQESGPGLVKPSETLSL SYVLTQPPSVSVAPGQTA
TCTVAGGSISSGSYYWGWIR RITCGGNNIGSKSVHWYQ
sevp | QPPGKGLEWIGSIYYSGITYY QPPGOAPVVVVYDDSDR
1 NPSLKSRVTISVDTSKNQFSL | 31 PSGIPERFSGSNSGNTATL | 28
KLSSVTAADTAVYYCARHE TISRVEAGDEAVYYCQV
GATAGLFDYWGQGTLVTVS WDSSSDHVVFGGGTKLT
SA Vi
QLOLOQESGPGLVKPSETLSL SYVLTOQPPSVSVAPGQTA
TCTVSGGSISSGSYYWGWIR RITCGGNNIGSKSVHWYQ
nevp | QPPGKGLEWIGSIYYSGITYY QPPGOAPVVVVYDDSDR
1% NPSLKSRVTISVDTSKNQFSL | 32 PSGIPERFSGSNSGNTATL | 28
: KLSSVTAADTAVYYCARHS TISRVEAGDEAVYYCQV
GATAGLFDYWGQGTLVTVS WDSSSDHVVFGGGTKLT
SA VL
QLOLQESGPGLVKPSETLSL SYVLTQPPSVSYAPGQTA
TCTVSGGSISSSSYYWGWIR RITCGGNNIGSKSVHWYQ
semp | QPPGKGLEWIGSIYYSGSTY QKPGQAPVLYVVYDDSDR
a1 YNPSLKSRVTISVDTSKNQFS | 33 PSGIPERFSGSNSGNTATL | 30
= LKLSSVTAADTAVYYCARH TISRVEAGDEADYYCQV
DGAVAGLFDYWGQGTLVT WDSSSDHVVFGGGTKLT
VSSA VL
QLOLQESGPGLVKPSETLSL SYVLTQPPSVSVAPGQTA
sevp | TCTVSGGSISSSSY YWGWIR RITCGGNNIGSKSVHWYQ
ol QPPGKGLEWIGSIYYSGSTY | 33 QPPGQAPVVVVYDDSDR | 28
. YNPSLKSRVTISVDTSKNQFS PSGIPERFSGSNSGNTATL
LKLSSVTAADTAVYYCARH TISRVEAGDEAVYYCQV
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WDSSSDHVVFGGGTKLT
VL

BCMB
123

QLOLOESGPGLVKPSETLSL
TCTVSGGSISSSSYFWOWIR
QPPGKGLEWIGSIYYSGITYY
NPSLKSRVTISVDTSKNQFSL
KLSSVTAADTAVYYCARHD
GAVAGLFDYWGQGTLVTVS
SA

34

SYVLTQPPSVSVAPGQTA
RITCGGNNIGSKSVHWY(Q
QPPGQAPVVVVYDDSDR
PSGIPERFSGSNSGNTATL
TISRVEAGDEAVYYCQV
WDSSSDHVVEGGGTKLT
VL

BCMB
124

QLOLQESGPGLVKPSETLSL
TCTVAGGSISSGSYYWGWIR
QPPGKGLEWIGSIYYSGITYY
NPSLKSRVTISVDTSKNQFSL
KLSSVTAADTAVYYCARFD
GAVAGLFDYWGQGTLVTVS
SA

SYVLTQPPSVSVAPGQTA

RITCGGNNIGSESVHWYQ

QPPGOAPVVVVYDDSDR

PSGIPERFSGENSGNTATL

TISRVEAGDEAVYYCQVY

WDSSSDHVVFGGGTKLT
/L

28

BCMB
123

QLOLQESGPGLVKPSETLSL
TCTVSGGSISSGSYFWGWIR
QPPGKGLEWIGRIYYSGITYY
NPSLKSRVTISVDTSKNQFSL
KLSSVTAADTAVYYCARHE
GAVAGLFDYWGQGTLVTVS
SA

36

SYVLTQPPSVSVAPGQTA
RITCGGNNIGSKSVHWYQ
QPPGOAPVVVVYDDSDR
PSGIPERFSGSNSGNTATL
TISRVEAGDEAVYYCQV
WDSSSDHVVFGGGTKLT
VL

28

BCMEB
126

QLOLQESGPGLVKPSETLSL
TCTYSGGSISSGS YFWGWIR
QPPGKGLEWIGSIYYSGITYY
NPSLKSRVTISVDTSKNQFSL
KLSSVTAADTAVYYCARHS
GAVAGLFDYWGQGTLYTVS
SA

[F%]
~3

SYVLTOQPPSVSVAPGQTA
RITCGGNMNIGSKSVHWYQ
QPPGOAPYVVVYDDSDR
PSGIPERFSGSNSGNTATL
TISRVEAGDEAVYYCQV
WDSSSDHVVEFGGGTELT
VL

28

BCMB

T
Py

OLOLOESGPGLVKPSETLSL
TCTYSGGSISSGSYFWGWIR
QPPGKGLEWIGSIYYSGITYY
NPSLESRVTISVDTSKNQFSL
KLSSVTAADTAVYYCARHD
AAVAGLFDYWGOGTLVTIVS
SA

SYVLTQPPSVSVAPGQTA
RITCGGNNIGSKSVHWY(Q
QPPGOQAPVVVVYDDSDR
PSGIPERFSGSNSGNTATL
TISRVEAGDEAVYYCQV
WDSSSDHVVFGGGTKLT
YL

BCMB
128

QLQLOQESGPGLVKPSETLSL
TCTVSGGSISSGSYFWGWIR
QPPGKGLEWIGSIYYSGITYY
NPSLKSRVTISVDTSKNQFSL
KLSSVTAADTAVYYCARHD
GATAGLFDYWGQGTLVTVS
SA

39

SYVLTQPPSVSVAPGQTA
RITCGGNNIGSKSVHWYQ
QPPGQAPVVVVYDDSDR
PSGIPERFSGSNSGNTATL
TISRVEAGDEAVYYCQV
WDSSSDHVVFGGGTKLT
VL
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BCMB
129

QLOLQESGPGLVKPSETLSL
TCTVSGGSISSGS YFWGWIR
QPPGKGLEWIGSIYYSGSTY
YNPSLKSRVTISVDTSKNQFS
LKLSSVTAADTAVYYCARH
DGAVAGLFDYWGQGTLVT
VSSA

40

PCT/US2016/047146

SYVLTOPPSVSVAPGQTA
RITCGGNNIGSKSVHWYQ
QPPGOAPYVVVYDDSDR
PSGIPERFSGSNSGNTATL
TISRVEAGDEAVYYCQV
WDSSSDHYVVFGGGTELT
VL

28

BCMB
130

QLQLOQESGPGLVKPSETLSL
TCTVSGGSISSGSYYWGWIR
QPPCGKGLEWIGSIYYSGSTY
YNPSLKSRVTISVDTSENQFES
LKLSSVTAADTAVYYCARH
DAAVAGLFDYWGOQGILVT
VSSA

41

SYVLTQPPSVSVAPGQTA
RITCGGNNIGSKSVHWY(Q
QPPGOAPVVVVYDDSDR
PSGIPERFSGSNSGNTATL
TISRVEAGDEAVYYCQV
WDSSSDHVVEFGGGTKLT
VL

BCMB
131

QLOLQESGPGLVEPSETLSL
TCTVSGGSISSGSY YWGWIR
QPPGKGLEWIGSTYYSGSTY
YNPSLKSRVTISVDTSKNQFS
LKLSSVTAADTAVYYCARH
EGAVAGLFDYWGQGTLVTV
SSA

SYVLTQPPSVSVAPGQTA
RITCGGNNIGSKSVHWYQ
QPPGQAPVVVVYDDSDR
PSGIPERFSGSNSGNTATL
TISRVEAGDEAVYYCQV
WDSSSDHVVFGGGTKLT
VL

QLOLOESGPGLVKPSETLSL
TCTYSGGSISSSSYFWGWIR
QPPGKGLEWIGSIYYSGITYY
NPSLKSRVTISVDTSKNQFESL
KLSSVTAADTAVYYCARH
DGATAGLFDYWGQGTLVTY
SSA

58

SYVLTQPPSVSVAPGQTA
RITCGGNNIGSKSVHWYQ
QPPGQAPVVVVYDDSDR
PSGIPERFSGSNSGNTATL
TISRVEAGDEAVYYCQY
WDSSSDHVVFGGGTKLT
VL

BCMB
177

QLOLQESGPGLVKPSETLSL
TCTVSGGSISSSSYFWGWIR
QPPGKGLEWIGSIYYSGRTY
YNPSLKSRVTISVDTSKNQFS
LKLSSVTAADTAVYYCARH
DGATAGLFDYWGQGTLVTV
SSA

43

SYVLTOQPPSVSVAPGQTA
RITCGGNNIGSESVHWYQ
QPPGOQAPVVVVYDDSDR
PSGIPERFSGENSGNTATL
TISRVEAGDEAVYYCQV
WDSSSDHVVFGGGTRLT
VL

BCMB
178

QLOLOQESGPGLVKPSETLSL
TCTVSGGSISSSSYFWGWIR
QPPGKGLEWIGSIYYSGWTY
YNPSLKSRVTISVDTSKNQFS
LKLSSVTAADTAVYYCARH
DGATAGLFDYWGQGTLVTV
SSA

44

SYVLTQPPSVSVAPGQTA
RITCGGNNIGSKSVHWYQ
QPPGOAPVVVVYDDSDR
PSGIPERFSGANSGNTATL
TISRVEAGDEAVYYCQV
WDSSSDHVVFGGGTKLT
VL

28

BCMB
179

QLOLQESGPGLVKPSETLSL
TCTVSGGSISSSS YFWGWIR
QPPGKGLEWIGSIYYSGITYY

SYVLTQPPSVSVAPGQTA
RITCGGNNIGSKSYVHWYQ
QPPGUAPYVVVYDDSDR

28
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NPSLESRVTISVDTSENQFSL
KLSSVTAADTAVYYCARHQ
GATAGLFDYWGQGTLVTVS
SA

PSGIPERFSGSNSGNTATL
TISRVEAGDEAVYYCQV
WDSSSDHVVFGGGTKLT
VL

BCMB
180

GLOLOESGPGLVKPSETLSL
TCTVSGGSISSSSYFWGWIR
GPPGKGLEWIGSIYYSGITYY
NPSLESRVTISVDTSKNQFSL
KLSSVTAADTAVYYCARHH
GATAGLFDYWGQGTILVIVS
SA

46

SYVLTQPPSVSVAPGQTA
RITCGGNNIGSKSVHWY(Q
QPPGQAPVVVVYDDSDR
PSGIPERFSGSNSGNTATL
TISRVEAGDEAVYYCQV
WDSSSDHVVFGGGTKLT
VL

BCMB
181

QLOLOQESGPGLVKPSETLSL
TCTVSGGSISESSYFWOGWIR
QPPGKGLEWIGSIYYSGITYY
NPSLKSRVTISVEDTSKNQFSL
KLSSVTAADTAVYYCARHW
GATAGLFDYWGQGTILVIVS
SA

47

SYVLTQPPSVSVAPGQTA

RITCGGNNIGSESVHWYQ

QPPGOAPVVVVYDDSDR

PSGIPERFSGSNSGNTATL

TISRVEAGDEAVYYCQV

WDSSSDHVVEFGGOGTELT
/L

BCMB
182

QLOLQESGPGLVKPSETLSL
TCTVSGGSISSSSYFWGWIR
QPPGKGLEWIGSIYYSGITYY
NPSLKSRVTISVDTSKNQFSL
KLSSVTAADTAVYYCARHY
GATAGLFDYWGQGTLVTVS
SA

48

SYVLTQPPSVSVAPGQTA

RITCGGNNIGSKSVHWYQ

QPPGQAPVVVVYDDSDR

PSGIPERFSGSNSGNTATL

TISRVEAGDEAVYYCQV

WDSSSDHVVFGGGTELT
/L

28

BCMB
183

QLOLOESGPGLVKPSETLSL
TCTVSGGSISSSS YFWGWIR
QPPGKGLEWIGSIYYSGRTY
YNPSLKSRYVTISVDTSKNQFS
LKLSSVTAADTAVYYCARH
QGATAGLFDYWGQGTLVTV
SSA

49

SYVLTQPPSVSVAPGOTA
RITCGGNNIGSKSVHWYQ
QPPGOAPYVVVYDDSDR
PSGIPERFSGSNSGNTATL
TISRVEAGDEAVYYCQV
WDSSSDHVVFGGGTRLT
VL

28

BCMB
184

QLOLOQESGPGLVKPSETLSL
TCTVSGGSISSSSYFWGWIR
QPPGKGLEWIGSIYYSGRTY
YNPSLKSRYVTISVDTSKNQFS
LKLSSVTAADTAVYYCARH
HGATAGLFDYWGQGTLVTV
SSA

SYVLTOPPSVSVAPGQTA
RITCGGNNIGSKSVHWYQ
QPPGQAPVVVVYDDSDR
PSGIPERFSGSNSGNTATL
TISRVEAGDEAVYYCQV
WDSSSDHVVEGGGTKLT
VL

23

BCMB
185

QLOLQESGPGLVEPSETLSL
TCTVSGGSISSSSYFWGWIR
QPPGKGLEWIGSIYYSGRTY
YNPSLKSRVTISVDTSKNQFS
LKLSSVTAADTAVYYCARH
YGATAGLFDYWGQGTLVTV
SSA

51

SYVLTQPPSVSVAPGQTA
RITCGGNNIGSKSVHWYQ
QPPGQAPVVVVYDDSDR
PSGIPERFSGSNSGNTATL
TISRVEAGDEAVYYCQV
WDSSSDHVVFGGGTKLT
VL

31
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QLQLQESGPGLVEPSETLSL SYVLTQPPSVSVAPGQTA
TCTVSGGSISSSSYFWGWIR RITCGGNNIGSKSVHWYQ
sevp | QPPGKGLEWIGSIYYSGWTY QPPGQAPVVVVYDDSDR
oy YNPSLKSRVTISVDTSKNQFS | 52 PSGIPERFSGSNSGNTATL | 28
LKLSSVTAADTAVYYCARH TISRVEAGDEAVYYCQV
QGATAGLFDYWGQGTLVTV WDSSSDHVVFGGGTKLT
SSA VL
QLQLOESGPGLVKPSETLSL SYVLTQPPSVSVAPGQTA
TCTVSGGSISSSSYFWGWIR RITCGGNNIGSKSVHWYQ
sovp | QPPGKGLEWIGSIYYSGWTY QPPGQAPVVVVYDDSDR
187 YNPSLKSRVTISVDTSKNQES | 53 PSGIPERFSGSNSGNTATL | 28
> LKLSSVTAADTAVYYCARH TISRVEAGDEAVYYCQV
HGATAGLFDYWGQGTLVTV WDSSSDHVVFGGGTKLT
SSA VL
QLQLOESGPGLVKPSETLSL SYVLTQPPSVSVAPGQTA
TCTVSGGSISSSSYFWGWIR RITCGGNNIGSKSVHWYQ
sovp | QPPGKGLEWIGSIYYSGWTY QPPGQAPVVVVYDDSDR
188 YNPSLKSRVTISVDTSKNQES | 54 PSGIPERFSGSNSGNTATL | 28
LKLSSVTAADTAVYYCARH TISRVEAGDEAVYYCQV
YGATAGLFDYWGQGTLVTV WDSSSDHVVFGGGTKLT
SSA VL

Thus, 10 addition to BCMBG9, 28 mutants were expressed and purified as described in
Example 3 and characterized for binding to BCMA-expressing cells by flow cytometry as
described in Example 4. Seven of the 28 mutants bound to cells expressing BCMA and were

moved forward for the purpose of making a BCMA x CD3 bispecific panel.

Example 8: Preparation of BOCMA and CB3 Antibodies in a Bispecific Format in IgG4
5228, 12344, L.235A

BCMA antibodies were expressed as IgG4, having Fe substitutions S228P, L234A, and
L235A (numbering according to EU index). A monospecific anti-CD3 antibody CD3B19 was
also generated comprising the heavy and light chains having the sequences of SEQ ID NO: 55
and SEQ ID NO: 56, respectively.

The monospecific antibodies were purified using standard methods using a Protein A
column (HiTrap MabSelect SuRe column). After elution, the pools were dialyzed into D-PBS,
pH 7.2,

Bispecific BCMA x CD3 antibodies were generated by combining a monospecific CD3

mAb and a monospecific BCMA mAb in in-vitro Fab arm exchange (as described in
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WO2011/131746). Briefly, at about 1-20 mg/mL at a molar ratio of 1:1 of anti-BCMA/anti-CD3
anttbody {(or 101 some cases 6% extra of one parental antibody to deplete ancther) in PBS, pH 7-
7.4 and 75 mM Z-mercaptoethanolamine (2-MEA) was mixed together and incubated at 31 °C.
for 5 hours, followed by removal of the 2-MEA via dialysis, diafiltration, tangential flow
filtration and/or spinned cell filtration using standard methods. The formation of the bispecific
BCMA x (D3 antibodies 1s analyzed by etther cation exchange (CEX) HPLC or hydrophobic
mteraction chromatography (HIC) HPLC. If desired, the bispecific BCMA x CD3 antibody was

polished by preparative CEX or HIC to remove the residual parental{s)

Heavy and Light chains for representative BCMA x CD3 bispecific antibodies are shown below
in Table 10. BCMB178 had poor expression when combined with the CD3 arm, and as a result,

was not further characterized.

Table 10. Heavy and Light Chain Sequences for Bispecific Antibodies

Ab Amino Acid Sequence

BCMB72 | Heavy chain 1 EVOQLVESGGGLVQPGGSLRLSCAASGFTENTY AMN
CD3B219 WVROQAPGKGLEWVARIRSKYNNYATYYAASVEGRF
(SEQID NG5Sy | TISRDDSENSLYLOMNSLKTEDTAVYYCARHGNFGN
SYVSWFAYWGOQGTLVTVSSASTRGPSVEPLAPCSRS
TSESTAALGCLVKDYFPEPVTVSWNSGALTSGVHTEP
AVLQSSGLYSLSSVVTVPSSSLGTKTYTCNVDHKPSN
TKVDKRVESKYGPPCPPCPAPEAAGGPSVEFLFPPRPK
DTLMISRTPEVTICVVVDVSQEDPEVOFNWYVDGVEY
HNAKTKPREEQFNSTYRVVSVLTVLHODWLNGKEY
KCRVSNKGLPSSIEKTISKAKGQPREPOQVYTLPPSQEE
MTENQVSLTCLVKGFYPSDIAVEWESNGQPENNYKT
TPPVLDSDGSFLLYSKLTVDKSRWOQEGNVESCSVMH
EALHNHYTOKSLSLSLGK

Light chain 1 QIVVTOEPSLTVSPGGTVILTCRSSTGAVTTISNYAN
CD3B219 WYQOKPGQAPRGLIGGTNEKRAPGTPARFSGSLLGGK

(SEQID NG:56) | AALTLSGVQPEDEAEYYCALWYSNLWVYFGGGTKLT
VLGOPKAAPSVTLFPPSSEELQANKATLVCLISDFYPG
AVIVAWKADSSPVKAGVETTTPSKQSNNKYAASSY
LSLTPEQWKSHRSYSCOVTHEGSTVEKTVAPTECS

Heavy chain 2 QLOLOESGPGLVKPSETLSLTCTVAGGSISSGSYFWG
BCMBe9 WIRQPPGKGLEWIGSIYYSGITYYNPSLKSRVTISVDT

33



WO 2017/031104

PCT/US2016/047146

(SEQ ID NO:65)

SKNOQFSLKLSSVTAADTAVYYCARHDGAVAGLEFDY
WGOGTLVTVSSASTRGPSVIPLAPCSRSTSESTAALG
CLVKDYFPEPVTVSWNSGALTSGVHTIPAVLOQSSGL
YSLSSVVTVPSSSLGTKTYTONVDHKPENTKVDERV
ESKYGPPCPPCPAPEAAGGPSVFLFPPEKPKDTLMISRT
PEVICVVVDVSQEDPEVOINWYVDGVEVHNAKTEP
REEQFNSTYRVVSVLTVLHODWLNGKEYKCKVSNK
GLPSSIEKTISKAKGQOPREPOQVYTLPPSQEEMTKNQVS
LTCLVKGFYPSDIAVEWESNGQPENNYKTTPPVLDSD

SFFLYSRLTVDKSRWQEGNVEFSCSVMHEALHNHYT
QKSLSLSLGK

Light chain 2
BCMBGY
(SEQ ID NO:76)

SYVLTQPPSVSVAPGQTARITCGGNNIGSKSVHWY(Q
QPPGQAPVVVVYDDSDRPSGIPERFSGSNSGNTATLTE
SRVEAGDEAVYYCOVWDSSSDHVVEGGGTKLTVLG
QPKAAPSVTLIPPSSEELQANKATLVCLISDFYPGAVT
VAWKGDSSPVKAGVETTTPSKQSNNKYAASSYLSLT
PEQWKSHRSYSCOVTHEGSTVEKTVAPTECS

BC3B7

Heavy chain 1
CD3B219
(SEQ ID NG:35)

EVOLVESGGGLVQPGGSLRLSCAASGFTINTY AMN
WVROQAPGKGLEWVARIRSKYNNYATYYAASVEGRF
TISRDDSENSLYLOMNSLKTEDTAVYYCARHGNFGN
SYVSWFAYWGOQGTLVTVSSASTRGPSVEPLAPCSRS
TSESTAALGCLVKDYFPEPVTVSWNSGALTSGVHTEP
AVLQSSGLYSLSSVVTVPSESLOTKTYTCNVDHKPSN
TKVDKRVESKYGPPCPPCPAPEAAGGPSVFLFPPRPK
DTLMISRTPEVTICVVVDVSQEDPEVOFNWYVDGVEY
HNAKTRPREEQFNSTYRVVSVLTVLHODWILNGKEY
KCKVENKGLPSSIEKTISKAKGQPREPOQVYTLPPSQEE
MTEKNQVSLTCLYVKGFYPSDIAVEWESNGQPENNYKT
TPPVLDSDGSFLLYSKLTVBKSRWOEGNVESCSVMHE
EALHNHYTOKSLSLSLGK

Light chain 1
CD3B219
(SEQ ID NG:56)

QIVVTQEPSLTVSPGGTVTLTCRSSTGAVTTSNYAN
WYQOKPGQAPRGLIGGTNEKRAPGTPARFSGSLLGGK
AATTLSGVOQPEDEAEYYCAL WYSNLWVYEFGGGTKLT
VELGOPKAAPSVTLFPPSSEELQANKATLVCLISDFYPG
AVTIVAWKADSSPVKAGVETTTPSKQSNNKYAASSY
LSLTPEQWKSHRSYSCOVTHEGSTVEKTVAPTECS

Heavy chain 2
BCMB117
(SEQ ID NO:67)

QLOLOESGPGLVKPSETLSLTCTVSGGSISSGSYFWG
WIRQPPGKGLEWIGSIYYSGITYYNPSLKSRYVTISVDT
SKNQFSLKLSSVTAADTAVYYCARHDGAVAGLEDY
WGQOGTLVTVSSASTKGPSVEPLAPCSRSTSESTAALG
CLVKDYFPEPVIVSWNSGALTSGVHTFPAVLQSSGL
YSLSSVVTVPSSSLOTKTYTCNVDHKPSNTKVDRERY
ESKYGPPCPPCPAPEAAGGPSVFLFPPRKPKDTLMISRT
PEVICVVVDVSOEDPEVOFNWYVDGVEVHNAKTKE
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REEQFNSTYRVVSVLTVLHQDWLNGKEYKCKVSNK
GLPSSIEKTISK AKGQPREPGQVY TLPPSQEEMTENQVS
LTCLVKGFYPSDIAVEWESNGQPENNYKTTPPVLDSD
GSFFLYSRLTVDKSRWQEGNVFSCSVMHEALHNHYT
OKSLSLSLGK

Light chain 2
BCMB117
(SEQ ID NO:66)

SYVLTQPPSVSVAPGQTARITCGGNNIGSKSVHWYQ
QPPGOAPVVVVYDDSDRPSGIPERFSGSNSGNTATLII
SRVEAGDEAVYYCQVWDSSSDHVVFGGGTKLTVLG
QPKAAPSVTLFPPSSEELQANKATLVCLISDFYPGAVT
VAWKADSSPVKAGVETTTPSKQSNNKYAASSYLSIT
PEQWKSHRSYSCQVTHEGSTVEKTVAPTECS

BC3B8

Heavy chain 1
CD3B219
(SEQ ID NO:35)

EVQLVESGGGLVQPGGSLRLSCAASGFTENTY AMN
WYRQAPGKGLEWVARIRSKYNNYATYYAASVEGRY
TISRDDSENSLYLOMNSLKTEDTAVYYCARHGNEGN
SYVSWFAYWGOQGTLVTVSSASTKGPSVEPLAPCSRS
TSESTAALGCLVKDYFPEPVTVSWNSGALTSGVHTEP
AVLOSSGLYSLSSVVTVPSSSLOGTETYTCNVDHKPSN
TKVDKRVESKYGPPCPPCPAPEAAGGPSVFLFPPRPK
DTLMISRTPEVTICVVVDVSQEDPEVOQFNWYVDGVEY
HNAKTKPREEQFNSTYRVVSVLTVLHODWILNGKEY
KCKVSNKGLPSSIEKTISKAKGOQPREPQVYTLPPSQEER
MTENQVSLTCLVKGFYPSDIAVEWESNGQPENNYKT
TPPVLDSDGSTLLYSKLTVDKSRWOQEGNVESCSVMH
EALHNHYTORKSLSLSLGK

Light chain 1
CD3B219
{SEQ ID NG:56)

QTVVTQEPSLTVSPGGTVTLTCRSSTGAVTTSNYAN
WYQOKPGOAPRGLIGGTNKRAPGTPARFSGSLLGGK
AALTLSGVOQPEDEAEYYCALWYSNLWVFGGOTKLT
VLGOPKAAPSVTLFPPSSEELQANKATLVCLISDFYPG
AVIVAWKADSSPVKAGVETTTPSKQSNNKYAASSY
LSLTPEQWKSHRSYSCOQVTHEGSTVEKTVAPTECS

Heavy chain 2
BCMBI123
(SEQ ID NO:o8g)

QLOLOESGPGLVKPSETLSLTCTVSGGSISSSSYFWG
WIRQPPGKGLEWIGSIYYSGITYYNPSLKSRVTISVDT
SKNQFSLKLSSVTAADTAVYYCARHDGAVAGLEFDY
WGOQGTLVTVSSASTRGPSVEPLAPCSRSTSESTAALG
CLVKDYFPEPVTVSWNSGALTSGVHTIPAVLOSSGL
YSLSSVVTVPSSSLGTKTYTCNVDHKPSENTKVDRKRY
ESKYGPPCPPCPAPEAAGGPSVELFPPKPKDTLMISRT
PEVICVVVDVSQEDPEVOFNWYVDGVEVHNAKTKP
REEQFNSTYRVVSVLTVLHODWLNGKEYKCKVSNK
GLPSSIEKTISKAKGQPREPQVYTLPPSQEEMTKNQVS
LTCLVKGFYPSDIAVEWESNGQOQPENNYKTTPPVLDSD
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GSFFLYSRLTVDKSRWQEGNVFSCSVMHEALANAYT
QKSLSLSLGK

Light chain 2
BCMBI123
{SEQ ID NO:66)

SYVLTOQPPSVSVAPGQTARITCOOGNNIGSKSVHWYQ
QPPGQAPVVVVYDDSDRPSGIPERFSGENSGNTATLTE
SRVEAGDEAVYYCQVWDSSSDHVVFGGGTKLTVLG
QPKAAPSVTLFPPSSEELQANKATLVCLISDFYPGAVT
TAWKADSSPVEAGVETTTPSKQSNNKYAASSYLSLT
PEQWRSHRSYSCOQVTHEGSTVEKTVAPTECS

BC3B9Y

Heavy chain 1
CD3B219
(SEQ ID NG:55)

EVOQLVESGGGLVQPGGSLRLSCAASGFTFNTYAMN
WYRQAPGKGLEWVARIRSKYNNYATYYAASVEKGRF
TISRDDSENSLYLOMNSLKTEDTAVYYCARHGNFGN
SYVSWFAYWGQGTLVTVSSASTKGPSVEPLAPCSRS
TSESTAALGCLVKDYFPEPVTYVSWNSGALTSGVHTEP
AVLOSSGLYSLSSVVTVPSSSLOGTETYTCNVDHKPSN
TKVDKRVESKYGPPCPPCPAPEAAGGPSVFLFPPRPK
DTLMISRTPEVTCVVVDVSQEDPEVOFNWYVDGVEY
HNAKTEPREEQFNSTYRVVSVLTVLHODWLNGKEY
KCRKVSNKGLPSSIEKTISKAKGOQPREPQVYTLPPSQEE
MTENQVSLTCLVKGFYPSDIAVEWESNGOPENNYKT
TPPVLDSDGSTLLYSKLTVDKSRWOQEGNVFSCSVMH
EALHNHYTOKSLESLSLGK

Light chain 1
CDh3B219
(SEQ ID NO:56)

QTVVTQEPSLTVSPGGTVTLTCRSSTGAVTTSNYAN
WYQORKPGOAPRGLIGGTNKRAPGTPARFSGSLLGGK
AALTLSGVQPEDEAEYYCALWYSNLWVFGGGTKLT
VLGOPKAAPSVTLFPPSSEELQANKATLVCLISDFYPG
AVIVAWKADSSPVKAGVETTTPSKQSNNKYAASSY
LSLTPEQWKSHRSYSCOQVTHEGSTVEKTVAPTECS

Heavy chain 2
BCMBI28
(SEQ ID NO:69)

OLOLQESGPGLVKPSETLSLTCTVRGGSISSGSYFWG
WIRQPPGKGLEWIGSIYYSGITYYNPSLKSRVTISVDT
SKNQFSLKLSSVTAADTAVYYCARHDGATAGLFDY
WGQGTLVTVSSASTKGPSVFPLAPCSRSTSESTAALG
CLVKDYFPEPVTVSWNSGALTSGVHTFPAVLOQSSGL
YSLSSVVTVPSSSLGTK TYTCNVDHKPSNTKVDKRY
ESKYGPPCPPCPAPEAAGGPSVFLFPPKPKDTLMISRT
PEVTICVVVDVSQEDPEVQFNWYVDGVEVHNAKTKP
REEQFNSTYRVVSVLTVLHODWLNGKEYKCKVSNK

SLPSSIEKTISK AKGOQPREPQVY TLPPSQEEMTKNQVS
LTCLVKGFYPSDIAVEWESNGQPENNYKTTPPVLDSD
GSFFLYSRLTVDKSRWOEGNVFSCSVMHEALHNHYT
OQKSLSLSLGK
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Light chain 2
BCMB128
(SEQ ID NO:66)

SYVLTQPPSVEVAPGQTARITCGGNNIGSKSVHWY(Q
QPPGOAPVVVVYDDSDRPSGIPERFSGSNSGNTATLTI
SRVEAGDEAVYYCQVWDSSSDHVVFGGGTELTVLG
QPKAAPSVTLFPPSSEFLQANKATLVCLISDFYPGAVT
VAWKADSSPVRAGVETTTPSKQSNNKYAASSYLSLT
PEQWKSHRSYSCQVTHEGSTVEKTVAPTECS

BC3B10

Heavy chain 1
CD3B219
(SEQ 1D NG:55)

EVOLVESGGGLVQPGGSLRLSCAASGFTENTYAMN
WYRQAPGKGLEWVARIRSKYNNYATYYAASVEGRF
TISRDDSKNSLYLOMNSLKTEDTAVYYCARHGNEGN
SYVSWFAYWGOQGTLVTVSSASTKGPSVEPLAPCSRS
TSESTAAL GCLVKDYFPEPVTVSWNSGALTSGVHTEP
AVLOSSGLYSLSSVVTVPSSSLGTRTYTCNVDHKPSN
TKVDKRVESKYGPPCPPCPAPEAAGGPSVFLFPPKPK
DTLMISRTPEVTICVVVDVSQEDPEVQFNWYVDGVEY
HNAKTKPREEQFNSTYRVVSVLTVLHODWINGKEY
KCKVSNKGLPSSIEKTISKAKGOPREPQVYTLPPSQEE
MTENQVSLTCLVKGFYPSDIAVEWESNGQPENNYKT
TPPVLDSDGSTLLYSKLTVDKSRWOQEGNVEFSCSVMH
EALHNHYTORSLSLSLGK

Light chain 1
CDh3B219
{SEQ ID NG:56)

QITVVTOEPSLTVSPGGTVTLTCRSSTGAVTTSNYAN
WYQOKPGOAPRGLIGGTNKRAPGTPARFSGSLLGGK
AALTLSGVOPEDEAEYYCALWYSNLWVEFGGOTKLT
VEGOPKAAPSVTLFPPSSEELQANKATLVCLISDFYPG
AVIVAWKADSSPVKAGVETTTPSKQSNNEYAASSY
LSLTPEQWEKSHRSYSCOQVTHEGSTVEKTVAPTECS

Heavy chain 2
BCMBI129
(SEQ ID NO:70)

QLOLOESGPGLVKPSETLSLTCTVSGGSISSGSYFWG
WIRQPPGKGLEWIGSTYYSGSTYYNPSLKSRVTISVDT
SKNOFSLKLSSVTAADTAVYYCARHDGAVAGLFDY
WGOGTLVTVSSASTKGPSVFPLAPCSRSTSESTAALG
CLVKDYFPEPVTVSWNSGALTSGVHTFPAVLOQSSGL
YSLSSVVTVPSSSLGTK TY TCNVDHKPSNTKVDKRVY
ESKYGPPCPPCPAPEAAGGPSVFLFPPKPKDTLMISRT
PEVTCVVVDVSQEDPEVOFNWYVDGVEVHNAK TP
REEQFNSTYRVVSVLTVLHODWLNGKEYKCKVSNK
GLPSSIEKTISK AKGQPREPQVY TLPPSQEEMTKNQVS
LTCLVKGFYPSDIAVEWESNGQPENNYKTTPPVLDSD

JSFFLYSRLTVDKSRWOQEGNVFSCSVMHEALHNHYT
OQKSLSLSLGK
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Light chain 2
BCMBI129
(SEQ ID NO:66)

SYVLTQPPSVSVAPGQTARITCGGNNIGSKSVHWY(
QPPGQAPVVVVYDDSDRPSGIPERFSGSNSGNTATLTI
SRVEAGDEAVYYCQVWDSSSDHVVFGGGTELTVLG
QPKAAPSVTLFPPSSEELOQANKATLVCLISDFYPGAVT
VAWKADSSPVKAGVETTTPSKOQSNNKYAASSYLSLT
PEOQWKSHRSYSCOVTHEGSTVERTVAPTECS

B(C3B11

Heavy chain 1
CD3B219
{(SEQ ID NO:55)

EVOLVESGOGLVOPGGSLRLSCAASGFTENTYAMN
WVROAPGKGLEWVARIRSKYNNYATYYAASVKGRF
TISRDDSKNSLYLOMNSLKTEDTAVYYCARHGNFGN
SYVSWFAYWGQOGTLVTVSSASTRGPSVEPLAPCSRS
TSESTAALGCLVEKDYFPEPVTVSWNSGALTSGVHTEP
AVLOSSGLYSLSSVVTVPSSSLOTKTYTONVDHKPSN
TKVYDKRVESKYGPPCPPCPAPEAAGGPSVFLFPPRPK
DTLMISRTPEVTICVVVDVSQEDPEVOFNWYVDGVEY
HNAKTKPREEQFNSTYRVVSVLTVLHQDWLNGKEY
KCKVSNKGLPSSIEKTISKAKGOPREPOVYTLPPSQEE
MTEKNQVSLTCLYKGFYPSDIAVEWESNGQPENNYKT
TPPVLDSDGSFLLYSKETVDRKSRWQEGNVESCSVMHE
EALHNHYTOKSLSLSLGK

Light chain 1
CD3B219
(SEQ ID NO:36)

QTVVTOEPSLTVSPGGTVTLTCRSSTGAVTTSNY AN
WVYQOKPGQAPRGLIGGTNERAPGTPARFSGSLLGGK
AALTLSGVQPEDEAEYYCALWYSNLWVYFGGGTKLT
VLGOPEKAAPSVTLFPPSSEELQANKATLVCLISDFYPG
AVTVAWKADSSPVKAGVETTTPSKOQSNNKYAASSY
LSLTPEQWKSHRSYSCOVTHEGSTVEKTVAPTECS

Heavy chain 2
BCMB176
{(SEQ ID NG:71)

QLOQLOESGPGLVKPSETLSLTCTVSGGSISSSSYEWG
WIRQPPGKGLEWIGSIY YSGITY YNPSLKSRYVTISVDT
SKNQFSLKLSSVTAADTAVYYCARHDGATAGLFDY
WGEQGTLVTVSSASTKGPSVEPLAPCSRSTSESTAALG
CLVKDYFPEPVTVSWNSGALTSGVHTFPAVLQSSGL
YSLSSVYVTVPSSSLOTKTYTCONVDHEKPSNTKVDERY
ESKYGPPCPPCPAPEAAGGPSVFLFPPKPKDTLMISRT
PEVTCVVVDVSQEDPEVOFNWYVDGVEVHNAKTKP
REEQFNSTYRVVSVLTVLHODWINGKEYKCKVSNK
GLPSSIEKTISKAKGQPREPQVYTLPPSOQEEMTKNQVS
LTCLVKGFYPSDIAVEWESNGQPENNYKTTPPVLDSD
GSFFLYSRLTVDESRWOEGNVFSCSVMHEALHNHYT
QESLSLSLGK

Light chain 2
BCMB176

SYVLTOPPSVSVAPGOTARITCGGNNIGSKSVHWY
QPPGOAPVVVVYDDSDRPSGIPERFSGSNSGNTATLTE
SRVEAGDEAVYYCQVWDSSSDHYVVFGGGTKLTVLG

38




WO 2017/031104

PCT/US2016/047146

(SEQ 1D NO:66)

QPKAAPSVTLFPPSSEELQANKATLVCLISDFYPGAVT
VAWKADSSPVKAGVETTTPSKOQSNNKYAASSYLSLT
PEQWKSHRSYSCOQVTHEGSTVEKETVAPTECS

BC3B12

Heavy chain 1
CD3B219
(SEQ ID NG:35)

EVOQLVESGGGLVOPGGSLRLSCAASGFTFNTYAMN
WVROAPGKGLEWVARIRSKYNNYATYYAASVEGRF
TISRDDSENSLYLOMNSLKTEDTAVYYCARHGNFGN
SYVSWFAYWGQOGTLVTVSSASTRGPSVEPLAPCSRS
TSESTAALGCLVKDYFPEPVTVSWNSGALTSGVHTEP
AVLQSSGLYSLSSVVTVPSSSLGTKTYTCONVDHKPSN
TKVDKRVESKYGPPCPPCPAPEAAGGPSVFLEFPPRPK
DTLMISRTPEVICVVVDVSQEDPEVOFNWYVDGVEY
HNAKTRPREEQFNSTYRVVSVLTVLHQDWINGKEY
KCKVSNKGLPSSIEKTISKAKGQPREPQVYTLPPSQEE
MTENQVSLTCLVKGFYPSDIAVEWESNGQPENNYKT
TPPVLDSDGSFLLYSKLTVDKSRWQEGNVESCSVME
EALHNHYTOKSLSLSLGK

Light chain 1
CD3B219
(SEQ ID NO:36)

QTVVTOEPSLTVSPGGTVTLTCRSSTGAVTTSNY AN
WYQOKPGQAPRGLIGGTNERAPGTPARFSGSLLGGK
AALTLSGVQPEDEAEYYCALWYSNLWVYFGGGTKLT
VLGOPKAAPSVTLFPPSSEELQANKATLVCLISDFYPG
AVTVAWKADSSPVKAGVETTTPSKOQSNNKYAASSY
LSLTPEQWKSHRSYSCOVTHEGSTVEKTVAPTECS

Heavy chain 2
BCMB177
(SEQ ID NG:72

QLQLQESGPGLVKPSETLSLTCTVSGGSISSSSYFWG
WIRQPPGKGLEWIGSIYYSGRTY YNPSLKSRYVTISVDT
SKNQFSLKLSSVTAADTAVYYCARHADGATAGLFDY
WGQGTLYTVSSASTKGPSVFPLAPCSRSTSESTAALG
CLVKDYFPEPVTVSWNSGALTSGVHTFPAVLQSSGL
YSLSSVVTVPSSSLGTK TY TCNVDHKPSNTKVDKRY
ESKYGPPCPPCPAPEAAGGPSVFLFPPKPKDTLMISRT
PEVTCVVVDVSQEDPEVOFNWY VDGVEVHNAKTKP
REEQFNSTYRVVSVLTVLHODWLNGKEYKCKVSNK
GLPSSIEK TISKAKGQPREPQVYTLPPSQEEMTKNQVS
LTCLVKGFYPSDIAVEWESNGQPENNYKTTPPVLDSD
GSFFLYSRLTYVDKSRWOQEGNVFSCSVMHEALHNHYT
QKSLSLSLGK

Light chain 2
BCMB177
{(SEQ ID NG:66)

SYVLTOPPSVSVAPGOTARITCGGNNIGSKSVHWY ()
QPPGOQAPVVVVYDDSDRPSGIPERFSGSNSGNTATLTI
SRVEAGDEAVYYCQVWDSSSDHVVFGGGTKLTVLG
QPKAAPSYVTLFPPSSEELOQANKATLVCLISDFYPGAVT
VAWKADSSPVKAGVETTTPSKOSNNKYAASSYLSLT
PEQWEKSHRSYSCOVTHEGSTVERKTVAPTECS
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Example 9: BCMA affinity determinations for BCMA antibodies and BCMA X CD3
bispecifics

Surface Plasmon Resonance (SPR) was used to measure the human BCMA affinity
values of BCMA antibodies used for the generation of CD3 bispecifics. The protocol followed
for SPR was similar to that described in Example 4. The results shown in Table 11 indicate that
all samples bound to monomeric BCMA antigen with varving affinities. The parental mAb
{BCMB69) had a binding affinities of ~ 1.4 nM. BCMB117 and BCMB128 had affinities in the
range of BCMBG69, whereas BCMB123, BCMB129, BCMB176 and BCMB177 had relatively
weaker affinities (3 to 15-fold) due to faster off-rates. In order to assess data reproducibility, all

the samples were run at least in triplicates and standard deviations are reported.

Table 11. Binding affinities of anti-BCMA mAbs with monomeric human BCMA by SPR

m Abs k(x 10" 1/Ms) k (x10 1) K, (M)
BCMBG69 2744 0,02 3954019 1.44%0.05
BCMBI17 257021 3424025 1344020
BCMB123 214004 1104133 5124069
BCMB128 420013 8.70+0.61 2.07+021
BCMB129 1544006 8434044 5475013
BCMBI76 4.00 %005 28,8+ 1.25 718%022
BCMB177 2802022 56,6+ 5,54 2024157

SPR was also used to measure affinity values of BCMA x CD3 bispecific antibodies for
human and cyno BCMA. The results in Table 12 indicate that all samples bound to Fe-BCMA
antigens with varying affinities. BC3B7 and BU3B9 had affintties in the range of BCMB72 for
human BCMA whereas the remaining bispecifics had 2-3 fold weaker affinuties when compared
to BCMB72. For cyno Fe-BCMA, BC3B7 and BC3B9 had 2-3 fold tighter atfinities than

BCMB72 (Kp 0.65-0.37 nM, respectively), whereas the remaining mAbs retained similar
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binding as BCMB72 (Kp ~0.8-1.2 nM}. In order to assess data reproducibility, all the samples

were tun at least in triplicates and standard deviations are reported.

Table 12. Binding affinities of BCMA x CD3 antibodies for Fe-BCMA by SPR

BCMAx CD3 LS o ap | Koy g | fom Final K,
BOMA (10 1/Ms) (x10 1/s) (M) (x10 1/8) (x10 1/5)  (abh
wiroe  Hu o 1355011 208£080 LSI1£0.45 6565127 2794055  0.06+£0.01
BCMB72
(BE9xB2I%) ¢ 1264012 4834028 3.8740.57 1.06£0.10 7.85:104  1.65£0.26
BC3B7 Hu 1484009 1586030 1074020 4.97:067 2944054  0.0640.01
(BH7XBZI% oy 1384007 4174019 3.04%6.25 1502006 4.15:053 0.65:0.04
BC3BS Hu  1.35£0.08 1234024 091016 3.132048 5.04+0.82  0.14+0.01
(BIZZxB2I%) oy 1004005 734£021 6774048 1.94:008 3264043 0.97+0.69
RC3R9 Hu 2.58+0.14 205075 0.79+0.25 5064112 3.644036 8.65:0.01
(BI2Z8xB219) oy 2184006 4234023 1945004 160£009 3.76£052  0.37+0.04
BC3BIO Hu  1.02£0.07 1554031 1.50£0.22 4.5320.64 5314120  0.16+0.03
(BI29xB219) g 0934004 636+028 6.84:0.48 1655007 3.594050 1.2240.17
BC3BI Hu 2264016 1324015 0.58£0.07 2524032 6.8%1.17  0.1240.02
(BIT6xB2I9) oy 1934010 6834011 3.56£0.23 147004 3.954076  0.75:6.11
BC3B12 Hu  1.78+£0.09 1294005 0.7240.05 120015 557+038  0.22+0.03
(BI77xB2I9) ¢y 1484010 8314030 %565£0.46 146007 3374043  1.06+0.15

The binding affinities of anti-BCMA x CD3 bispecific antibody (BCMB72} with Fe-

fusion BCMA proteins (human, cyno and mouse} were measured by Surface Plasmon Resonance
{SPR} using a Biacore T200 system (GE Healthcare, NI).

The flow-cells 2, 3 and 4 of a streptavidin-derivatized sensor chip (GE Healthcare, Prod#
BR-1005-31) were immobilized with biotinylated Fe-fusion human, cyno or mouse BUMA,
respectively (BCMA immobilized levels between 12-16 response units (RUY, Fe-BCMA
proteins: human (R&D Systems; Prod# 193-FC), cyno (in-house; Cat#t BCMW6.001) and mouse

(R&D Systems; Prod# 593-B(C) were biotinylated in-house). No protein was immobilized on
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flow-cell 1 and was used as a reference surface. Binding kinetics experiments were performed at
25 °C in running buffer (PBS pH 7.4, 0.005% P20, 3 mM EDTA). BCMB72 was prepared in
running buffer starting from 100 nM to 0.16 nM at S-fold dilutions. These solutions were
mjected for 5 min {association phase} at 50 uL/min and the dissociation was monttored for 15
min by flowing running buffer. The chip surface was regenerated by short injections of glycine
{pH 1.5) and running buffer at 100 pl/min. Binding kinetics analysis of BCMB72 interactions
with Fe-BCMA was performed by double referencing of the data by subtracting the curves
generated by buffer injection from the reference-subiracted curves for analyte injections. Global
kinetics fitting of the sensorgrams was performed using a Two-State binding Model using
Biacore T200 Evaluation Software (GE Healthcare, NI). The binding affinity results from the
Two-State binding model for different BCMA species are reported as First Complex (Kp;) and

Final Complex (Kp) (Figure 5).

Example 10: Target-Specific T-cell Activation and Cytotoxic Potency of BCMA x CD3
antibodies in the Presence of Immortalized Cell Lines of Multiple Myeloma Background

The activation of T-cells mediated by BCMA x CD3 antibodies was evaluated. Briefly,
BCMB72 (BCMA x CD3}) and control antibodies (BCMA x null and null x CD3) were diluted to
800 pg/ml in PBS. The titration was prepared in 4-fold serial dilutions in PBS 1n a 96-well U-
bottom plate. The last colurmn was left as PBS alone {vehicle conirol).

Target cells were cultured 1n antibiotic-free RPMI 1640 mediom supplemented with
GlutaMAX, 10% FBS and 25mM HEPES {(culture medium). On the set-up day (Day 1), target
cells were counted and 10 million cells were centrifuged at 1350 rpm for 3 munutes after which,
the supernatants were discarded. CellTrace FCSE proliferation stain was reconstituted in 18 ul
of sterile DMSO and 1 il of the solution was dituted in 10 mi of sterile PBS. Cell peliets were
resuspended in 1 ml of CFSE dilution and incubated at room temperature for 8 minutes hidden
from direct light. After the incubation, 1 ml of HI FBS was added to cell suspension to quench
the surplus CFSE. Cells were washed twice in RPMI-1640 with 10% FBS. After reconstitution in
10 ml of RPMI, cells were counted and cell viability was recoded in a spreadshest. Cells were
diluted to 2.2 x10"5/ml and incubated at 37°C until use.

Pan T cells from normal donors were thawed in 37°C water bath, after which the contents

of the freeze vials were transferred to 50-ml conical vials and reconstituted in 15 mi of cold
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culture medium. Cells were then centrifuged at 1350 rpm at 4°C for 3 minutes. The
supernatants were discarded and cell pellets were reconstituted in 5 to 10 ml of culture mediom.
T cells were counted and the viability was recorded. Cells were then reconstituted in culture
medium to 1.1x1076/ml.

2x 105 target cells were added to wells of a 96-well U-bottom plate, followed by Fc
blocker (to final concentration of 2mg/mi). All cell lines were incubated at room temperature for
10 minutes to block F¢ receptor activity. 1x1075 T cells were added to the wells (5:1
effector:target ratio). After target and T cells were mixed, 20 ul of BCMA x D3 antibodies
dilutions were added to each well. The plates were incubated at 37°C with 5% CO, for 48 hours.

Two days later, the plates were centrifuged at 1350 rpm for 3 minutes at 4°C and 100 ul
of supernatants were transferred to a separate plate and stored at -80°C for cytokine release
assay. Cells were washed in 200 ul of PBS and incubated in 50 pl of near-IR Live/Dead stain
{1:200 dilution) and anti-CD25 PE antibody (1:30 dilution) for 20 minutes at room temperature.
Then, the cells were washed once in 200 ul of FACS buffer and finally reconstituted m 150 pl of
FACS buffer. Cells were analyzed using FACSCanto IT and Flowlo 7.6 for target cytotoxicity
{%o target) and T cell activation CD25+ (% hive T cells). Graphing and fitting of data were done
m GraphPad Prism 6 using nonlinear regression with variable slope (four parameters) function
using least squares method.

Figure 8 shows that BCMB72 promotes consistent target-specific T cell activation, as
assessed by CD2S upregulation on T cell surface. Fe blocker was used to prevent Fe receptor-
dependent binding of antibodies to target cells. In general, data points aligned tightly along the
generated fit curve and there was little variability between T cell donors. Maximal activation of
45 — 85% was achieved for BCMA” cells and 4 — 10 % (equivalent to background levels) for
BCMAT cells. The summary of the ECsp and maximum T cell activation values from two
independent experiments using T cells from multiple normal donors is shown in Figure 9.

Figure 10 shows that BCMB72 had consistently strong cytotoxicity against BCMA™ cell
lines. Fc blocker was used to prevent Fc receptor-dependent binding of BCMB72 to target cells.
in general, data points aligned tightly along the generated fit curve and there was little vanability
between T cell donors. Maximal lysis of 62 — 97% was achieved for BCMA™ cells and 4 — 18 %
for BCMA™ cells. The sumamary of the ECsp and maximum lysis values from two independent

experiments using T cells from multiple normal donors s shown in Figure 11
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The other six BCMA X CD3 antibodies showed maximal cytotoxicity of 83 to 93%
{Figure 12 A) and T cell activation in the range of 74 to 83% for BCMA ™ H929 cells using two
different donor T cells (Figure 12B). These six BCMA x CD3 antibody molecules are potent in
killing the BCMA+ target cell at an ECsp value ranging from 0.04 to 0.09 nM.

Example 11: Binding Efficiency of BCMB72 on BCMA+ cell lines

The ECsq values for BCMB72 binding to various BCMA+ cell lines of malignant
background was assessed. Briefly, the bispecific antibody BCMB72 (BCMA x CD3) was
diluted to 750 pg/ml in PBS. The titration was prepared in 3-fold serial dilutions in PBS ina 96-
well U-bottom plate. The last column was left as PBS alone (vehicle control).
H929 target cells were cultured in antibiotic-free RPMI 1640 medium supplemented with
GlutaMAX, 10% FBS and 25nM HEPES (culture medium). For the assay, target cell density
and viability were measured and cells were then centrifuged at 1000 rpm for 5 minutes at 4°C.
Cell pellets were then washed 1n 10 ml of PBS and centrifuged again at 1000 rpm for 5 minutes.
Cells were resuspended in PBS at 5.5x10° cells/ml and 90 ul of cell suspension was aliquoted per
well of a 96-well U-Bottom plate, followed by 10 ul/well of BCMB72 dilutions. The plates
were incubated at 4°C for 1 hour in the dark, then centrifuged at 1000 rpra for 5 minutes and
supernatants were discarded. Cell pellets were washed twice n 200 pl of FACS buffer. PE
labeled secondary antibody against homan [gG4 Fe was dissolved in FACS buffer at 1:25 and 50
ul of the mix was added 1o the corresponding wells. Samples were mcubated for 20 minutes at
4°C, washed in FACS buffer as described above, and reconstituted in 150 ul of FACS buffer for
analysis on FACSCanto IE. Data were analyzed using Flowlo 7.6 for BCMB72 binding and
graphing and fiting of daia were done in GraphPad Prism 6 using nonlinear regression with
variable slope function using least squares method.

As seen in Figure 6, BCMB72 is able to bind to all of the BCMA-+ cell lines that were
examined. The ECs for binding to H29 cells was 14.7 nM, to MM. IR celis was 2.74 nM, to
FIM cells was 17.5 nM, to LP1 cells was 22.3 nM and to U-2932 cells was 7.92 nM.

Example 12: Analysis of BCMA expression and BCMB72 binding in

ex vive whole blood from normal haman donors
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The expression of BCMA and BCMB72 binding on leukocytes was assessed in ex vivo
whole blood from three normal human donors. Briefly, fresh peripheral blood from normal
human donors was stored in heparin-coated tubes prior to the experiment. The blood was
pipetted into 96-well U-Bottom plate in 100 ul aliquots. Staining antibodies were prepared in a
master mix, as indicated in the experimental spreadsheet. Master mix was added directly to
blood, along with antibodies against BCMA or BCMB72. After 30 minute incubation at room
temperature, the plate with the blood was centrifuged at 1350 rpm for 3 minutes at 4°C. The
supernatant plasma was discarded and the pellets were subjecied to four consecutive rounds of
RBC lysis, with 5 minute incubations between each wash. After lysis was complete, pellets were
washed once with PBS and then stained i PBS with 1:200 Live/Dead near-IR stain and 1:50
anti-IgG4 PE {only for wells with BCMB72). The plates were further incubated for 15 minutes
at room temperature. Later the samples were washed with 200 pl of FACS buffer and finally
reconstituted m 150 ul of FACS buffer for analysis on LSRFortessa. Approximately 100,000
events were collected from each well. Analvsis was done in Flowlo 7.6

As shown in Figure 7, no BMCA expression was observed on lymphocytes, monocytes,
granulocytes or plasmacytoid DCs in three normal donors. BCMB72 showed binding to CD3+ T
cells o all three donors with varying intensity between donors. BCMB72 did not bind to any

other cell type tested in this assay.

Example 13: BCMB72 effect on cytokine profile

The cytokine profile i the supernatant from the T cell mediated killing assays was
assessed using BCMB72 and the control antibodies. T cells and antibodies were plated as in the
T-cell mediated cytotoxicity assay {see Example 10). After 48 hours incubation, cell
supernatants were harvested and different (10/30 Plex) cytokines were measured using an MSD
based ELISA. Cyiokine levels were expressed as pg/mL and graphing and fitting of data were
done in GraphPad Prism 6 using nonlinear regression with variable siope (four parameters)
function. The ECs values of six cyiokines from RPMIB226 cell line using six T cell donors are
shown in Figure 13, The data show significant cytokine release resulting from T cell activation.

Low/no cyiokine release was observed with control antibodies (data not shown).
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Example 14: Functional comparison of HEK- and CHO-produced (transient & stable cell
lines} BCMB72 in T-cell activation and T-cell mediated target cell killing

Bispecific antibodies produced in different cells and under different modes of expression
may vary in activity. Thus, the in vifro efficacy of BCMB72 produced 1n HEK (transient
expression} or CHO cells (transient or stable expression) was evaluated.

BCMB72 was diluted to 800 pg/m! in PBS. As indicated in each experiment, the titration
was prepared either in 3-fold or 4-fold serial dilutions in PBS in a 96-well U-bottom plate. The
last column was left as PBS alone (vehicle control).

HO29 target cells were cultured in antibiotic-free RPMI 1640 medium supplemented with
GlutaMAX, 10% FBS and 25mM HEPES (culture medium). On the set-up day (Bay 1), cells
were counted and 10 million cells were centrifuged at 1350 rpm for 3 minutes and the
supernatants were discarded. CellTrace FCSE proliferation stain was reconstituted in 18 pl of
sterile DMSO and 1 pl of the solution was diluted in 10 mi of sterile PBS. H929 cell pellet was
resuspended in 1 mi of CFSE dilution and incubated at room temperature for 8 minutes hidden
from direct light. After the incubation, | ml of HI FBS was added to cell suspension to quench
the surplus CFSE. Cells were washed twice in 1640 RPMI with 10% FBS. After reconstitution
m 10 mi of RPMI, cells were counted and cell viability was recoded in a spreadsheet. Cells were
diluted to the indicated concentration and incubated at 37°C until use.

T cells from normal donors were thawed in 37°C water bath, after which the contents of
the vial were transferred to a 56-mi comical vial and reconstituted 1 15 ml of cold culture
medium. Cells were then centrifuged at 1350 rpm at 4°C for 3 minutes. The supernatants were
discarded and cell pellets were reconstituted in 5 to 10 ml of culture medium. T cells were
counted and reconstituted in colture mediom to the appropriate concentration {see spreadsheet
for each expertment).

H929 cells were added to wells, followed by T cells (5:1 Effector: Target ratic). In this set
of studies no F¢ blocker was used. After target and T cells were mixed, 20 pl of BCMB72
dilutions was added to each well. The plates were incubated at 37°C with 5% O, for 48 hours.
After 2 days the plates contaiing celis were centrifuged and the supernatants were either
discarded or stored for cytokine release assay. Cells were washed in 200 pl of PBS and
ncubated in 50 pl of near-IR Live/Dead stain (1:200 dilution} and anti-CD25 PE antibody (1:50

dilution) for 20 minutes at room temperature. Then, the cells were washed once 1n 200 pl of
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FACS buffer and finally reconstituted in 150 ul of FACS buffer. Cells were run by flow
cytometry on the same day using FACSCanto I and analyzed m FlowJo 7.6 for target
cytotoxicity (% target) and T cell activation CD25+ (% live T cells). Graphing and fitting of
data were done in GraphPad Prism 6 using nonlinear regression with variable slope {(four
parameters) function and least squares method.

As seen in Figure 14, BCMB72 produced in HEK cells and those produced in CHO cells
perform virtually identically in T cell redirection assay in terms of cytotoxicity to target cells and
stumulation to T cells. Maximal killing of 85% and T cell activation of 80% were generally
achieved. Average ECs values for cytotoxicity were 0.29 nM for BCMB72 produced in HEK
cells and 0.42- 0.47 nM for BCMB72 produced in CHO cells. Average ECsq values for T cell
activation were 0.28 nM for BCMB72 produced i HEK cells and 0.37-0.41 nM for BCMB72
produced in CHO cells. Comparative analysis using Student’s T-test showed no statistical

significance between ECso values.

Example 15: P38 signaling activation by BCMB72

Both BAFF and APRIL bind to two receptors BCMA (B cell maturation antigen,
TNFRSF 17) and TACI (transmembrane activator and CAML mteractor, TNFRSF 13b).
Engagement of BCMA activates JNK and P33 MAPK signaling pathway. It is possible that the
BCMA X CD3 bispecific antibody, BCMB72, may exert an agonistic effect toward BCMA. This
study included two parts. 1. Developing a simple western analysis assay to monitor the P38a
MAPK changes in H929 or MM R cells after APRIL or BAFF treatment. 2. Using the newly

developed assay to check whether BCMB72 has any agonistic effect toward BOMA.

Cell treatment

H929 or MM1 R cells were seeded at 1.5e6/mi in serum free RPMI medium for 24 hr at
37°C in the presence of 5% CO, prior to the treatment. On the day of the treatment, cells were
spun down and resuspended in serum free RPMI at 1.5e6/ml. For time course assay, cells were
aliquotted into 5 ml per tube for 10 tubes. Each tube of cells was treated with 1000 ng/ml of

APRIL (R&D Systems cat#S860-AP-010) or 1000ng/ml of BAFF (R&D Systems cat#2149-BF-

O
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010} for ©, 5, 15, 30 and 60 min, respectively at 37°C in the presence of 5% CO,. After
incubation, cells were immediately pelieted and frozen in -80°C for making cell lysate. For
BCMB72 agonist effect assay, the H929 cell treatment groups were listed in Table 13, The

BCMBT72 agonist effect assay was conducted twice.

Table 13. Treatment groups for BCMB72 agonist effect assay

Sample | Treatment (15 nmun)
APRIL 0 ng/mi
APRIL 1000 ng/ml
BAFF 0 ng/mi

BAFF 1000 ng/mi
BCMB72 0 ng/ml
BCMRB72 10 ng/ml
BCMB72 100 ng/mi
BCMB72 1000 ng/mi
BCMB72 10000 ng/ml

NCHOS [ OV (W s W b =

Cell lvsate preparation for Sunple Western analvsis

Cells were lysed with RIPA buffer, containing phosphatase and protease inhibitors. Protein
concentration was measured on a SpectraMax Plus 384 microplate reader (Molecular Devices,
Sunnyvale, CA, USA) using BioRad DC Protein Assay (BioRad # 500-0112) and bovine serum

albumin standards.

Simple Western analvsis

Simple Western analyses were performed with Wes-Rabbit (12-230 KDa) Master kit
{ProteinSimple # PS-MKO1) according to the ProteinSimple user manual. In brief, cell lysate
samples were mixed with a master mix to a final concentration of 1x sample buffer, Ix
fluorescent molecular weight marks, and 40 mM dithiothreitol (DTT) and then heated at 95 °C
for S mun. The samples, blocking reagent, primary antibodies phosphor-p38 MAPK
{ThermoFisher: VWRH MAS-15182) or Actin-beta (Cell Signaling, # 84578), HRP-conjugated
secondary antibodies, chemiluminescent substirate, and separation and stacking matrices were
also dispensed to designated wells 1n a Simple Wes microplates, After plate loading, the

separation electrophoresis and immunodetection steps took place in the capillary system and
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were fully automated. During elecirophoresis, proteins were separated on the basis of molecular
weight through the stacking and separation matrices and immobilized on the capillary wall using
proprietary photoactivated capture chemistry. Primary antibodies were diluted 1:50 with
antthody diluent If (ProteinSimple #042-203). Target proteins were immunoprobed with primary
antibodies for 60 min, followed by HRP-conjugated secondary antibodies. Simon-simple
Western analysis is carried out at room temperature, and instrument default settings were used.
The digital image was analyzed with Compass software (ProteinSimple), and the quantified data

of the detected protein were reported as molecular weight, signal/peak intensity, and peak area.

Results

Based on the information obtained from the time course study, a BCMB72 agonist assay was
performed with H929 cells using 15 min incubation end point. p38 MAPK signals were
normalized by human beta Actin signals. The mean of normalized p38 MAPK signals from two
assays are shown in Figure 15, The BCMB72 agonist assay demonstrated that BCMB72 has no

agonistic effect toward BCMA 11 H929 cells.

Example 16: NFuB signaling by BCMB72

BCMA 15 a surface receptor that can elicit NF-xB signaling in response to endogenous
ligands. The effect of BCMB72 binding to BCMA on NF-«B pathway activation was evaluated
using BCMA-expressing reporter cell hine that expresses alkaline phosphatase (SEAP)Y under
NF«B promoter.

Cells were cultured in DMEM medium supplemented with GlutaMAX and 10% FBS
{culture media}. In the evening prior to experiment cells were harvested by trypsinization (5
minutes in pre-warmed 0.25% Trypsin at 37°C) and washed in 30 ml of culture media. Cells
were then centrifuged at 1,000 rpm for 5 minutes at 4°C and reconstituted in serum-free DMEM
(with GlutaMax) at 2.5x10"5 cells/mi. 5x1074 cells were added to wells of a 96-well flat bottom
plate and incubated at 37°C for 16 hours.

The next morning, various stimulatory reagents { TNFg, APRIL, BCMB72) were added to
the corresponding wells (see experimental plate maps) and plates were incubated at 37°C for
additional 16 hr, 24 hr or 48 hr, which represented early, middle and late time points of

signaling, respectively. After each time point, 10 pl of conditioned culture media was collected
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from wells, transferred to a 96-well solid plate provided in the SEAP kit (Cayman, 600272}, and
covered with the lid. SEAP standards were prepared by dihuting bulk standard (5 U/ml) 1:10 m
serum-free DMEM (with GlutaMax) and then preparing 1:2 serial dilutions; the dilution range is
50-0.78 mU/ml. The plate with the samples was incubated at 65°C for 30 minutes to inactivate
endogenous alkaline phosphatase; SEAP expressed in this assay is stable under these incubation
conditions. 10 pl of standard dilutions were added to the appropriate wells after the plates were
mcubated at room temperature. 50 pl of substrate sclution was added to all wells and the
samples were briefly agitated to distribute the solution in the wells. Samples were incubated for
20-30 minutes and chemiluminescence was assessed using PerkinElmer EnVision 2104
Multilabel Reader. All luminescence readings were converted to activity unit concentrations
based on standard curve and the values were analyzed in Microsoft Excel 2010 and imported to
Graph Prismo 6 for graphical analysis.

Figure 16 demonstrates that whereas APRIL was able to stimulate BCMA at
concentrations as low as (.46 oM, in general, BCMB72 did not activate NF-xB pathway in
BCMA-transduced cells at concentrations below 10 aM. Modest BCMB72-dependent activation

was observed at high (44-133 nM) BCMB72 concentrations.

Example 17; Effect of exogenous addition of extracellular domain of BCMA on T cells
activation in the absence of target cells

BCMA extracellular domain (ECD) can form trimers in solution. Therefore, the
possibility exists that multiple bispecific antibodies can bind to BCMA ECD trimers and cross-
iink TCR complexes in the absence of target cells. This could in turn activate T cells in a target-
independent fashion. This study examined whether exogenously added ECD of BCMA can
trigger T cel activation at the level of CD25 expression without interaction with target cells.

BCMB72 (BCMA x CD3) and a control (null x CD3) were diluted to 800 pg/ml in PBS.
The titration was prepared in 3-fold serial dilutions in PBS in a 96-well U-bottom plate. The last
column was left as PBS alone {vehicle control).

Soluble BCMA ECD (sBCMA) was diluted {0 36 ug/mi (6.67 uM) in PBS. The titration
was prepared in 3-fold serial dilutions in PBS in a 96-well U-bottom plate. The top well was left

as PBS alone {vehicle control}.
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Pan T cells from normal donors were thawed in 37°C water bath, after which the contents
of the freeze vials were transferred to 50-ml conical vials and reconstituted in 30 mi of cold
culture medium. Cells were then centrifuged at 1350 rpm at 4°C for 3 minutes. The
supernatants were discarded and cell pellets were reconstituted in 10 mi of culture medium. T
cells were counted and the viability was recorded. Cells were then reconstituted in culture
medium to 0.525x1076/ml.

1x10°5 T cells (190 pl) were added to the wells, followed by 5 pul of sSBCMA dilutions
and 5 pl of BCMB72 dilutions. Plates were incubated at 37°C with 5% CO, for 48 hours.

After two day, the plates were centrifuged at 1500 rpm for 3 munutes at 4°C and
supernatants were discarded. Cell pellets were washed in 200 ul of PBS and incubated in 50 ul
of near-IR Live/Dead stain {1:200 dilution) and anti-CD2S PE antibody (1:50 dilution) for 20
minutes at room temperature. Then, the cells were washed once in 200 pl of FACS buffer and
finally reconstituted in 150 ul of FACS butfer. Cells were analyzed using FACSCanto I and
Flowlo 7.6 for T cell activation CD25+ (% live T cells). Graphing and fitting of data were done
in GraphPad Prisin 6 using non-linear regression with least squares fitting method.

T cells from normal donors did not exhibit sSBCMA ECD-mediated activation in the
presence of BCMB72. Weak activation of a small percentage of T cells (10-15%) was observed

at high concentrations (>40 nM) of BCMB72 in a sSBCMA-independent fashion (Figure 17).

Example 18: Effect of soluble ECD of BCMA, APRIL, and BAFT on T cell activation and
BCMB72-dependent eytotoxicity

Soluble BCMA ECD can serve as a sink for BCMA x CD3 antibodies, while APRIL and
BAFF can be competitive inhibitors of interaction between surface receptor and BCMA x CD3
antibodies. The effects of soluble BCMA ECD and endogenous liganda APRIL and BAFF on in
vitre cytotoxic potency of BCMB72-dependent cell killing were assessed in T cell redirection
assays using immortalized cell line H929 and pan T cells from normal donor M7677.

BCMB72 was diluted to 800 ug/mi in PBS. The titration was prepared in 3-fold serial
dilutions in PBS i a 96-well U-bottom plate. The last column was left as PBS alone (vehicle
control}. Soluble BOCMA ECD was diluted to 9 ug/m! and APRIL and BAFF were diluted to 10
rg/ml. The titrations for both reagents were prepared in 3-fold serial dilutions in PBS in a 96-

well U-botiom plate.
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H929 target cells were cultured in antibiotic-free RPMI 1640 medium supplemented with
GlutaMAX, 10% FBS and 25mM HEPES (culture medium). On the set-up day (Day 1), target
cells were counted and 10 million cells were centrifuged at 1350 rpm for 3 minutes after which,
the supernatants were discarded. CeliTrace FCSE proliferation stain was reconsiituted in 18 ul
of stertle DMSO and | pl of the solution was diluted in 10 ml of sterile PBS. Cell pellets were
resuspended in 1 ml of CFSE dilution and incubated at room temperature for 8 minutes hidden
from direct light. After the incubation, 1 ml of HI FBS was added to cell suspension to quench
the surplus CFSE. Cells were washed twice in RPMI-1640 with 10% FBS. After reconstitution
in 10 mi of RPMI, cells were counted and cell viability was recoded in a spreadsheet. Cells were
diluted to 2.2x10°5/ml and incubated at 37°C until use.

Pan T cells from normal donor were thawed in 37°C water bath, after which the contents
of the freeze vials were transferred to 50-ml conical vials and reconstituted in 30 mi of cold
culture medium. Cells were then centrifuged at 1350 rpm at 4°C for 3 minutes. The supernatants
were discarded and cell pellets were reconstituted in 10 ml of culture medium. T cells were
counted and the viability was recorded. Cells were then reconstituted in culture medium to
11x1076/ml

2x30M5 of HO29 celis were added to wells of a 96-well U-bottom plate; no incubation
with Fe blocker was necessary m this study. 1x10°5 T cells were added to the wells (5.1
Effector: Target ratio). After target and T cells were mixed, 20 ul of either sSBCMA, APRIL or
BAFF were added to the wells followed by 5 ul of antibody dilutions. Plates were incubated at
37°C with 5% CO; for 48 hours.

After 2 days, the plates were centrifuged at 1500 rpm for 3 minutes at 4°C and the
supernatants were discarded. Cells were washed in 200 ul of PBS and incubated in 50 ul of
near-1R Live/Dead stain (1:200 dilution) and anti-CD25 PE antibody (1:50 dilution} for 20
minutes at room temperature. Then, the cells were washed once in 200 ul of FACS buffer and
finally reconstituted in 150 pl of FACS buffer. Cells were analyzed using FACSCanto H and
Flowlo 7.6 for target cytotoxicity (% target) and T cell activation CD25+ (% live T cells).
Graphing and fitting of data were done in GraphPad Prism 6 using nonlinear regression with
variable slope (four parameters) function using least squares method.

BCMRB72 was able to exert cytotoxicity on H929 cells in the presence of soluble BCMA
ECD, with only minor effect (2-fold increase} onn ECx at high doses (>160 nM) of sSBCMA
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ECD,; T cell activation was similarly affected {see Figure 18A and 18D). APRIL increased the
ECsp values for cell cytotoxicity and T cell activation six-fold at high doses (46 nM), while
muinimally affecting the assay at lower doses (see Figure 18B and 18E). Maximal killing was not
affected by sBCMA or APRIL. In contrast, exogenous BAFF had no impact on BCMB72-
mediated cytotoxicity at concentrations up to 51 oM (see Figure 18C). The T cell activation

potential in all cases correlated well with the killing data, as expected (see Figure 18F).

Fxample 19: Competition of BCMB72, APRIL and BAFY for binding to BCMA in virro

The two TNF ligands, APRIL and BAFF can bind to BCMA and induce a signaling
cascade leading to cell survival and proliferation. The extracellular domain of BCMA is a short
54 amino acid fragment that binds to these two ligands as well as the antibodies raised against
this motif. Here, the competitive nature of these ligands against BCMB72 was assessed.

The assay was setup in an ELISA based format. In preparation for the competition assay,
BCMA-F¢ was to be labeled with MSD SuifoTag  S0ug vial of BCMA-Fe was reconstituted in
500uL. PBS to vield 0. Tmg/mL (3.125uM monomer). 150nmol NHS-sulfoTag was dissolved in
S0ul. water to vield 3mM solution. 5.2ul. 3mM NHS-SulfoTag (15.6nmol) was added to 500ul.
BCMA-Fe (1.56nmol monomer) for a 10x excess labeling reaction. Reaction was left for 2hr at
RT mn the dark. 50ul. IM tris was added to quench the unreacted NHS. Excess Sulfotag and tris
was removed by buffer exchange over PBS equilibrated 2mi. 7k MWC D Zeba spin column,
Final volume was ~630ul, therefore, final SulfoTag-BCMA-Fc¢ 15 used as 2.5uM.

For the competition assay, anti-BAFF (100ug) and anti-APRIL {100ug) were
reconstituted in 2000l PBS to yield 0.5mg/mL stock solutions. 30ul (6ug} of anti-APRIL and
anti-BAFF were each diluted in 2.97mL PBS to yield Zug/mL solutions. To every well of 2 96
well MSE high bind plate, 250l Zug/mL anti-APRIL was added. To every well of a second 96
well MSD high bind plate, 25ul. 2ug/mL anti-BAFF was added.  Plates were kept at 4C
overnight to immobilize antibodies. Plates coated with anti-APRIL and anti-BAFF were
dumped, and 300ul/well SuperBlock added. After 1hr at RT of blocking, plates were washed 3x
with PBS-T. 10ug of each recombinant APRIL and BAFF were resuspended in 100ul. PBS to
vield 0. 1mg/mL solutions. 3mL 2ug/ml solutions of each APRIL and BAFF were made by
diluting 60uL freshly reconstituted protein in 2.94mL SuperBlock. 25ubl 2ug/mi APRIL was
added to each well of anti-APRIL coated plate, and 25ul. 2ug/mi BAFF was added to each well
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of anti-BAFF coated plate. After 1hr capture at RT, plates were washed 3x with PBS-T. 500ug
anti-BCMA (R&D Sys Mab193) was reconstituted in 1mb PBS to yield stock solution of
0.5mg/mL (3.3uM}. Anti-BCMA Mab193, BCMB72.004, and a control antibody (null x CD3),
were diluted to 1TuM in superblock. An 11pt threefold serial dilution series was prepared by
mixing 100ul antibody in 200ul. SuperBlock. 6mL 30nM SulfoTag-BCMA-FC was prepared by
diluting 72ul protein from above in 5.928mL SuperBlock. Z5ul. each antibody from step 11
was added to each well of the APRIL/BAFF captured plates according to plate map below in
figpure 1. 25uL 30nM Sulfotag-BCMA-Fc was added to each well of both plates. After 1hr at
RT, plates were washed 3x with PBS-T. 150ul 1x MSD read butfer T was added to every well,
and plates scanned in sector 6000 imager. The experiment was repeated exactly as described
above to give a second independent set of results.

As can be seen 1n Figure 19, when incubated with increasing amounts of BCMB72 but
not the control antibody (nmull x CI33), BCMA-Fc¢ protein was prevented from binding plate-
bound APRIL and BAFF. The observation 1s consistent between two independent experiments,

each with three replicates.

Example 20: BCMB72 binding and cytotoxicity of multiple myeloma patient bone marrow
CD138 positive cells.

To evaluate the potency of BCMB72 in primary samples from multiple myeloma
patients, we tested this antibody in a cytotoxic killing assay using frozen bone marrow multiple
rmveloma samples from 3 patients and T cells from healthy donors. Antibody binding and T cell

activation potential were also measured.

BCMB72 binding assav

106 ul of cell suspension was aliquotted per well in a 96 well U-Bottom plate, followed
by 95 ul of culture medium. Then 5 pl of serial dilutions of BCMB72 or controls were added to
the wells and the plate was incubated for 1 hour at 4°C. After staining, cells were centrifuged at
1,200 rpm for 3 minuies and washed once in 200 pl of PBS. Cells were centrifuged once more;
supernatants were discarded after which, the pellets were reconstituted in 50 pl of near-IR
Live/Dead stain (1:200 dilution), anti-human [gG4 Fc PE antibody (1:50 dilution), anti-CD138

(MI15 1:50 and DL-101 1:50 dilutions) and mcubated for 20 minutes at room temperature in the
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dark. Cells were then centrifuged and washed in 200 ul of FACS buffer and finally reconstituted
in 150 pl of FACS buffer. Samples were analyzed using FACSCanto I and Flowlo 7.6 for
BCMB72 binding intensity on CD138+ MNCs. Fitting of data was done in GraphPad Prism 6
using nonlinear regression with variable slope (four parameters) function using least squares

method.

T cell redirection assay

1x107S target cells were added to wells of a 96-well U-bottom plate, followed by 1x1075
T cells (5:1 Effector: Target approxumate ratio, provided average 20% plasma cell count in bone
marrow-derived mast cells). After target and T cells were mixed, 5 pl of BCMB72 dilutions were
added to each well. The plates were mcubated at 3 7°C with 5% CO, for 48 hours.

Twao days later, the plates were centrifuged and supernatants were discarded. Cells were
washed in 200 pl of PBS and incubated in 50 ul PBS with near-IR Live/Dead stain (1:200
dilution), anti-CD138 (MI15 1:50 and DL-101 1:50 dilutions), anti-TCR o/P (1:50 dilution} and
anti-CD2S PE (1:50 ddution) for 20 minutes at room temperature. Then, the cells were washed
once i 200 ul of FACS buffer and finally reconstituted i 150 pl of FACS butfer. Cells were
analyzed using FACSCanto 11 and FlowJo 7.6 for plasma cell cytotoxicity (Yo dead CD138+
celisy and T cell activation CD25+ (% live T cells). Graphing and fitting of data were done in
GraphPad Prism 6 using nonlinear regression with variable slope (four parameters) function

using least squares method.

Results

Figure 20 shows that BCMB72 binds and induces killing of all patient samples in a dose
dependent manner after 48 h as evidenced by the loss of CD138" plasma cells. T cell activation
data correlates well with the killing data as expected. Average ECsofor T cell activation was in
the 1 nM range. These data confirm that BCMB72 can kill primary multiple myeloma bone

marrow cells in vitro.
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Example 21: Anti-Temor Efficacy of BCMB72 in Tumorigenesis Prevention of H929
Human Maltiple Myeloma Xenografts in PBMC-Humanized NSG Mice

This study evaluated the efficacy of BCMB72 in preventing tumorigenesis of H929
human multiple myeloma (MM) xenografts in PBMC {peripheral blood mononuclear
cells)-humanized NSG (NOD SCID Gamma) mice. The NSG mouse is an immunecompromised
strain lacking mature functional T, B and natural killer (NK) cells. Age maiched female NSG
mice were intravenously injected with 1 x 107 human PBMC on study day -7. On day 1 post
PBMC inoculation, each mouse was subcutaneously {s¢) implanted with H929 human MM cells
{(5x 10° cells in 200 pL PBS) on the right hind dorsal flank, followed by intravenous {(IV}
administration of PBS and BCMB72 0.1 ug {0.005 mg/ke), 0.5 ug (0.025 mg/kg) and 1 pg (0.05
mg/kg) per animal. The PBS control and BCMRB72 were admunistered every other day or every
three days for a total of five treatments. H929 s¢ tumors were detectable in the PBS and 0.1 pg
BCMRB72 treated groups as early as day 8 post tumor cell implant. Tumors from these two
groups continued to grow until the mean tumor volumes were >500 mm” on day 22. By day 24,
the mean tumor volume of the PBS control group had exceeded 1000 mm’, Interestingly, s
H929 tumors did not grow in the roice treated with 0.5 ug and 1 pg BCMB72 (Figure 21). Thus,
BCMB72 inhibited the tumorigenests of H929 human MM xenografts in all amimals treated with

0.5 and 1 ug/ammal.

Example 22: Soluble BCMA guantitation in mouse serum from H929 (human multiple
myeloma cells) xenografls in PBMC-Humanized NSG Mice treated with BCMB72

This study was designed to quantify scluble BMCA levels in serum form H929 xenograft
mice and to correlate the soluble BCMA levels to tumor burden in these animals.

Briefly, serum from xenograft study samples were analyzed by BCMA enzyme-linked
immunosorbent assay (ELISA), obtained from R&D Systems. Serum was thawed and diluted
1:50 in reagent diluent and incubated overnight at 4° C. The BCMA ELISA was carried out
according to the manufacturer’s protocol The ELISA plates were analyzed using MD
SpectraMax plate reader M5 (Molecular Devices, Sunnyvale CA) set to 450 nm. Each well in the
ELISA corresponds to serum from one mouse in the original xenograft study.

There was significant reduction of soluble BCMA concentration in mouse serum of mice

treated with 1 ug and 0.5 pg of BCMB72 when compared with PBS alone or BCMB72 at 0.1
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ug/mice (Figure 22} These data support the xenograft study, where mice treated with 1 ug and
0.5 ug of BCMB72 had no or mintmal tumor growth. These data suggest that soluble BOCMA 1n
serum samples could be insightful as a potential biomarker to assess indication of multiple

myeloma; surveying soluble BCMA may help in monitoring the disease burden.
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Brief Description of the Sequence Listing

SEQ
1))
NG:

Type

Species

Description

Sequence

1

PRT

human

BCMA

MLOMAGQCSQNEYFDSLLHACIPCQLR
CSSNTPPLTCQRYCNASVTNSVEKGTNAIL
LWTCLGLSLIISLAVFVLMFLLRKINSEP

LKDEFKNTGSGLLGMANIDLEKSRTGD

EILPRGLEYTVEECTCEDCIKSKPK VDS

DHCFPLPAMEEGATILVTTKTNDYCKSL
PAALSATEIEKSISAR

o)

PRT

mouse

BCMA

MAQQCFHSEYFDSLLHACKPCHLRCSN
PPATCQOPYCDPSVTSSVKGTYTVLWIFL
GLTLVLSLALFTISFLLRKMNPEALKDE
POSPGQLDGSAQLDKADTELTRIRAGD
DRIFPRSLEYTVEECTCEDCVKSKPKGD
SDHFFPLPAMEEGATILVTTKTGDYGKS
SVPTALQSVMGMEKPTHTR

PRT

cyno

BCMA

MLOMARQCSONEYFDSLLHDCKPCOL
RCSSTPPLTCQRYCNASMTNSVKGMNA
TLWTCLGLSLISLAVFVLTFLLRKMSSE
PLKDEFKNTGSGLLGMANIDLEKGRTG
DEIVLPRGLEYTVEECTCEDCIKNKPKV
DSDHCFPLPAMEEGATILVTTKTNDYC
NSLSAALSVTEIEKSISAR

PRT

human

BCMBG9,
BCMB117,
BCMB118,
BCMB119,
BCMB120,
BCMBI125,
BCMB126,
BCMBI27,
BCMBI12],
and
BCMRB129-
HCDRI

SGSYFWG

PRT

human

BCMB69,

BCMB117,
BCMB118,
BCMB119,
BCMB120,
BCMB123,
BCMB124,

SIYYSGITYYNPSLKS
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BCMBI125,
BCMB126,
BCMB127,
BCMBI128,
BCMB176,
BCMB179,
BCMB180,
BCMBI181,
and
BCMBI182-
HCDR2

PRT

human

BCMB69,
BCMB117,
BCMBI21,
BCMB122,
BCMB123,
BCMB124,
and
BCMB129-
HCDR3

HDGAVAGLFDY

PRT

human

BCMRBI121,
BCMB122,
and
BCMB123
HCDRI

SSYYWG

92

r

PRT

human

BCMB121,
BCMB122,
BCMB129,
BCMB130,
BCMBI131,
and
BCMB177-
HCDR2

SIYYSGSTYYNPSLKS

PRT

human

BCMB11§-
HCDR3

HDAATAGLFDY

10

PRT

human

BCMBI124,
BCMBI130,
and
BCMBI131-
HCDRI1

SGSYYWG

1

PRT

human

BCMB178,
BCMBIR6,
BCMB1R87,
and
BCMB188-
HCDR2

SIYYSGWTYYNPSLKS
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PRT

human

BCMB119-
HCDR3

HEGATAGLFDY

13

PRT

human

BCMB176,
BCMB177,
BCMB178,
BCMRB179,
BCMRBIRQ,
BCMBIR1,
BCMB1R2,
BCMRB183,
BCMB184,
BCMBIRS,
BCMBIR6,
BCMBIR7
and
BCMBI188-
HCDRI1

SSSYFWG

14

PRT

human

BCMB183,
BCMBi184
and
BCMB185-
HCDR2

SIYYSGRTYYNPSLKS

oy
L

PRT

human

BCMBI20-
HCDR3

HSGATAGLFDY

16

PRT

human

BCMB125
and
BCMBI131-
HCDR3

HEGAVAGLFDY

PRT

human

BCMBI26-
HCDR3

HSGAVAGLFDY

PRT

human

BCMB127
and
BCMB130-
HCDR3

HDAAVAGLEFDY

PRT

human

BCMBI128,
BCMB176,
BCMB177,
and
BCMB178-
HCDR3

HDGATAGLFDY

20

PRT

human

BCMB179,
BCMB183,
and

BCMB186-

HOQGATAGLFDY

21

PRT

human

BCMBI 50,

HHGATAGLEDY
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BCMB184,
and
BCMB187-
HCDR3

b2
b2

PRT

human

BCMB181-
HCDR3

HWGATAGLFDY

PRT

human

BCMBI182,
BCMB185,
and
BCMB188-
HCDR3

HYGATAGLFDY

24

PRT

human

BCMBG69,
BCMBI117,
BCMBI11g,
BCMBI119,
BCMB120,
BCMBI121,
BCMBI122,
BCMBI123,
BCMB124,
BCMB125,
BCMB126,
BCMBI127,
BCMB128,
BCMB129,
BCMBI130,
BCMBI131,
BCMB176,
BCMB177,
BCMB178,
BCMB179,
BCMB180,
BCMBI181,
BCMBI182,
BCMB183,
BCMEB184,
BCMBI18S,
BCMBI186,
BCMB187,
and
BCMBI183
-LCDR1

GONNIGSKSVH

[\
h

PRT

human

BCMB69,

BCMBI17,
BCMB11S,
BCMB119,

DDSDRPS
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BCMBI120,
BCMB121,
BCMBI122,
BCMBI123,
BCMBI124,
BCMB123,
BCMB126,
BCMB127,
BCMBI128,
BCMB129,
BCMB130,
BCMBI131,
BCMB176,
BCMB177,
BCMB178,
BCMB179,
BCMBI180,
BCMBI181,
BCMB182,
BCMBI183,
BCMBI184,
BCMB183,
BCMB186,
BCMBI187.
and
BCMBigS
-LCDR2

PRT

human

BCMB69,

BCMB117,
BCMB118,
BCMB119,
BCMB120,
BCMB121,
BCMB122,
BCMB123,
BCMB124,
BCMB125,
BCMB126,
BCMB127,
BCMB128,
BCMB129,
BCMB130,
BCMB131,
BCMB176,
BCMB177,
BCMB178,

QVWDSSSDHVY
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BCMB179,
BCMBIRO,
BCMB181,
BCMBI182,
BCMBI83,
BCMB184,
BCMB1835,
BCMBI186,
BCMBIR7,
and
BCMB188
-LCDR3

PRT

human

BCMBGS-
VH

QLOLOESGPGLVKPSETLSLTCTVSGGST
SSGSYFWGWIRQPPGKGLEWIGSIYYSG
ITY YNPSLKSRVTISVDTSKNQFSLKLSS
VTAADTAVYYCARADGAVAGLFDYW

GQGTLVTVSSA

PRT

human

BCMBGY,
BCMEB118,
BCMBI119,
BCMBI120,
BCMB122,
BCMB123,
BCMB124,
BCMBI125,
BCMB126,
BCMB127,
BCMBI2S,
BCMB129,
BCMBI30,
BCMBI131,
BCMBI77,
BCMBI178,
BCMB179,
BCMBI1R0,
BCMBI181,
BCMBIR2,
BCMBIR3,
BCMBI184,
BCMEBI185,
BCMBIRG,
BCMBIRY,
and
BCMEB188
~YVL

SYVLTQPPSVSVAPGQTARITCGGNNIG
SKSVHWYQQPPGRQAPVVVVYDDSDRP

SGIPERFSGSNSGNTATLTISRVEAGDEA
VYYCOVWDSSSDHVVFGGGTKLTVL

PRT

human

BCMB118-

QLOLOESGPGLVKPSETLSLTCTVSGGSI
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VH SSGSYYWGWIRQPPGEGLEWIGSIYYS
GITYYNPSLESRVTISVDTSENQFSLKLS
SVTAADTAVYYCARHDAATAGLFDYW
SOGTLVTVSSA

30 | PRT | human | BCMBI121- | SYVLTQPPSVSVAPGOTARITCGGNNIG

VL SKSVHWYQQKPGQAPVLYVYDDSDRP
SGIPERFSGSNSGNTATLTISRVEAGDEA
DYYCQVWDSSSDHVVEGGGTKLTVL

31 PRT | human | BCMBI19- | QLOLQESGPGLVKPSETLSLTCTVSGGST

VH SSGSYYWGWIRQPPGKGLEWIGSIYYS
GITYYNPSLKSRVTISVDTSKNQFSLKLS
SVTAADTAVYYCARHEGATAGLFDYW
GOGTLVTVSSA

32 | PRT | human | BCMB120- | QLOLQESGPGLVKPSETLSLTCTVSGGS]

VH SSGSYYWGWIRQPPGKGLEWIGSIYYS
GITYYNPSLKSRVTISVDTSKNQFSLKLS
SVTAADTAVYYCARHSGATAGLFDYW
GQGTLVTVSSA

33 PRT |human | BCMBI21 | QLOLQESGPGLVKPSETLSLTCTVSGGSI
and SS8SYYWGWIRQPPGKGLEWIGSIYYSG

BCMBI22- | STYYNPSLKSRVTISVDTSKNOFSLKLSS

VH VTAADTAVYYCARHDGAVAGLFDYW
GOQGTLVTVSSA

34 | PRT | human | BCMBI123- | QLOLOESGPGLVKPSETLSLTCTVSGGS

VH SSSSYFWGWIRQPPGKGLEWIGSIYYSG
ITYYNPSLKSRVTISVDTSKNQFSLKLSS
VTAADTAVYYCARHDGAVAGLFDYW
SOGTLVTVSSA

38 PRT | human | BCMBI24- | QLOLQESGPGLVKPSETLSLTCTVSGGSI

VH SSGSYYWGWIRQPPGKGLEWIGSIYYS
GITYYNPSLESRVTISVDTSKNQFSLKLS
SYTAADTAVYYCARHDGAVAGLEDYW
GQGTLVTVSSA

36 | PRT | human | BOCMB125- | QLQLOESGPGLVKPSETLSLTCTVSGGSI

VH SSGSYFWGWIRQPPGK GLEWIGSTYYSG
ITYYNPSLKSRVTISVDTSKNOQFSLKLSS
VTAADTAVYYCARHEGAVAGLEDYW
GOGTLVTVSSA

37 | PRT | human | BCMBI26- | QLOLOESGPGLVKPSETLSLTCTVSGGS]

VH SSGSYFWGWIRQPPGKGLEWIGSIYYSG
ITY YNPSLKSRVTISVDTSKNQFSLKLSS
VTAADTAVYYCARHSGAVAGLFDYWG
QGTLVTVSSA

38 PRT |human | BCMBI27- | OLOLQESGPGLVKPSETLSLTCTVSGGSI

VH SSGSYFWGWIRQPPGKGLEWIGSIYYSG

ITYYNPSLKSRVTISVDTSKNQFSLKLSS
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VTAADTAVYYCARHDAAVAGLFDYW
GOGTLVTVSSA

39

PRT

human

BCMB128-
VH

QLOLOESGPGLVKPSETLSLTCTVSGGSI
SSGSYFWGWIRQPPGKGLEWIGSIYYSG
ITYYNPSLKSRVTISVDTSKNQFSLKLSS
VTAADTAVYYCARHDGATAGLEDYW
GQGTLVTVSSA

40

PRT

human

BCMB1295-
VH

QLOLOESGPGLVKPSETLSLTCTVSGGSE
SSGSYFWOGWIRQPPGKGLEWIGSIYYSG
STYYNPSLKSRVTISVDTSKNQFSLKLSS
VTAADTAVYYCARHDGAVAGLFDYW
GOGTLVTVSSA

41

PRT

human

BCMB130-
Vi

QLOQLQESGPGLVKPSETLSLTCTVSGGS]
SSGSYYWGWIRQPPGKGLEWIGSIYYS
GSTYYNPSLKSRVTISVDTSKENQFSLKL
SSVTAADTAVYYCARHDAAVAGLEFDY
WGOQGTLVTIVSSA

42

PRT

human

BCMBI31-
VH

QLOLOQESGPGLVKPSETLSLTCTVSGGS]
SSGSYYWOGWIRQPPGRKGLEWIGSIYYS
GSTYYNPSLKSRVTISVDTSKNQFSLKL
SSVTAADTAVYYCARHEGAVAGLFDY
WGOQGTLVTVSSA

43

PRT

human

BCMB177-
VH

QLOLOESGPGLVKPSETLSLTCTVSGGSI

§SSSYFWGWIRQPPGKGLEWIGSIYYSG

RTYYNPSLKSRVTISVDTSKNQFSLKLS

SVTAADTAVYYCARHDGATAGLFDYW
SQGTLVTVSSA

44

PRT

human

BCMBI178-
VH

QLOLQESGPGLVEKPSETLSLTCTVSGGST
SSSSYFWOWIRQPPGKGLEWIGSIYYSG
WIYYNPSLKSRVTISVDTSKNQFSLKLS
SYTAADTAVYYCARHDGATAGLFDYW
GOGTLVTVSSA

PRT

human

BCMB179-
VH

QLOLOESGPGLVKPSETLSLTCTVSGGSI
SSSSYFWGWIRQPPGKGLEWIGSTY YSG
ITY YNPSLESRVTISVDTSKNQFSLKLSS
VTAADTAVYYCARHOGATAGLEDYW
GOGTLVTVSSA

46

PRT

human

BCMB180-
VH

QLOLQESGPGLVKPSETLSLTCTVSGGSI
SSSSYFWGWIRQPPGKGLEWIGSIYYSG
ITYYNPSLKSRVTISVDTSKNQFSLKLSS
VTAADTAVYYCARHHGATAGLFDYW
GQGTLVTVSSA

PRT

human

BCMBI1&1-
VH

QLOLOESGPGLVKPSETLSLTCTVSGGS]
SSSSYFWOWIRQPPGKGLEWIGSIYYSG
ITYYNPSLESRVTISVDTSKNQFSLKLSS
VTAADTAVYYCARHWGATAGLFDYW
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GQGTLVTVSSA

48

PRT

human

BCMB182-
VH

QLOLOESGPGLVKPSETLSLTCTVSGGSI
SSSSYFWGWIRQPPGKGLEWIGSIYYSG
ITY YNPSLKSRVTISVDTSKNQFSLKLSS
VTAADTAVYYCARHYGATAGLEDYW
GQGTLVTVSSA

49

PRT

human

BCMB183-
VH

QLOLOESGPGLVKPSETLSLTCTVSGGSE
SSSSYFWOGWIRQPPGKGLEWIGSIYYSG
RTYYNPSLESRVTISVDTSKNQFSLKLS
SVTAADTAVYYCARHOGATAGLFDYW
GOGTLVTVSSA

PRT

human

BCMB184-
Vi

QLOQLQESGPGLVKPSETLSLTCTVSGGS]
SSSSYFWGOGWIRQPPGKGLEWIGSIY YSG
RTIYYNPSLESRVTISVDTSKNGQESLELS
SVTAADTAVYYCARHHGATAGLFDYW
GOGTLVTVSSA

PRT

human

BCMB185-
VH

QLOLOQESGPGLVKPSETLSLTCTVSGGS]
SSSSYFWOGWIRQPPGKGLEWIGSIYYSG
RTYYNPSLKSRVTISVDTSKNQFSLKLS
SVITAADTAVYYCARHYGATAGLFDYW
GOGTLVTVSSA

PRT

human

BCMB186-
VH

QLOLOESGPGLVKPSETLSLTCTVSGGSI

§SSSYFWGWIRQPPGKGLEWIGSIYYSG

WTYYNPSLKSRVTISVDTSKNQFSLKLS

SVTAADTAVYYCARHQGATAGLFDYW
SQGTLVTVSSA

53

PRT

human

BCMBI187-
VH

QLOLQESGPGLVEKPSETLSLTCTVSGGST
SSSSYFWOWIRQPPGKGLEWIGSIYYSG
WIYYNPSLKSRVTISVDTSKNQFSLKLS
SYTAADTAVYYCARHHGATAGLFDYW
GOGTLVTVSSA

PRT

human

BCMB188-
VH

QLOLOESGPGLVKPSETLSLTCTVSGGSI
SSSSYFWGWIRQPPGKGLEWIGSTY YSG
WTYYNPSLKSRVTISVDTSKNQFSLKLS
SVTAADTAVYYCARHYGATAGLFDYW
GOGTLVTVSSA

L
L

PRT

human

CD3B2i9-
Heavy
chain

EVOQLVESGGGLVQPGGSLRLSCAASGE
TENTYAMNWVRQAPGKGLEWVARIRS
KYNNYATYYAASVEGRFTISRDDSKNS
LYLOMNSLKTEDTAVYYCARHGNFGN
SYVSWFAYWGOQGTLVTVSSASTEKGPSY
FPLAPCSRSTSESTAALGCLVKDYFPEP
VIVEWNSGALTSGVHTFPAVLQSSGLY
SLSSVVTVPSSSLGTKTYTCNVDHKPSN
TKVDKRVESKYGPPCPPCPAPEAAGGP
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SVFLFPPEPEDTLMISRTPEVTCVVVDY
SQEDPEVQFNWYVDGVEVHNAKTKPR
EEQFNSTYRVVSVLTVLHQDWLNGKE
YKCRVSNKGLPSSIEKTISKAKGQPREP
QVYTLPPSQEEMTENQVSLTCLVKGFY
PSDIAVEWESNGOPENNYKTTPPVLDSD
sSFLLYSKLTVDESRWQEGNVESCSVM
HEALHNHYTORSLSLSLGE

56 PRT | human CD3B219- | QTVVTIQEPSLTVSPGGTIVILTCRSSTGA
Light chain | VITSNYANWYQOKPGQAPRGLIGGTN
KRAPGTPARFSGSLLGGKAALTLSGVQ
PEDEARYYCALWYSNLWVFGGGTKLT
VLGOQPKAAPSVTLFPPSSEELQANKATL
VCLISDEFYPGAVIVAWKADSSPVKAGY
ETTTPSKOSNNKYAASSYLSLTPEQWEKS
HRSYSCOVTHEGSTVEKTVAPTECS

57 PRT | human BCMB117- | QLOLOESGPGLVEKPSETLSLTCTVSGGSE
VH SSGSYFWOWIRQPPGKGLEWIGSIYYSG
ITYYNPSLKSRVTISVDTSKNQFSLKLSS
VTAADTAVYYCARHDGAVAGLFDYW
GOGTLVTIVSSA

Lh
20

PRT | human BCMB176- | QLOQLOQESGPGLVKPSETLSLTCTVSGGS!E
VH SSSSYFWOGWIRQPPGKGLEWIGSIYYSG
ITYYNPSLESRVTISVDTSKNQFSLELSS
VTAADTAVYYCARH
DGATAGLFDYWGOQGTLVTVSSA

59 PRT | human C3B219- | TYAMN

vy
60 PRT | human CD3B219- | RIRSKYNNYATYYAASVKG
VH
61 PRT | human CD3B219- | HGNFGNSYVSWFAY
VH
62 PRT | human CD3B219- | RSSTGAVTTSNYAN
VL
63 PRT | human CD3B219- | GTNKRAP
YL
64 PRT | human CD3B219- | ALWYSNLWY
VL
65 PRT {human | BCMB69- | QLOLOESGPGLVEPSETLSLTCTVSGGST
Heavy SSGSYFWGWIRQPPGKGLEWIGSIYYSG
chain ITYYNPSLKSRVTISVDTSKNQFSLKLSS

VTAADTAVYYCARHDGAVAGLFDYW
GOGTLVTVSSASTKGPSVEFPLAPCSRST
SESTAALGCLVEDYFPEPVTVSWNSGA
LISGVHTFPAVLQSSGLYSLSSVVTVPS
SSLGTKTYTCNVDHKPSNTKVDERVES
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KYGPPCPPCPAPEAAGGPSVFLFPPKPK
DTLMISRTPEVTCVVVDVSQEDPEVQF
NWYVDGVEVHNAKTKPREEQINSTYR
VVSVLTVLHQDWLNGKEYKCKVSNEKG
LPSSIEKTISKAKGOPREPOQVYTLPPSGE
EMTENQVSLTCLVKGFYPSDIAVEWES
NGOPENNYKTIPPVLDSDGSFFLYSRLT
VDESRWQEGNVFSCSVMHEALHNHYT
QKSLSLSLGK
66 PRT | human BCMRBI123, | SYVLTQPPSVSVAPGQTARITCGGNNIG
BCMRBI28, | SKSVHWYQQPPGQAPVVVVYDDSDRP
BCMBI129, | SGIPERFSGSNSGNTATLTISRVEAGDEA
BCMB177, | VYYCOQVWDSSSDHVVFGGGTKLTVLG
BCMB178, | QPRAAPSVTLFPPSSEELQANKATLVCL
BCMBI179, | ISDFYPGAVTVAWKADSSPVKAGVETT
BCMBIR0, | TPSKOSNNKYAASSYLSLTPEQWESHR
BCMBI8Y, | SYSCOVTHEGSTVEKTVAPTECS
BCMBI182,
BCMBI183,
BCMBI184,
BCMBI8S,
BCMB186,
BCMB1R87,
and
BCMBIgR
~Light
chain
67 PRT | human | BCMB117-| QLOLOESGPGLVEPSETLSLTCTVSGGSE
Heavy SSGSYFWGWIRQPPGRKGLEWIGSIYYSG
chain ITYYNPSLKSRVTISVDTSKNQFSLKLSS
VTAADTAVYYCARHDGAVAGLFDYW
GQGTLVTVSSASTKGPSVEPLAPCSRST
SESTAALGCLVKDYFPEPVIVSWNSGA
LTSGVHTFPAVLQSSGLYSLSSVVTIVPS
SSLGTKTYTCNVDHKPSNTKVDKRVES
KYGPPCPPCPAPEAAGGPSVELFPPKPK
DTLMISRTPEVTCVVVDVSQEDPEVQF
NWYVDGVEVHNAKTKPREEQFNSTYR
VVSVLIVLHQDWLNGKEYKCKVSNKG
LPSSIEKTISKAKGOQPREPQVYTLPPSQRE
EMTENQVSLTCLVKGFYPSDIAVEWES
NGOPENNYKTTPPVLDSDGSFFLYSRLT
VDESRWOEGNVFSCSVMHEALHNHYT
QKSLSLSLGK
68 PRT | human BCMB123- | QLOLOQESGPGLVEPSETLSLTCTVSGGSE
Heavy SSSSYFWGWIRQPPGKGLEWIGSIYYSG
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chain

ITYYNPSLKSRVTISVDTSKNQFSLKLSS
VTAADTAVYYCARHDGAVAGLFDYW

QGTLVTVSSASTKGPSVEPLAPCSRST
SESTAALGCLVKDYFPEPVTVSWNSGA
LTSGVHTFPAVLOSSGLYSLSSVVTVES
SSEGTKTYTCNVDHKPSNTKVDERVES
KYGPPCPPCPAPEAAGGPSVEFLFPPKPK
DTLMISRTPEVTICVVVDVSQEDPEVQF
NWYVDGVEVHNAKTKPREEQINSTYR
VVSVLTIVLHOQDWILNGKEYKCKVANKG
LPSSIEKTISKAKGOPREPOQVYTLPPSQE
EMTENQVSLTCLVKGFYPSDIAVEWES
NGOPENNYKTTPPVLDSDGSFFLYSRLT
VDESRWQEGNVFSCSVMHEALHNHY'T
QKSLSLSLGK

69

PRT

human

BCMBI128-
Heavy
chain

QLOLOESGPGLVKPSETLSLTCTVSGGSI
SSGSYFWGWIRQPPGKGLEWIGSIYYSG
ITYYNPSLKSRVTISVDTSKNOFSLKLSS
VTAADTAVYYCARHDGATAGLFDYW
GQGTLVTVSSASTKGPSVFPLAPCSRST
SESTAALGCLVKDYFPEPVTVSWNSGA
LTSGVHTFPAVLQSSGLYSLSSVVTVPS
SSLGTKTYTCNVDHKPSNTKVDERVES
KYGPPCPPCPAPEAAGGPSYFLFPPKPK
DTLMISRTPEVTCVVVDVSQEDPEVQF
NWYVDGVEVHNAKTKPREEQFNSTYR
VVSVLTVLHQODWLNGKEYKCKVSNKG
LPSSIEK TISKAKGQPREPQVYTLPPSOE
EMTKNQVSLTCLVKGFYPSDIAVEWES
NGOQPENNYKTTPPVLDSDGSFFLYSRLT
VDKSRWOQEGNVFSCSVMHEALHNHYT
OQKSLSLSLGK

70

PRT

human

BCMEB129-
Heavy
chain

QLOLOQESGPGLVKPSETLSLTCTVSGGSI
SSGSYFWGWIRQPPGKGLEWIGSIYYSG
STYYNPSLESRVTISVDTSKENQFSLKLSS
VTAADTAVYYCARHDGAVAGLEFDYW
GQGTLVTVSSASTKGPSVEPLAPCSRST
SESTAALGCLVKDYFPEPVTVSWNSGA
LTSGVHTFPAVLOSSGLYSLSSVVTVPS
SSLGTKTYTCNVDHKPSNTKVDERVES
KYGPPCPPCPAPEAAGGPSVFLEFPPKPK
DTLMISRTPEVICVVVDVSQEDPEVQE
NWYVDGVEVHNAKTKPREEQFNSTYR
VVSVLTVLHODWINGKEYKCKVSNKG
LPSSIEKTISKARKGQPREPOQVYTLPPSOE
EMTENOQVSLTCLVKGFYPSDIAVEWES
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NGQPENNYK TTPPVLDSDGSFFLYSRLT
VDESRWQEGNVFSCSVMHEALHNHYT
OQKSLSLSLGK

71

BCMB176-
Heavy
chain

QLOLOESGPGLVKPSETLSLTCTVSGGSI
SSSSYFWGWIRQPPGKGLEWIGSIYYSG
ITY YNPSLKSRVTISVDTSKNQFSLKLSS
VTAADTAVYYCARHDGATAGLEDYW
GOGTLVTVSSASTKGPSVFPLAPCSRST
SESTAALGCLVKDYFPEPVTVSWNSGA
LTSGVHTFPAVLOQSSGLYSLSSVVTVPS
SSLGTKTYTCNVDHKPSNTKVDERVES
KYGPPCPPCPAPEAAGGPSVFLEPPKPK
DTLMISRTPEVTCVVVDVSQEDPEVQF
NWYVDGVEVANAKTKPREEQFNSTYR
VVSVLTVLHODWLNGKEYKCKVSNKG
LPSSIEK TISKAKGQPREPQVYTLPPSQE
EMTENQVSLTCLVKGFYPSDIAVEWES
NGQPENNYK TTPPVLDSDGSFFLYSRLT
VDKSRWOEGNVFSCSVMHEALHNHYT
QKSLSLSLGK

BCMB177-
Heavy
chain

QLOLOESGPGLVKPSETLSLTCTVSGGSI
SSSSYFWGWIROPPGKGLEWIGSIYYSG
RTYYNPSLKSRVTISVDTSKNOFSLKLS
SVTAADTAVYYCARHDGATAGLFDYW
GQGTLVTVSSASTKGPSVFPLAPCSRST
SESTAALGCLVKDYFPEPVTVSWNSGA
LTSGVHTFPAVLQSSGLYSLSSVVTVPS
SSLGTKTYTCNVDHKPSNTKVDKRVES
KYGPPCPPCPAPEAAGGPSVFLEPPKPK
DTLMISRTPEVTCVVVDVSQEDPEVQF
NWYVDGVEVANAKTKPREEQFNSTYR
VVSVLTVLHODWLNGKEYKCKVSNKG
LPSSIEK TISKAKGQPREPQVYTLPPSQE
EMTENQVSLTCLVKGFYPSDIAVEWES
NGQPENNYKTTPPVLDSDGSFFLYSRLT
VDKSRWQEGNVFSCSVMHEALHNHYT
QKSLSLSLGK

73

WO 2017/031104
PRT | human
PRT | human
PRT | artficial

IgGAPAA

ASTRKGPSVFPLAPCSRSTSESTAALGCL
VKDYFPEPVTVSWNSGALTSGVHTEFPA
VEQSSGLYSLSSVVTVPSSSLGTKTYTC
NVDHKPSNTKVDKRVESKYGPPCPPCP
APEAAGGPSVFLFPPKPKDTLMISRTPE
VICVVVDVSQEDPEVOFNWYVDGVEY
HNAKTKPREEQFNSTYRVVSVLTVLHQ
DWLNGKEYKCKVSNKGLPSSIEKTISKA
KGOPREPQVYTLPPSQEEMTKNOVSLT
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CLVKGFYPSDIAVEWESNGOPENNYKT
TPPVLDSDGSFFLYSRLTVDKSRWQEG
NVFSCSVMHEALHNHYTOKSLSLSLGK

74 PRT | human | laGl ASTKGPSVFPLAPSSKSTSGGTAALGCL
VKDYFPEPVTVSWNSGALTSGVHTFPA
VLOSSGLYSLSSVVTVPSSSLGTQTYIC
NVNHKPSNTKVDEKKVEPKSCDKTHTCP
PCPAPELLGGPSVFLFPPKPKDTLMISRT
PEVTCYVVDVSHEDPEVEKFNWYVDGY
EVHNAKTKPREEQYNSTYRVVSVLTVL
HODWLNGKEYKCKVSNKALPAPIEKTI
SKAKGQPREPQOVYTLPPSREEMTKNGQV
SLTCLVKGFYPSDIAVEWESNGOQPENN
YKTTPPVLDSDGSFFLYSKLTVDESRW
QQGNVFSCSYMHEALHNHYTQKSLSLS
PGK.

75 PRT | human Fab QLOLOESGPGLVKPSETLSLTCTVSGGSI
SSGSYFWOWIRQPPGKGLEWIGSIYYSG
ITYYNPSLKSRVTISVDTSKNQFSLKLSS
VTAADTAVYYCARHDGAVAGLFDYW

GOGTLVTVSSASTKGPSVEPLAPSSKST

SGGTAALGCLVKDYFPEPVTVSWNSGA
LTSGVHTFPAVLOSSGLYSLESYVTVPS

SSLGTQTYICNVNHKPSNTKVDKKVEP

KSCHHHHHEH

76 PRT hurnan BCMRBGY, SYVLTQPPSVSVAPGQTARITCGGNNIG
BCMB118, | SKSVHWYQOPPGQAPVVVVYDDSDRP
BCMBI119, | SGIPERFSGSNSGNTATLTISRVEAGDEA
BCMB120, | VYYCOQVWDSSSDHVVFGGGTKLIVLG
BCMB122, | QPKAAPSVTLFPPRSEELOQANKATLVCL
BCMB124, | ISDFYPGAVIVAWEKGDSSPVKAGVETT
BCMB125, | TPSKQSNNKYAASSYLSLTPEQWKSHR
BCMB126, | SYSCOQVTHEGSTVERTVAPTECS
BCMEB127,
BCMEB130,
BCMBI131
~Light
chain

121



WO 2017/031104 PCT/US2016/047146

We Claimu
1. A recombinant antibody, or an antigen-binding fragment thereof, that binds
immunospecifically to BCMA, wherein the aniibody has a heavy chain and a light chain, said

heavy chain comprising:

a. & heavy chain complementarity determining region 1 (CDR1) having the amino acid
sequence of SEQ 1D NO: 4, a heavy chain CDR2 having the amino acid sequence of SEQ ID
NG: 5, and a heavy chain CDR3 having the amino acid sequence of SEQ 1D NG: 6;

b. a heavy chain CDR1 having the amino acid sequence of SEQ ID NQO: 4, a heavy chain
CDR2 having the amino acid sequence of SEQ D NO: S, and a heavy chain CDR3 having the
amino acid sequence of SEQ 1D NO: 6;

¢. a heavy chain CDR1 having the amino acid sequence of SEQ I NO: 7, a heavy chain
CDR2 having the amino acid sequence of SEQ ID NO: 5, and a heavy chain CDR3 having the
amino acid sequence of SEQ ID NO: 6;

d. a heavy chain CDR1 having the amino acid sequence of SEQ ID NO: 4, a heavy chain
CDR2 having the amino acid sequence of SEQ ID NO: S, and a heavy chain CDR3 having the
aming acid sequence of SEQ ID NO: 19;

e. a heavy chain CDR1 having the amino acid sequence of SEQ DD NO: 4, a heavy chain
CDR2 having the amino acid sequence of SEQ ID NO: 8, and a heavy chain CDR3 having the
amino acid sequence of SEQ D NQ: 6;

f. a heavy chain CDR1 having the amino acid sequence of SEQ 1D NO: 13, a heavy chain
CDR2 having the amino acid sequence of SEQ ID NO: S, and a heavy chain CDR3 having the
amino acid sequence of SEQ 1D NO: 19;

2. a heavy chain CDR1 having the anuno acid sequence of SEQ 1D NG: 13, a heavy
chain CDRZ having the amino acid sequence of SEQ ID NO: 8, and a heavy chain CDR3 having
the amino acid sequence of SEQ D NO: 19,

2. The antibody, or antigen-binding fragment thereof, of claim 1, wherein said antibody

further comprises a light chain CDR1 having the amino acid sequence of SEQ ID NQ: 24, a light
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chain CDR2 having the aming acid sequence of SE(Q ID NO: 25, and a light chain CDR3 having

the amino acid sequence of SEQ D NO: 26.

o3

3. The antibody or antigen-binding fragment of claim 1, wherein the heavy chain of the
anttbody of {2) comprises the amino acid sequence of SEQ 1D NO: 27, the heavy chain of the
anttbody of (b) comprises the amino acid sequence of SEQ ID NO: 57; the heavy chain of the
antthody of (f) comprises the amino acid sequence of SEQ ID NO: 34; the heavy chain of the
anttbody of (k) comprises the amino acid sequence of SEQ D NO: 39; the heavy chamn of the
anttbody of (I} comprises the amino acid sequence of SEQ D NG: 40; the heavy chain of the
antibody of {(m) comprises the amino acid sequence of SEQ I3 NO: 58 or the heavy chain of the

antibody of (n) comprises the amino acid sequence of SEQ ID NO: 43

4, The antibody or antigen-binding fragment of claim 2 or ¢laim 3, wherein the light chain

of the antibody comprises the amino acid sequence of SEQ 1D NO: 28.

5 The antibody or antigen-binding fragment of any one of claims 1 to 4 wherein the
antibody or antigen-binding fragment thereof binds to the extracellular domain of human

BCMA.

. The antibody or antigen-binding fragment of any one of claims 1 to 5 wherein the

anttbody or antigen-binding fragment is a human antibody or antigen-binding fragment.

7. The antigen binding fragment of any one of claims 1 to 6 wherein the antigen binding

fragment is a Fab fragment, a Fab2 fragment, or a single chain antibody.

8 The antibody or antigen-binding fragment of any one of claims 1 to 7 wherein the
antibody or antigen-binding fragment thereof inhibits the interaction of BCMA and APRIL.

9. The antibody or antigen-binding fragment of claim 8, wherein the antibody or antigen-

binding fragment exhibits an ICs, for the interaction of BCMA and APRIL of about 5.9 nsM as
measured by ELISA

10. The antibody or antigen-binding fragment of any one of claims 1 to 9 wherem the
anttbody or antigen-binding fragment thereof 1s an IgG.

11 The antibody or antigen-binding fragment of any one of claims 1 t0 10 is an [gG4
isotype.
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12. The antibody of claim 11 wherein the 1g(G4 has a S228P substitution, a L234A

substitution and a L235A substitution in its F¢ region.

13. The antibody or antigen-binding fragment of any one of claims 1 to 12 wherein the
anttbody or antigen-binding fragment thereof immunospecifically binds human BCMA and cross

reacts to cynomolgus monkey BCMA.

14. The antibody or antigen-binding fragment of any one of claims 1 to 13 wherein the
antibody or antigen-binding fragment thereof binds BCMA on the surface of human myeloma

cells.

15. The antibody or antigen-binding fragment of any one of claims 1 to 14 wherein the
anttbody or antigen-binding fragment thereof binds BCMA on the surface of human multiple

myeloma cells.

16. A recombinant cell expressing the antibody or antigen-binding fragment of any one of

claims 1to 15,
17. The cell of claim 16 wherein the cell 1s a hybridoma.
18. The cell of claim 16 wherein the antibody 15 recombinantly produced.

19. A recombinant BOMA x CD3 bispecific antibody or a BCMA x CD3 bispecific binding

fragment thereof comprising;

a) a first heavy chain (HC1);

b} a second heavy chain (HC2),

c} a first light chain {(LC1); and

d} a second light chain (LC2),
wherein HC1 15 assoctated with LCT and HCZ 15 assoctated with LC2 and wherein HC1
comprises SEQ ID NO: 59, SEQ ID NO: 60, and SEQ ID NO: 61 and LCI comprises SEQ ID
NQG: 62, SECZ ID NG: 63, and SEQ ID NO: 64 to form a first antigen-binding site that
mmunospecifically binds {D3 and wheremn HC2 comprises SEQ ID NG: 4, SEQ ID NG: 5, and
SEQ ID NG: 6 a and LC2 comprises SEQ ID NG: 24, SEQ 1D NC: 25, and SEQ ID NO: 26 to
form a second antigen-binding site that immunospecifically binds BCMA.
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20. A recombinant BCMA x CD3 bispecific antibody or fragment thereof of claim 19
comprising an HC1 comprising SEQ ID NO: 55, a LCT comprising SEQ 1D NO: 56,3 HCZ
comprising SEQ 1D NO: 65, and a LC2 comprising SEQ 1D NO: 76.

21 The BCMA x CD3 bispecific antibody or bispecific binding fragment of claim 20

wherein the antibody or bispecific binding fragment is an IgG.

22. The BCMA x CD3 bispecific antibody or bispecific binding fragment of any of claims

19, claim 20 or claim 21 wherein the antibody or bispecific binding fragment 1s 1G4 isotype.

23. The BCMA x CD3 bispecific antibody or bispecific binding fragment of claim 19t 22
wherein the antibody or bispecific binding fragment immunospecifically binds human BCMA

with an affinity of at least 0.22 nM as measurad by surface plasmon resonance.

24, The BCMA x CD3 bispecific antibody or bispecific binding fragment of claims 19 to 23
wherein the antibody or bispecific binding fragment thereof binds BCMA on the surface of

human myeloma cells.

25. The BCMA x CD3 bispecific antibody or bispecific binding fragment of claims 19 to 24
wherein the antibody or bispecific binding fragment thereof binds BCMA on the surface of

human multiple myeloma cells.

26. The BCMA x CD3 bispecific antibody or bispecific binding fragment of claim 19 to 25
wherein the antibody or bispecific binding fragment induces human T-cell activation in vitrg
with an ECso of less than about 0.37 nM.

27. The BCMA x CD3 bispecific antibody or bispecific binding fragment of claim 19 to 20
wherein the antibody or bispecific binding fragment induces T-cell dependent cytotoxicity of

BCMA-expressing cells in vitro with an ECs; of less than about 0.45 nM.

28. The BCMA x CD3 bispecific antibody or bispecific binding fragment of claim 19 10 27

wherein the antibody or bispecific binding fragment is not a BCMA agonist.

29. The BCMA x CD3 bispecific antibody or bispecific binding fragment of claim 19 to 28
wherein the antibody or bispecific binding fragment does not alter NF-kB activation at

concentrations below 10 nM.
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30. A recombinant cell expressing the antibody or bispecific binding fragment of any one of

claims 1910 29.
31 The cell of claim 30 wherein the cell is a hybridoma.

32. A method for treating a subject having cancer, said method comprising administering a
therapeutically effective amount of the BCMA x CD3 bispecific antibody or bispecific binding
fragment of any one of claims 19 to 29 1o a subject in need thereof for a time sufficient to treat

the cancer.

33. A method for inhibiting growth or proliferation of cancer cells, said method comprising
administering a therapeutically effective amount of the BCMA CD3 bispecific antibody or
bispecific binding fragment of any one of claims 19 to 29 to inhibit the growth or proliferation of

cancer cells.

34 A method of redirecting a T cell to a BCMA-expressing cancer cell, said method
comprising administering a therapeutically effective amount of the BCMA x CD3 bispecific

antthody or bispecific binding fragment of any one of claims 19 to 29 to redirect a Tcell to a

cancer.
35. The method of claim 32, 33, or 34 wherein the cancer is a hematological cancer.

36. The method of claim 35 wherein the hematological cancer is a BCMA-expressing B cell
cancer

37. The method of claim 36 wherein the BCMA-expressing B cell cancer 1s multiple
myeloma.

38, The method of claim 32 further comprising administering a second therapeutic agent.
39 The method of claim 38 wherein the second therapeutic agent is a chemotherapeutic

agent or a targeted anti-cancer therapy.

40, The method of claim 39 wherein the chemotherapeutic agent is cytarabine, an

anthracycline, histamine dihydrochloride, or interleukan 2.
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41, A pharmaceutical composition comprising the BCMA x CD3 bispecific antibody or
bispecific binding fragment of any one of claims 19 to 29 and a pharmaceutically acceptable

carrier.

42. A method for generating the BCMA » CD3 bispecific antibody or bispecific binding

fragment of any one of claims 19 to 29 by culturing the cell of any one of claims 30 to 31

43, An 1solated synthetic polynucleotide encoding the HC1, the HCZ, the LCT or the LLC2 of
the BCMA = CD3 bispecific antibody or bispecific binding fragment of any one of claims 19 to

29.

44, A kit comprising the BCMA x CD3 bispecific antibody or bispecific binding fragment as
defined in any one of claims 19 to 29 and/or a polynucleotide as defined in claim 44 and

packaging for the same.
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