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ANTI-BCMA ANTIBODIES, BISPECIFIC ANTIGEN BINDING MOLECULES THAT 

BIND BCMA AND CD3, AND USES THEREOF 

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

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

Sequence Listing 

The instant application contains a Sequence Listing which has been submitted 

electronically in ASCII format and is hereby incorporated by reference in its entirety. Said 

ASCII copy, created on August 15, 2016, is named PRD3383-USNP___SL.txt and is 87,341 bytes 

in size. 

Technical Field 

The disclosure provided herein relates to monoclonal antibodies that immunospecifically 

bind B-cell maturation antigen (BCMA), multispecific antibodies that immunospecifically bind 

BMA, and cluster determinant 3 (CD3), and methods of producing and using the described 

antibodies. 

Background 

B-cell maturation antigen, also known as BCMA, CD269, TNFRSF17 (UniProt Q02223), 

is a member of the tumor necrosis receptor superfamily that is preferentially expressed in 

differentiated plasma cells [Laabi et al, (1992) EMBO J 11(1 I ):3897-3904; Madry et al. (1998) 

Int Immunol 10(11):1693-1702]. BCMA is a non-glycosylated type I transmembrane protein, 

which is involved in B cell maturation, growth and survival. BCMA is a receptor for two ligands 

of the TNF superfamily: APRIL (a proliferation-inducing ligand, CD256, TNEST-713), the high- 

affinity 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 TACI also binds to both BAFF and APRIL. The coordinate binding of APRIL 

and BAFF to BCMA and/or TACT activates transcription factor NF-k13 and increases the 

expression of pro-survival Bc1-2 family members (e.g. Bcl-2, Bcl-xL, Bel-w, Mcl-1, Al) and 
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down regulates expression of pro-apoptotic factors (e.g. Bid, Bad, Bik, Bin, 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 growth and survival of 

malignant human B cells, including multiple ny,,,eloma (MM) cells. Novak et al. found that MM 

cell lines and freshly isolated MM cells express BCMA_ and TACT protein on their cell surfaces 

and have variable expression of BAFF-R protein on their cell surface (Novak et al., (2004) Blood 

103(2):689-694). 

Multiple myeloma. (MM) is the second most common hematological malignancy and 

constitutes 2% of all cancer deaths. MM is a heterogeneous disease and caused by mostly by 

chromosome translocations inter alma 411 ; 14),t(4; 14),48;14),del(13),del(17) (Drach et al., 

(1998) Blood 92(3):802-809; Gertz et al., (2005) Blood 1 06(8):2837-2840 Fa.con 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 5-year relative survival rate 

for MM was approximately 34% highlighting that MM is 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 W02002066516 and W02010104949, Antibodies against BCMA are 

described e.g. in Gras M-P. et  al. Int Immunol. 7 (1995) 1093-1106, W0200124811, and 

W0200124812 . Nevertheless, despite the fact that BCMA, BAFF-R and TAO, i.e., B cell 

receptors belonging to the TNF receptor superfamily, and their ligands BAIT and APRIL are 

subject to therapies in fighting against cancer, there is still a need for having available further 

options for the treatment of such medical conditions. 

Summary 

Provided herein are antibodies that immunospecifically 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 detectably 

labeled antibodies and antigen-binding fragments. In addition, methods of using the provided 

antibodies and antigen-binding fragments are described. For example, the BCMA-specific 
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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 antibodies that immunospecifically bind to 

BMA, and. CD3 and multispecific antigen-binding fragments thereof. Also described are 

related polynucleotides capable of encoding the provided BMA, x CD3-multispecific 

antibodies, cells expressing the provided antibodies, as well as associated vectors and detectably 

labeled 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 is 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-multispecific antibodies 

described herein. 

BCMA-Specific Antibodies 

Described herein are recombinant antibodies and antigen-binding fragments specific for 

BCMA. In sonic 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 cynoniolgus monkey BCMA. In some embodiments, the 

BCMA-specific antibodies 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 IC50  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. CDR sequences of mAbs generated against human BCMA 
(SEQ ID NOs for each listed sequence are provided in parenthesis) 
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ID 

BCNIB69 

HC-CDR1 

SGSYFWG 
(4) 

HC-CDR2 
	 + 	  

SIYYSGITYYNPSLKS 
(5) 

HC-CDR3 

HDGAVAGLFDY 
(6) 

LC-CDRI 

GGNINIGSKSVH 
(24) 

LC-CDR2 
+ 	  

DDSDRPS 
(25) 

LC-CDR3 

QVWDSSSDHVV 
(26) 

B CIVIE3117 
SGSYFWG 

(4) 
SIYYSGITYYNPSLKS 

(5) 
EIDGAVAOLFDY 

(6) 
GGNNIGSKSVH 

(24) 
DDSDRPS 

(25) 
QVWDSSSDHVV 

(20 

BCNIB 123 
SSSYYWG 

(7) 
SIYYSGITYYNPSLKS 

(5) 
EIDGAVAOLFDY 

(6) 
GGNNIGSKSVH 

(24) 
DDSDRPS 

(25) 
QVWDSSSDH \AI 

(26) 

BCIVIII128 

13 C1111i 1  29 

B CIV113176 

SGSYFWG 
- 

(41  
SGSYFWG 

(4) 
SSSYFWG 

(13) 

SIYYSGITYYNPSLKS 
(5) 	+ 

SIYYSGSTYYNPSIKS 
(8)  

SIYYSGITYYNPSLKS 
(5) 

Ci 
 

liDATAGLFDY 
(19)  

HESGAVAGLFD Y 
(6)  

HDCiATAGLFDY 
(19) 

GGNN1GSKSVH 
(24) 

GGNNIGSKSVH 
(24)  

GGNNIGSKSVH 
(24) 

DDSDRPS 

+ 	(25)  
DDSDRPS 

(25)  
DDSDRPS 

(25) 

QVWDSSSDEIVV 
(26) 

QVWDSSSDHVV 
(20  

QVWDSSSMINN 
(26) 

13CMB177 
SSSYFWG 

(13) 
SIYYSGSTYYrNPSLKS 

(8) 
HDGATAGLFDY 

(19) 
GGNNIGSKSVII 

(24) 
DDSDRPS 

(25) 
QVWDSSSDHVV 

(26) 

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 I. In some embodiments are provided a BCI\'L&-specific 

antibody, or an antigen-binding fragment thereof, comprising a heavy chain comprising a CDRI, 

a CDR2, and a CDR3 of any one of the antibodies described in 'Table 1 and a light chain 

comprising a CDR1, a CDR2, and a CDR3 of any one of the antibodies described in Table 1. 

The IgG class is divided in four isotypes: IgGI, IgG2, IgG3 and IgG4 in humans. They 

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

differences in the amino acid composition and structure of the hinge region. The Fc region 

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

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

receptors (FcgRs) 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 include antibodies with the described features of the variable domains in 

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

has been modified to effect different effector functions.  

For many applications of thera.peutic 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 (FcgRI, FcgRlIa, FcgRilla and 

FcgR111b) and inhibitory (FcgRIIb) FcgRs or the first component of complement (Clq) depends 

4 
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on residues located in the hinge region and the CI-12 domain. Mutations have been introduced in 

IgGI, IgG2 and IgG4 t© reduce or silence Fc functionalities. 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 Fcg RI, Fcg RIM, Fcg Rllb, Fcg RIM and/or Fcg RIM, (c) reduced affinity to FcgRI 

(d) reduced affinity to FcgRtia (e) reduced affinity to FcgRIIb, (f) reduced affinity to Fcg RIM 

or (g) reduced affinity to FcgRIIIa. 

In some embodiments, the antibodies or antigen-binding fragments are IgG, or 

derivatives thereof, e.g,, Ig,-G1, IgG2, 1g-G3, and IgG4 isotypes. 	In some embodiments wherein 

the antibody has an IgG4 isotype, the antibody contains K409R, S228P, 1,234A, and 1,235A 

substitutions in its Fc region. The antibodies described herein may include these modifications. 

In some embodiments the described antibodies are capable of inhibiting APRIL binding 

with a IC50  of 5,9 nM as measured by ELISA. 

In some embodiments the described antibodies bind to BCMA-positive multiple 

myeloma 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 

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 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 SC LA-Specific Antibodies 

Methods of using the described BCMA-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 

interactions or where the antibody is conjugated to a toxin, so targeting the toxin to 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 biological sample, such as blood or serum; for diagnosing BCMA- 

expressing cancer; determining a method of treating a subject afflicted 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 CD3 described 

herein. 

The described methods of detecting BCMA in 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 involve 

exposing the biological sample to one or more of the BCMA-specific antibodies or antigen- 

binding fragments described herein; however, the methods also include quantifying the amount 

of BCMA present in the sample; 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. 

Also described herein 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 antibodies or antigen-binding fragments described herein; quantifying the amount of 

BCMA present in the sample that is 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 BCMA in 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 skilled 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, 1 Il In-DOTA, I I iIn- diethylenetriaminepentaacetic acid (DTPA), 

horseradish peroxidase, alkaline phosphatase and beta-galactosidase, or poly-histidine or similar 

such labels known in the art. 

BCMA-Specific Antibody Kits 

Described herein are kits including the disclosed BCMA-specific antibodies or antigen- 

binding fragments thereof. The described kits may be used to carry out the methods of using the 

BCMA-specific antibodies or antigen-binding fragments provided herein, or other methods 

known to those skilled in the art. 	In some embodiments the described kits may include the 

antibodies or antigen-binding fragments described herein and reagents for use in detecting the 

presence of BCMA in a biological sample, Accordingly, the described kits may include one or 

more of the antibodies, or an antigen-binding fragment(s) thereof, described herein and a vessel 

fbr containing the antibody or fragment when not in use, instructions for use of the antibody or 

fragment, the antibody or fragment affixed to a solid support, and/or detectably labeled forms of 

the antibody or fragment, as described herein. 

BCNIA x CO3-Multispecific Antibodies 

The redirection of I-lymphocytes to MM cells expressing BCMA via the TCR/CD3 

complex represents an attractive alternative approach. The TMCD3 complex of 'I'-lymphocytes 

consists of either a TCR alpha (u)/beta (al) or TCR gamma (y)/delta (6) heterodimer coexpressed 

at the cell surface with the invariant subunits of CD3 labeled gamma (7), delta (6), epsilon (s), 

zeta (c,), and eta (1). Human CD3E is described under UniProt P07766 (CD3E_HUMAN). An 

anti CD3c 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 

available from Pharmingen. A further anti CD3 antibody described in the state of the art is 
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tICHT-1 (see W02000041474). A further anti CD3 antibody described in the state of the art is 

BC-3 (Fred Hutchinson Cancer Research Institute; used in Phase HI trials of GvHD, Anasetti et 

al., Transplantation 54: 844 (1992)). SP34 differs from UCHT-1 and. BC-3 in that SP-34 

recognizes an epitope present on solely the c 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 c 

and y chains. The sequence of an antibody with the same sequence as of antibody SP34 is 

mentioned in NV02008119565, W02008119566, W02008119567, W02010037836, 

W02010037837 and W02010037838. A sequence which is 96% identical to the heavy chain 

variable domain (VH) of antibody SP34 is mentioned in US8236308 (W02007042261). 

A variety of bispecific antibodies against CD3 and BCMA are mentioned in 

W02007117600, W02009132058, W02012066058, W02012143498, W02013072406, 

W0201307241.5, and W02014122144. 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 

immunospecifically to BCMA is provided. 

In some embodiments, the BCMA-specific a m 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 BCNIA. In preferred embodiments, the BCMA x CD3 

multispecific antibody or antigen-binding fragment is a bispecific antibody or antigen-binding 

fragment. In some embodiments, a recombinant BC:MA. x CD3 bispecific antibody comprising: 

a) a first heavy chain (HCI); b) a second heavy chain (HC2); c) a first light chain (LC1); and d) 

a second light chain (LC2), wherein the HC I and the LC1. pair to form a first antigen-binding site 

that immunospecifically binds BCMA, and the HC2 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 BCNIA 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 BCMA-specific arm of the BC-N/1_4, x CD3-multispecific 

antibodies or antiaen-binding fragments are IgG, or derivatives thereof. In some embodiments 

the described BCMA x CD3-multispecific antibodies are capable of binding to BCMA with a 

dissociation constant of at least 0.18 riNi as measured by surface plasmon resonance. In some 

embodiments the described BC_N1A x CD3-multispecific antibody is not an agonist. In some 

embodiments the described BCMA x CD3-multispecific antibody does not alter NF-xB 

activation at concentrations below 10 nM. 

In some embodiments, the CD3-binding arm (or "CD3-specific arm") of the BCMA x 

CD3 multispecific antibody is derived from the mouse monoclonal antibody SP34, a mouse 

IgG3/1.ambda isotype. (K.R. Abhinandan and A. C. Martin, 2008. Nlol. Immunol. 45, 3832- 

3839). In some embodiments, the CD3-binding arm of the BCMA x CD3 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 

CD313219 (SEQ ID NO:55): CD3B219 (SEQ ID NO:56): 

EVQLVESGGGLVQPGGSLRLSCAASGFTFN QTVVTQEPSLTVSPGGTVTLTCRSSTGAVTTSNYA 

TYAMNWVRQAPGKGLEWVARIRSKYNNYAT NWVQQKPGQAPRGLIGGTNKRAPGTPARFSGSLL 

YYAASVKGRFTISRDDSKNSLYLQMNSLKTE GGKAALTLSGVQPEDEAEYYCALWYSNLWVFGG 

DTAVYYCARHGNFGNSYVSVVFAYWGQGTL GTKLTVLGQPKAAPSVTLFPPSSEELQANKATLVC 

VTVSSASTKGPSVFPLAPCSRSTSESTAALG LISDFYPGAVTVAWKADSSPVKAGVETTTPSKQSN 

CLVKDYFPEPVTVSWNSGALTSGVHTFPAVL NKYAASSYLSLTPEQWKSHRSYSCQVTHEGSTVE 

QSSGLYSLSSVVTVPSSSLGTKTYTCNVDHK KTVAPTECS 

PSNTKVDKRVESKYGPPCPPCPAPEAAGGP 

SVFLFPPKPKDTLMISRTPEVTCVVVDVSQED 

PEVQFNWYVDGVEVHNAKTKPREEQFNSTY 

RVVSVLTVLHQDWLNGKEYKCKVSNKGLPS 

SIEKTISKAKGQPREPQVYTLPPSQEEMTKN 

QVSLTCLVKGFYPSDIAVEWESNGQPENNYK 

TTPPVLDSDGSFLLYSKLTVDKSRWQEGNVF 

C) 
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SCSVMHEALHNHYTQKSLSLSLGK 

CDR 1: TYAMN (SEQ ID NO: 59) CDR 1: RSSTGAVTTSNYAN (SEQ ID NO: 62) 

CDR 2: RIRSKYNNYATYYAASVKG (SEQ ID 

NO: 60) 

CDR 2: GTNKRAP (SEQ ID NO: 63) 

CDR 3: HGNFGNSYVSWFAY (SEQ ID NO: 

61) 

CDR 3: ALWYSNLVW (SEQ ID NO: 64) 

The IgG class is divided in four isotypes: IgG1 , IgG2, IgG3 and IgG4 in humans. They 

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

differences in the amino acid composition and structure of the hinge region. The Fc region 

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

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

receptors (FcgRs) 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. 

For many applications of therapeutic antibodies, Fc-inediated 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 (FcgRI, FcgRfla, FcgRIIIa and 

FegRIllb) and inhibitory (FcgRIIb) FcgRs or the first component of complement (Clq) depends 

on residues located in the hinge region and the CH2 domain. Mutations have been introduced in 

IgGI, IgG2 and IgG4 to reduce or silence 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 

affinity to Fcg RI., Fcg RIIa, Fcg MTh, Fcg RIM and/or Fcg RIlla, (c) reduced affinity to FcgRI 

(d) reduced affinity to FcgRlla (e) reduced affinity to FcgRIIb, (f) reduced affinity to Fcg RH% 

or (g) reduced affinity to FcgRIIIa. 

In some embodiments, the CD3-specific antibody or antigen-binding fragment from 

which the CD3-specific arm of the multispecific antibody is derived is IgG, or a derivative 

thereof. In some embodiments, the CD3-specific antibody or antigen-binding fragment from 

which the CD3-specific arm of the multispecific antibody is derived is IgGl, or a derivative 

I0 
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thereof In some embodiments, for example, the Fc region of the CD3-specific IgG1 antibody 

from which the CD3-binding arm is derived comprises L234A, L235A., and F405L 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 is derived is IgG4, or a derivative 

thereof. In some embodiments, for example, the Fc region of the CD3-specific IgG4 antibody 

from which the CD3-binding arm is derived comprises S228P, L234A, L235A, 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 is 

derived binds CD3E 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 HC1, the 

HC2, the LC1 or the LC2 of the BCMA x CD3 bispecific antibody or bispecific binding 

fragment is 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 mammalian cells (such 

as 293F cells, CHO cells), insect cells (such as sf.7 cells), yeast cells, plant cells, or bacteria cells 

(such as E. coli). The described antibodies may also be produced by hybridoma cells. In sonic 

embodiments, methods for generating the BCMA x CD3 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 BCMA x CD3-Multispeeifie Antibodies 

Methods of using the described BCMA x CD3-multispecific antibodies and multispecific 

antigen-binding fragments thereof are also disclosed. For example, the BMA, 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 myeloina. 

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 is 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 inhibit 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 bispecific antibody 

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

BCMA x CD3-Specific Antibody Kits 

Described herein are kits including 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 to those skilled in the art. 	In 

some embodiments the described kits may include 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 

instructions for use of the antibody or fragment, the antibody or fragment affixed to a solid 

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

Detailed Description of Illustrative 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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indicated. 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 quantities 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 approximations 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 in light of the number of reported significant digits and by applying ordinary 

rounding techniques. 

Notwithstanding that the numerical ranges and parameters setting forth the broad scope 

of the invention are approximations, the numerical values set forth in the specific examples are 

reported as precisely as possible. 	Any numerical value, however, inherently contains 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 organism 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 if 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, is 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 BCNIA). 

An isolated 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 

BMA_ species homologs). 

"Polynucleotide," synonymously referred to as "nucleic acid molecule," "nucleotides" or 

"nucleic acids," refers to any polyribonucleotide 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 is 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 include, for example, tritvlated 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. 

"Polynucleotide" 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 is 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 = 4 of identical 

positions/total ft  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 

incorporated into the ALIGN program (version 2.0), using a PAN/I120 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 variation that may occur within the amino acid sequence of a protein 

without having a substantial effect on protein function is 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 antibodies 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 

antibodies and antigen-binding fragments described herein, but do incorporate one or more 

CDRs 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" is a population of cells derived from a single cell or common ancestor by 

mitosis. A "cell line" 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 synonymously 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 extracellular milieu such as the growth medium of a cell 

culture. 

The terms "treating" or "treatment" refer to any success or indicia of success in the 

attenuation or amelioration of an injur!,7, pathology or condition, including any objective or 

subjective parameter such as abatement, remission, diminishing 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, neurological 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 BMA x CD3 antibody 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. 

"Antibody" refers to all isotypes of immunoglobulins (IgG, IgA, IgE, IgM, IgD, and IgY) 

including 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 

antibodies. 
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"Antigen-binding fragments 	are any proteinaceous structure that may exhibit binding 

affinity 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 

suitable antigen-binding fragments include, without limitation diabodies and single-chain 

molecules as well as Fab, F(ab')2, Fc, Fabc, and Fv molecules, single chain (Sc) antibodies, 

individual antibody light chains, individual antibody heavy chains, chimeric fusions between 

antibody chains or CDRs and other proteins, protein scaffolds, heavy chain monomers or dimers, 

light chain monomers or dimers, dimers consisting of one heavy and one light chain, a 

monovalent fragment consisting of the VL, VII, CL and CH1 domains, or a monovalent antibody,  

as described in W02007059782, bivalent fragments comprising two Fab fragments linked by a 

disulfide bridge at the hinge region, a Ed fragment consisting essentially of the V.sub.H and 

C.sub.H1 domains; a Fv fragment consisting essentially of the \IL and VH domains of a single 

arm of an antibody, a dAb fragment (Ward et al., Nature 341, 544-546 (1989)), which consists 

essentially of a VII domain and also called domain antibodies (Holt et al; Trends Biotechnol, 

2003 Nov.; 21(11)484-90); camelid or nanobodies (Revets et al; Expert Opin Biol Ther. 2005 

Jan.; 5(1):111 -24); an isolated complementarity determining region (CDR), and the like. All 

antibody isotypes may be used to produce antigen-binding fragments. Additionally, antigen- 

binding fragments may include non-antibody proteinaceous frameworks that may successfully 

incorporate 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 

incorporates 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 

specific 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 amino acid residues directly involved in the 

binding and other amino acid residues, which are not directly involved in the binding, such as 

amino acid residues which are effectively blocked or covered by the specifically antigen binding 

peptide (in other words, the amino acid residue is 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 Kd  of less than 

about 1x10-8  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 a 

particular antibody-antigen interaction. 

The term "subject" refers to human and non-human animals, including a.11 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 is a human. 

The term "sample" as used herein refers to a collection of similar 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 is a biological fluid. Biological fluids are typically liquids 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 or localized regions and certain other biological fluids may be more globally or 

systemically situated in a subject or biological 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 to 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 isolated from a subject, recombinant 

or purified BCMA protein, 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 TNTRSF17 (UniProt Q02223), which is a member of the tumor necrosis 

receptor superfamily that is preferentially expressed in differentiated plasma cells. The 

extracellular domain of human BCMA consists, according to UniProt of amino acids 1 - 54 (or 

5-51), The term "antibody against BCMA, anti BCMA antibody" as used herein relates to an 

antibody immunospecifically binding to BCMA.. 

The term "CD3" refers to the human CD3 protein multi-subunit complex. The CD3 

protein multi-subunit complex is composed to 6 distinctive polypeptide chains. These include a 

CD3y chain (SwissProt P09693), a CD 3d chain (SwissProt P04234), two CD3E chains 

(SwissProt P07766), and one CD3 C, chain homoditner (SwissProt 20963), and which is 

associated with the 'F cell receptor a and 13 chain. The term "CD3" includes any CD3 variant, 

isoform and species homolog which is naturally expressed by cells (including T cells) or can be 

expressed on cells transfected with genes or cDNA encoding those polypeptides, unless noted. 

A "BCMA x CD3 antibody" is 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 /WAS USA 90(14), 6444-8 

(1993) for a description of diabodies). The bispecific antibodies, diabodies, and the like, 

provided herein may bind any suitable target in addition to a portion of BCMA. The term 
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"bispecific antibody" is 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" is 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 BC-MA, levels that are 

indicative 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 be a 

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 to 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 in the context of progression of BCMA-expressing 

cancer, includes the change of a cancer fr©m a less severe to a more severe state, This may 

include 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 a more severe state, such 

as the progression from stage I to stage II, from stage II to stage III, etc. 

The term "regression," as used in the context of regression of BCMA-expressing cancer, 

includes 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" 

includes the regression of such a cancer fr©m a more severe to a less severe state, such as the 

progression from stage III to stage II, from stage II to stage I, etc. 

The term "stable" as used in the context of stable BCMA-expressing cancer, is intended 

to describe a disease condition that is not, or has not, changed significantly enough over a 

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 Antigen-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 domain, which serves 

a variety of functions, including complement fixation and binding antibody receptors. 

The described BCMA-specific antibodies or antigen-binding fragments include all 

isotypes, IgA, IgD, IgE, IgG and IgM, and synthetic multimers of the four-chain 

immunoglobulin 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 yolk. 

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 variable domain derived from the antibody amino acid 

sequence of a non-human mammal, a rodent, or a reptile, while the remaining portions of the 

antibody, or antigen-binding fragment thereof, are derived from a human. 

In some embodiments, the antibodies are humanized antibodies. Humanized antibodies 

may be chimeric immunoglobulins, 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 antibodies 

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 least a 

portion of an immunoglobulin constant region (Fc), 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 I. 

Described herein are recombinant antibodies and antigen-binding fragments that 

immunospecifically bind to BCMA. In some embodiments, the BCMA-specific antibodies or 

antigen-binding fragments are human IgG, or derivatives thereof. While the BCNIA-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 in Table I and a light chain 

comprising a CDRI, 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 CDRI comprising SEQ ID NO: 4, a heavy chain CDR2 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 CDRI 

comprising SEQ ID NO: 4, a heavy chain CDR2 comprising SEQ ID NO: 5, a heavy chain 

CDR3 comprising SEQ ID NO: 6, a light chain CDRI comprising SEQ ID NO: 7, a light chain 

CDR2 comprising SEQ ID NO: 8, and a light chain CDR3 comprising SEQ.  ID NO: 9. This 

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 IC5o 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 CDRI comprising SEQ II) NO: 4, a heavy chain CDR2 comprising SEQ 

ID NO: 5, and a heavy chain CDR3 comprising SEQ II) NO: 6. In some embodiments, the 

BCMA-specific antibodies and antigen-binding fragments comprise a heavy chain CDRI 

comprising SEQ ID NO: 7, a heavy chain CDR2 comprising SEQ ID NO: 5, a heavy chain 

CDR3 comprising SEQ ID NO: 6, a light chain CDR1 comprising SEQ ID NO: 24, a light chain 

CDR2 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 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 is an anti-BCMA 

arm. 

In sonic embodiments, the BCMA-specific antibodies and antigen-binding fragments 

comprise a heavy chain CDRI comprising SEQ ID NO: 7, a heavy chain CDR2 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 ID NO: 7, a heavy chain CDR2 comprising SEQ ID NO: 5, a heavy chain 

CDR3 comprising SEQ ID NO: 6, a light chain CDR1 comprising SEQ ID NO: 24, a light chain 

CDR2 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 sonic 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 ID 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 fragments 

comprise a heavy chain CDR1 comprising SEQ ID NO: 4, a heavy chain CDR2 comprising SEQ 

ID NO: 5, and a heavy chain CDR3 comprising SEQ ID 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 CDR2 comprising SEQ ID NO: 25, and a light chain CDR3 comprising SEQ m 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: 

39. 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: 

39 and a light chain variable domain substantially the same as, or identical to, SEQ m 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 BCMA-specific antibodies and antigen-binding fragments 

comprise a heavy chain CDRI comprising SEQ ID NO: 4, a heavy chain CDR2 comprising SEQ 

ID NO: 8, 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 ID NO: 4, a heavy chain CDR2 comprising SEQ ID NO: 8, a heavy chain 

CDR3 comprising SEQ ID NO: 6, a light chain CDRI comprising SEQ ID NO: 24, a light chain 

CDR2 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 BC-MA-specific antibodies and antigen-binding fragments 

comprise a heavy chain variable domain substantially the same as, or identical to, SEQ ID 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 ID 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 light chain variable domain of antibodies discussed in this 

paragraph are suitable for inclusion in bispecific constructs in which one arm is an anti-BC-N1A 

arm. 

In some embodiments, the BC-MA-specific antibodies and antigen-binding fragments 

comprise a heavy chain CDR1 comprising SEQ ID NO: 13, a heavy chain CDR2 comprising 

SEQ ID NO: 5, and a heavy chain CDR3 comprising SEQ ID NO: 19. In some embodiments, 

the BO/IA-specific antibodies and antigen-binding fragments comprise a heavy chain CDR1 

comprising SEQ ID NO: 13, 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 CDR2 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 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 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 is an anti-BCMA 

arm. 

In some embodiments, the BCNIA-specific antibodies and antigen-binding fragments 

comprise a heavy chain CDR1 comprising SEQ ID NO: 13, a heavy chain CDR2 comprising 

SEQ ID NO: 8, and a heavy chain CDR3 comprising SEQ ID 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 ID NO: 8, a heavy chain 

CDR3 comprising SEQ ID NO: 19, a light chain CDR1 comprising SEQ ID NO: 24, a light 

chain CDR2 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 BCNIA-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 embodiments, the BC-MA-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 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 is an anti-BCNIA 

arm. 

In some embodiments, the antibodies or antigen-binding fragments are IgG, or 

derivatives thereof;  e.g., IgGI, IgG2„ IgG3, and IgG4 isotypes. 	in some embodiments wherein 

the antibody is of IgGI isotype, the antibody comprises an IgGI Fc region (SEQ ID NO. 74). 

SEQ ID NO. 74 
ASTKGPSVFPLAPSSKSTSGGTAALGCINKDYFPEPVTVSWNSGALTSGVHTFPAVLQSS 
GLYSLSSVVTVPSSSLGTQTYICNVNHKPSNTKVDKKVF,PKSCDKTHTCPPCPAPELLGG 
PSVFLIFPPKPI(DTI,MISRIPEVTCYVVDVSHEDPEVKETN-WYNTDGATEVHNAKIKPREEQY 
NS TYRVNTS la,TV1-1-1QDWILNGKEYK.CKVSNKALPAPIEKTISKAKGQPREPQVYTLPPSR 
EEMTKNQVSLTCINKGFY-PSDIANTWESNGQPENNYKTIPPVLDSDGSFFLYSKLTVDK 
SRWQQGNNTSCSVMHEALFINHYTQICSI,SLSPGK 

In some embodiments wherein the antibody is of IgG4 isotype, the antibody contains S228P, 

1_234A, and L235A substitutions in its Fc region (SEQ ID NO, 73). 

SEQ ID NO. 73 
ASTKGPSVFPIAPCSRSTSESTAALGCINKDYFPEPVTVSWNSGALTSGVHIFPA‘TQSS 
GLYSLSSVVTVPSSSLCiTKTYTCNVDIIKPSNTKVDKRVESKYCiPPCPPCPAPEAAGCiPS 
VFLFPPKPKDTLNIISRTPEVTCVVVDVSQEDPEVQFNWYVDGVEVINAKTKPREEQFNS 
TYRVVS‘TTVLIIQDWLNGKEYKCKVSNKCiLPSSIEKTISKAKGQPREPQVYTI,PPSQEE 
IMTKNQVSLTCLVKGITYPSDIAVEWESNGQPENNYKTTPPVLDSDGSFFLYSRLTVDKSR 
WQEGNVFSCSVNITIEALENITYTQKSLSLSLCiK 

The specific antibodies defined by CDR and/or variable domain sequence discussed in the above 

paragraphs may include these IgG Fe regions. 

Also disclosed are isolated synthetic polynucleotides that encode the antibodies or 

antigen-binding fragments that immunospecifically bind to BC:NIA.. 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. 

26 



WO 2017/031104 PCT/US2016/047146 

The BCMA-specific antibodies or antigen-binding fragments described herein include 

variants having single or multiple amino acid substitutions, deletions, or additions that retain the 

biological properties (e.g., binding affinity or immune effector activity) of the described BCIVIA- 

specific antibodies or antigen-binding fragments. In the context of the present invention the 

following notations are, unless otherwise indicated, used to describe a mutation; i) substitution of 

an amino acid in a given position is written as e.g. K409R which means a substitution of a 

Lysine in position 409 with an Arginine; and ii) 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 is designated as K409X. In case 

of deletion of Lysine in position 409 it 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) variants in which one or more 

amino acids are added to or deleted from the polypeptide, (c) variants in which one or more 

amino acids include a substituent group, and (d) variants in which the polypeptide is 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, fbr 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 in another species, either at the conserved or 

nonconserved positions. In other embodiments, amino acid residues at nonconserved positions 

are substituted with conservative or nonconservative residues. The techniques for obtaining 

these variants, including 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 

embody several antibody isotypes, such as IgM, IgD, IgG, IgA and NE. In some embodiments 

the antibody isotype is IgGI, IgG2, IgG3, or IgG4 isotype, preferably IgG1 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 CURS of one isotype may be 

transferred to another isotype without altering antigen specificity. Alternatively, techniques have 
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been established to cause hybridonias 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 IC50  

values of at least 5.9 nM for APRIL binding. The IC50  of the described BCMA-specific 

antibodies, or antigen-binding fragments, may be determined by a variety of methods known in 

the art, such as ELISA-based methods or flow cytometry (-EMS). Assays for measuring IC50  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 BCNIA antibody that blocks the binding of 

APRIL to BCMA is to "block APRIL as measured by ELISA." 

Also provided are vectors comprising the polynucleotides 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 limited to 

regulatory sequences (e.g., promoter, enhancer), a selection marker, and a polyadenylation 

signal. Vectors for transforming a wide variety of host cells are well known and include, but are 

not limited to, plasm ids, phagemids, cosmids, ba.culoviruses, bacmids, bacterial artificial 

chromosomes (BACs), yeast artificial chromosomes (YACs), as well as other bacterial, yeast 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 protein 

which may be operably linked to suitable regulatory elements. Such regulatory elements niay 

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, niay also include 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 t© 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-binding fragment-coding sequence is 

placed under control of a powerful constitutive promoter, such as the promoters for the following 

genes: hypoxanthine phosphoribosyl transferase (HMI), 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, C),, ,tomegalovirus 

(CMV) immediate early promoter, the early and late promoters of SV4O, the Mouse Mammary 

Tumor Virus (MMTV) promoter, the long terminal repeats (LTRs) of Maloney leukemia virus, 

Human Immunodeficiency Virus (HIV), Epstein Barr Virus (EBV), Rous Sarcoma Virus (RSV), 

and other retroviruses, and the thymidine kinase promoter of Herpes Simplex Virus. In one 

embodiment, the BCMA-specific antibody or antigen-binding fragment thereof coding sequence 

is placed under control of an inducible promoter such as the metallothionein promoter, 

tetracycline-inducible promoter, doxycycline-inducible promoter, promoters that contain one or 

more interferon-stimulated response elements (ISRE) such as protein kinase R 21,51 - 

oligoadenylate synthetases, Mx genes, ADAR1, and the like. 

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 proteins. In some embodiments the vector system will include one or more 

polyadenylation sites (e.g., SV4O), 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 

introduction 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 

blasticidin 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 fragment-producing cells. 

Thus, another aspect features host cells transformed with vectors comprising a nucleic acid 

sequence encoding an antibody or antigen-binding fragment thereof that specifically binds 

BCMA, such as the antibodies or antigen-binding fragments described and exemplified herein. 

Numerous techniques are known in the art for the introduction of foreign genes into 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 functions of the recipient cells 

are not disrupted. Techniques which may be used include but are not limited to chromosome 

transfer (e.g., cell fusion, chromosome mediated gene transfer, micro cell mediated gene 

transfer), physical methods (e.g., transfection, spheroplast fusion, microinjection, 

el ectroporation, liposome carrier), viral vector transfer (e.g., recombinant DNA viruses, 

recombinant RNA viruses) and the like (described in (line, 29 Pharmac. They. 69-92 (1985)). 

Calcium phosphate precipitation and polyethylene glycol (1?EG)-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 NSO, CHO, CHOKI, perC.6, Tk- 

ts13, BHK, HEK293 cells, COS-7, T98G, CV-1/EBNA, L cells, 0127, 3T3, HeLa, NSI, Sp2/0 

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. 

Recombinant-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 BC-MA-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 invention provides a method 

of treating cancer comprising administering an antibody as described herein, such as BCMA- 

specific antibodies or antigen-binding fragments. For example, the use may be by interfering 

with BCMA-receptor interactions or where the antibody is conjugated to a toxin, so targeting the 

toxin to the BCMA-expressing cancer. In some embodiments BCMA-expressing cancer includes 

lymphoma, 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 controlled 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 (FcRs) (e.g. Natural 
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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 IgG3 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 Fc 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 oligosaccharides such as 

control of culture osmolality (Konno et al., Cytotechnology 64:249-65, 2012), application of a 

variant CHO line Lec13 as the host cell line (Shields et al., J Biol Chem 277:26733-26740, 

2002), application of a variant CHO line EB66 as the host cell line (Olivier et al., MAbs; 2(4), 

2010; Epub ahead of print; PMID:20562582), application of a rat hybridoma cell line 1132,10 as 

the host cell line (Shinkakva et al., J Biol Chem 278:3466-3473, 2003), introduction of small 

interfering RNA specifically against the .alpha, 1,6-fucosyltrasferase (FUT8) gene (Mori et al., 

Biotechnol Bioeng 88:901-908, 2004), or coexpression of 13-1,4-N-acetylglucosaminyltransferase 

III and golgi a-mannosidase II or a potent alpha-mannosidase I inhibitor, kifunensine (Ferrara et 

al., J Biol Chem 281:5032-5036, 2006, Ferrara et al., Biotechnol Bioeng 93:851-861, 2006; 

Xhou et al,, Biotechnol Bioeng 99:652-65, 2008). 

In some embodiments described herein, ADCC elicited by the BC:MA. 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 in a biological sample by contacting 

the sample with an antibody, or antigen-binding fragment thereof, described herein. As 

described herein, the sample 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), 
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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 BCMA- 

specific antibodies or antigen-binding fragments thereof described herein. 

In some embodiments the sample may be contacted with more than one of the BCMA- 

specific antibodies or antigen-binding fragments described herein. For example, a sample may 

be contacted with a first BCMA-specific antibody, 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 

antibody, or antigen-binding 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 all 

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 in the art. For example, suitable labels include, but should not be 

considered limited to, radiolabels, fluorescent labels, epitope tags, biotin, chromophore labels, 

EU, labels, or enzymes. More specifically, the described labels include ruthenium, 111In-ROTA, 
in 	• In- diethylenetriaminepenta.acetic acid (DTPA), horseradish peroxidase, alkaline phosphatase 

and beta-galactosidase, poly-histidine (HIS tag), acridine dyes, cyanine 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 blot analysis, radioimmunoassay, surface plasmon 

resonance, immunofluorinietry, immunoprecipitation, equilibrium dialysis, immunodifiusion, 

electrochemiluminescence (ECL) immunoassay, immunohistochemistry, fluorescence-activated 

cell sorting (FRCS) 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 is present at detectable levels in blood and serum samples. Thus, provided herein 

are methods for detecting BCMA in 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 yield a sample upon which the described method may be performed. In 

some embodiments, BMA_ 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, immunofluorimetry, immunoprecipitation, 

equilibrium dialysis, immunodiffusion, electrochemiluminescence (ECL) immunoassay, 

immunohistochemistry, fluorescence-activated cell sorting (FACS) or HASA 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 in a biological sample, such 

as a blood sample or a serum sample, provides the ability to diagnose cancer in the subject from 

whom the sample was obtained. Alternatively, in sonic 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 yet 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 clarify, 

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 BCMA-expressing cancer by determining the amount of BCMA that is present in a 

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 in the 

control, or reference, sample is an indication that the subject is 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 is 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 mutilpie myeloma (MM). In some embodiments 

the subject is 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 in 

Table I), quantifying the amount of BCMA present in the sample that is 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 CD3 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 in 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 is afflicted with a BCMA- 

expressing cancer. 

In some embodiments the control, 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 is 

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 

indication that the subject being assessed is afflicted with BCMA-expressing cancer. In some 

embodiments where the control sample is derived from a subject that is 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 is derived from a subject that is afflicted with BCMA- 

expressing cancer, an observed 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 afflicted with BCMA-expressing cancer. In some embodiments where the 

control or reference sample is 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 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 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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eniboditnents, the sample may be contacted by more than one type of antibody, or antigen- 

binding fragment thereof, that specifically binds BCMA. In some etn-bodiments, 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. BC-MA-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 is determined by western blot analysis, 

radioimmunoassay, immunofluorimetry, immunoprecipitation, equilibrium dialysis, 

immunodiffusion, electrochemiluminescence (ECL) immunoassay, immunohistochemistr!,7, 

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

In various embodiments of the described diagnostic methods a control or reference 

sample is used. This sample may be a positive or negative assay control that ensures the assay 

used is working properly; for example, an assay control of this nature might be commonly used 

for itrimunohistochemistry assays. Alternatively, the sample may be a standardized reference for 

the amount of BCMA in 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 in 

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 is known to have early stage cancer, which may or may not be BC-MA-expressing 

cancer. In some embodiments, the control subject is known to have intermediate stage cancer, 

which may or may not be BCMA-expressing cancer. In some embodiments, the control subject 

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

Methods for _Monitoring Cancer 

Provided herein are methods for monitoring 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 

BCMA that is present in a test sample derived from the subject; and comparing the observed 

amount of BCNIA with the amount of BCNIA in a biological sample obtained, in a similar 

manner, from the subject at an earlier point in time, wherein a difference between the amount of 

BMA,  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 BCNIA, 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 for a 

BCMA-expressing cancer, In some embodiments the amount of BCMA in a biological sample 

derived from the subject is 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 (i.e., 

free cells), tissues (e.g., surgically resected tumor tissue, biopsies, including fine needle 

aspiration), histological preparations, and the like. In some embodiments the subject is a human. 

In some embodiments the methods of monitoring a BCMA-expressing cancer will 

involve: contacting a biological sample of a. subject with a BCMA-specific antibody, or antigen- 

binding fragment thereof (such as those derivable fr©m the antibodies and fragments provided in 

Table I), 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 in 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 CD3 multispecific antibodies described herein. 

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 

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 combinations 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 myeloid leukemia (AML). 

In certain embodiments, the amount of BCMA is determined by western blot analysis, 

radioimmunoassa.y, immunofluorimetry, immunoprecipitation, equilibrium dialysis, 

immunodiffusion, electrochemiluminescence (ECL) immunoassay, immunohistochemistry, 

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

Kits for Detecting B(7141A 

Provided herein are kits for detecting BCMA in 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 in solution; 

lyophilized; 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, 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 

instructional material which describes performance of a method of the invention and tissue 

specific controls or standards. 

The means for determining the level of BCIVIA 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. 

Multispeeific 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 is 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 allows 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 III domain (such as from fibronectin, or based on a 

consensus of the type III domains from fibronectin, or from tenascin or based on a consensus of 

the type III domains from tenascin, such as the Centyrin molecules from Janssen Biotech, Inc., 

see e.g. W02010/051274 and W020I0/093627). 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 BMA 

x CD3-multispecific antibody comprises a first heavy chain (HC1) and a first light chain (LC1) 

that pair to form a first antigen-binding site that immunospecifically binds BCN,IA 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 

antibody is a bispecific antibody comprising a BCMA-specific arm comprising a first heavy 

chain (HC1) and a first light chain (LC1) 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 

invention 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, CI-I1, CH2, and CH3. A full length antibody light chain (LC) 

includes light chain variable and constant domains VI, and CL. The full length antibody may be 

lacking the C-terminal lysine (K) in either one or both heavy chains. The term "Fab-arm" or "half 

molecule" refers to one heavy chain-light chain pair that specifically binds an antigen. In sonic 

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 multispecific antibodies provided herein may be derived 

fr©m 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 fr©m 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 BCN4A 

comprises heavy chain CDR1, CDR2, and. CDR3 of clone BC_MB69, BCMB117, BCNIB123, 
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BCMBI28, BCMB129, 

BCMA-binding 

chain CDR1, CDR2, 

BCMB117, BCMB123, 

embodiments of 

comprises a heavy 

1. In some exemplary 

region which binds 

domain derived from 

embodiments of 

comprises heavy 

BCMB129, BCMB176, 

binding arms, the 

variable domain 

BCM9128, BCMB129, 

Table 3 provides 

chain pair specific 

particular antibody 

described embodiment. 

Table 3: 

BCMA-specific arm = 
Deb ID 

BCMB176, 

arms, the first antigen 

and CDR3 

B0,113128, 

such BCMA-binding 

chain variable 

embodiments 

BCMA comprises 

an antibody 

such BCMA-binding 

chain variable domain 

or BCMB177. 

first antigen-binding 

and light chain 

BCMB176, 

a listing of BCMA 

for BCMA and 

ID is listed to 

CD3-specific arm 
=.4b ID 

or BCMB177. In some exemplary embodiments of such 

-binding region which binds BCMA comprises heavy 

and light chain CDR.', CDR2, and CDR3 of clone BCIVIB69, 

BCMB129, BCMB176, or BCMB177. In some exemplary 

arms, the first antigen-binding region which binds BCMA 

domain derived from an antibody clone as described in Table 

of such BCI\'L&-binding arms, the first antigen-binding 

heavy chain variable domain and light chain variable 

clone as described in Table 1. In some exemplary 

arms, the first antigen-binding region which binds BCMA 

of clone BCMB69, BCMB117, BCMB123, BCMB128, 

In some exemplary embodiments of such BCMA- 

region which binds BCMA comprises heavy chain 

variable domain of clone BCMB69, BCMB117, BCMB123, 

or BCMB177. 

x CD3 bispecific antibodies having one heavy and light 

another heavy and light chain pair specific for CD3, where the 

describe the antigen-specific antibody arms used to produce the 

the bispecific antibodies, the BCMA-binding arm binds also 

the extracellular domain thereof. 

MEM C:D3B219 

MIIIIIIIIIMM 
CD3B219 BCM3123 

3C1 	s128 CD33219 

BCM3129 C:D3B219 

3(1\13176 CD3B219 

MISIMIIIIIIIMI 
In sonic embodiments of 

binds cynomolgus BCMA, preferably 
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In some embodiments, the BCMA-binding arni of the multispecific antibody is IgG, or a 

derivative thereof, e.g., IgGI, IgG2, IgG3, and IgG4 isotypes. In some embodiments wherein the 

BC:IN/LA.-binding arm has an IgG4 isotype, it contains S228P, L234A, and L235A substitution(s) 

in 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 CD3 

bispecific antibody 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 CD3E. In some embodiments, the CD3- 

binding arm contacts an epitope including the six N-terminal amino acids of CD3E. In some 

embodiments, the CD3-specific binding arm of the bispecific antibody is derived from the mouse 

monoclonal 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 5x10-7M or less, such as 1x10 7Mor less, 5x10 8Mor less, 1x1.0-8M or less, 

5x10-9M or less, or 1x1.0 9M 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 CD3-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, CDR2, and CDR3 and light chain CDR1, 

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-binding arm of the bispecific antibodies 

described herein can include the following amino acid sequences: He CDR1, SEQ ID NO: 59; 

He CDR2: SEQ ID NO: 60; He CDR3, SEQ ID NO: 61; Lc CDR1, SEQ ID NO: 62; Lc CDR2: 

SEQ ID NO: 63; and Lc CDR3, SEQ ID NO: 64. 

In some embodiments, the CD3-binding arm is IgG, or a derivative thereof. In some 

embodiments, the CD3-binding arm is IgGI, IgG2, IgG3, or IgG4. In some embodiments 

wherein the CD3-binding arm has an IgG4 isotype, it contains S228P, L234A, L235A, F405L, 

and R409K substitution(s) in its Fe region. In some embodiments, the antibodies or antigen- 

binding fragments bind CD3c on primary human T cells. In some embodiments, the antibodies 

or antigen-binding fragments bind CD3c on primary cynomolgus T cells. In some embodiments, 
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the antibodies or antigen-binding fragments bind CD3t-, on primary human and cynomolgus T 

cells. In some embodiments, the antibodies or antigen-binding fragments activate primary 

human CD4+ I 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 BCMB69, BCIMB117, BCMB123, 

BCIMB128, BCMB129, BCMB176, or BCMB177. In some embodiments are provided a BCMA 

x CD3 bispecific antibody having a BCMA-binding arm comprising a heavy chain and light 

chain of antibody clone BCMB69, BCMB117, BCIMB123, BCMB128, BCMB129, BCMB176, 

or BCMB177. In some embodiments are provided a BCMA x CD3 bispecific antibody having a 

CD3-binding arm comprising a heavy chain of antibody clone CD3B219. In some embodiments 

are provided a BCMA x CD3 bispecific antibody having a CD3-binding arm comprising a heavy 

chain and light chain of antibody clone CD3B21.9. 	In some embodiments are provided a BCMA 

x CD3 bispecific antibody having a BCMA-binding arm comprising a heavy chain of antibody 

clone BCMB69, BCMB1.17, BCMB123, BCMB128, BCMB129, BCMB176, or BCMB177 and 

a CD3-binding arm comprising a heavy chain of antibody clone CD3B219. In some 

embodiments are provided a BCMA x CD3 bispecific antibody having a BCMA-binding arm 

comprising a heavy chain and light chain of antibody clone BCMB69, BCMB117, BCMBI 23, 

BCMB128, BCMB129, BCMB176, or BCMB177 and a CD3-binding arm comprising a heavy 

chain and light chain of antibody clone CD3B219. 

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

Different formats of bispecific antibodies have been described and were recently 

reviewed by Chames and Baty (2009) 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 obtained 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 C1-13 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 IgG 

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, IgG-like molecules with complementary CH3 domains molecules 

include the Triomab/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)(E,MD 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/Pfizef). 

In some embodiments, IgG fusion molecules include Dual Variable Domain (DVD)-Ig 

(Abbott), IgG-like &specific (InnClone/Eli Lilly), Ts2Ab (MedImmune/AZ) and BsAb 

(Zymogenetics), HERCULES (Bingen Mee and TvAb (Roche). 

In some embodiments. Fc fusion molecules include to SeFv./Fc Fusions (Academic 

Institution), SCORPION (Emergent BioSolutions/Trubion, Zymogenetics/BMS), Dual Affinity 

Retargeting Technology (Fc-DART) (MacroGenics) and Dual(SeFv).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 (DNL) 

(ImmunoMedics), Bivalent Bispecific (Biotecnol) and Fab-Fv (UCB-Celltech). ScFv-, diabody- 

based and domain antibodies include but are not limited to Bispecific 'I' Cell Engager (BITE) 

(Micromet), Tandem Diabody (Tandab) (Affimed), Dual Affinity Retargeting Technology 

(DART) (MacroGenics), Single-chain Diabody (Academic), TCR-like Antibodies (MT, 

ReceptorLogies), 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 f©r example using Fab 

arm exchange (or half molecule exchange) between two mono specific bivalent antibodies by 

introducing substitutions at the heavy chain CH3 interface in each half molecule to favor 

heterodimer formation of two antibody half molecules having distinct specificity either in vitro 

in 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, i.e. an epitope on BCNIA 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. "Heteroditner" 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. WO 2006/028936) may be 

used to generate full length bispecific antibodies. Briefly, selected amino acids forming the 

interface of the CH3 domains in human IgG can be mutated at positions affecting CH3 domain 

interactions to promote heterodimer formation. An amino acid with a small side chain (hole) is 

introduced into a heavy chain of an antibody specifically binding a first antigen and an amino 

acid 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 is 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): T366Y/T405A, T366W/ F405W, F405W/N-407A, 
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T394W/Y40717, T394STY:407A, T366W/1394S, F405W/T394S and 

T366W/T366SL368A2V407V. 

Other strategies such as promoting heavy chain heterodimerization using electrostatic 

interactions by substituting positively charged residues at one CH3 surface and negatively 

charged residues at a second. CH3 surface may be used, as described in 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 chainlmodified position in the second CH3 domain of the second heavy chain): 

L351 Y F405AY407V/T394W, T366I K3921\4 T394W/F405A Y407V, 

T366L K392M T394W/F405A Y407V, L351Y Y407A/T366A K409F, 

L351 Y Y407A/T366V K.409F Y407A/T366A K409F, or T350V L351Y F405A 

Y407V/T350V T366L K3921_, 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 in a cell-free environment by introducing asymmetrical mutations in the CH3 

regions of two mono specific hornodimeric antibodies and forming the bispecific heterodimeric 

antibody from two parent monospecific homodirneric antibodies in reducing conditions to allow 

disulfide bond isotnerization according to methods described in Intl, Pat. Publ. No. 

W02011/131746. In the methods, the first monospecific bivalent antibody (e.g., anti- BCMA 

antibody) and the second monospecific bivalent antibody (e.g., anti-CD3 antibody) are 

engineered to have certain substitutions at the CI-13 domain that promotes heterodimer stability; 

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 

antibody 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), dithioerythritol (DTE), glutathione, tris (2-carboxyethyl)phosphine 

(TCEP), L-cysteine and beta-niercaptoethanol, preferably a reducing agent selected from the 

group consisting of: 2-mercaptoethylamine, dithiothreitol and tris (2-carboxyethyl)phosphine. 

For example, incubation for at least 90 min at a temperature of at least 20° C in the presence of at 
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least 25 triM 2-MEA ©r in the presence of at least 0.5 mM dithiothreitol at a ptI from 5-8, f©r 

example at pH of 7.0 or at pH of 7.4 may be used. 

In addition to the described BCNIA 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 Sf7 cells), yeast cells, plant cells, or bacteria cells (such as 

E. coil). The described antibodies may also be produced by hybridoma cells. 

Therapeutic composition and methods 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 

antibodies are useful in treating cancer. Also provided herein are therapeutic compositions for 

the treatment of a hyperproliferative disorder in a mammal which comprises a therapeutically 

effective amount of a multispecific antibody or multispecific antigen-binding fragment described 

herein and a pharmaceutically acceptable carrier. In preferred embodiments, the multispecific 

antibody is 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. Particular 

bispecific antibodies that may be used to treat cancer, such as hematological cancer, including 

the specific cancers discussed above, include antibodies BCMB69, BCMB117, BCMB123, 

BCMB128, BCMB129, BCIMB176, or BCNIB177 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 
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acceptable carrier, which may be inert or physiologically active. 	In preferred embodiments, the 

multispecific antibody is 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. 

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, dextrose, 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, polyalcohols„ or sodium chloride in the composition. In particular, relevant 

examples of suitable carrier include: (1) Dulbecco's phosphate buffered saline, pH.about.7,4, 

containing or not containing about I mg/mL to 25 mg/mI, human serum albumin, (2) 0.9% saline 

(0.9% w/v sodium chloride (NaC1)), and (3) 5% (w/v) dextrose; and may also contain an 

antioxidant such as tryptamine and a stabilizing agent such as Tween 20 R. 

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 supplemental),  active compound will have complementary activities that do not 

adversely affect each other. In a preferred embodiment, the further therapeutic agent is 

cytarabine, an anthracycline, histamine dihydrochlori de, 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 

intended 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, intramuscular, 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 

intramuscular, subcutaneous, intra-articular, intrasynovial, intratumoral, peritumoral, 

intralesional, 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 inicrofiltration. 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 

sterile 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 

granules may be used. In these compositions, the active ingredient according to the invention is 

mixed with one or more inert 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 talc, a coloring, a coating (sugar- 

coated tablet) or a glaze. 

As liquid compositions for oral administration, there may be used pharmaceutically 

acceptable solutions, suspensions, emulsions, syrups and elixirs containing inert 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 BCIVIA --l- cell by administering to a patient 

in need thereof a multispecific antibody which binds said BCNIA and is able to recruit T cells to 

kill said BMA H cell (i.e., T cell redirection). Any of the multispecific antibodies or antibody 

fragments of the invention may be used therapeutically. For example, in one embodiment the 

BC.INIA x CD3-multispecific antibody BC4IB72 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 pharmaceutical 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 is a BCMA-expressing cancer, including (but not limited to) the following: 

BCMA-expressing B-cell cancers, such as multiple myeloma (M14); and other cancers yet to be 

determined in which BCMA is expressed. In preferred embodiments, the multispecific antibody 

is a BCMA x CD3-multispecific antibody as described herein, or a multispecific antigen-binding 

fragment thereof, and more preferably a BCMA x CD3-bi.specific 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 myeloma. (MM); and other cancers yet to be determined in which 

BCMA is expressed. 

Similarly, further provided herein is a method for inhibiting the growth of selected cell 

populations comprising contacting BCMA-expressing target cells, or tissue containing such 

target cells, with an effective amount of a multispecific antibody or antibody fragment of the 

present invention, either 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 is 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 

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 treatments 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 (G-VHD); treatments of cell cultures in order to kill all cells except for desired 

variants that do not express the target antigen; or to kill variants 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, i.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 

serum and returned to the patient by i.v. infusion according to known methods. In circumstances 

where the patient receives other treatment such as a course of ablative chemotherapy or total- 

body irradiation between the time of harvest of the marrow and reinfusion of the treated cells, the 

treated marrow cells are stored frozen in liquid nitrogen 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 is a B-cell cancer, such as multiple myeloma (MM). 

In preferred embodiments, the multispecific antibody is 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 is 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. 

Dosage 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 

in the art. An exemplary, non-limiting 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 0.001-1 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 determine 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 in a 

weekly dosage of calculated by mg/In'. Such dosages can, for example, be based on the Ing/kg 

dosages provided above according to the following: dose (mg/kg)x70: 1.8. Such administration 

may be repeated, e.g., 1 to 8 times, such as 3 to 5 times. The administration may be performed by 

continuous infusion over a period of from 2 to 24 hr, such as of from 2 to 12 hr. In one 

emboditnent, 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 calculated 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/kg 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 

antibodies of the present invention. 

In one embodiment, the multispecific antibody or fragment may be administered by 

maintenance therapy, such as, e.g., once a week for a period of six months or more. 

A multispecific antibody or fragment may also be administered prophylactically in order 

to reduce the risk of developing cancer, delay the onset of the occurrence of an event in cancer 

progression, andlor 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 is for combination with one or more further therapeutic agent, such as a. 

chemotherapeutic agent. In some embodiments, the other therapeutic agent is cytarabine, an 

anthra.cycline, 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 administration of a therapeutically effective amount of a 

tnultispecific antibody or fragment, such as a BCMA x (',,D3 hispecific antibody described 

herein, and radiotherapy to a subject in need thereof is provided. In one embodiment is 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 to 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 (B'I')). Radioactive elements that may be used in practicing such methods include, 

e.g., radium, cesium-137, iridium-192, americiutn-241, gold-198, cobalt-57, copper-67, 

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

Kits 
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Also provided herein are includes kits, e.g., comprising a described multispecific 

antibody 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 BCNIA x CD3-multispecific antibody as described herein, or a multispecific antigen-binding 

fragment thereof, and more preferably a BCNIA x CD3-bispecific antibody as described herein, 

or a BCNIA 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 

vivo or ex vivo. 

Typically, the kit will have a compartment containing the multispecific antibody or 

antigen-binding fragment thereof. The multispecific antibody or antigen-binding fragment 

thereof may be in a lyophilized 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 administering to a patient, and tools that aid in administering the multispecific 

antibody or antigen-binding fragment 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 defined herein, and to its use. In preferred embodiments, the 

multispecific antibody is 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 detectable 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 radiolabel, a fluorescent label, an 
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epitope tag, biotin, a chromophore label, an ECL label, an enzyme, ruthenium, illIn-DOTA, 
"In- diethylenetrianiinepentaacetic 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: 

I. 	A recombinant antibody, or an antigen-binding fragment thereof, that binds 

immunospecifically to BC CIA_, wherein the antibody has a heavy chain and a light chain, said 

heavy chain comprising: 

a. a heavy chain complementarity determining region I (CDRI) 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: 6; 

b. a heavy chain CDRI 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 II) NO: 6; 

c. a heavy chain CDR.1. having the amino acid sequence of SEQ ID NO: 7, a heavy chain 

CDR2 having the amino acid sequence of SEQ m NO: 5, and a heavy chain CDR3 having the 

amino acid sequence of SEQ ID NO: 6;  

d. a heavy chain CDRI 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 II) NO: 19; 

e. a heavy chain CDR.1. having the amino acid sequence of SEQ ID NO: 4, a heavy chain 

CDR2 having the amino acid sequence of SEQ m NO: 8, and a heavy chain CDR3 having the 

amino acid sequence of SEQ ID NO: 6;  

f a heavy chain CDRI having the amino acid sequence of SEQ ID NO: 13, 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 II) NO: 19; 
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g. 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 ID NO: 8, and a heavy chain CDR3 having 

the amino acid sequence of SEQ ID NO: 19. 

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

antibody further comprises a light chain CDR1 having the amino 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 ID 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 chain of the 

antibody of (k) comprises the amino acid sequence of SEQ ID NO: 39; the heavy chain of the 

antibody of (1) comprises the amino acid sequence of SEQ ID NO: 40; the heavy chain of the 

antibody 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 ID 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. 

5. 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. 

7. The antigen binding fragment of any one of embodiments 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 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 IC50  for the interaction of BC.114A and APRIL of about 5.9 

riM 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 is an IgG. 

11. The antibody or antigen-binding fragment of any one of embodiments 1 to 10 is an IgG4 

isotype. 

12. The antibody of embodiment 11 wherein the IgG4 has a S228P substitution, a L234A. 

substitution and a L235A. substitution in its Fc region. 

13. The antibody or antigen-binding fragment of any one of embodiments 1 to 12 wherein the 

antibody or antigen-binding fragment thereof itnmunospecifically 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 I 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 Ito 15. 

17. The cell of embodiment 16 wherein the cell is a hybridoma. 

18. The cell of embodiment 16 wherein the antibody is 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 (EICI); 

b) a second heavy chain (FIC2); 
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c) a first light chain (LC1); and 

d) a second light chain (LC2), 

wherein HC1 is associated with LC1 and HC2 is associated with LC2 and wherein fIC1 

comprises SEQ.  ID NO: 59, SEQ ID NO: 60, and SEQ ID NO: 61 and LC1 comprises SEQ ID 

NO: 62, SEQ ID NO: 63, and SEQ ID N-0: 64 to form a first antigen-binding site that 

immunospecifically binds CD3 and wherein FIC2 comprises SEQ ID N-0: 4;  SEQ ID N-0: 5;  and 

SEQ ID NO: 6 a and LC2 comprises SEQ ID NO: 24, SEQ ID N-0: 25, and SEQ 1D NO: 26 to 

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 LC1. comprising SEQ ID NO: 56, a HC2 

comprising SEQ ID NO: 65, and a LC2 comprising: a) SEQ ID NO: 66 or b) SEQ ID NO: 76. 

21. 	The BCMA x CD3 bispecific 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 2.1 wherein the antibody or bispecific binding 

fragment is IgG4 isotype. 

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 2.3 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 

to 24 wherein the antibody or bispecific binding fragment thereof binds BC-MA. on the surface of 

human multiple myeloma 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 EC5.0  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 I-cell dependent cytotoxicity 

of BCMA-expressing cells in vitro with an EC 5. 0  of less than about 0.45 nM. 

28. 	The BCMA x CD3 bispecific antibody or bispecific binding fragment of embodiment 19 

to 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 embodiment 19 

to 28 wherein the antibody or bispecific binding fragment does not alter NF-KB activation at 

concentrations below 10 n114.. 

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 is a hvbridonia. 

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 embodiments 19 to 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 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 

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

to a cancer. 

35. 	The method of embodiment 32, .)._ 	or 34 wherein the cancer is a hematological cancer. 

36. 	The method of embodiment 35 wherein the hematological cancer is 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 

myelonia. 

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

agent. 

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 &hydrochloride, or interleukin 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 2.9 by culturing the cell of any one of embodiments 

30 to 31. 

43. An isolated synthetic polynucleotide encoding the I-IC1, the FIC2, the LC1 or the LC2 of 

the BCIVIA x CD3 bispecific antibody or bispecific binding fragment of any one of embodiments 

19 to 29. 

44. A kit comprising the BCMA x CD3 bispecific antibody or bispecific binding fragment as 

defined in any one of embodiments 19 to 2.9 and/or a polynucleotide as defined in claim 44 and 

packaging for the same. 

Brief Description of the Drawings 

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

(Figure 1B). 

Figure 2A-21). BCMB69 epitope location and interactions between human BCMA and 

BCIVIB69. (Figure 2A) Overview of the epitope location. BCMB69 binds to the concave surface 
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of BCMA (black regions). (Figure 2B) Interaction map showing direct contacts between BCMA 

and BC:MB69. Residues from all CDRs except CDR-L1 contact BCMA. 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. BMA, residues that contact both BCMI369 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 BCNIA main 

interactions 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 residues that differ from 

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

Figure 4A and 4B. Regions of clash between BCMB69 Fab and APRIL (Figure 4A) and 

BCMB69 Fab BAFF (Figure 4B). Structural overlay of BCMAA3CMB69 complex onto the 

BCMA APRIL and BCMAiBAFF complexes showing regions of clash between the Fab and 

ligand. The solvent accessible surface of BCMA is 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 1.2A 

for BAFF). 

Figure 5. SPR data for BCMB72 demonstrates that the molecule has binding to human, cyno 

and mouse BCMA. The Average KD  for cyno and mouse BCMA is about 36-fold and 402-fold, 

respectively when compared to human BCMA. 

Figure 6. EC50  determination for BCMB72 binding on BCMA cell lines. Cell lines were stained 

for BCMA using BCMB72. Geometrical mean fluorescence intensities of BCMB72 binding to 

cells are shown. EC50  are indicated in the legend. Saturation was achieved at a concentration of 

around 100 nM. The mean fluorescence intensity was considered to derive the EC50  values for 

U2932 (EC50= 7.92 riM), 1\41141R (EC50= 8.74 n114), H929 (EC50= 14.7 nM), ESM (EC50= 17.5 
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nM) and LP1. (EC50= 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 BCNIA or BCMB72. 

Gating analysis was performed to identify lymphocytes in the leukocyte population using 

standard cell specific markers. Staining intensity for one representative donor is shown in the 

panels, where solid black lines are antibodies of interest and dotted lines with filled gray are the 

corresponding isotype. No BMCA expression was observed on lymphocytes, monocytes, 

granulocytes or plasmacytoid DCs in three normal donors. BCMB72 showed binding to CD3+ T 

cells in all three donors with varying intensity between donors. BCM1372 did not bind to any 

other cell type tested in this assay. 

Figure 8A-8E, BCMB72-dependent T-cell activation in the presence of various MM cell lines. 

H929 (Figure 9A), MM. IR (Figure 9B), RPMI 8226 (Figure 9C), U266 (Figure 9D) and Mv4-I. I. 

(Figure 9E) cells were subjected to the indicated antibodies in the presence of T cells from six 

normal donors (donor averages +SEM are shown) and Fc blocker (2 mg/m1L) for 48 hours. The 

EC5c. values are indicated on the graphs. Statistical analysis: In addition to the simple fact of 

model convergence, the width of the 95% confidence interval about thelLogEC50  are considered 

to evaluate adequacy of fit, (The confidence interval about LogEC50  is used because it is 

symmetric; confidence intervals about the EC50  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 EC50  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. H929 (Figure 11 A), MM. IR (Figure 1 IB), RPMI 8226 (Figure 'IC), 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 fr©m six normal donors (donor averages +SEM are 

shown) and Fc blocker (2 mg/mL) for 48 hours. The EC50  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 LogEC50  is considered to evaluate adequacy of fit. (The confidence 

interval about LogEC50  is used because it is symmetric; confidence intervals about the EC50  itself 

are not.) An interval less than +/- 2 (or a total 95% confidence interval width less than 4) is 

considered adequate. 

Figure 11. Summary of EC50  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 not 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 in a T-cell mediated cytotoxicity assay. BCMA- 

positive cell line (H929) was incubated with various concentrations the antibodies for 48 hours in 

presence of exogenous human T cells from normal donors (donor ID's: M5763 and M6576). 

After 48 hour incubation cell killing was measured by flow cytometry based approach (FRCS) 

and reported as % cytotoxicity in Figure 12A. 	Figure 12B shows the T-cell activation, as 

assessed by CD25 upregulation on T-cell surface. In general, data points aligned tightly along the 

generated fit curve and there was little variability between T cell donors and the repeat studies. 

Figure 13. Summary of EC50  values for BCMB72-mediated cytokine release. RPMI 822.6 cell 

supernatants from the cytotoxicity experiments (see Example 12, Figure 8) were collected and 

analyzed for six different cytokine levels using an MSD based multiplex assay. BCMB72 

(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 BCMI372 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 blacker (2 ing/mL) for 48 hours. 

The effector /target (E/T) ratio was 5:1. Figure 1.4A indicates the cytotoxicity potential and 

Figure 14B on the right side shows T-cell activation curves that were similar between the various 

lots of BCMB72. 

Figure 15. H929 cells were treated with BCMB72 (BCMA x CD3) and control antibodies 

(BMA, x null and null x CD3) for 30 minutes at the doses indicated on the X-axis in the above 

graph and total protein was analyzed using Simple Western analysis method according to the 

standard protocol as per ProteinSimple user manual. Data were normalized using actin as 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-NFKB cells expressing BCMA (Figure 16A, Figure 16C and Figure 16E) 

or parent cells (Figure 16B, Figure 16D and Figurel6F) were stimulated with TN Tit and various 

concentrations of APRIL or BCMB72. Three time points, 16 hr. (Figure 16A and Figure 16B), 

24 hr. (Figure 16C and Figure 16D) and 48 hr (Figure 16E and Figure 16F) were analyzed. 

TN.Fa induced NE-kB activation in both HEX,- 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 sBCMA-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: Mean±SEM. 

Figure 18A- 18F. Effect of soluble factors, sBCIMA, 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 is 

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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ThelEC50  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 sBCMA (Figure 18D), APRIL (Figure 18E) and BAFF (Figure 18F) 

are shown. Data: Mean±SEM. 

Figure 19A and 19B. 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. Cytotoxic potency of BCMB72 against human primary MM plasma cells. 

Frozen bone marrow-derived mononuclear cells from five different patients (MM240BM 

(Figure 20A), MM259BM (Figure 20B), MM27OBM (Figure 20C), MM276BM (Figure 20D) 

and MM277BM (Figure 20E)) were used to assess BCMB72 binding, compared to IgG4 isotype 

(CNTO 9412, left panel) control, plasma cell cytotoxicity (middle) and T cell activation (right). 

For the cytotoxicity assay, T cells from the M7077 normal healthy donor were exogenously 

added to patient BMMC samples and incubated with BCMB72 (BCMA X CD3), BC3B4 

(BCMA X null) or CNTO 7008 (null X CD3' for 48 hours. BCMB72 binds to plasma cells in a 

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 

CD25 on T cells in response to BCMB72 treatment. The EC30  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 EL1SA kit (R&D Systems). Soluble BCMA 

levels were significantly lower in the mice treatment with 1 ug and 0.5 µg/mice of BCMB72 

compared to PBS control which correlates nicely with the tumor burden in these animals . Lower 

doses of BCMB 	(0.1 p.g/mice) had no effect on the sBCMA 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 invention. 

Example 1: Materials 

BCMA ECD molecules 

Recombinant human (h) BCMA-Fc fusion protein (catalog # 193-BC-050), corresponding 

to amino acid Ito 54 of hBCMA (SEQ ID NO:1) and recombinant mouse (m) BCMA-Fc fusion 

protein (catalog# 593-BC-050) corresponding to amino acid I to 49 of mBCMA (SEQ ID 

NO:2)was 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. 

6,521,427). All proteins were tested for endotoxin prior to use and were biotinylated fbr phage 

panning studies. These materials were also used for binding and affinity measurements. 

Soluble human BCMA was obtained from AB Biosciences (Catalog no. P011.Xp, lot no. 

033-013) and was used for characterization studies. 

APRIL, BAIT, RAFF-R and TAO molecules 

Soluble hAPRIL (catalog 4DYS84), hBAFF (catalog 42149-BF), hBAFF-R (catalog 

#1162-BR), corresponding to amino acids 7 to 71 of hBAFF-R, and hTAC I., corresponding to 

amino acids 2 to 166 of TACI were obtained from R&D Systems. BAFF-R and TA.C1 were 

biotinylated for SPR studies. 

Generation of BCMA cell lines 

-Vectors presenting human BMA, (Figure 1A) and cyno  BCMA (Figure IB) were 

transiently transfected into HEK293 expi cells using standard methods. Transfected 293F 

adherent cells were selected for stable plasmid integration, then single cell sorted and the BCMA 
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surface receptor expression was quantified by FACS using an anti-human BCMA-PP labeled 

antibody (R&D Systems FAB193P). 

Example 2: Isolation of human BCMA monoclonal antibody expressing hybridomas 

A human immunoglobulin transgenic rat strain (OmniRat R; OMT, Inc.) was used to 

develop hum*BCTvIA monoclonal antibody expressing hybridoma cells. The OmniRat® 

contains a chimeric human/rat IgH locus (comprising 22 human VHS, all human D and 

JH segments in natural configuration linked to the rat CH locus) together with fully human IgL 

loci (12 Ws linked to Jk-Ck and 16 Vks linked to JX,-Ck). (see e.g., Osborn, et al. (2013) J 

Immunol 190(4): 1481-1490). 	Accordingly, the rats exhibit reduced expression of rat IgNI or K, 

and in response to immunization, the introduced human heavy and light chain transgenes 

undergo class switching and somatic mutation to generate high affinity human IgG monoclonal 

antibodies. The preparation and use of OmniRate, and the genomic modifications carried by 

such rats, is described in PCT Publication WO 14./093908 to Bruggemann et al. 

When immunized with recombinant human BCMA (rhBCMA), this transgenic rat 

produces human IgG antibodies specific to human BCMA. 

The immunization scheme was performed as follows: six rats were immunized with 

fiBCMA-Fc fusion. Following a 21 day immunization regimen, spleens and lymph nodes from 

the immunized rats were harvested and used to generate four total hybridomal libraries. The 

libraries were titrated and assayed by ELISA to identify inAbs which exhibited binding to 

biotinylated fiBCMA. The mAbs were captured on an MSD Streptavidin plate. After further 

confirmatory screenings, hybridoma supernatants that exhibited binding specific to human 

BCMA and cyno BCMA were sequenced, cloned and expressed and converted to both human 

IgGl. and IgG-4. 

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 sodium acetate (pH 3.5). The fractions containing 

the antibodies were pooled and promptly neutralized with 2.5 M 'I'ris HCl (pH 7.2), then buffer 

exchanged into lxD-PBS or other desired buffers if specified. The protein concentration was 

determined by measurement of 0D280 on a NanoDrop spectrophotometer and calculated using 
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its absorbance coefficient. The purity and homogeneity of the antibody was assessed by SDS- 

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 RP4I1-18226 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 BC-MA as well as cross reactivity with cells 

expressing cyno BCMA, 

For MSD cell binding assay, cells were immobilized and BCMA antibody samples were 

assayed in triplicate. Briefly, expression supernatants of purified BCMA antibodies were 

normalized to 10 lig/mL, 5000 cells per well were plated into a 384 well plate (MA6000, cat. 

L2IXB, MSD) and allowed to adhere for 2 hr. Cells were then blocked with 20% FBS in PBS 

(Gibco) for 15 mins. Antibody 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 I itg/mL and incubated for 1 hr at room temperature. A further 

washing step was then applied and 35 µ1-_, 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, cells were incubated with a viability stain and 100,000 cells were 

added to a U bottom plate and centrifuged to pellet 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 incubate. The cells were pelleted and washed several times. The cells were resuspended in an 

appropriate amount of running buffer and analyzed using a FACS Canton. Cells were gated by 

FSC-A versus SSC-A for size, SSC-A versus SSC-H for singlets and for the viability stain. The 

geo-MFI values of the live cell population was graphed and used to calculate EC50  values if 

possible, i.e., 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- 

BMA antibodies to block the binding of April to immobilized BCMA was evaluated. 

Briefly, 96-well clear maxisorb plates were treated with 100 !IL of 0.5 ig./mL of 

BCMA-ECD made in PBS and incubated at room temperature overnight. The plates were then 

washed three times with ELISA wash buffer containing 0.05% Tween-20 n PBS (R&D Systems 

Catalog # WA126), and then blocked with 3001AL/well of Reagent Diluent containing 1% 

BSA5 in PBS (R&D Systems catalog # DY995). ). For competitive binding, BCMA. antibodies 

were added to the plate in 100 0_, volumes and were incubated for 30 minutes before APRIL 

addition. After 30 minutes, 1 ng of APRIL was added per well and the plates were incubated 

overnight at 4 CC. Unbound APRIL was washed with ELISA wash buffer and bound biotinylated 

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 experiments, the antibody derived from the M2 

hybridoma-narned BCMB69- was determined to have the following characteristics: 

Binds to recombinant human BCMA 

Binds to recombinant cyno BCMA 

Exhibits weak binding to mouse BCMA 

Binds to both HEK-expressing human BCMA and HEK-expressing cyno BCMA as 

measured by flow cytometry 

e 	Binds to human cancer lines that express BCMA (U2392, _UM, MMIR, U266, OPM2, 

and RPMT-18226) 

Blocks APRIL binding with an TC50 = 5.9 nM 

As a result, BCMB69 (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 BCMB69 (relevant SEQ ID NO provided in parenthesis) 

ID I-IC-CBR1 IIC-CBR2 IIC-CDR3 	LC-CD R1 LC-CDR2 
-, 	  

LC-CBR3 
	 + 	  

B CIYM69 SGSYFWG SIYYSGITYYNPSLKS IIDGAVAGLFDY GGINNIGSKSVII DDSDRPS QVWDSSSDHVNT 
(4) (5) (6) (24) (25) (26) 

Table 5: Vii and VI sequences of BCMB69 

,,,,,,,,,,,,,,,,,,,,,, #i 	b „„ Sc „„„...1mfteKA::::a:K:,.:::rutn6:-:-.„-,c1:--.*:-.?g:quenv,„4444::::s 4 	--- ,,,,,,,,,,,T:,:,:,:,:,:,:,:,:,:,:,:,:,:,:,:,:,:,,,,,,,,,,,,,,,,,T:,:,:,:,:, 
iiiiiiiiMilniiiii iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiSE .:!iiitatiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiMMEMENEMEM --  

QLQLQESGPGLVKPSETLSL SYVLTQPPSVSVAPCiQTA 
TCTNISCIGSISSCi-SYFWGWIR RITCGGNNIGSKSVHWYQ 

BCMB 
69 

QPPGKGLEWIGSIYYSGITYY 
NPSLKSRVTISVDTSKNQFSL 
KLSSVTAADTAWYCARIID 

"1,7 
2..: i 

QPPGQAPIVAIVVYDDSDR, 
R FS GSN PSGIPE SGNT ATL 

TISRNIEAGDEAVYYCQV 

28  

GAVAGLFDYWGQ(i 	It VTVS WDSSSDHVVFGGCiTKLT 
	 SA  	IL  

Example 6: Crystal Structure of an anti 	CM 	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 BC :MA 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 rrtM NaC1, 20 rrirvl HIES, 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 protein was received in 50 miq NaC1, 20 rnIVI 

'Eris pH 8, 
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Crystallization 

BCINIA/BCNIB69 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 inM 

NaC1 in 20 mM Hepes pH 7.5 and concentrated to 17 Ing/mL. Crystals suitable for X-ray 

diffraction were obtained from 25% PEG 3kDa, 0.2M MgC12, 0.1M Mes pH 6.5 using the sitting 

drop vapor-diffusion method at 20°C with micro-seeding. 

BCNIB69 Fab 

The BCMB69 Fab was concentrated to 9 tng/mL without further purification. Crystals 

suitable for X-ray diffraction were obtained from 2M (NH4)7SO4, 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 cryo-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./BCMB69 complex was 

collected with a Rayonix 300HS CCD detector at beamline CMCF-081D of the Canadian Light 

Source (CLS), while X-ray data for the free BCMB69 Fab was collected with a Dectris Pilaus 

6M Pixel Array detector at beamline 17-ID of the Advanced Photon Source (APS) at Argonne 

National Laboratory. Diffraction data were processed with the program HKL (Otwinowski, Z. & 

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. J. 

(2001). Pushing the boundaries of molecular replacement with maximum likelihood. Acta 

Crystal logr D Rio! nystallogr 57: 1373-82). In the case of the free Fab structure, the search 

model for MR was the anti-influenza hetnagglutinin 5j8 Fab (PDB code: 4M5Y). In the case of 

the BCMA/Fab complex, the search models for MR were the crystal structures of BCMA_ (PDB 

code: 1X112) and the BCMB69 free Fab structure. The structures were refined with PHENIX 

(Adams, P. D., Gopal, K.. Grosse-Kunstleve, R W., Hung, L. W., Ioerger, T. R., McCoy, A. J., 

:Moriarty, N. W., Pai, R. K., Read, R J., Roma, I. D., Sacchettini, J. C., Sauter, N. K., Storoni, 
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L. C. & Terwilliger, T. C. (2004). Recent developments in the PI-IENIX software for automated 

crystallographic structure determination. ,I Synchrotron Radial ii: 53-5.) and model adjustments 

were carried out using COOT (Emsley P. & Cowtan, K. (2004). Coot: Model building tools for 

molecular graphics. Acta Cgstallogr. 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 Alto, CA, USA; Delano Scientific). 

The data statistics for both the BCM1369 free Fab structure and the complex are shown in Table 

6. 

Table 6, Crystallographic data for the BC 	/BCi B69 Fab complex and free BCISIB69 
Fab. 

Complex 	 Free Fab 

Structure ID in Ca IS 	 PS41 	 P540 

Crystal data 

Crystallization solution 

0.1M Buffer 	 ;files pH 6.5 	 Nies pH 6.5 

Precipitant 	 25% PEG 3 kDa 	 2 M (N144)2SO4  
Additive 	 0.2 M MgC12 	 5% MPD 

Space group 	 P21 	 P212121  
Molecules/asyrimiettic unit 	2 
Unit cell 

a, b, c (A) 	 62.9, 87.1, 88.7 	 64.3, 71.1, 123.0 

ct, 0, 7 (0) 	 90.0, 94.8, 90.0 	 90.0, 90.0, 90.0 
Solvent content %) 	 47 	 56 

;'-ray 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 	 3.7 (3.6) 	 5.7 (4.8) 
R,„, (%) 	 10.0 (52.7) 	 14.8 (51.9) 
<1/G> 	 13.3 (2.9) 	 13.5 (3.1) 

Refinement 

Resolution (A) 	 45.4-2.0 	 34.2-2.7 
Number of reflections 	64,157 	 15,890 
Number of all atoms 	 7,001 	 3,149 
Number of waters 	 89 	 10 

Rwork / RI cc M) 	 19.0 1 23.7 	 18.5 / 24.0 
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Bond length RMSD (A) 	0.009 	 0.004 
Bond angle RMSD (°) 	1.190 	 0.869 
Mean B-factor (A2) 	 31.0 	 51.1 
MolProbity- 
Ramaaandran favored (%) 	97.32 	 96.86 
Ramachandran allowed (%) 	2.68 	 2.90 
Ramachandran outliers (%) 	0.00 	 0.24 
Rotamer outliers (%) 	0.39 	 0.59 
Clash score 	 3.20 	 1.96 

The epitope, paratope and interactions 

BCMB69 recognizes a conformational epitope composed of residues in the 13—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 A2  on BCMA and 

contains the ligand-binding DXI, motif (residues D15-L18 in the type I turn of the 13-hairpin), 

which protrudes into a shallow cavity lined by the antibody complementarity determining 

regions (CDRs), Leucine 17, at the tip of the DXL turn, is completely buried in the antibody 

cavity and has extensive interactions with BCMB69. Another prevalent epitope residue is 

Arg27, which is on the 310-helix hi. and makes several hydrogen bond contacts with the heavy 

chain CDRs. 

The BCMB69 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-113 loop tip (102-GAVAG-106) (SEQ ID 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 BCIMB69 CDRs pack onto a concave surface of the 

BMA, chair-like structure with CDR-L2 (residues Y48, D52, P54, S55), CDR-H1 (residues 

G32-Y34), and CDR-H3 (D101, A103, V104, Y110) contacting the "seat" formed by the hi 

helix and hi h2 loop, while CDR-L3 (residues W90, S92, D95), CDR-H1 (F35), CDR-H2 (Y54, 

Y60), and CDR-H3 (H100, G102, A103, A105) interact with the "back" formed by the BCMA 

[3-hairpin. Leu35, the only epitope residue in a "chair leg" (h2 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 S16 (Figure 2B), while for 

BAIT the not-shared residues are F14, L26, T32, P33, and L35. The DXL loop is buried by both 

ligands and BCMB69. 

Proposed mechanisms of action of BCNIB69 

BCMB69 is a candidate for redirection of T-cells to MM cancer cells. Killing of cancer 

cells mediated by a BCMB69 x anti-CD3 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. 

BCM1369 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 (Liu, Y. Hong, 

X., Kappler, J., Jiang, L., Zhang, R., Xu., L., Pan, C.H., Martin, W.E., Murphy, R.C., Shu, H.B., 

Dai, S. & Zhang, G. (2003). .2Vature 423: 49-56; Hymowitz, S.G., Patel, D.R., Wallweber, 

HIA., Runyon, S., Yan, M., Yin, j., Shriver, S.K., Gordon, N.C., Pan, B,, Skelton, N.J., Kelley, 

R.F. & Starovasnik, M.A. (2005)." Biol. Chem. 280: 7218-72 	.) shows regions of clash 

between BCMB69 and APRIL, BAFF (Figures 2B and Figures 4A and 4B), making it 

impossible for BCMA to bind simultaneously to antibody and natural ligand. APRIL and BAFF 

can signal using other receptors, such as TACT 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 BCMB69 mutants 

Computational assessment of post-translational modification motifs and aggregation risk 

of the unbound BCMB69 variable domain reveals a medium risk of isomerization for the D101- 

G102 residues (CDR-I13) and a 486 A2  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 
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Fab 

Set  
1 

1 

1 

variable 

Table 

crystal structure). 

domain, 

7: Panel 

Clone ID  -I- 
BCMB117  

BCMB118  

BOMB119 

To remove the isomerization 

various mutations were rationally 

of BCTVIB69 mutants 

I 	 Mutation  

+ 	 G152AL  

G1O2AH, F35YH, V104TH  

D101E
H
, F35`1

,H
, V104T

H 

and aggregation risks in the BCIV[B69 

designed (Table 7). 

Goal 
Remove isomerization and decrease hydrophobicity  

Remove isomerization and decrease hydrophobicity  

Remove isomerization and decrease hydrophobicity 

1 BCME3120 _ 
01018H, F-35YH, V104T

H  Remove isomerization and decrease hydrophobicity 

1 BOMB121 G32SH, F35YH,158SH, P37KL, V44C-, V8301-  VH and VL germline mutations to decrease hydrophobicity 

1 BCAVIB122 G32S
H

, F35Y
H
, 1583` VH germline mutations to decrease hydrophobicity 

1 BCIVIB123 G32S
H Access effect of single mutation, decrease hydrophobicity 

1 BCMB124 F35Y
H Access effect of single mutation, decrease hydrophobicity 

1 BCMB125 D101EH  Access effect of single mutation, remove isomerization 

1 BOMB126 ,H 
D101S Access effect of single mutation, remove isomerization 

1 BOMB127 G102AH  Access effect of single mutation, remove isomerization 

1 BCAVIB128 V104TH  Access effect of single mutation, decrease hydrophobicity 

1 BCAVIB129 I58SH  Access effect of single mutation, decrease hydrophobicity 

1 BCIVIB130 G102AH, F35YH,158SH  Remove isomerization and decrease hydrophobicity 

1 BCMB131 D101 EH, F35YH, I58SH  Remove isomerization and decrease hydrophobicity 

2::_ 	BOMB176  

2 	BCME3177 
G32SH, V104TH, G152k  

158R
H
, G32SH

, V104T , G152A-  

VH and VL germ line mutations to Decrease hydrophobicity 

VH and VL germline mutations to Decrease hydrophobicity 

2 	B' 	B178 1581 	G32SH  4 	, V104TH, G152AL  VH and Vi_. germline mutations to decrease hydrophobicity 

2 	BCMB179 D101QH  G32SH  , V104TH,  G152AL 
 Disrupt isomerization and hydrophobicity, 

2 	1  BCME3180  

2 	1 BCMB181 

D101HH, G32SH, V104TH, G152A-  
H 	,H 	H 	._ 

D101W , G32s , V104T , G1
,, 
 52A' 

Disrupt isomerization and hydrophobicity  
VH and VL germline mutations to decrease hydrophobicity and 

Remove isomerization 

2 	BOMB182 1 H 	, H 	H 	-.
2A 

 L 
D101Y , G32S , V1041-  , G1 5 

VH and VL germline mutations to decrease hydrophobicity and  
Remove isomerization 

2 	I BOMB183 
L  

158RH, D101QH, G32SH, V104TH, G152A 
VH and VL germline mutations to decrease hydrophobicity and 

Remove isomerization 

2 	I BOMB184 

2 	1 BOMB185 

H 	H 	H 	 - 
. 

158R, D101H, (332S, V104TH, G152A 

158RH, 0101r, G32SH, V104TH, G152AL 

EV -land VL gerrnhine mutations to decrease hydrophobicity and 
Remove isomerization  

V. 	H and VL germline mutations to decrease hydrophobicity and 
Remove isomerization 

2 	1 BOMB186 158W H 	H 	H 	H 	
I  

, D101Q, G32S, V104T, G152A- 
VH and VL germline mutations to decrease hydrophobicity and 

Remove isomerization 

2 	I BCME3187 158WEI, D101HH, G32SH, V1041-H, G152A- 
,VH and VL germline mutations to decrease hydrophobicity and 

Remove isomerization 
. 

2 	l BONI 8188 
	 _._ 	  

. 
158WH, D101YH, G32SH, V104TH, G152AL 

VH and VL germline mutations to decrease hydrophobicity and 
Remove isomerization 
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The CDR sequences and the VII and VL sequences for the structure-based BCMB69 mutants are 

depicted in Tables 8 and 9 respectively. 

Table 8: CDR Sequences of BCMB69 mutants (relevant SEQ ID NO provided in parenthesis)  

ID HC-CD111 ITIC-CDR2 11C-CDR3 LC-CDR1 LC-CDR2 LC-CDR3 

BCMB 117 SGSYFWG 
(4) 

SIYYSGITYYNPSLKS 
(5) 

HDGAVAGLFDY 
(6) 

GGNN1GSKSVH 
(24) 

DDSDRPS 
(25) 

QVWDSSSDHVV 
(26) 

BCNIB118 SGSYFWG 
(4) 

SIYYS GITYYNPSL KS 
(5) 

HD AA TAGLFDY 
(9) 

GGNNIGSKSVITI 
(24) 

DDSDRPS 
(25) 

QVWDSSSDHVV 
(26) 

B C NIB 119 S GS YEW G 
(4) 

S IYYS GITYYNP SL KS 
(5) 

I-1 Eci AT AGLFDY 
(12) 

GGNNIGSKSVITI 
(24) 

DDSDRPS 
(25) 

QVWDSSSDHVV 
(26) 

BCIVIT3120 SGSYFWG 
(4) 

S1YYSGITYYNPSLKS 
(5) 

MSG ATAGLFDY 
(15) 

GGNNIGSKSVH 
(24) 

DDSDRPS 
(25) 

QVWDSSSDHVV 
(26) 

BCMB121 SSSYYWG 
(7) 

S1YYSGSTYYNPSLKS 
(8) 

_EIDGAVAGLIDY 
(6) 

GGNN1GSKSVH 
(24) 

DDSDRPS 
(25) 

QVWDSSSDHVV 
(26) 

BOMB 122 

BCMB 123 

BC1VM 124 

SSSYYWG 
(7)  

SSSYYWG 

SGSYYWG 
(10) 

(7) (5) 

SIYYSGSTYYNPSLKS 
(8) 

SIYYSGITYYNPSLKS 

SIYYSGITYYNPSLKS 
(5) 

HDGAVAGLFDY 
(6)  

HDGAVAGLFDY 

¢ 
	(6)  

HDGAVAGLFDY 
(6) 

GGNNIGSKSVH 
(24)  

GGNNIGSKSVH 

¢ 
	(24)  

GGNNIGSKSVII 
(24) 

DDSDRPS 
(25) 

DDSDRPS 
(25)  

DDSDRPS 
(25) 

OVWDSSSDHVV 
(26) 

QVWDSSSDHVV 
(26)  

QVWDSSSDHVV 
(26) 

BCMB125 SGSYFWG 
(4) 

SIYYSGITYYNPSLKS 
(5) 

HEGAVAGLFDY 
(16) 

GGNNIGSKSVII 
(24) 

DDSDRPS 
(25) 

QVWDSSSDHVV 
(26) 

B C NIB 126 S GS YEW G 
(4) 

S IYYS GITYYNP SL KS 
(5) 

HSGAVAGLFDY 
(17) 

GGNNIGSKSVITI 
(24) 

DDSDRPS 
(25) 

QVWDSSSDHVV 
(26) 

BC:MI3127 SGSYFWG 
(4) 

S WY S GITYYNPSLK S 
(5) 

HDAAVAGLFDY 
(18) 

GGNNIGSKSVH 
(24) 

DDSDRPS 
(25) 

QVWDSSSDHVV 
(26) 

B CMB 128 SGSYFWG 
(4) 

SIYY SGITYYNPSLKS 
(5) 

HDGATAGL I'D Y 
(19) 

GGNN1GSKSVH 
(24) 

DDSDRPS 
(25) 

Q VW DSSSDH \TV 
(26) 

BUM-B. 129 

BCMB 130 

BCMB 131 

SGSYFWG 
( 1̀ )  

SGSYYWG 
(10) 

SGSYYWG 
(10) 

SIYYSGSTYYNPSLKS 
(8) 

SIYYSGSTYYNPSLKS 
(8)  

SIYYSGSTYYNPSLKS 
(8) 

HDGAVAGLFDY 
(6)  

HDAAVAGLFDY 
(18)  

FIEGAVAGLFDY 
(16) 

GGNNIGSKSVH 
(24)  

GGNNIGSKSVI-I 

¢ 
	(24)  

GGNNIGSKSVH 
(24) 

DDSDRPS 
(25) 

DDSDRPS 
(25)  

DDSDRPS 
(25) 

OVWDSSSDHVV 
(26) 

QVWDSSSDHVV 
(26)  

QVWDSSSDHVV 
(26) 

BCMB 176 SSSYFWG 
(13) 

SIYYSGITYYNPSLKS 
(5) 

IIDGATAGLFDY 
(19) 

GGNNIGSKSVII 
(24) 

DDSDRPS 
(25) 

QVWDSSSDHVV 
(26) 

B CN1B 177 SSSYFWG 
(13) 

SIYYSGSTYYNPSLKS 
(8) 

HDGA TAGLFDY 
(19) 

GGNNIGSKSVI-I 
(24) 

DDSDRPS 
(25) 

QVWDSSSDHVV 
(26) 

BCMB 178 SSSYFWG 
(13) 

SI Y Y S GWTYY NP SLKS 
(11) 

BD G AT A GLIM' 
(19) 

GGNNIGSKSVH 
(24) 

DDSDRPS 
(25) 

QVWDSSSDHVV 
(26) 

B C NIB 179 S S S `IF W G 
(13) 

S IYYS GITYYNP SL KS 
(5) 

H Q GA i'AGLFDY 
(20) 

GGNNIGSKSVITI 
(24) 

DDSDRPS 
(25) 

QVWDSSSDHVV 
(26) 

BOMB 180 

BCMB 181 

BCMB 182 

SSSYFWG 
(13)  

SSSYFWG 
(13) 

SSSYFWG 
(13) 

S1YYSG1TYYNPSLKS 
(5) 

SIYYSGITYYNPSLKS 
(5)  

SIYYSGITYYNPSLKS 
(5) 

HHCIATAGLFDY 
(21)  

HAVGATAGLFDY 
¢ 	(22)  

FIYGATAGLFDY 
(23) 

(KINN IC:SKS V1-1 
(24)  

GGNNIGSKSVI-I 
¢ 	(24)  

GGNNIGSKSVII 
(24) 

DDSDRPS 
(25) 

DDSDRPS 
(25)  

DDSDRPS 
(25) 

OVWDSSSDHVV 
(26) 

QVWDSSSDHVV 
(26)  

QVWDSSSDHVV 
(26) 

B CMB 183 SSSYFWG 
(13) 

SFIFYSCiRTYYNPSLKS 
(14) 

HQOATAGLFDY 
(20) 

GGNNIGSKSVII 
(24) 

DDSDRPS 
(25) 

QVWDSSSDHVV 
(26) 

BCMB 184 SSSYFWG 
(13) 

SIYYSGRTYYNPSLKS 
(14) 

141-IGATAGLFDY 
(21) 

GGNNIGSKSVII 
(24) 

DDSDRPS 
(25) 

QVWDSSSDHVV 
(26) 

BC:NI-B(85 SSSYFWG 
(13) 

SIYYSGRTYYNPSLKS 
(14) 

171-Y G AT A GLIM' 
(23) 

GGNNIGSKSVH 
(24) 

DDSDRPS 
(25) 

QVWDSSSDHVV 
(26) 

B C MB 186 S S S `IF W G 
(13) 

SIY-Y-SciwTYYNPSLKS 
( I I) 

H Q GA i'AGT,FDY 
(20)  

GGNNIGSKSVITI 
(24) 

DDSDRPS 
(25) 

QVWDSSSDHVV 
(26) 

BOMB 187 

BC',N1B 188 

SSSYFWG 
(13)  

SSSYFWG 
(13) 

STY YSGWTYY NPSLKS 
(11) 

SIN 'Y SCIW I YY NPSL KS 
( I I) 

HHGATAGLFDY 
(21)   

HY GATAGL I'D Y 
 (23)  

(KINN IGSKSVI-1 
(24)  

GGNN1GSKSVH 
 (24)  

DDSDRPS 
(25) 

DDSDRPS 
(25) 

OVWDSSSDHVV 
(26) 

Q VW DSSSD1-1 \TV 
(26) 
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Table 9: V h and VI sequences of BCMB69 mutants 

:46,vilY 

BCMB 
117 

QLQLQESGPGINKPSETLSI, 
TCTVSGGSISSGSYFWGI/VIR 
QPPGKGLEWIGSTYYSGITYY 
NPSLKSRVTIS NT)TSKNQFSL 
KLSSVTAADTAVYYCARH 
DGA V.A GLIFDYWGQ GIL VT 
VSSA 

57 

,TQPPSVSV.APGQTA 
RITCGGNNIGSKS NTT-MY() 
QPPGQAPVVVVYDDSDR 
PSGIPERFSGSNSGNTATL 
TISR\TEAGDE.AVYYCQV 
NAIDSSSDI7 fVVIFGGGTKLT 
VI_: 

28 

BCMB 
118 

QLQLQESGPGLVKPSETILSL 
TCTVSGGSISSCiSYYWGWIR 
QPPGKGLEWIGSIYYSGITYY 
NPSLKSR\rf ISVDTSKNQFSL 

AATAGLFDYWGQ(if LATINS 
SA 

29 28
KLSSVTAADTAVYYCARFID 

SYVLTQPPSVSVAPGQTA 
RITCGGNNIGSKSVFIWYQ 
QPPGQAPVVVVYDDSDR 
PSGIPERFSGSNSGNTATL 
'TISRVEAGDEAVYYCQV 
WDSSSDHVVFGGGTKLT 
VL 

BC,MB 
119 

BCNIB 
120 

QLQLQESGPGLVKPSETLSL 
TCTVSGGSISSGSYYWCANTIR 
QPPC1KGLENkIGSIYYSGITYY 
NPSLKSRVTIS‘_rDTSKNQFSL 
KLSSVTAAF)TAVYYCARIIE 
GATAGLFDYWGQGTLVTVS 

 

	

	S<<  

QLQLQESGPGLVKPSETLSL 

TCTVSGGSISSGSYYWGNATIR 

QPPGKGLEWIGSIYYSGITYY 

NPSLIKSRVTISVDTSKNQFSI, 

KLSSVTAADTAVYYCARHS 

GAT AGL.FDYWGQGTINTVS 

SA 

3] 

32 

SY‘I_,TQPPSVSVAPGQTA 

RITCCiGNNK3SKSNIIWYQ 

QPPGQAPVVVVYDDSDR 

PSCAPERFSGSNSGNIATL 

TISRVEAGDEAVYYCQV 

WDSSSDI1VVFGGGITKLT 

	  VL  

SY\T1_,TQPPSVSVAPGQTA 

RITCGGNNTGSKS\qIWYQ 

QPPGQAPVVVVYDDSDR 

PSGIPERFSGSNSGNTATL 

TISR\TEAGDEA‘TYYCQV 

INTDSSSDFINATFGGGIKLT 

\a, 

28 

28 

BCMB 

121 

QLQLQESGPGLVKPSETLSL 

TCTVSGGSISSSSYYWGWIR 

QPPGKGLEWIGSIYYSGSTY 

_ 	 _ 

YNPSLKSRVTISVDTSKNQFS 

LKLSSVTAADTAVYYCAR_H 

DGAVAGLFDYWGQGTLVT 

VSSA 

33 

SYVLTQPPSVSVANTiVITA 

RFFCG(iNNIGSKSVHWYQ 

QKPGQAPVLVVYDDSDR 

PSGIPERFSGSNSGNTATL 

'FISRVEAGDEAD Y Y CQ V 

WDSSSDHVVEGGGTKLT 

VL 

30 

B CMB 

22 

QLQI,QESCiPGIXKPSETI,SI, 

TCTVSGCiSISSSSYYWGWIR 

-  

QPPGIK GLEWIGSIYYSGSTY 

YNPSLKSRVTISVDTSKNQFS 

ILLS S VTAADTAVYYCARH 

SYVLIQPPSVSVAN3QTA 

RITCGCiNNIGSKSV I TINAI Y Q 

QPPC3-QAPVVVVYDDSDR 

PSGIPERFSGSNSGNTATI, 

TISR‘TEACiDEAVYYCQV 

28 
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DGAVAGLFDY WGQ MTV T 
VS S A 

WDSSSDEINATGGGTKLT 
VL 

_
B  BCM 

123NP 
 

QLQLQESGPGLVKPSETLSL 
TCTVSGGSISSSSYFWGWIR 
QI'PGKGLEWIGSIYYSGITYY 

SLK SR A T I SVD TSK N Qf SL 
KLSSVTAADTAVYYCARHD 
GAVAGLFDYWGQGTLVTVS 
SA 

34 
QPPGQAPVVVVYDDSDR 

 

SYVLTQPPSVSVAPGQTA 
RITCGGNNIGSKSVHWYQ 

PS GfPERF S GSNS GNTATL 
TISRVEAGDEAVYYCQV 
WDSSSDHVVFGGGTKLT 
VL 

28 

BCMB 
124 

BCMB 
125 

QLQLQESGPGLVKPSETLSL 
TCTVSGGSIS SGSYYWGWIR 
QPPCKGLEW1 GSIYYSGITYY 

_ 	. 
NPSLKSRVTISVDTSKNQFSL 
KL S S VT A.ADT AV Y YCARIID 
G-AVAGLFDYWGQGTLVTVS 

	  SA  

QLQLQESGPGLVKPSETLSL 

TCTVSGGSISSGSYFWGWIR 

QPPGKGLEAVIGSTYYSGITYY 

NPSLKSRVTISVDTSKNQFSL 

KLSSVTAADTAVYYCARHE 

GAVA_GLFDYWGQ GT1 ,VTV S 

SA 

35 

36 

SYVLTQPPSVSVAPGQTA 

RITCGGNNIGSKSVFIWYQ 

QPPGQAPVVVVYDDSDR 

PSCAPERFSGSNSGNIATL 

TISRVEAGDEAVYYCQV 

WDSSSDHVVFGGGTKLT 

	   VL  

S YVL TQPP S V SVAPGQ TA 

RITCGGNNTGSKSVHWYQ 

QPPGQ APVVVVYDD S DR_ 

PSGIPERFSGSNSGNTATL 

TISRVEAGDEAVYYCQV 

WDSSSDHVVFGGGTKLT 

VL 

28 

28 

BCM B 

126 

QLQLQESGPGLVKPSETLSL 

ICI VSGGSIS SGS YFWG-WIR. 

Q P PG K GLEW I G SI V YS G IT Y Y 

NPSLKSRVTISVDTSKNQFSL 

KLSSVTAADTAVYYCARHS 

GAVAGLFD Y WGQ GILVTV S 

SA 

3 7 

SYVLTQPPSVSVAPGQTA 

RITCGGNNIGSKS VFIWYQ 

QPPGQAPVVVYYDDSDR 

PSGIPERFSGSNSGNTATL 

rIT S RVEAGDE AVYYC Q V-

WDS S SDI-IVVF G-G-GTKLT 

VL 

28  

BCMB 

1 27- - 

F CMB 

128 

QLQLQESGPGLVKPSETLSL 

TCTVSGGSISSGSYFWGWIR 

- 

QPPGKGLEWIGSLYYSGITYY 

NPSLK 

	 ._ ._ 

SRVTISVDTSKN ()ESL 

KLSSVTAADTAVYYCARHD 

AAVAGLFD Y WO) GILVF VS 

	  SA  

QLQLQESGPGLVKPSETLSL 

TCTVSGGSISSGSYFWGWIR. 

QPPGKGLEWIGSIYYSGITYY 

- 

_NPSLKSRVTISVDTSKNQFSL 

KLSSVTAADTAVYYCAR_HD 

GATAGLFDYWGQGTLVTVS 

SA 

38 

39 

SYVLTQPPSVSVAPGQTA 

RITCGCiNNIGSK SVITIWYQ 

QPPGQAPVVVVYDDSDR 

PSGIPERF SGSNSGNTA IT 

TISRVEA.GDEA VYYCQ V 

WDSSSDEINATGGGTKLT 

	  VL  

SYVLTQPPSVSVAPGQTA 

RITCGG_NNIGSKSVHAVYQ 

QPPGQAPVVVVYDDSDR 

PSGIPERFSGSNSGNTATL 

TISRVEAGDEAVYYCQV 

WDSSSDHVVFGGGTKLT 

VL 

28 

28 
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_ 
BCMB 
129 

- 

QLQLQESGPGLVKPSETLSL 
ITT VSGGSIS SGS YFWGWIR 
Q PPGKGLEWIGS1 YYSGS TY 
_ 	. 	' 	. 	. 	_ 	. 	_ 	- 	_ 	- 	. 	_ 	_ 	- 	- 	, 	. 
YNPSLKSRVT1S'VDTSKN Qf S 
LKLSSVTAADTAVYYCARH 
D GAVAGLED YNN-GQ GTLVT 
VSSA 

40 

SYVLTQPPSVSVAPGQTA 
RITCGGNNIGSKS VHWYQ 
QPPGQAPVVVVYDDSDR 
PSGIPERFSGSNSGNTATL 
'n S RVEAGDE AVYYC Q 'V- 
WDSSSDHVVEGGGIKLT 
VL 

28 

B C;MB 
130 

BC MB 
131

- - 

QLQLQESGPGLVKPSETLSL 
TCTVSGGSIS SGSYYWGWIR 
QPPCGLEWIGSI YYSGS TY K 
YNPSLKSRVTISVDTSKNQFS 
LKLSSVTAADTAVYYCARH 
DAAVAGLFDYWGQGTLVT 
VSSA 

QLQLQESGPGLVKPSETLSL 
TCTVSGGSIS S GS YYWGWIR. 
QPPGKGLEWIGSTYYSGS TY 

- 
YNPSLKSRVTISVDTSKNQFS 
LIKES SVTA_ADTAVYYCARH 
EGAVAGLFDYWGQGTLVTV 
SSA 

41 

42 

SYVLTQPPSVSVAPGQTA 
RITCGCiNNIGSK SVITIWYQ 
QPPCrQ APVVVVYDDSDR 
PSGIPERF SGSNSGNTA IT 
TISRVEAGDEA VYYCQ V 
VV DSSSDEINATCrGGTKLT 
VL 

SYVLTQPPSVSVAPGQTA 
RITCGGNNIGSKSVHWYQ 
QPPGQ APVVVVYDDSDR 
PSGIPERFSGSNSGNTATL 
TISRVF,AGDEAVYYCQV 
WDSSSDHVVFGGGTKLT 
VL 

28 

28 

_ 	_ 
BCM13 
176 

QLQLQESGPGLVKPSETLSL 
TCTVSGGSI SSSS YFW Wilk 
QPPGKGLE WI GSTY Y SG1TYY 

_ 	_ 	_ 	_ 	. 	. _ 	_ _ 	_ 	_ 	, 
NPSLKSRATISVDTSKN Qf SL 
KL, SSVT AADTAVYYC Aral 
D GATAGLFDYW GQ GILVT V 
SSA 

58 

SYVLTQPPSVSVAPGQTA 
RI TCGGNN1GSKSVHW YQ 
QPPGQAPV-VVVYDDSDR 
P S GIPERF S GS NS GNTATL 
TISRVEAGDEAVYYCQV 
WDSSSDHVVFGGGTKLT 
VL 

28 

B CAM 
177 

BCMB 
178 

QLQLQESGPGLVKPSETLSL 
TCTVSGGSISSSSYFWGWIR 
QPPGKGLEWIGSIYYSGRTY 
YNPSLKSRVTISVDTSKNQFS 
LKLSSVTAADTAVYYCARH 
DGATAGLFDYWGQGTIATTV 

	  SSA  

QLQLQESGPGLVKPSETLSL 

TCTVSGGSISSSSYFWGWIR 

QPPGKGLEWIGSIYYSGWTY 

YNPSLKSRVTISVDTSKNQFS 

LKLSSVTAADTAVYYCA_RE 

DGATAGLFDYWGQGTLVTV 

SS :A 

43 

44 

SYVLTQPPSVSVAPGQTA 

RITCGGNNIGSKSVFIWYQ 

QPPGQAPVVVVYDDSDR, 

PS (4PM-7 SGSNSGNTATL 

TISRVEAGDEAVYYCQV 

WDS S SDI:INA/X;(3(171XL T 

	  VL  

S Y-VI, TQPP S V SVAPGQ TA 

RITCGGNNTGSKSVHWYQ 

QPPGQ APVVVVYDD S DR_ 

PSGIPERFSGSNSGNTATL 

TISRVEAGDEAVYYCQV 

WDSSSDHVVFGGGTKLT 

VL 

28 

28 

_ 

BCMB 

179 

QLQLQESGPGLVKPSETLSL 

_  	. 	, 	 . 	_ 	, 	 _ 	 _ 	_ 	 . 

TCTV SGGS1SSSSYFWGWIR 

QPPGKGLEWIGSIYYSGFTY-Y 

45 

SYVLTQPPSVSVAPGQTA 

RITCGGNNIGSKSVHWYQ 

QPPGQAPVVVVYDDSDR 

28 

80 



WO 2017/031104 PCT/US2016/047146 

NTSLKSRVTISNT)TSKNQFSL 
KLSSVTAADTAVYYCARHQ 
GA TA GLFDYWGQCiTLV TVS 
SA 

PSGIPERFSGSNSGNTATL 
TISRVEAGDEAVYYCQV 
WDSSSDEINATGGGTKLT 
VL 

_
B  BCM 

180 

QLQLQESGPGLVKPSETLSL 
TCTVSGGSISSSSYFWGWIR 
QI'PGKGLEWIGSIYYSGITYY 

_ 	_ 	_ 	_ 	. 	._ 	_ _ 	_ 	_ 	, 
NPSLKSRVTISVDTSKNQF SL 
KLSSVTAADTAVYYCARHH 
GATAGLFDYWGQGTLVTVS 
SA 

46 

SYVLTQPPSVSVAPGQTA 
RITCGGNNIGSKSVHWYQ 
QPPGQAPVVVVYDDSDR 
PSGfPERFSGSNSGNTATL 
TISRVEAGDEAVYYCQV 
WDSSSDHVVFGGGTKLT 
VL 

28 

BCMB 
181  

BCMB 
182 

QLQLQESGPGLVKPSETLSL 
TCTVSGGSISSSSYFWGWIR 
QPPCKGLENVIGSIYYSGITYY 
NPSLKSRVT1SVDTSKNQFSL 
KLSSVTAADTAVYYCARHW 
GATAGLFDYWGQGTLVTVS 

 	S<<  

QLQLQESGPGLVKPSETLSL 

TCTVSGGSISSSSYFWGWIR 

QPPGKGLENVIGSTYYSGITYY 

NPSLKSRVTISVDTSKNQFSL 

KLSSVTA.ADTAVYYCARHY 

GATAGLFDYWGQGTLVTVS 

SA 

47 

48 

SYVLTQPPSVSVAPGQTA 

RITCGGNNIGSKSVFIWYQ 

QPPGQAPVVVVYDDSDR 

PSGIPERFSGSNSGNTATL 

TISRVEAGDEAVYYCQV 

WDSSSDH-VVFGGCITKLT 

	  VL  

SYVLTQPPSVSVAPGQTA 

RITCGGNNIGSKSVHWYQ 

QPPGQAPVVVVNT)DSDR_ 

PSGIPERFSGSNSGNTATL 

TISRVEAGDEAVYYCQV 

WDSSSDHVVFGGGTKLT 

VL 

28 

28 

_ 

BCMB 

183 - 

QLQLQESGPGLVKPSETLSL 

TCTVSGGSISSSSYFWGWIR 

QPPGKGLEWIGSIYYSGRTY 

_. 	- 	. 	 ._ 	 . 	_ 	 _ 

YNPSLKSRVIISVDTSKNQFS 

u(Ls SVTAADTAVYYCARH 

QGATAGLFDYWGQGTLVTV 

SSA 

49 

SYVLTQPPSVSVAPGQTA 

RITCGGNNIGSKSVHWYQ 

QPPGQAPVVVVYDDSDR 

PSGIPERFSGSNSGNTATL 

rrISRVEAGDEAVYYCQV-

WDSSSDHVVFGGGTKLT 

VL 

28 

BCMB 

184- 

BCMB 

185 

QLQLQESGPGLVKPSETLSL 

TCTV SGGS IS S S SYFWGWIR. 

QPPGKGLEWIGSIYYSGRTY 

- 	. 	 , 	„ 	 . 	, 

YNPSLKSRVTISVDTSKNQFS 

nu_ S SVTAADTAV YYCARH 

HGATAGLFDYWGQGTLVTV 

	  SSA  

QLQLQESGPGLVKPSETLSL 

TCTVSGGSISSSSYFWGWIR. 

QPPGKGLEWIGSTYYSGRTY 

- 

YNPSLKSRVTISVDTSKNQFS 

LKLSSVTA.ADTAVYYCARII 

YGATAGLFDYWGQGTLVTV 

SSA 

50 

51 

SYVLTQPPSVSVAPGQTA 

RITCGGNNIGSKSVHWYQ 

QPPGQAPVVVVYDDSDR 

PSGIPERFSGSNSGNTATL 

rUISRVEAGDEAVYYCQV 

WDSSSDEINATGGGTKLT 

	  VL  

SYVLTQPPSVSVAPGQTA 

RITCGG_NNIGSKSVHWYQ 

QPPGQAPVVVVYDDSDR 

PSGIPERFSGSNSGNTATL 

TISRVEA.GDEAVYYCQV 

WDSSSDEINATGGGTKLT 

VL 

28 

28 
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QLQLQESGPGLVKPSETLSL SYVLTQPPSVSVAPGQTA 
TCTVSGGSISSSSYFWGWIR. RITCGGNTNIGSKSVHWYQ 

BCMB 
QPPGKGLEWIGSWYSGWTY 

. 	_ 	. 	- 
QPPGQAPVVVVY-DDSDR 

186
- YNPSLKSRV ITSVDTSKNQFS 

LKLSSVTAADTAVYYCARH 
52 PSGIPERFSGSNSGNTATL 

TISRVEA.GDEAVYYCQV 
28 

QGATAGLFDYWGQGTLVIV WDSSSDHVVFGGGTKLT 
SSA VL 
QLQLQESGPGLVKPSETLSL SYVLTQPPSVSVAPGQTA 
TCTVSGGSISSSSYF-W-GWIR MTCGGNMGSKSVTIWYQ 

BC-MB 
187 

QP-PGKGLEWIGSIYYSGW-TY-  
YNPSLKSRVTIS-VDTSKNQFS 
LKLSS-VTAADTAVYYCAM 

53 
QPPGQAPVVVVYDDSDR 
PSGIPERFSGSNSGNTATL 
TISRVEAGDEAVYYCQV 

28 

HGATAGLIDYWGQGTINTV WDSSSDHV\'TGGGTKLT 
SSA -VL 
QLQLQESGPGLVKPSETLSL SYVLTQPPSVSVAPGQTA 
TCTVSGGSISSSSYFWGWilk RITCGGNNIGSKSVIIWYQ 

BCMB 
QPPGKG-LEWIGSTYYSGWTY 

 . 	, 	. 
YNPSLKSRVTISVDTSKNQFS 54 

OPPGQAPVVVVYDDSDR 
PSGIPERFSGSN-SGNTATL 28 

188 
LKLSSVFAADTAVYYCARII TISRVEAGDEAVYYCQV 
YGATAGLFDYWGQC1-TLVIV WDSSSDIIVVFGGGTKLT 
	 SSA 7.1_,  

Thus, in addition to BCMB69, 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 bispecifie panel. 

Example 8: Preparation of BC MA and CD3 Antibodies in a Bispecific Format in IgCI4 

S228P, L234A, L235A 

BCMA antibodies were expressed as IgG4, having Fc substitutions 5228P, 1,234A, 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 BC-MA mAb in in-vitro Fab arm exchange (as described in 
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W02011/131746). Briefly, at about 1-20 mg/mL at a molar ratio of 1:1 of anti-BCM/Vanti-CD3 

antibody (or in some cases 6% extra of one parental antibody to deplete another) 	PBS, pH 7- 

7.4 and 75 mM 2-mercaptoethanolamine (2-MEA) was mixed together and incubated at 31 °C. 

for 5 hours, followed by removal of the 2-MFA via dialysis, diafiltration, tangential flow 

filtration and/or spinned cell filtration using standard methods. The formation of the bispecific 

BCMA x CD3 antibodies is analyzed by either cation exchange (CEX) HPLC or hydrophobic 

interaction chromatography (HIC) HPLC. If desired, the bispecific BCNIA x CD3 antibody was 

polished by preparative CEX or MC to remove the residual parental(s) 

Heavy and Light chains for representative BCMA x CD3 bispecific antibodies are shown below 

in Table 10. BCM9178 had poor expression when combined with the CD3 arm, and as a result, 

was not further characterized. 

Table 10, Heavy 

Ab 

and Light Chain Sequences for Bispecific Antibodies 

Amino Acid Seguence  

BCM972 Heavy chain I EVQLVESGGGLVQPGGSLRLSCAASGFTENTYAMN 
CD3B219 WVRQAPGKGIJHWVARFRSKYNNYATYYAASVKGRF 
(SEQ ID NO:55) TISRDDSKNSLYLONINSLKTEDTAVYYCARFICiNFGN 

SYVSNkTAYWGQCiTLVTVSSAS I`KCiPS4TPLAPCSRS 
TSESTAALGCINKDYFPEPVTVSWNSGALTSCA/ HUT 
AVLQSSGLYSILSSVVTVPSSSLGTKTYTCNVDIIKPSN 
TKVDKRVESKYGPPCPPCPAPEAAGGPSVFLFPPKPK 
DILMISRTPEVTCVVVDVSQEDPEVQFNWYVDCiVEV 
HNAKTKPREEQFNSTYRVVSVL 	fVLHQDWLNGKEY- 
KCKVSNKGLPSSIEKHSKAKGQPREPQVYTLPPSQEE 
MTKNQVSLTCLVKGFYPSDIAVEWESNGQPENNYKT 
TPPVLDSDGSFLLYSKLTVDKSRWQEGNAvTSCSVMH 

	  EALFINHYT - KSLSLSLGIK  

Light chain I QTVVTQEPSLTVSPGGTVTLTCRSSTGAVTTSNYAN 
CD3B219 WYQQKPGQAPRGLIGGTNKRAPGTPARFSGSLLGGK 
(SEQ ID NO:56) AALTLSCiVQPEDEAEYYCALWYSNLWVFGGGTKLI 

VLGQPKAAPSVTLFPPSSEELQANKATLVCLISDFYPG 
AVTVAWKADSSPVKAGVF,TTTPSKQSNNKYAASSY 
I SI ,TPEQWKSHRSYSCQVTHEGSTVEKTVAPTECS 

Heavy chain 2 QLQLQESGPGINKPSETLSLTCTVSGGSISSGSYTWG 
	  BCMB69 WIIRQPPGKGLEWIGSIYYSGITYYNPSLKSRVTISVDT 
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(SEQ TD NO:65) SKNQFSLKLSSVTAADTAVYYCATZHDGAVAGLFDY 
WGQGTLVTVSSASTKGPSVFPLAPCSRSTSESTAALG 
CINKDYFPEPVTVSWNSGALTSGVITTFPAVLQSSCiL 
YSESSVVTVPSSSLGIKTYTCNVDITKPSNTKVDKRV 
ESKYGPPCPPCPAPEAAGGPSVFLFPPKPKDTLMISRT 
PEVTCVNIVDVSQEDPEVQFNWYVDGVEVIINAKTKP 
REEQFNSTYRVVS\MTVLHQDWLNGKEYKCKVSNK 
GLPSSIEKT1SKAKGQPREPQVYTLPPSQEEMTKNQVS 
LTCLVKGFYPSDIAVEWESNGQPENNYKTTPPVLDSD 
GSFFLYSRLTVDK SIRWQEGNNTSCSVMHEALTINHYT 

	  QKSLSLSLGK  

Light chain 2 SYVLTQPPSVSVAPGQTARTrCGGNNIGSKSVHW YQ 
BC41B69 QPPGQAPVVVVYDDSDRPSGIPERFSGSNSGNTATLTI 
(SEQ ID NO:76) SRVEAGDEAVYYCQVWDSSSDHVVTGGGTKLTVLG 

QPKAAPSVTLFPPSSEELQANKATLVCLISDFYPGAVT 
VAWKGDSSPVKAGVETTIPSKQSNNKYAASSYLSLT 
PEQWK S FIRS YS C QV THEGS T V EKTVAPTE C S 

BC3B7 Heavy chain 1 EVQLVESGGGINQPGGSLRLSCA ASCiFTFNTYAMN 
CD3B219 WNIRQ APGK GITAVVARIRSKY NNY ATYY A ASVKGRF 
(SEQ ID NO:55) TISRDDSKNSLYLQMNSLKTEDTAVYYCARFICiNFGN 

SYVS NkTAYWGQCiTLVTVSSASTKCiPSVFPLAPCSRS 
TSESTAALGCINKDYFPEPVTVSWNSGALTSGVHTFP 
AVLQSSGLYSLSSVVTVPSSSLGTKTYTCNVDHKPSN 
TKVDKRVESK YGPPCPPC PAPE AA GGPSVFLFPPKPK 
DILMISRTPEVTCVVVDVSQEDPEVQFNWYNIDGVENT 
HNAKTKPREEQFNSTYRVVSVLTVLHQDWLNGKEV- 
KCKVSNKGLPSSIEKTISKAKGQPREPQVYTLPPSQEE 
MTKNQVSL'It LVKGFYPSDIAVEWESNGQPENNYKT 
TPPVLDSDGSFLLYSKLTVDKSRWQEGNVFSCS VIVIII 

	  +  EALENHYT - KSLSLSLGIK  

Light chain 1 QTVVTQEPSLTVSPGGTVTLTCRSSTGAVTTSNVAN 
CD3B219 NATVQQKPGQAPRGLIGGTNKIUPGTPARFSGSLLGGK 
(SEQ ID NO:56) AALTLSCFVQPEDEAEYYCALWYSNLWVFGGGTKLT 

VLGQPKAAPSNITLFPPSSEELQANKATINCIASDFYPG 
AVTVAWKADSSPVKAGVT,TTTPSKQSNNKYAASSY 
I SI ,TPEQWKSHRSYSCQVTIHEGSTVEKTVAPTECS 
QLQLQESGPGLVKPSETLSLTCTVSGGSISSGSYFWG 

Heavy chain 2 WIRQPPGKGLEWIGSFYYSGITYYNPSLKSF,VrISVDT 
BCIMB117 SKNQFSLKLSSVFANDTAVYYCARIIDGAVAGLFDY 
(SEQ ID NO:67) WGQGTLVTVSSASTKGPSVFPLAPCSRSTSESTAALG 

CLVKDYFPEPVTVSWNSGALTSGVTITFPAVLQSSGL 
YSLSSVVTVPSSSLGTKTYTCNVDHKPSNTKVDKRV 
1ES KYGPPCPPCP APEAA GO'S VFLFPPKPKD'FLMISRT 
PEVTCVVVDVSQEDPEVQPNWYNIDGVEVIINAKTKP . 
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REEQFNSTYRWSVLTVLHQDWLNGKEYKCKVSNIK 
GLPSSIEKTISK AKGQPREPQVYTLPPSQEEMTKNQVS 
ILTCLVKGFY P SDI A V EWESNGQPENNYK TTPPVL D SD 
GSFFLYSRLTVDK SIRWQ EGNNT S CS VMHEALIINHYT 
QKSLSLSLGK 

Light chain 2 
BC1\413117 
(SEQ ID NO:66) 

: - TVLTQPPSVSVAPC1QTARLICGGNNIGSKSVITIWYQ 
QPPGQAPVVVVYDDSDRPSGIPERFSGSNSGNTFATLTI 
SRVEAGDEAVYYCQVWDSSSDIIVVRiGGTKLTVLG 
QPKAAPSVTLFPPSSEELQANKATLVCLISDFYPGAVT 
VAWKADSSPVKAGVETTEPSKQSNNKYAASSYLSLT 
PE( WKSFIRSYS C QV THE GS TV EKTVAPTEC S 

f C3B8 Heavy chain 1. 
CD3B219 
(SEQ ID NO:55) 

EVQLVES GGGLVQPGGSLRL S CAAS GFITNTY MAN 
'0.TVRQAPGKGLEWVARIRSKYNNYATYYAASVKGRF 
TISRDDSKNSLY-LQMNSLKTEDTAVYYCARHGNTGN 
S YYSWF AYWGQGTLVTIVS S AS TKGPS VITI ,APCSRS 
TSESTAALGCLVKDYFPEPVTVSWNSGALTSGVHTFP 
AVLQSSGLYSLSSWTVPSSSLGTKTYTCNVDHICPSN 
TKN7DKRVESKYGPPCPPCPAPEAAGGPSVFLFPPKPK 
DTLMISRTPEVTC\ANDNISQEDPEVQFNAVYVDGVENT 
HNAKTKPREEQFNSTYRVVSVLTVLHQDWLNGKEY 
KCKVSNKGLPSSIEKTISKAKGQPREPQVYTLPPSQEE 
MIKNQVSL TCINKCIFY-PSDIANIEWESNG9PENNYKT 
TPPVLDSDGSFLLYSKLTVDK SRW QEGNVES C WWI 
EALITINHYTQKSLSLSLGK 

Light chain 1 
CD3B219 
(SEQ ID NO:56) 

Q T VVT9E1? SUB% SPGGTVTLTCRS S TGAVTI SNY AN 
WVQQKPGQAPRGLIGGTNKRAPGIPARFSGSLLGGK 
AALTLSGVQPEDEAEYY(ALWYSNLWVFGGGTKLT 
VLGQPKAAPSVTLFPPSSEELQANKATLVCLISDFYPG 
AVTVAWKADSSPVKAGVETTEPSKQSNNKYAASSY 
LSLTPEQWKSHRSYSCQVTHEGSTVEKTVAPTECS 

Heavy chain 2 
BCIVIB123 
(SEQ ID NO:68) 

QLQLQESGPCiLVKPSETLSLTCTVSGGSISSSSYFWG 
WIRQPPGKGLEWIGSIYYSGITYYNPSLKSRVTISVDT 
SKNQESLKLSSVTAADTAVYYCARTIDGAVAGLFDY 
WGQGTLVTVSSASTKCiPSVFPLAPCSRSTSESTAALCi 
CLVKDYFPEPVTVSWNSGALTSGVHTFPAVLQSSCiL 
YST-SSVVTVPSSSLGIKTYTCNVDITKPSNTKVDKRV 
ESKYGPPCPPCPAPEAAGGPSVFLFPPKPKDTLMISRT 
PEVTCVVVDVSQEDPEVQFNWYVDGVEVHNAKTKP 
REEQFNSTYRVVSVLTVLHQDWLNGKEYKCKVSNK 
GLPSSIEKTISKAKGQPREPQVYTLPPSQEEMTKNQVS 
LTCLVKGFYPSDIAVEWESNGQPENNYKTTPPVLDSD 
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BC3B9 

GSFFINSRUP/DKSRWQEGNVITSCSVi 	'A : N YT 
QICSI,SUSLEiK 

Light chain 2 
BCMB123 
(SEQ ID NO:66) 

Heavy chain I 
CD3B219 
(SEQ ID NO:55) 

: - TVLIQPPSVSVAPGQT, RLICGGNNIGSKSVITIWYQ 
QPPGQAPVVVVYDDSDRPSGIPERESGSNSGNTFATLTI 
SRVEAGDEAVYYCQVWDSSSDIIVVEGGGTKLIVLG 
QPKAAPSVTLFPPSSEELQANKATLVCLISDFYPGAVT 
VAWKADSSPVKAGVETTIPSKQSNNKYAASSYLSUF 
PEQWKSIIRSY SCWIITIEGSTVEKTVAPTECS 

EVQLVESGGGINQPGGSLRLSCAASGETFNTYANIN 
WVRQAPGKGLEWVARIRSKYNNYATYYAASVKGRF 
TISRDDSKNSLYLQMNSLKTEDTAVYYCARHGN.FGN 
SYVSWFAYWGQGTLVTVSSASTKGPSVFPI,APCSRS 
TSESTAALCICINKDYFPEPVP/SWNSGALTSGVHTFP 
AVLQSSGLXSI,SSVVTVPSSSI,GTKTYTCNVDHKPSN 
TKN7DKRVESKYGPPCPPCPAPEAAGGPSVFI,FPPKPK 
DTI,MISRITEVTCVA/VDNISQEDPEVQFNAVYVDGVENT 
FINAKTKPREEQFNSTYRNATSVLTVLHQDWI,NGKEY 
KCKVSNKGLPSSIEKTISKAKGQPREPQVYTLPPSQEE 
MTKNQVSLTCLVKGFYPSDIAVEWESNGQPENNYKT 
TPPVLDSDGSFLLYSKETVDKSRWQEGNVF S C S I/NM 
EALHNHYTQKSLSLSLGK 

Light chain 1 
CD3B219 
(SEQ ID NO:56) 

QTVVTQEPSLTVSPGGTVTLTCRS S TGAVTT SNY AN 
WVQQKPGQAPRGLIGGTNKRAPGTPARFSGSLLGGK 
AALTLSGVQPEDEAEYY(ALWYSNLWVFGGGTKLT 
VLGQPKAAPSVTLFPPSSEELQANKATLVCLISDFYPG 
AVTNAWKADSSPVKAGVETTIPSKQSNNKYAASSY 
LSLTPEQWKSIIRS Y SCQVIIIEGSTVEKTVAPTECS 

Heavy chain 2 
BCNIB128 
(SEQ ID NO:69) 

QLQLQESGPGINKPSETESI,TCTVSCIGSISSGSYFWG 
WIRQPPGKGLEVVIGSTYYSGITYYNPSI,KSRVTISVDT 
SKNQFSLKLSSVTAADTAVYYCARIIDGATAGLFDY 
WGQGILVTVSSASTKCiPSVFPLAPCSRSTSESTAALCi 
CLVKDYFPEPVTVSWNSGALTSGVHTFPAVLQSSCiL 
YSESSVVITVPSSSLGIKTITYTCNVDIIKPSNTKVDKRV 
ESKYGPPCPPCPAPEAAGGPSVFLFPPKPKDTLMISRT 
PEVTCVVVDVSQEDPEVQFNWYVDGVEVHNAKTKP 
REEQFNSTYRVVS \v"„TVLEIQDWI,NGKEYKCKVSNK 
GU'S S IEK TI S K AK GQPREPQ V YTI-PPS QEEMTKNQVS 
LTCLVKGFYPSDIAVEWESNGQPENNYKT FITVLDSD 
GSFFLY SRL TVDKSRW QEGNVE S C S VIVIIIEALfINFIY.T 
QKSLSLSLGK 	 , 
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BC3B10 

Light chain 2 
BCMB128 
(SEQ ID NO:66) 

Heavy chain 1 
CD3B219 
(SEQ ID NO:55) 

: - TVLTQPPSVSVAPGQT, Rf fCGGNNIGSKSVITIWYQ 
QPPGQAPVVVVYDDSDRPSGIPERFSGSNSGNTFATLTI 
SRVEAGDEAVYYCQVWDSSSDHVVFGGGTKLTVLG 
QPKAAP S V MITI'S SEELQANKATLYCLISDFYPGAV T 
VAWKADSSPVKAGVETTTPSKQSNNKYAASSYLSUF 
PEQWKSHRSY SCQ‘17 HEGSTVEKTVAPTECS 

EVQLVESGGGLVQPGGSLRLSCAASGFTFNTYAMN 
WVRQAPGKGLEWVARIRSKY NNYATYYAASVKGRF 
TISRDDSKNSIALQMNSLKTEDTAVYYCARHGNFGN 
SYATSWFAYWGQGTLVTVSSASTKGPSVFPLAPCSRS 
TSES TAALGCLVKDYFPEPVFV SWNS GALLS CiV HTFP 
AVLQS SGLYSLS Sly-VDTS S SLGTKTYTCNVDHKPSN 
TK. \THKRATESKYGPPCPPCPAPEAAGGPSVELFPPKPK 
DTLMISRITEVTC \ANDNISQEDPEVQFNAVYVDGVENT 
HNAKTKPREEQFNSTYRVVSVLTVLHQDWLNGKEY 
KCKVSNKGLPSSIEKTISKAKGQPREPQVYTLPPSQEE 
NITKNQVSLTCLVKGEYPSDIAVEWESNGQPENNYKT 
TPPVLD S D GS F LL Y S KL TVDK S RW QE GNAT SCSVMH 
EALHNHYTQKSLSLSLGK 

Light chain 1 
(D3B219 
(SEQ ID NO:56) 

QTVVTQEPSLTVSPGGTYILTCRSSTGAVTTSNYAN 
WVQQKPGQAPRGLIGGTNKRAPGTPARFSGSLLGGK 
AALTLSGVQPEDEAEYYCALWYSNLWVFGGGTKLT 
VLGQPKAAPS \ALM'S SEELQANKATLVCL1SDFYPG 
.AVTVAWKADS SPVKA GV ETTT PSKQS NNKY AA S S Y 
LS LTPEQ WKSIIRS Y SCQVTIIEGSTVEKTVAPTECS 

Heavy chain 2 
BCNIB129 
(SEQ ID NO:70) 

QLQLQESGPGINKPSETISLTCTVSGGSISSGSYFWG 
WIRQPPGKGLEWIGSIYYSGSTYYNPSLKSRVTISVDT 
SKNQFSLKLSSVTAADTAVYYCARHDGAVAGLFDY 
WGQGTLVTVSSASTKCiPSVFPLAPCSRSTSESTAALCi 
CIATKDYFPEPVTVSWNSGALTSGVIITFPAVLQSSCiL 
YSISSVVTVPSSSLGTKIYICNVDIIKPSNTKVDKRV 
ESKYGPPCPPCPAPEAAGGPSVFLFPPKPKDTLMISRT 
PEVTCVNIVDVSQEDPEVQFNWYVDGVEVIINAKTKP 
REEQFNSTYRVVS \MTVLEIQPWLNGKEYKCKVSNK 
GLPSSIEKTISKAKGQPREPQVYTLPPSQEEMTKNQVS 
LTCLVKCIFYPSDIAVEWESNGQPENNYKTTPPVLDSD 
GSFELYSRLTVDK SIRWQEGNNTSCSVMHEALTINFLYT 
QKSLSLSLGK 
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Light chain 2 
BCNIB129 
(SEQ ID NO:66) 

SYNTLTQPPSVSVAPGQTARITCGGNNIGSKSVHWYQ 
QPPGQAPVVVVYDDSDRPSGIPERFSGSNSGNTATLIT 
SRVEAGDEAVYYCQVWDSSSDITIVVFGGGTKLIVLG 
QPKAAPSVTLFPPSSEELQANKATLVCLISDFYPGAVT 
VAWKADSSPVIK AGivT,TTTPSKQSNNK YA AS S YLS LT 
PEQWK SHRSYSCQVTIIEGSTVEKTVAPTECS 

BC3B1.1 Heavy chain I 
CD3B219 
(SEQ ID NO:55) 

EVQLVESGGGLVQPGGSLRLSCAASGFTFNTYAMN 
WVRQAPGKGLEWVARIRSKYNNYATYYAASVKGRF 
TISRDDSKNSLYLQMNSLKTEDTAVYYCARHGNFGN 
S 'CV S WFAYW GQGTLV TV S S AS TKGPS VFPLAPC SRS 
TSESTAALGCLVKDYFPEPVTVSWNSGALTSGVfffFP 
AVLQSSGLYSLSSVVTVPSSSLGTKTYTCNVDHKPSN 
TKVDKRVESKYGPPCPPCPAPEAAGGPSVFLF.PPKPK 
DTLMISRTPE \rrC,'VVVDVSQEDPE VQF NW YVDGV EV 
FINAKTKPREEQINSTYRVVSVIANLHQDWLNGKEY- 
KCKVSNKGLPSSIEKTISKAKGQPREPQVYTLPPSQEE 
MTKNQVSLTCLVKGFYPSDIAVEWESNGQPENNYKT 
TPPVLDSDGSFLLYSKLTVDKSRWQEGNVFSCSVMH 
EALHNHY TQKSLSLSLGK 

Light chain 1 
CD3B219 
(SEQ ID NO:56) 

QTNIVTQEPSLTVSPGGTVTLTCRSSTGAVTTSNYAN 
WVQQKPGQAPRGLIGGTNKRAPGIPARFSGSLLGGK 
AALTISGVQPEDEAEYYCALWYSNLVATGGGTKLT 
VI_ GQPKA APSV TL EPPS SEEL Q ANKATINCIISDFYPG 
AVTVAWKADSSPVKAGVT,TTTPSKQSNNKYAASSY 
LSLTPEQWK SHRSYSCQVIIIEGSTVEKTVAPTECS 

Heavy chain 2 
BCINIB176 
(SEQ ID NO:71) 

QLQLQESGPGLVELPSETLSLTONSGGSISSSSYFWG 
WTRQPPGKGLEWIGSIYYSGITY-YNPSLKSRVTISVDT 
SKNQFSLKLSSWAADTAVYYCAMDGATAGLFDY- 
WGQGTLVTVS SASTKGPSVFPLAPC SRS TSESTAALG 
CINKDYFPEPVTVSWNSGALTSGVETFPAVLQSSGL 
YSLSSVVTVPSSSLGTKTYTCNVDHKPSNTKVDKRV 
ESKYGPPCPPCPAPEAAGGPSVFLFPPKPKDTLIVHSRT 
PEVTCVVVDVSQEDPEVQENWYYDGNTEVHNAKTKP 
REEQFNSTYRVVSVLTVLHQDWLNGKEYKCKVSNK 
GLPSSIEKTISKARGQPREPQVYTLPPSQEEMTKNQVS 
LTCLVKGFYPSDIAVEWESNGQPENNYKTTPPVLDSD 
GSFELYSRLTVDKSRWQEGNATSCSNINTHEALHNHYT 
QKSLSLSLGK 

Light chain 2 
BCIMB1 76 

SYYLTQPPSVSVAPGQTARITCGGNNIGSKSVIIWYQ 
QPPGOAPVVVVYDDSDRPSGIPERFSGSNSGNTATUF1 
SRVEAGDEAVYYCQVWDSSSDHVVFGGGTKLTVLG 
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(SEQ TD .i 0: 	) QPKAAPSNITLFPPSSEELQANKATINCUSDFYPGAVT 
VAWKADSSPVKAGVT,TTTPSK QSNNKYAASSYLSLT 
PEQWK SHR S YS CQVTHEGS TVEKTVAPTECS 

BC3B12 Heavy chain 1 
CD3B219 
(SEQ ID NO:55) 

EVQLVESGGGLVQPGGSLRLSCAASGFTFNTYAMN 
WVRQ APGIK GI,EWVARIRSKY NNY ATYY A ASVKGRF 
TISRDDSKNSLYLQMNSLKTEDTAVYYCARHCiNFGN 
S YV S WFAYW GQGTLV TV S S AS TKGPS VFPLAPC SRS 
TSESTAALGCLVKDYFPEPVTVSWNSGALTSGVfffFP 
AVLQSSGLYSESSV-VTVPSSSLGTKTYTCNVDHKPSN 
TKV.DKRVESKYGPPCPPCPAPEAAGGPSVFLF.PPKPK 
DTLMISRTPE V"I'CVVVDVSQEDPE VQFNW YVDGV EV 
HNAKTKPREEQFNSTYRVVSVLTVLHQDWLNGKEY 
KCKVSNKGLPSSIEKTISKAKGQPREPQVYTLPPSQEE 
MTKNQVSLTCLVKGFYPSDIAVEWESNGQPEN-NYKT 
TPPVLDSDGSFLLYSKLTVDKSRWQEGNV-FSCSVMH 
EALHNHY TQKSLSLSLGK 

Light chain I 
CD3B219 
(SEQ ID NO:56) 

QTNIVTQEPSLTVSPGGTVTLTCRSSTGAVTTSNYAN 
WVQQKPGQAPRGLIGGTNKRAPGTPARESGSLI,GGK 
AALTI,SGVQPEDEAEYYCALWYSNI,WVTGGGTKLT 
VLGQPKAAPSNITLFPPSSEELQANKATINCIISDFYPG 
AVTVAWKADSSPVKAG'VF,TTTPSKQSNNKYAASSY 
LSLTPEQWKSHRSYSCQVTHEGSTVEKTVAPTECS 

Heavy chain 2 
BCIMB177 
(SEQ ID NO:72) 

QLQLQESGPGLVKPSETLSLTCIVSGGSISSSSYFWG 
WIRQPPGKGLEWIGSIYYSGRTYYNPSLKSRVTISVDT 
SKNQFSLELLSS-VTAADTAVYYCAMDGATAGLEDY- 
WGQGTLVIVSSASTKGPSVITLAPCSRSTSESTAALG 
CLVKDYFPEPVTVSW-NSGALTSGV-HTFPAVLQSSGL 
YSLSSVVTVPSSSLGTKTYTCNVDHKPSNTKVDKRV 
ESKYGPPCPPCPAPEAAGGPSVFLFPPKPKDTLMIISRT 
PEVTCVVVDVSQEDPEVQFNWYVDGVEVHNAKTKP 
REEQFNSTYRVVSVLTVLHQDWLNGKEYKCKVSNK 
GLPSSIEKTISKAKGQPREPQVYTLPPSQEEMTKNQVS 
LTCLNIKGFYPSDIAVEWESNGQPENNY-KTTPPVLDSD 
GSFFLYSRLTVDKSRWQEGNVFSCSVMHEALHNHYT 
QKSLSLSLGK 

Light chain 2 
BeMB177 
(SEQ ID NO:66) 

SYVLIQPPSVSVAPGQTARITCGGNNIGSKSVIIWYQ 
QPPGQ APV WV YDDSDRPS GIPERF S GSNS GNT A TLTII 
SRVEAGDEAVYYCQVANIDSSSDITVVFGGGTKLTVLG 
QPKAAPSVTLFPPSSEELQANKATLVCLISDFYPGXVT 
VAWKADSSPVKAGVETFTPSKQSNNKYAASSYLSLT 
PEQWKSHRSYSC - VT HEGS TV EKTVAPTECS 	, 
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Example 9: BCMA affinity determinations for BCMA antibodies and BCMA X (7D3 

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 varying affinities. The parental mAb 

(BCMB69) had a binding affinities of - 1.4 riM. BCM13117 and BCM-B128 had affinities in the 

range of BCMB69, 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-BCN A i Abs with monomeric human BCMA by SPR 

- (M mAbs 	 k 	( x 10 1/Ms) 	k 	( x 10 
3 
 1/s) 	 KD 11 

off en 	
) 

BCMB69 	 2.74 + 0.02 	 3.95 ± 0.19 	 1.44 ± 0.05 

BCMB117 	 2.57 ± 0.21 	 3.42 ± 0.25 	 1.34 ± 0.20 

BCMB123 	 2.14 ± 0.04 	 11.0 ± 1.33 	 5.12 ± 0.69 

BC:MI-3128 	 4.20 ± 0.13 	 8.70 ± 0.61 	 2.07 ± 0.21 

BCMB129 	 1,54 ± 0,06 	 8.43 ± 0.44 	 5.47 ± 0.13 

BCMB176 	 4.00 ± 0.05 	 28.8 ± 1.25 	 7.18 ± 0.22 

BCMB177 	 2.80 ± 0.22 	 56.6 ± 5.54 	 20.2 ± 1.57 

SPR. was also used to measure affinity values of BCMA x ('.,D3 hispecific antibodies for 

human and cyno BCMA. The results in Table 12 indicate that all samples bound to Fc-BCMA 

antigens with varying affinities. BC3B7 and BC3B9 had affinities in the range of BCMB72 for 

human BCMA whereas the remaining bispecifics had 2-3 fold weaker affinities when compared 

to BCMB72. For cyno Fc-BCMA, BC3B7 and BC3B9 had 2-3 fold tighter affinities than 

BCIMB72 (Kb 0.65-0.37 nM, respectively), whereas the remaining mAbs retained similar 
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binding as BCMB72. (4 —0.8-1.2 nM). In order t© assess data reproducibility, all the samples 

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

Table 12. Binding affinities of BCMA x CO3 antibodies for Fe-BCMA by SPR 

Fc- 	k 	, 	 on2 	koff2 	Final; 

	

OD t 	
koffl 	;

1 	
k 

BCMA x CD3 	_ 	6 	 _3 	 _3 	 -4 
BCMA  (X. 10 lAls) (x 10 	1/s) 	( 111 N1) 	(x 10 	l's) 	(x 10 	1/s) 	(nM) 

B CMB72 	Hu 	1.35+0.11 	2.08+0.80 	1.51+0.45 	6.56+1.27 	2.7%0.55 	0.06+0.01 
, 
(B69 x B219) 	Cy 	1.26+0.12 	4.83+0.78 	3.87±0.57 	1.06+0.10 	7.85+1.04 	1.65+0.26 

BC3B7 	Hu 	1.48±0.09 	1.58+0.30 	1.07:10.20 	4.97+0.67 	2.94+0.54 	0.06+0.01 

(B117 x B219) 	Cy 	1.38+0.07 	4.17+0.19 	3.04+0.25 	1.50+0.06 	4.15+0.53 	0.65+0.04 

BC3B8 	Hu 	1.35+0.08 	1.23+0.24 	0.91±0.16 	3.13+0.48 	5.94±0.82 	0.14+0.01 

(B123 x B219) 	Cy 
	1.09+0.05 	7.34+0.21 	6.77+0.48 	1.94+0.08 	3.267+0.43 	0.97+0.09 

BC3B9 	Hu 	58+0.14 	.05+0.75 	0.79+0.25 	5.06+1.12 	3.64+0.36 	0.05+0.01 

(B128 x 8219) 	Cy 	2.18+006 	4.23±0.23 	1.94±0.14 	1.60±0.09 	3.76±0.57 	0.37+0.04 

BC3B10 	Hu 	1.02±0.07 	1.55±0.31 	1.50+0.22 	4.53±0.64 	5.31±1.20 	0.16+0.03 

(B129 x B219) 	Cy 	0.93+0.04 	6.36+0.28 	6.84±0.48 	1.65+0.07 	3.59+0.50 	1.22+0.17 

BC3B11 	Hu 	2.26710.16 	1.32710.15 	0.58+0.07 	52+0.32 	6.89+1.17 	0.1210.02 

(B176 x B219) 	Cy 	1.93±0.10 	6.83±0.11 	3.56+0.23 	1.47±0.04 	3.95±0.76 	0.751-0.11 

BC3131.2 	Hu 	1.78±0.09 	1.29+0.05 	0.72+0.05 	1.29±0.15 	5.57±0.38 	0.22+0.03 

(B177 x B219) 	Cy 	1.48+0.10 	8.31+0.30 	5.65±0.46 	1.46+0.07 	3.37+0.43 	1.06710.15 

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, NJ), 

The flow-cells 2, 3 and 4 of a streptavidin-derivatized sensor chip (GI Healthcare, Prod# 

BR-1005-31) were immobilized with biotinylated Fe-fusion human, cyno or mouse BCMA, 

respectively (BCMA immobilized levels between 12-16 response units (RU); Fe-BCMA 

proteins: human (R&D Systems; Prod# 193-FC), cyno (in-house; Cat# BCMW6.001) and mouse 

(R&D Systems; Prod# 593-BC) 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 niM EDTA). BCMB72 was prepared in 

running buffer starting from 100 nIVI to 0.16 n114 at 5-fold dilutions. These solutions were 

injected for 5 min (association phase) at 50 1.tlimin and the dissociation was monitored 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 µLimin. Binding kinetics analysis of BCMB72 interactions 

with Fc-BCMA was performed by double referencing of the data by subtracting the curves 

generated by buffer injection from the reference-subtracted 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, NJ). The binding affinity results from the 

Two-State binding model for different BCMA species are reported as First Complex (KO and 

Final Complex (Kra)  (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 1,g/m1 in PBS. The titration was prepared in 4-fold serial dilutions in PBS in a 96-well U- 

bottom plate. The last column was left as PBS alone (vehicle control). 

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 reconstituted in 18 iil 

of sterile DMS() and 1 [t1 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 RP11'II-1640 with 10% FBS. After reconstitution in 

10 ml of RPMI, cells were counted and cell viability was recoded in a spreadsheet. Cells were 

diluted to 2.2 x10A5/m1 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-m1 conical vials and reconstituted in 15 ml 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 medium. 

T cells were counted and the viability was recorded. Cells were then reconstituted in culture 

medium to 1.1x10A6/ml. 

2x10A5 target cells were added to wells of a 96-well U-bottom plate, followed by Fe 

blocker (to final concentration of 2mg/m1). All cell lines were incubated at room temperature for 

10 minutes to block Fc receptor activity. 1x10A5 T cells were added to the wells (5:1 

effector:target ratio). After target and T cells were mixed, 20 ul of BCMA x CD3 antibodies 

dilutions were added to each well. The plates were incubated at 37°C with 5% CO2  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 }ti of PBS and incubated in 50 ul 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 in 200 ill of FACS buffer and finally reconstituted in 150 p.I of 

FACS buffer. Cells were analyzed using FACSCanto II and Flow.lo 7.6 for target cytotoxicity 

(% target) and T cell activation CD25+ (% live T cells). Graphing and fitting of data were done 

in Gra.phPad 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 CD25 upregulation on T cell surface. Fe blacker 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 

BCMA-  cells. The summary of the EC50  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. Fe 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 variability 

between T cell donors. Maximal lysis of 62 — 97% was achieved for BCMA+  cells and 4 — 18 % 

for BCMA--  cells. The summary of the EC50  and maximum lysis values from two independent 

experiments using T cells from multiple normal donors is 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 BCNIA x CD3 antibody molecules are potent in 

killing the BCMA± target cell at an EC50  value ranging from 0.04 to 0.09 riM. 

Example 11: Binding Efficiency of BCTS1B72 on BCMA± cell lines 

The EC50  values for BCMB72 binding to various BMA+ cell lines of malignant 

background was assessed. Briefly, the bispecific antibody BCM1372 (BCMA x CD3) was 

diluted to 750 µg/m1 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). 

H929 target cells were cultured in antibiotic-free RPM 1640 medium supplemented with 

GlutaMAX, 10% FBS and 25mM 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 in 10 ml of PBS and centrifuged again at 1000 rpm for 5 minutes. 

Cells were resuspended in PBS at 5,5x10' cells/m1 and 90 ul of cell suspension was aliquoted per 

well of a 96-well U-Bottom plate, followed by 10 pl/well of BCMB72 dilutions. The plates 

were incubated at 41-) C for 1 hour in the dark, then centrifuged at 1000 rpm for 5 minutes and 

supernatants were discarded. Cell pellets were washed twice in 200 Ill of FACS buffer. PE 

labeled secondary antibody against human IgG4 Fe was dissolved in FACS buffer at 1:25 and 50 

pil of the mix was added to the corresponding wells. Samples were incubated for 20 minutes at 

4°C, washed in FACS buffer as described above, and reconstituted in 150 Ill of FACS buffer for 

analysis on FACSCanto II. Data were analyzed using FlowJo 7.6 for BCMB72 binding and 

graphing and fitting of data 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 BC114A+ cell lines that were 

examined. The EC50  for binding to 1-1929 cells was 14.7 nM, to MM.1R cells was 9.74 nM, to 

EJM cells was 17.5 tiM, to trP1 cells was 22.3 n11/I and to U-2932 cells was 7.92 nM. 

Example 12: Analysis of BCMA expression and BCMB72 binding in 

ev vivo whole blood from normal human 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 .il 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 subjected 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 in PBS with 1:200 Live/Dead near-1R 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}ti of FACS buffer and finally 

reconstituted in 150 µI of FACS buffer for analysis on LSRFortessa. Approximately 100,000 

events were collected from each well. Analysis was done in FlowJo 7.6. 

As shown in Figure 7, no BMCA expression was observed on lymphocytes, monocytes, 

granulocytes or piasmacytoid DCs 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. 

Example 13: BCMB72 effeet on cytokine profile 

The cytokine profile in 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 

'I'-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. Cytokine levels were expressed as pg/mL and graphing and fitting of data were 

done in GraphPad Prism 6 using nonlinear regression with variable slope (four parameters) 

function. The EC50  values of six cytokines from RPM18226 cell line using six T cell donors are 

shown in Figure 13. 	The data show significant cytokine release resulting from 'I cell activation. 

Low/no cytokine 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 vitro efficacy of BCNIB72 produced in HEK (transient 

expression) or CHO cells (transient or stable expression) was evaluated. 

BCM1372 was diluted to 800 µg/ml 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 1J-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 

CilutaNIAX, 10% FBS and 25mM HEPES (culture medium). On the set-up day (Day 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 pi of 

sterile DMSO and 1µl of the solution was diluted in 10 ml of sterile PBS. H929 cell pellet was 

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 1640 RPNII with 10% FBS, After reconstitution 

in 10 ml of RPM], 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 50-ml conical vial and reconstituted in 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 nil of culture medium. T cells were 

counted and reconstituted in culture medium to the appropriate concentration (see spreadsheet 

for each experiment). 

H929 cells were added to wells, followed by T cells (5:1 Effector:Target ratio). In this set 

of studies no Fe blocker was used. After target and T cells were mixed, 20 ul of BCMB72 

dilutions was added to each well. The plates were incubated at 37°C with 5% CO2  for 48 hours. 

After 2 days the plates containing cells were centrifuged and the supernatants were either 

discarded or stored for cytokine release assay. Cells were washed in 200 µ1 of PBS and 

incubated in 50 Itl 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 in 200 i.il of 
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FACS buffer and finally reconstituted in 150 	l of FACS buffer. Cells were run by flow 

cytometry on the same day using FACSCanto II and analyzed in Flow.To 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 

stimulation to T cells. Maximal killing of 85% and T cell activation of 80% were generally 

achieved. Average EC50  values for cytotoxicity were 0.29 nM for BC1111372 produced in HEK 

cells and 0.42- 0.47 nM for BCMB72 produced in CHO cells. Average EC50  values for T cell 

activation were 0.28 nM for BCMB72 produced in 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 EC50  values. 

Example 15: P3S signaling activation by BCA11372 

Both BAFF and APRIL bind to two receptors BCMA (B cell maturation antigen, 

TNFRST 17) and TACT (transmembrane activator and CAML interactor, TNFRSF 13b). 

Engagement of BCMA activates INK and P38 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 11929 or MMLR cells after APRIL or BAFF treatment. 2. Using the newly 

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

Cell treatment 

H929 or MMLR cells were seeded at 1.5e6/ml in serum free RPMI medium for 24 hr at 

37°C in the presence of 5% CO2  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#5860-AP-010) or 1000ng/m1 of BAFF (R&D Systems cat#2149-RF- 
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010) for 0, 5, 15, 30 and 60 min, respectively at 

incubation, cells were immediately pelleted and 

BCMB72 agonist effect assay, the H929 cell treatment 

BCIVIB72 agonist effect assay was conducted twice. 

'fable 13, Treatme 	groups for BCMB72 agonist 

37°C in the presence of 5% CO;. After 

frozen in -80°C for making cell lysate. For 

groups were listed in Table 13. The 

effect assay 

Sample Treatment (15 min) 
1  
2 

APRIL 0 ng/ml  
APRIL 1000 ng/ml 

3 BAFF 0 ng/ml 
4  
5 

BAFF 1000 ng/ml  
BC:MB72 0 ng/ml 

6 BCMI372 10 ng/ml 
7 BC 	100 rig/m1 
8  
9 

BCMB72 1000 ng/ml  
BCMB72 10000 ng/ml 

Cell lysate preparation for Simple Western analysis 

Cells were lysed with R1PA buffer, containing 

concentration was measured on a SpectraMax 

Sunnyvale, CA, USA) using BioRad DC Protein 

albumin standards. 

Simple Western analysis 

phosphatase and protease inhibitors. Protein 

Plus 384 microplate reader (Molecular Devices, 

Assay (BioRad 4 500-0112) and bovine serum 

with Wes-Rabbit (12-230 KDa) Master kit 

user manual. In brief, cell lysate 

concentration of lx sample buffer, ix 

dithiothreitol (DTI') and then heated at 95 °C 

antibodies phosphor-p38 MAPK 

(Cell Signaling,; 8457S), HRP-conjugated 

and separation and stacking matrices were 

Wes microplates, After plate loading, the 

steps took place in the capillary system and 

Simple Western analyses were performed 

(ProteinSimple 4 PS-MK01) according to the ProteinSimple 

samples were mixed with a master mix to a final 

fluorescent molecular weight marks, and 40 mM 

for 5 min. The samples, blocking reagent, primary 

(Thermo-Fisher: VWR# MA5-15182) or Actin-beta 

secondary antibodies, chemiluminescent substrate, 

also dispensed to designated wells in a Simple 

separation electrophoresis and immunodetection 
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were fully automated. During electrophoresis, 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 

antibody diluent II (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 BCMI372 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 B0\4972 has no 

agonistic effect toward BCMA in H929 cells. 

Example 16: NFKB signaling by BC 1B72 

BCMA is a surface receptor that can elicit NF-KB signaling in response to endogenous 

ligands. The effect of BOMB 72 binding to BCMA on NF-0-3 pathway activation was evaluated 

using BCMA-expressing reporter cell line that expresses alkaline phosphatase (SEAP) under 

NFKB 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 CI-luta-Max) at 2.5x10A5 cells/ml. 5x10^4 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 (TNFa, 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 ul 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 diluting bulk standard (5 11/m1) 1:10 in 

serum-free DIN/WM (with GlutaMax) and then preparing 1:2 serial dilutions; the dilution range is 

50-0.78 m15/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 pi of standard dilutions were added to the appropriate wells after the plates were 

incubated at room temperature. 50 ul of substrate solution 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 Prism 6 for graphical analysis. 

Figure 16 demonstrates that whereas APRIL was able to stimulate BCMA at 

concentrations as low as 0,46 rtM, in general, BCMB72 did not activate NF-KB pathway in 

BCMA-transduced cells at concentrations below 10 nM. Modest BCMB72-dependent activation 

was observed at high (44-133 nM) BCNI1372 concentrations. 

Example 17: Effect of exogenous addition of extracellular domain of BC IA on T cells 

activation in the absence of target cells 

BCMA extracellular domain (ECD) can form triniers in solution. Therefore, the 

possibility exists that multiple bispecific antibodies can bind to BCMA ECD triniers and cross- 

link 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 cell 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 µg/m1 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 to 36 1.1.g/m1 (6.67 11M) in PBS. The titration 

was prepared in 3-fold serial dilutions in PBS in a 96-well 15-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 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 10 ml of culture medium. T 

cells were counted and the viability was recorded. Cells were then reconstituted in culture 

medium to 0.525x10A6/ml. 

1x10A5 T cells (190 pi) were added to the wells, followed by 5µl of sBCMA dilutions 

and 5µl of BCMB72 dilutions. Plates were incubated at 37°C with 5% CO2  for 48 hours. 

After two day, the plates were centrifuged at 1500 rpm for 3 minutes at 4°C and 

supernatants were discarded. Cell pellets were washed in 200 ul of PBS and incubated in 50 p.1 

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 in 200}ti of FACS buffer and 

finally reconstituted in 150}ti of FACS buffer. Cells were analyzed using FACSCanto II and 

FlowJo 7.6 for T cell activation CD25± (% live T cells), Graphing and fitting of data were done 

in GraphPad Prism 6 using non-linear regression with least squares fitting method, 

T cells from normal donors did not exhibit sBCMA 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 sBCMA-independent fashion (Figure 17), 

Example 18: Effect of soluble ECD of BCMA, APRIL, and BAFF on T cell activation and 

BCMB72-dependent cytotoxicity 

Soluble BCMA ECD can serve as a sink for BCMA x CD3 antibodies, while APRIL and 

131-UF 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 

vitro cytotoxic potency of BCIMB72-dependent cell killing were assessed in 'I' cell redirection 

assays using immortalized cell line H929 and pan T cells from normal donor M7077. 

BCMB72 was diluted to 800 µg/m1 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 was diluted to 9 µg/m1 and APRIL and BAFF were diluted to 10 

µg/ml. The titrations for both reagents were prepared in 3-fold serial dilutions in PBS in a 96- 

well U-bottom plate. 
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H929 target cells were cultured in antibiotic-free RP MI 1640 medium supplemented with 

GlutaMAX, 10% PBS 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. CellTrace FCSE proliferation stain was reconstituted in 18 pl 

of sterile DMSO and 1µl 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 PBS was added to cell suspension to quench 

the surplus CFSE. Cells were washed twice in RP-MI-1640 with 10% PBS. After reconstitution 

in 10 ml of RPMI, cells were counted and cell viability was recoded in a spreadsheet. Cells were 

diluted to 2.2x1015/m1 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 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 10 ml of culture medium. T cells were 

counted and the viability was recorded. Cells were then reconstituted in culture medium to 

1.1x10A6/ml. 

2x10^5 of H929 cells were added to wells of a 96-well U-bottom plate; no incubation 

with Pc blocker was necessary in this study. 1x1.0'`5 T cells were added to the wells (5:1 

Effector:Target ratio). After target and T cells were mixed, 20 p.1 of either sBCMA, APRIL or 

BAIT were added to the wells followed by 5µl 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-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 in 200 p.1 of FACS buffer and 

finally reconstituted in 150 p.1 of FACS buffer. Cells were analyzed using FACSCanto -I-1 and 

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 using least squares method. 

BCMB72 was able to exert cytotoxicity on H929 cells in the presence of soluble BCNIA 

ECD, with only minor effect (2-fold increase) on EC50  at high doses (>160 n-114) of sBCMA 
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ECD; T cell activation was similarly affected (see Figure 18A and 18D). APRIL increased the 

EC 5. 0  values for cell cytotoxicity and T cell activation six-fold at high doses (46 nM), while 

minimally 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 nIVI (see Figure 18C). The T cell activation 

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

Example 19: Competition of BCMB72, APRIL and BAFF for binding to BCMA in vitro 

The two 'INF ligands, APRIL and. BAFF can bind to BMA, 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-Fc was to be labeled with MSD SulfoTag. SOug vial of BCMA-Fc was reconstituted in 

500uL PBS to yield 0.1mg/mL (3.125uM monomer). 150nmol NHS-sulfoTag was dissolved in 

50uL water to yield 3mM solution. 5.2uL 3mM NHS-SulfoTag (15.6nmol) was added to 500uL 

BCMA-Fc (1.56nmo1 monomer) for a 10x excess labeling reaction. Reaction was left for 2hr at 

RT in the dark. 50uL 1M tris was added to quench the unreacted NHS. Excess Sulfotag and tris 

was removed by buffer exchange over PBS equilibrated 2mL 7k TVPNCO Zeba. spin column. 

Final volume was —630uI„ therefore, final SulfoTag-BCMA-Fc is used as 2.56M. 

For the competition assay, anti-BAFF (10Oug) and anti-APRIL (10Oug) were 

reconstituted in 200uL PBS to yield 0.5ing/mL stock solutions. 30uL (bug) of anti-APRIL and 

anti-BAFF were each diluted in 2.97mL PBS to yield 2ug/mL solutions. To every well of a 96 

well MSD high bind plate, 25uL 2ug/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 lhr at RT of blocking, plates were washed 3x 

with PBS-T. Mug of each recombinant APRIL and BAFF were resuspended in 1.00uL PBS to 

yield 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. 25uL 2u.g/mL APRIL was 

added to each well of anti-APRIL coated plate, and 25uL 2ug/mL BAFF was added to each well 
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of anti-BAFF coated plate. After lhr capture at RT, plates were washed 3x with PBS-T. 50Oug 

anti-BCMA (R&D Sys Mab193) was reconstituted in ImL PBS to yield stock solution of 

0.5mg/niL (3.3uM). Anti-BCMA Mab193, BCMB72.004, and a control antibody (null x CD3), 

were diluted to 104 in superblock. An lipt threefold serial dilution series was prepared by 

mixing 100uL antibody in 200uL SuperBlock. 6mL 3OnM SulfoTag-BCMA-FC was prepared by 

diluting 72uL protein from above in 5.928mL SuperBlock. 25uL each antibody from step 11 

was added to each well of the APRIL/BAH captured plates according to plate map below in 

figure 1. 25uL 3OnM Sulfotag-BCMA-Fc was added to each well of both plates. After lhr at 

RT, plates were washed 3x with PBS-T. 150uL 1x MSD read buffer 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 in Figure 19, when incubated with increasing amounts of BCMB72 but 

not the control antibody (null x CD3), BCMA-Fc protein was prevented from binding plate- 

bound APRIL and BAFF. The observation is 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 

myeloma samples from 5 patients and T cells from healthy donors. Antibody binding and T cell 

activation potential were also measured. 

BCMB72 binding assay 

100 p.1 of cell suspension was aliquotted per well in a 96 well U-Bottom plate, followed 

by 95 ill of culture medium. Then 5µ.l of serial dilutions of BCMB72 or controls were added to 

the wells and the plate was incubated for 1 hour at 4t. After staining, cells were centrifuged at 

1,200 rpm for 3 minutes and washed once in 200 p.1 of PBS. Cells were centrifuged once more; 

supernatants were discarded after which, the pellets were reconstituted in 50 p.1 of near-IR 

Live/Dead stain (1:200 dilution), anti-human IgG4 Fc PE antibody (1:50 dilution), anti-CD138 

(MI1.5 1:50 and DL-101 1:50 dilutions) and incubated for 20 minutes at ro©m temperature in the 
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dark. Cells were then centrifuged and washed in 200 p.1 of FACS buffer and finally reconstituted 

in 150 pi of FACS buffer. Samples were analyzed using FACSCanto II and FlowJo 7.6 for 

BCMB72 binding intensity on CD138+ NINCs. 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 

1x10A5 target cells were added to wells of a 96-well U-bottom plate, followed by 1x10A5 

T cells (5:1 Effector:Target approximate ratio, provided average 20% plasma cell count in bone 

marrow-derived mast cells), After target and T cells were mixed, 5 ul of BCMB72 dilutions were 

added to each well. The plates were incubated at 37°C with 5% CO2  for 48 hours. 

Two days later, the plates were centrifuged and supernatants were discarded. Cells were 

washed in 200 ul of PBS and incubated in 50 ul PBS with near-IR Live/Dead stain (1:200 

dilution), anti-CD138 (M115 1:50 and DI 	101 1:50 dilutions), anti-TCR a/13 (1:50 dilution) and 

anti-CD25 PE (1:50 dilution) for 20 minutes at ro©m temperature. Then, the cells were washed 

once in 200 p.I of FACS buffer and finally reconstituted in 150 ul. of FACS buffer. Cells were 

analyzed using FACSCanto II and FlowJo 7,6 for plasma cell cytotoxicity (% dead CD138+ 

cells) and T cell activation CD25+ (% live T cells). Graphing and fitting of data were done in 

GraphPa.d 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 C:D138+  plasma cells. 	I cell activation 

data correlates well with the killing data as expected. Average EC50  for 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-Tumor Efficacy of BCMB72 in Tumorigenesis Prevention of 11929 

Human Multiple Myeloma Xenografts in PBMC-Humanized NSG Mice 

This study evaluated the efficacy of BCMB72 in preventing tumorigenesis of H929 

human multiple myeloma (MAI) 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 matched female NSG 

mice were intravenously injected with 1 x 10' human PBMC on study day -7. On day 1 post 

PBMC inoculation, each mouse was subcutaneously (sc) implanted with H929 human MM cells 

(5 x 106  cells in 200 p,L, PBS) on the right hind dorsal flank, followed by intravenous (IV) 

administration of PBS and BCMB72 0.1 ng (0.005 mg/kg), 0.5 ng (0.025 mg/kg) and 1 mg (0.05 

mg/kg) per animal. The PBS control and BCMI372 were administered every other day or every 

three days for a total of five treatments. H929 sc tumors were detectable in the PBS and 0.1 mg 

BCMB72 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 mm3  on day 22. By day 24, 

the mean tumor volume of the PBS control group had exceeded 1000 mm3, Interestingly, sc. 

H929 tumors did not grow in the mice treated with 0.5 ng and 1µg BCMB72 (Figure 21). Thus, 

BCMB72 inhibited the tumorigenesis of H929 human MM xenografts in all animals treated with 

0.5 and 1µg/animal. 

Example 22: Soluble BCMA quantitation in mouse serum from 11929 (human multiple 

myeloma cells) xenografts in PBMC-Humanized NSG Mice treated with BCMB72 

This study was designed to quantify soluble 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 nin. EaOh 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 1µg and 0.5 pg of BCMB72 when compared with PBS alone or BCMB72 at 0.1 
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µg/mice (Figure 22). These data support the xenograft study, where mice treated with 1µg and 

0.5 ug of BCMB72 had no or minimal tumor growth. These data suggest that soluble BCMA 

serum samples could be insightful as a potential biomarker to assess indication of multiple 

myeloma; surveying soluble BC_ LA.may help in monitoring the disease burden. 

in 
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Brief Description of the Sequence Listing 

SEQ 
ID 
NO: 

Type Species Description Sequence 

1 PRT human BCMA MLQMAGQCSQNEYFDSLLHACIPCQLR 
CS SNIPPLTCQRY-CNAS V TNSVKGTNAI 
LWI'CLGLSLIISLAVFVLMFLLRKIN SEP 
LKDEFKNTGSGLLGMANMLEKSRTGD 
EfILPRGLEYTVEECTCEDCIKSKPKVDS 
DHCFPLPAMEEGATILVTIKTNDYCKSL 
PAALSATEIEKSISAR 

2 

3 

PRT 

PRT 

mouse 

cyno 

BCMA. 

BCMA 

MAQQCRISEYFDSLLEACKPCHLRCSN 
PP ATC QPYCDPS V TS SVICGTYTVLWIF L 
GLTLVLSLALFTISFLLRKMNPEALKDE 
PQSPGQLDGSAQLDKAD'IEL'FRIRAGD 
DRIFPRSLEYT VEECTCEDCVKSKPKGD 
SDEIFFPLPAMEEGATILVFTKTGDYGKS 
SVPTALQSVMGMEKTTIffR 

MLQMARQCSONEY-FDSLIRDCKPCQL 
RC S S TPPL TCQRYCNASMTNSNIKGMNA 
ILWTCLGLSLIISLANTVL TFLLRKMS SE 
PLKDEFKNTGS GLLGMANIDLEKGRTG 
DEIVLPRGLEYTVEECTCEDCIK NKPKV 
DSDHCFPLPAMEEGATILVTTKTNDYC 
-NSLS AALSVTEIEK SISAR 

4 PRT human BCMB69, 
BCMB117, 
BCMB118, 
BCMB119, 
BCMB120, 
BCMB125, 
BCMB126, 
BCMB127, 
BCMB128, 
and 
BCMB I. 29- 
HCDRI 

S GS YFWG 

5 PRT human BCMB69, 
BCMB117, 
BCMB118, 
BCMB119, 
BCMB120, 
BCMB123, 
BCMB124, 

SIYYSGfr NYNPSLKS 
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BCMB125, 
BCMB126, 
BCMB127, 
BCMB128, 
BCMB176, 
BCMB179, 
BCMB180, 
BCMB181, 
and 
BCMB182- 
EICDR2  

6 PRT human BCMB 69, 
BCMB1.17, 
BCMB121, 
BCMB122, 
BCMB123, 
BCMB124, 
and 

Ma - - TAGLEDY 

BCMB129- 
HCDR3 

7 PRT human BCMBI21, 
BOMB 122, 
and 

SSSYYWG 

BCMBI23 
HCDR1 

8 PRT human BC B121, 
BC B122, 
BCMB129, 
BCMB130, 
BCMB131, 
and 

SIYYSGSTYYNPSLKS 

BCMB177- 
	 HCDR2  

9 PRT human BC-MB118- HDAATAGLEDY 
HCDR3 

10 PRT human BC-MB 1 24, 
BC-MB130, 
and 

S GS Y YWG 

BC-MB131- 
	 EICDR1 

11 PRT human BCMB1.78, 
BCMB186, 
BCMB187, 
and 

SIYYSGWIYYNTSLKS 

BCMB188- 
EICDR2 
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12 PRT human BCMB I 19- 
HCDR3 

HEGA TA GLFDY 

13 PRT human BCMB I 76, 
BCMB177, 
BCMB178, 
BCMB179, 
BCMB180, 
BCMB181, 
BCMB182, 
BCMB183, 
BCMB184, 
BCMB185, 
BCMB186, 
BCMB1. 87 
and 
BCMB1. 88- 
HCDR1 

SSSYFWG- 

14 PRT human BCMB I 83, 
BCMB184 
and 
BCMB185- 
11:MR2 

SPIT Y S GRIN' YNPSLKS 

15 PRT human BCMI3120- 
HCDR3 

HSGATAGLFDY 

16 PRT human BCMB125 
and 
BCMB131- 
HCDR3 

HEGAVAGLEDY- 

17 

18 

PRT 

PRT 

human 

human 

BCMB I 26- 

BCMB 127 
and 
BCMB130- 
HCDR3 

HCDR3  	 
HSGAVAGLFDY 

FIDAAVAGLEDY 

19 

20 

PRT 

PRT 

human 

human 

BCMB128, 
BCMB176, 
BCMB177, 
and 
BCMB178- 

BCMI3179, 

BCM13183, 

and 

BCM13186-

HCDR3 

	  11:MR3 	 

IIDGATAGLFDY 

HQGATAGLFDY 

21 PRT human BCMB180, HHGATAGLEDY- 
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BCMB184, 
and 
BCMB187- 
EICDR3 

22 PRT human BCMB181- FIWGATAGLFD Y 
HCDR3 

23 PRT human BCMB182, 
BC B185. 
and 

HYGATAGLEDY 

BCMB188- 
	 HICDR3  

24 PRT human BCMB69, 
BCMB117, 
BCMB118, 
BC-A/113119, 
BCM13120, 
BC-A/113121, 
BCM13122, 
BC-A/113123, 
BCM13124, 
BCM13125, 
BCM13126, 
BCM13127, 
BCM13128, 
BC B129, 
BCMB130, 
BCMB131, 
BCMB176, 
BCMB177, 
BC B178. 

GGNNIGSKSVH 

BC B179. 
BC B180, 
BC B181. 
BC B182, 
BCMB183, 
BCMB184, 
BCMB185, 
BCMB186, 
BCMB187, 
and 
BCMB188 
	 -LCDR1  	 

25 PRT human BCM1369, 
BC-A/113117, 
BC B118, 
BC B119, 

DDSDRPS 
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BCNIT3120, 
BCNIT3121, 
BCN1B122, 
BCN1B123, 
BCN1B124, 
BCN1B125, 
BCN1B126, 
BCN1B127, 
BCN1B128, 
BCN1B129, 
BCN1B130, 
BCN1B131, 
BCN1B176, 
BCNIB177, 
BCNIB178, 
BCNIB179, 
BCNIB180, 
BCNIB181, 
BCNIB182, 
BCNIB183, 
BCNIB184, 
BCNIB185, 
BCNIB186, 
BCNIB187, 
and 
B CNIB 188 
-LCDR2 

26 PRT human BCN1B69, 
BCN1B117, 
BCN1B118, 
BCN1B119, 
BCN1B120, 
BCN1B121, 
BCNIB122, 
BCNIB123, 
BCNIB124, 
BCNIB125, 
BCNIB126, 
BCNIB127, 
BCNIB128, 
BCNIB129, 
BCNIB130, 
BCNIB131, 
BCNIB176, 
BCNIB177, 
BCNIB178, 

QVANDSSSDI-wv 
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BCMB179, 
BCMB180, 
BCMB181, 
BCMB182, 
BCMB183, 
BCMB184, 
BCMB185, 
BCMB186, 
BCMB187, 
and 
BCMB188 
	 -LCDR3  	 

27 PRT human BCMB69- QLQLQESGPGIATKPSETLSLTCTVSGGSI 
VH SS GS YFWGWIRQPPGKGLEWIGSIYYS G 

ITYYNPSLICSRVTISNT)TSKNQESLKISS 
VTAADTAVYYCAKHDGAVAGLEDYW 
GQ GTINTNIS S A 

28 PRT human BCMB69. S YVLTQPPSVS V APGQTARLI'CGGNNI G 
BCMB118, 
BCIVIB119, 
BCMB120, 
BCMB122, 
BCMB123, 
BCMB124, 
BCMB125, 
BCMB126, 
BCMB127, 
BCMB128, 
BCMB129, 
BCMB130, 
BCMB131, 
BCMB177, 
BCMB178, 
BCMB179, 
BCMB180, 
BCMB1. 81, 
BCMB182, 
BCMB1. 83, 
BCMB184, 
BCMB1. 85, 
BCMB186, 
BCMB187, 
and 

SKS VIIWY QQPPGQAPVVVVYDD SDRP 
S GIPERF S GSN S GN T./V:11 S RVEAGDEA 
V 'I' YCQ VWD S S SDHVVFGGGTKL TVL 

BCMB1. 88 
-VL 

29 PRT human BCMB118- QLQLQESGP ' 	%KPSETLSLTCTVSGGSI 
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VH S SGS Y YW GWIRQPP GKGLEWI GS IYYS 
GITYYNPSLKSRVTISVDTSKNQFSLKLS 
SVTAADTAVYYC ARHD A ATAGLFDYW 
GQGTLVTVSSA 

30 PRT human BCMB12 - SYVLTQPPSVSVAPGQTARrrCGGNNIG 
VL SKSVHWYQQKPGQAPVLVVYDDSDRP 

SGIPERTSGSNSGNTATLTISRVEAGDEA 
DYYCQVWDSSSDHVVFGGGTKLTVL 

31 PRT human BCNIB119- QLQLQESGPGLVKPSETLSLTCTVSGGSI 
VII SSGSYYWGWIRQPPGRGLEWIGSTYYS 

GITYYNPSLK SRVTISVDTSKNQFSLKLS 
SVTAADTAVYYCARHEGA TAGITDYW 

	 GQ GTINTVS S A  
32 PRT human BCMB120- QLQLQESGPGLVKPSETLSLTCTVSGGSI 

VII SS GS Y YW GWIRQPP GKGLEWI GS IYYS 
GITYYNPSLKSRVTISVDTSKNQFSLKLS 
SVTAADTAVYYCARHSGATAGLFD YW 
GQGTLVTVSSA 

_ 3 PRT human WM[3121 
and 

QLQLQESGPGLVKPSETLSLTCTVSGGSI 
SSSSY YWGWIRQPPGKGLEWIGSIY Y SG 

BCNIB1 	- STYYNPSLKSRVITIS VDTSKNQFSLKLSS 
VII VTAAUF AVYY C AMID GA V AGLFD YW 

GQGTLVTVS S A 
34 PRT human BCMI3123- QLQLQESGPGLVKPSETLSLTCTVSGGSI 

VH SSSS `{1-7W GWIRQPP GKGLEWI GS IYYSG 
ITYYNPSLKSRVITSVDTSKNQFSLKLSS 
VTAADTAVYYCARFIDGAVAGITDYW 
GQGTLVTVSSA 

35 PRT human BCMB124- QLQLQESGPGLVKPSETLSLTCTVSGGSI 
VH S SGS Y YWGWIRQPP GKGLEWI GS tY YS 

Gil YYNPSLKSRV"rISVDTSKNQF SLELLS 
SVIAADTAVYYCAMDGAVAGLFDYV1 /47  
GQGTLVTVSSA 

36 PRT human BCMB125- QLQLQESGPGLVKPSETLSLTCTVSGGSI 
VII SSGSYFWGWIRQPPGRGLEWIGSTYYSG 

ny Y.NPS LKSRVTFIS VDT SKNQF SLKLS S 
VTAADTAVYYCARHEGAVAGLFD YW 

	 GQGTLVTVSSA  
37 PRT human BCM13126- QLQLQESGPGLVKPSETLSLTCTVSGGSI 

VII SSGSYFWGWIRQPPGKGLEWIGSIYYSG 
ITYYNPSLKSRVTISVDTSKNQF SI KIS S 
VTAADTAVYYCARHSGAVAGITDYWG 
QGTLVTVS SA 

38 PRT human BCNIB127- QLQLQESGPGLVKPSETLSLTCTVSGGSI 
VH SSGSYFWGWIRQPPGKGLEWIGSIYYSG 

ITY YNPSLKSRV TISVDTSKNQF SLKLS S 
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VIAADIAVYYCARMAAVAGLFDYW 
GQGTLVTVSSA 

39 PRT human BCMB128- QLQLQESGPGLVKPSETLSLTCTVSGGSI 
VII SSGS YFWGWIRQPPGKGLEWIGSIYY'SG 

ITYYNPSLKSRVTISVDTSKNQFSLKLSS 
VTAADTAVYYC ARHDGATAGLFDYV1 /47  
GQGTLVTVSSA 

40 PRT human BCMB129- QLQLQESGPGLVKPSETLSLTCTVSGGSI 
VI-I SSGSYFWGWIRQPPGKGLEWIGSTYYSG 

STYYNPSLK SRVIISVDTSKNQFSLKLSS 
VIAADTAVYYCARIIDGAVAGLFDYW 

	  GQ GTINIVS S A  
41 PRT human BCMB130- QLQLQESGPGINKPSEILSLICIVSGGSI 

WI S S GS YY W GWIRQ PP GKGLEWI GS I YY S 
GSTYYNTSLKSRVIISVDISKNQFSLIKL 
SSVIAADTAVYYCARHDAAVAGLFDY 
WGQGILVIVS SA 

42 PRT human BCMB131- QLQLQESGPGLVKPSETLSLTCTVSGGSI 
VII SS(ISYYWGWIRQPPGKGLEWIGSIYYS 

GSTYYNPSLKSRVIISVDISKNQFSLKL 
SSVTAADTAVYYCARFIEGAVAGLFDY 
\V GQGTLVTVSSA 

43 PRT human BCMB177- QLQLQESGPGLVKPSETLSLTCTVSGGSI 
VEI SSSS `{1-7W GWIRQPP GKGLEWI GS IYYSG 

RIYYNPSIKSRVTISN,DISKNQFSLKLS 
SVTA AD TA VYYCARI-IDGATAGLIDYW 
GQGTLVTVSSA 

44 PRT human BCMB178- QLQLQESGPGLVKPSETLSLTCTVSGGSI 
VII SSSSYFWGWIRQPPGKGLE\VIGSIYYSG 

WTYYNTSLKSRVIISVDISKNQESLKLS 
SVfAADTAVYYCAMDGATAGLFDYW 
GQGTLVTVSSA   

45 PRT human BCMB179- QLQLQESGPGLVKPSETLSLTCTVSGGSI 
VI-I SSSSYFWGWIRQPPGKGLEWIGSIYYSG 

ITYYNPSLKSRVIISVDISKNQFSLKLSS 
VTAAD TAV Y YCARFIQGATAGLFD YW 

	  GQGTLVTVSSA.  
46 PRT human Bevil-3180- QLQLQESGPGLVKPSETLSLTCTVSGGSI 

VII SSSSY-FWGWIRQPPGKGLEWIGSIYYSG 
ITYYNPSLKSRVTISVDTSKNQFSLKLSS 
liTAADTAVYYCARRFIGAIAGLIDYW 
GQGTLVTVSSA 

47 PRT human BCMB181- QLQLQESGPGLVKPSETLSLTCTVSGGSI 
VII SSSSYFWGWIRQPPGKGLEWIGSIYYSG 

ITYYNPSLKSRVIISVDISKNQFSLKLSS 
-VTAADTAVYYCARHWGATAGLFDYW 
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GQGTLVTVSSA 

48 PRT human BCMB182- QLQLQESGPGLVKPSEILSLTCTVSGGSI 
VII SSSS YFANGWIRQPPGKGLEWIGSWYSG 

ITYYNPSLKSRVIISVDTSKN QFSLKLSS 
VTAADTAVYYCARRYGATAGLFDYV1 /47  
GQGTLVTVSSA 

49 PRT human BCMB183- QLQLQESGPGLVKPSETLSLTCTVSGGSI 
VII S S S SYFW GWIRQPPGK GLEWIGSIY YSG 

RTYYNPS LKSRVTIS VDISKNQ 17  SLKLS 
SVTAADTAVYYCARTIQGATAGLFDYW 

	  GQGTLVTVSSA 
50 PRT human BCMB184- QLQLQESGPGLVKPSETLSLTCTVSGGSI 

VH SSSSYFWGWIRQPPGKGLEWIGSIYYSG 
RTYYNPSLKSRVTISVDTSKNQFSLKI,S 
SVTAADTAVYYCARHHGATAGLFDY\V 
GQGTLVTVSSA 

51 PRT human BCNIB185- QLQLQESGPGLVKPSETLSLTCTVSGGSI 
VII SSSSYFWGWIRQPPGKGLEWIGSIYYSG 

RTYYNPSLKS RVTISVDT WNW SLKLS 
SVIAADTAVYYCARHYGATAGLED YW 
GQGTLVTVSSA 

52 PRT human BCMB186- QUXQESGPGINKPSEILSLTCTVSGGSI 
VH SSSSYFWGWIRQPPGKGLEWIGSIYYSG 

WTYYNPSLKSRVTISVDTSKNQF SLKLS 
SVTAADTAVYYCARHQGATAGLFD VW 
GQGTLVTVSSA 

53 PRT human BCTv - 	7- QLQLQESGPGLVKPSETLSLTCTVSGGSI 
VH SSSSYFWGWIRQPPGKGLEWIGSIYYSG 

WTYYNTSLKSRVIISVDISKNQESLKLS 
SVIAADTAVYY C ARHHGATAGLFD YIN 
GQGTLVTVSSA 

54 PRT human BCMBI88- QLQLQESGPGLVKPSETLSLTCTVSGGSI 
VII SSSSYFWGWIRQPPGKGLEWIGSIYYSG 

WTYYNPSIKSRVTISVDTSKNQFSLKLS 
SV'f AAD'FAVY YCARI-IYGAT A GLFD YANI 

	  GQGTLVTVSSA 
55 PRT human CD3B219- EVQI,N,T;SGGGINQPGGSLRI-SCAA SGF 

Heavy 
chain 

TFNTY ANINWVRQAPGKGLENATVARIRS 
KYNNYATYYAASVKGRFTISRDDSKNS 
LYLQMNSIKTEDTAVYYCARHGNTGN 
S Y-VSWF AYWGQGILVTVS S AS TKGPSV 
FPLAPCSRSTSESTAALGCLVKDYFPEP 
VTVSWNSGALTSGVHTFPAVLQSSGLY 
SLS SVVTVPS S SLGTKTYTCNVDHKPSN 
TKVDKRVESK YGPPCPPCPAPE AA GGP 
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SIVFLFPPKPKDYLMISRTPEVTCNIVVDV 
S QEDPEVQF NWYNT)GVENTHIN AK TKPR 
EEQFNSTYRVVSVLIVLHQDWINGKE 
YK( KVSNK GI,PSSIEKIISKAKCOPREP 
QVYTLPPSQEEMIKNQVSLICIINKGFY 
PSDIAVEWESNGQPENNYKTIPPVLDSD 
GSFILYSKLTVDKSRWQEGNATSCSVM 
HEALENHYTQKSISLSLCK 

56 PRT human CD3B219- QTV-V"MEPSLINTSPGGTVTLICRSSTGA 
Licht chain VTT S NY ANWVQ QI(PGQ APRGLIGGTN 

KRAPGTPARF S GSLL GGKAALTL S UV-0_ 
PEDEAEYYCALWYSNLWATGGGTKLI 
VEGQPKAAPSVTLFPPSSEELQANKATI, 
VCLISDFYPGAVTVAWKADSSPVKAGV 
ETTIPSKQSNNKYAASSYLSLIPEQWKS 
HRSYSCQATHEGSTWKIVAPIECS 

57 PRT human BCMB117- QLQLQIESGPGLVKPSEILSLTCTVSGGSI 
V1-I SSGS YFWGWIRQPPGK GLEWIGSI YYSG 

LIN Y.NPS LKSRVTIS VDTSKNQFSLKLSS 
VTAAD INV Y YCARHD GA V AGLF D YW 
GrQGTLVI VS S A. 

58 PRT human Bevil-3176- QLQI-QESGPGINKPSETI-SLTCTVSGGSI 
VII SSSSNTWGWIRQPPGKGLEWIGSIYYSG 

ITYYNPSLKSRVIISVDTSKNQF SI KI ,S S 
VTAADTAVYYCARH 
DGA TAG I,17 DYWGQGTIN TVS S. A 

59 PRT human CD3B219- TYAMN 
-‘,41 

60 PRT human CD3B219- RIRSKYNNYATYYAASVKG 
VH 

61 PRT human CD3B219- HGNFGNS WS WFAY 
VH 

62 PRT human CD3B219- RS STGAVTISNYAN 
	 VI-: 

63 PRT human CD3B219- GTNKRAP 
V1_, 

64 PRT human CD3 B21. 9- ALWYSNLWV 
VL 

65 PRT human BCMB69- QLQLQESGPGIATKPSEILSLICIVSGGSI 
Heavy 
chain 

SS GS `tTINGWIRQPPGKGLENVIGSIYYS G 
ITYYNPSIKSRATTISNT)TSKNQESIXISS 
VIAADIAVYYCARHDGAVAGLFDYW 
GQGTININIS SAS TKGPS NTPLAPCSRST 
SESTAAIX3CIATKITYTPEPVTVSWNSGA 
LTSGVHTFPANTLQSSGLYSISSVNITVPS 
SSI-GTKTYICNVDHKPSNTKVDKRVES 
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KYGPPCPPCPAPEAAGGPSNTLFPPKPK 
DYLMT SR TPEVTCVWDVS QEDPEVQF 
-NWYVDGVENTHNAKTKPREEQFNSTYR 
VVSVLTAILHQPWLNGKEYKCKVSNKG 
LPSSIEKTISKARGQPREPQVYTLPPSQE 
EMTKNQVSLTCINKGFYPSDIAVT,WES 
NGQPENNYKTTPPVLDSDGSFFLYS RUT 
VDKSRWQECiNVFSCSVMHEALHNHYT 
Q1CS LSLSLGK 

66 PRT human BCIV1B123, 
BCIV1B128, 
BCIV1B129, 
BCMF31.77, 
BCMF31.78, 
BCMF31.79, 
BCMF31. 80, 
BCMF31.81, 
BCMF3182, 
BCMF31. 83, 
BCMF3184, 
BCMF31. 85, 
BCMF3186, 
BCMF3187, 
and 
BCMB188 
--Light 
chain 

SYVLTQPPSVS VAPGQTARTPCGGNNIG 
SKSVHWY QQPPGQAPVVVVYDD SDRP 
SGIPERFSGSNSGNTATLTISRVEAGDEA 
VYYCQYWDSSSDH \ATGGGTKLTVLG 
QPKAAPSNITLFPPSSEELQANKATINCL 
ISDFYPGANITVAWKAD S SPVKAGVE TT 
TPSKQSNNKYAASSYLSLTPEQWKSHR 
S 'I'S CQVTREGS TVEKTVAPTEC S 

67 PRT human BCIV1B1 7- 
Heavy 
chain 

QLQLQESGPGLVKPSETLSLTCTVSGGSI 
SSGSYFWGWIRQPPGKGLEWIGSIYYSG 
ITV YNPSLKSRVT1S VDTSKNQFSLKLS S 
VTAADTAVYYCARHDGAVAGLFDY'tA,'- 
GQGTLV"rVSSASTKGPS'VFPLAPCSRST 
SESTAALGCLVKDYFPEPVTVSWNSGA 
LTSGVHTFPANTLQSSGLYSLSSVNITVPS 
SSLGTKTYTCNVDHKPSNTKVDKRVES 
KYGPPCPPCPAPEAAGGPSNTLFPPKPK 
DTLMISRTPEVTCVVVDVSQEDPEVQF 
NWYVDGVENTINAKTKPREEQFNS TYR 
VVSVLTVLHQDV,TLNGKEYKCKVSNKG 
LPSSIEKTISKAKGQPREPQVYTLPPSQE 
EMIKNQ V SL TCINK.GF YP SDI AVELVES 
NGQPENNWTTPPVLDSDGSFFLYSRLT 
VIDKSRWQEGNATSCSVMHEALHNHYT 
Q1CS LSLSLGK 

68 PRT human BCIV1B123- 
Heavy 

QLQLQESGPGLVKPSETLSLTCTVSGGSI 
SSSSYFWGWIRQPPGKGLEWIGSIYYSG 
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chain ITYYNPSLKSRVTISVDTSKNQFSLKLSS 
VTAADTAVYYCAKHDGAVAGLFDYW 
GQGTINTVSSASTKGPSVFPLAPCSRST 
SESTAALGCLVKDYFPEPVTVSWNSGA 
ILTSGVHIFPAVLQSSGLYSLSSWFVPS 
SSLCiTKTYTCNVDITKPSNTKVDKRVES 
KYGPPCPPCPAPEAAGGPSVFLFPPKPIK 
DTLMISRTPEVTCVVVDVSQEDPEVQF 
-NWYVDGVENTHNAKTKPREEQFNSTYR 
VVSVLTVLBQDWINGKEYKCKVSNKG 
LPSSIEKTISKAKGQPREPQVYTLPPSQE 
EMTKNQVSLTUNKGFYPSDIAVT,WES 
NGQPENNYKTTPPVLDSDGSFFLYSRLT 
VDKSRWQECiNVFSCSVMHEALHNHYT 
QKSLSLSLGK  

69 PRT human BCMB128- QLQL:QESGPGINKPSETLSLTCTVSGGST 
Heavy 
chain 

SSGSWINGWIRQPPGKGLENVIGSIYYSG 
ITYYNPSIKSRVTISNT)TSKNQFSLKI SS 
VTAADTAVYYCAREDGATAGLFDYW 
GQGTINTNISSASTKGPS NTPLAPCSRST 
SESTAALGCLVKITYTPEPVTVSWNSGA 
LTSGVHTFPANTLQSSGLYSLSSVNITVPS 
SSLGTKTYTCNVDHKPSNTKVDKRVES 
KYGPPCPPCPAPEAACiGPSVFLFPPKPIK 
DTLMISRTPEVTCVVVDVSQEDPEVQF 
-NWYVDGVENTHNAKTKPREEQFNSTYR 
VVSVLTVLBQDWINGKEYKCKVSNKG 
LPSSIEKTISKAKGQPREPQVYTLPPSQE 
EMTKNQVSLTUNKGFYPSDIAVT,WES 
NGQPENNYKTTPPVLDSDGSFFLYSRLT 
VDKSRWQECiNVFSCSVMHEALHNHYT 
QKSLSLSLGK  

70 PRT human BCMB129- QLQLQESGPGLVKPSETLSLTCTVSGGSI 
Heavy 
chain 

SS GS `tTINGWIRQPPGKGLENVIGSIYYS G 
STYYNPSLKSRVTISVDTSKNQFSLKESS 
VTAADTAVYYCAKHDGAVAGLFDYW 
GQGTINTNISSASTKGPS NTPLAPCSRST 
SESTAALGCLVKITYTPEPVTVSWNSGA 
LTSGVHTFPANTLQSSGLYSLSSVNITVPS 
SSLGTKTYTCNVDHKPSNTKVDKRVES 
KYGPPCPPCPAPEAAGGPSNTLFPPKPK 
DYLMT SR TPEVTCVWDVS QEDPEVQF 
NWYNTDGVEYHTNAKTKPREEQFNS TYR 
VVSVLTVLBQDWINGKEYKCKVSNKG 
LPSSIEKTISKAKGQPREPQVYTLPPSQE 
EMTKN VSLTUNKGFYPSDIAVT,WES 
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NGQPENNYKTTPPVLDSDGSFFLYSRLT 
VIDKSRWQEGNATSCSVMHEALHNHYT 
QKSLSLSLGK. 

71 PRT human BCMB176- 
Heavy 
chain 

QLQLQESGPGLVKPSETLSLTCTVSGGSI 
SSSSYFWGWIRQPPGKGLEWIGSIYYSG 
ITYYNPSLKSRVTISVDTSKNQFSLKLSS 
VTAADTAVYYCAR'HDGATAGLFDYW 
GQGTLVI'VSSASTKGPSVFPLAPCSRST 
SESTAALGCLVKDYFPEPVTVSWNSGA 
LTSGVHTFPAVLQSSGLYSLSSVVTVPS 
SSLGTKTYTCNVDHKPSNTKVDKRVES 
KYGPPCPPCPAPEAAGGPSVFLFPPKPK 
DILMISRIPEVTCVVVDVSQEDPEVQF 
NWYVDGVENTEINAKTKPREEQFNSTYR 
VVSVLTVLHQDNATLNGKEYKCKVSNKG 
LPSSIEKTISKAKGQPREPQVYTLPPSQE 
EMTKNQVSLTCLVKGFYPSDIAVEWES 
NGQPENNWTTPPVLDSDGSFFLYSRLT 
VIDKSRWQEGNATSCSVMHEALHNHYT 
QKSLSLSLGK 

72 PRT human BCMB177- 
Heavy 
chain 

QLQLQESGPGLVKPSETLSLTCTVSGGSI 
SSSSYFINGWIRQPPGKGLEWIGSWYSG 
RTYYNPSLKSRVTISVDTSKNQFSLKLS 
SVFAADTAVYYCARHDGATAGLFDYW 
GQGTLVIVS S AS TKGP S VFPLAPC SRS T 
SESTAALGCLVKDYFPEPVTVSWNSGA 
LTSGVHTFPAVLQS SGLYSLS SATV TNT S 
S SLGTKTYTCNVDHKPSNTKVDKRVES 
KYGPPCPPCPAPEAAGGPSVFLFPPKPK 
DTLMISRTPEVTCVVVDVSQEDPEVQF 
NWYVDGVE VIINAKTKPREEQFNS TYR 
VVSVLTVLHQDWLNGKE YKCKV SNKG 
LP S SIEKTISKAKGQPREPQVYTLPPSQE 
EMTKNQVSLTCLVKGFYPSDIAVEWES 
NGQPENNWTTPPVLDSDGSFFLYSRLT 
VIDKSRWQEGNATSCSVMHEALHNHYT 
QKSLSLSLGK 

73 PRT artificial IgG4PAA AS'IKGPS VP PL AP C S RS Tr SE S 'F AAL al.- 
VKDYFPEPVIVSWNSGALTSGVHIFPA 
VLQSSGLYSLSS VVTVPS S SLGTK TY TC 
NA/MIK-PS NTKVDKRVESKYGPPCPPCP 
APE AAGGP S VFLFPPKPKDT LMI S RITE 
VICVVVDVSQEDPEVQFNWYVDGVEV 
HNAKTKPREEQFNSTYRVVSVLTVLHQ 
DWLNGKEYKCKVSNKGLPSSIEKT1SKA 
KGQPREPQVYTLPPSQEEMTKNQVSLT 
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CLVKGFYPSDIAVEWESNGQPENNYKT 
TPPVLDSDGSFFLYSRLTVDKSRWQEG 
NVFSCSVMHEALIINITYTQKSLSLSLGK 

74 PRT human IgGI ASTKGPSVFPLAPSSKSTSGGTAALGCL 
VKD YTPEPVIV SWNS GALT S GVHTFPA 
VLQSSGLYSLSSVVTVPSSSLGfQTYIC 
N-VNEXPSNTKVDKKVERKSCDKTHTCP 
PCPAPELLGGP SVFLFPPKPKDTLMISRT 
PEVTC V V VD VSHEDPEVKFN WY VD GV 
EVHNAKTKPREEQ Y NSTY RVV SVLTVL 
HQDWLNGKEYKCKVSNKALPAPIEKTI 
SK AKGQPREPQVYTLPPSREEMTKNQV 
SLTCLVKGFYPSDIAVEWESNGQPENN 
YKTTPPVLDSDGSFFLYSKLTVDKSRW 
Q Q GNAT S C S VMHEALHNHY TQK SLSLS 
PGK 

75 PRT human Fab QLQLQESGPGL VKPSETLSLTCTV SGGS I 
SSGS YFWGWIRQPPGK GLEVaGSI YYSG 
FIN Y.NPS LKSRVTIS VDTSKNQFSLKLS S 
VTAAD TAV Y YCARHDGA V AGLF D YW 
GQGTLVT VS SA.STKGPS VFPLAPS SKST 
SGGTAALGCLVKDYFPEPVTVSWNSGA 
LTSGVITrFPAVLQSSGLYSLSSVVTVPS 
SSLGTQTYICNVNHKPSNTKVDKKVEP 
KS CHRFIFIHH 

76 PRT human BCMB69, 
BCMB118, 
BCMB119, 
BCMB120, 
BCMB122, 
BCMB124, 
BCMB125, 
BCMB126, 
BCMB127, 
BCMB130, 
BCMB131 
--Light 
chain 

SYNIUQPPSVSVAPCiQTARITCGGNNIG 
SKSVHWYQQPPGQAPVVVVYDDSDRP 
S (ATTU S GSNS GNTA TLTI SRVEAGDEA 
VYYCQVWDSSSDHVVFGGGTKLTVLG 
QPKAAPSVTLFPPSSEELQANKATLVCL 
I SDITYPCiAVTVAWKGD S SPVKAGVETT 
TPSKQSNNKYAASSYLSLIPEQWK SHR 
SYS CQVTHEGS TVEKTVAPTECS 
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1. A recombinant antibody, or an antigen-binding fragment thereof, that binds 

immunospecifically to BCMA, wherein the antibody has a heavy chain and a light chain, said 

heavy chain and light chain comprising: a heavy chain complementarity determining region 1 

(CDR1) 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: 6, a light chain CDR1 having the amino 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 ID NO: 26.  

2. The antibody or antigen-binding fragment of claim 1, wherein the heavy chain of the 

antibody comprises the amino acid sequence of SEQ ID NO: 27, and the light chain of the 

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

3. The antibody or antigen-binding fragment of any one of claims 1 and 2, wherein the 

antibody or antigen-binding fragment thereof binds to the extracellular domain of human 

BCMA.  

4. The antibody or antigen-binding fragment of any one of claims 1 and 2, wherein the 

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

5. The antigen binding fragment of any one of claims 1 and 2, wherein the antigen binding 

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

6. The antibody or antigen-binding fragment of any one of claims 1 and 2, wherein the 

antibody or antigen-binding fragment thereof inhibits the interaction of BCMA and APRIL.  

7. The antibody or antigen-binding fragment of claim 6, wherein the antibody or antigen-

binding fragment exhibits an IC50 for the interaction of BCMA and APRIL of about 5.9 nM 

as measured by ELISA.  

8. The antibody or antigen-binding fragment of any one of claims 1 and 2, wherein the 

antibody or antigen-binding fragment thereof is an IgG.  

9. The antibody or antigen-binding fragment of any one of claims 1 and 2, is an IgG4 

isotype.  

10. The antibody of claim 9 wherein the IgG4 has a S228P substitution, a L234A substitution 

and a L235A substitution in its Fc region.  

11. The antibody or antigen-binding fragment of any one of claims 1 and 2, wherein the 

antibody or antigen-binding fragment thereof immunospecifically binds human BCMA and 

cross reacts to cynomolgus monkey BCMA.  
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12. The antibody or antigen-binding fragment of any one of claims 1 and 2, wherein the 

antibody or antigen-binding fragment thereof binds BCMA on the surface of human myeloma 

cells.  

13. The antibody or antigen-binding fragment of any one of claims 1 and 2, wherein the 

antibody or antigen-binding fragment thereof binds BCMA on the surface of human multiple 

myeloma cells.  

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

claims 1 and 2.  

15. The cell of claim 14 wherein the cell is a hybridoma.  

16. The cell of claim 14 wherein the antibody is recombinantly produced. 
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