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ANTI- GPRC5D ANTIBODIES, BISPECIFIC ANTIGEN BINDING MOLECULES 

THAT BIND GPRC5D AND CD3, AND USES THEREOF 

	

5 	Cross-reference to Related Applications 

This application claims the benefit of United States Provisional Application Serial Number 

62/364,811 filed 20 July 2016. The entire content of the aforementioned application is incorporated herein 

by reference in its entirety. 

	

10 	Sequence Listing 

The instant application contains a Sequence Listing which has been submitted electronically in 

ASCII format and is hereby incorporated by reference in its entirety. Said ASCII copy, created on June 

28, 2017, is named PRD3422USNP_SL.txt and is 57,673 bytes in size. 

Technical Field 

	

15 	The disclosure provided herein relates to monoclonal antibodies that specifically bind G 

protein-coupled receptor class C group 5 member D (GPRC5D), multispecific antibodies 

specifically bind GPRC5D and cluster determinant 3 (CD3), and methods of producing and using 

the described antibodies.  

20 Background 

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

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

chromosome translocations inter alia t(11 ; 14),t(4; 14),t(8;14),del(13),del(17) (Drach et al., 

(1998) Blood 92(3):802-809; Gertz et al., (2005) Blood 106(8):2837-2840; Facon et al., (2001) 

	

25 	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. 
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G-protein coupled receptor, class C, group 5, member D (GPRC5D) is an orphan, 

atypical, class C GPCR first identified in 2001 (Brauner-Osborne et al. Biochim Biophys Acta. 

1518(3):237-248, 2001). GPRC5D and other group 5 GPCRs have unusually short amino-

terminal domains for class C receptors, and are therefore, predicted to be conformationally 

	

5 	similar to class A receptors. In this regard they are unique, with sequence homology to class C 

GPCRs and predicted structural topology comparable to class A receptors. Functional 

consequence of GPRC5D activation has not been described and the ligand remains unknown. 

The gene has three exons and is located on chromosome 12p13.3 in humans. GPRC5D receptor 

is highly conserved among various species and shares 92% identity with cynomolgus monkey 

10 GPRC5D. 

GPRC5D mRNA is predominantly expressed in all malignant plasma cells from MM 

patients (Atamaniuk JA et al. Eur J Clin Invest 42(9) 953-960; 2012; Frigyesi-blood and Cohen, 

et al. Hematology 18(6): 348-35; 2013). GPRC5D expression is variable among the patients and 

correlate well with plasma cell burden and genetic aberrations such as Rb-1 deletion (Atamaniuk 

	

15 	JA et al. Eur J Clin Invest 42(9) 953-960; 2012). 

This exclusive expression of GPRC5D on the plasma-cell lineage designates it as an ideal 

target for antimyeloma antibodies. 

Summary 

	

20 	Provided herein are antibodies that specifically bind to GPRC5D and antigen-binding 

fragments thereof. Also described are related polynucleotides capable of encoding the provided 

GPRC5D -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 

	

25 	and antigen-binding fragments are described. For example, the GPRC5D -specific antibodies 

and antigen-binding fragments may be used to diagnose or monitor GPRC5D -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 GPRC5D -expressing cancer 

and thus may be amenable to treatment with a GPRC5D -specific anti-cancer therapeutic, such as 

	

30 	the multispecific antibodies against GPRC5D and CD3 described herein. 
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Further provided herein are multispecific antibodies that immunospecifically bind to 

GPRC5D and CD3 and multispecific antigen-binding fragments thereof. Also described are 

related polynucleotides capable of encoding the provided GPRC5D x CD3-multispecific 

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

	

5 	labeled multispecific antibodies. In addition, methods of using the provided multispecific 

antibodies are described. For example, the GPRC5D x CD3-multispecific antibodies may be 

used to diagnose or monitor GPRC5D -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 GPRC5D -expressing cancer and thus may be amenable to treatment 

	

10 	with a GPRC5D -specific anti-cancer therapeutic, such as the GPRC5D x CD3-multispecific 

antibodies described herein. 

GPRC5D -Specific Antibodies 

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

	

15 	GPRC5D. In some embodiments, the GPRC5D-specific antibodies and antigen-binding 

fragments bind human GPRC5D. In some embodiments, the GPRC5D-specific antibodies and 

antigen-binding fragments bind human GPRC5D and cynomolgus monkey GPRC5D. In some 

embodiments, the GPRC5D-specific antibodies and antigen-binding fragments bind to one or 

more residues of a polypeptide having the amino acid sequence of SEQ ID NO. 22. This 

	

20 	GPRC5D -specific antibody or antigen-binding fragment may induce ADCC in vitro with an 

ECso of 28 nM or less. 

Table 1 provides a summary of examples of some GPRC5D-specific antibodies described 

herein: 

Table 1. CDR sequences of mAbs generated against human GPRC5D 

ID HC-CDR1 HC-CDR2 HC-CDR3 LC-CDR1 LC-CDR2 LC-CDR3 

GC5B81 SYAIS 
(SEQ ID NO 1) 

GIIPIFGTANYAQKFQG 
(SEQ ID NO 5) 

ESRWRGYKLD 
(SEQ ID NO 9) 

RASQSISSYLN 
(SEQ ID NO 13) 

AASSLQS 
(SEQ ID NO 16) 

QQSYSTPLT 

(SEQ ID NO 19) 
GC5B465 
GC5B597 

NYWMS 
(SEQ ID NO 2) 

GISYSGGSKYYASSVKG 
(SEQ ID NO 6) 

AAFDFGRRAVRLD 
(SEQ ID NO 10) 

RASQSISSYLN 
(SEQ ID NO 13) 

AASSLQS 
(SEQ ID NO 16) 

QQSYSTPLT 
(SEQ ID NO 19) 

GC5B483 
GC5B599 

SYFIG 
(SEQ ID NO 3) 

IIYPGKSDTRYSPSFQG 
(SEQ ID NO 7) 

VYSFGGRHKALFDY 
(SEQ ID NO 11) 

RASQSVSSYLA 
(SEQ ID NO 14) 

DASNRAT 

(SEQ ID NO 17) 

QQRSNWPLT 
(SEQ ID NO 20) 

GC5B596 GYTMN 
(SEQ ID NO 4) 

LINPYNSDTNYAQKLQG 
(SEQ ID NO 8) 

VALRVALDY 
(SEQ ID NO 12) 

KASQNVATHVG 
(SEQ ID NO 15) 

SASYRYS 
(SEQ ID NO 18) 

QQYNRYPYT 
(SEQ ID NO 21) 

GC5B382 DYGMEI AIKYSGGSTYYADSVKG RAESGPGLDY KSSQSVLYSSNNKNYLA WASTRES QQYYSTPLT 
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(SEQ ID NO 61) (SEQ ID NO 67) (SEQ ID NO 72) (SEQ ID NO 98) (SEQ ID NO 78) (SEQ ID NO 80) 

GC5B379 
NYWMS 
(SEQ ID NO 2) 

GISYSGGSKYYADSVKG 
(SEQ ID NO 28) 

AAWDFGRRAVRLDY 
(SEQ ID NO 30) 

RASQSISSYLN 
(SEQ ID NO 13) 

AASSLQS 
(SEQ ID NO 16) 

QQSYSTPLT 
(SEQ ID NO 19) 

GC5B373 
SYWIG 
(SEQ ID NO 27) 

IIYPGDSDTRYSPSFQG 
(SEQ ID NO 29) 

IGFYGRSFRIFDY 
(SEQ ID NO 73) 

RASQSVSSYLA 
(SEQ ID NO 14) 

DASNRAT 
(SEQ ID NO 17) 

QQRSNWPLT 
(SEQ ID NO 20) 

GC5B376 
SYWIG 
(SEQ ID NO 27) 

IIYPGDSDTRYSPSFQG 
(SEQ ID NO 29) 

VYSFGGRHKALFDY 
(SEQ ID NO 11) 

RASQSVSSYLA 
(SEQ ID NO 14) 

DASNRAT 
(SEQ ID NO 17) 

QQRSNWPLT 
(SEQ ID NO 20) 

GC5B385 
GYAMS 
(SEQ ID NO 62) 

AISGSGGSTYYADSVKG 
(SEQ ID NO 68) 

VDRSFGRSRYTLDY 
(SEQ ID NO 74) 

RASQSVSSYLA 
(SEQ ID NO 14) 

DASNRAT 
(SEQ ID NO 17) 

QQRSNWPLT 
(SEQ ID NO 20) 

GC5B370 
GC5B598 

SYGIS 
(SEQ ID NO 63) 

GIIPIFGNINYAQKFQG 
(SEQ ID NO 69) 

VSRRFKRFAYYFDY 
(SEQ ID NO 75) 

KSSQSVLYSSNNKNYLA 
(SEQ ID NO 98) 

WASTRES 
(SEQ ID NO 78) 

QQYYSTPLT 
(SEQ ID NO 80) 

GC5B602 
GYSFTGYTMN 
(SEQ ID NO 64) 

LINPYNGDTN 
(SEQ ID NO 70) 

VALRVALDY 
(SEQ ID NO 12) 

KASQNVATHVG 
(SEQ ID NO 15) 

SASYRYS 
(SEQ ID NO 18) 

QQYNRYPYT 
(SEQ ID NO 21) 

GC5B603 
SYAMS 
(SEQ ID NO 65) 

AISGSGGSTYYADSVKG 
(SEQ ID NO 68) 

SNFLPVVFDY 
(SEQ ID NO 76) 

RASQSVRKSLA 
(SEQ ID NO 95) 

TASNRAT 
(SEQ ID NO 79) 

QQYFRAPIT 
(SEQ ID NO 81) 

GC5B601 
GFSLTSYNVH 
(SEQ ID NO 66) 

VIWAGGSTNYNSALMS 
(SEQ ID NO 71) 

DGIRLRFAY 
(SEQ ID NO 77) 

KASQNVATHVG 
(SEQ ID NO 15) 

SASYRYS 
(SEQ ID NO 18) 

QQYNRYPYT 
(SEQ ID NO 21) 

In some embodiments are provided a GPRC5D -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 GPRC5D- 

	

5 	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 and a light 

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

1. In some embodiments described herein, the GPRC5D-specific antibody or antigen-binding 

fragment thereof competes for binding to GPRC5D with an antibody or antigen-binding 

	

10 	comprising a heavy chain comprising a CDR1, 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: IgGl, IgG2, IgG3 and IgG4 in humans. They 

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

	

15 	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 

	

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

has been modified to effect different effector functions. 

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

	

5 	part of the mechanism of action. These Fc-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, FcgRIIa, FcgRIIIa and 

FcgRIIIb) and inhibitory (FcgRIIb) FcgRs or the first component of complement (C lq) depends 

	

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

IgGl, IgG2 and IgG4 to 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 

	

15 	affinity to Fcg RI, Fcg RIIa, Fcg RIIb, Fcg RIIIb and/or Fcg RIIIa, (c) reduced affinity to FcgRI 

(d) reduced affinity to FcgRIIa (e) reduced affinity to FcgRIIb, (f) reduced affinity to Fcg RIIIb 

or (g) reduced affinity to FcgRIIIa. 

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

derivatives thereof, e.g., IgGl, IgG2, IgG3, and IgG4 isotypes. In some embodiments wherein 

	

20 	the antibody has an IgG1 isotype, the antibody contains L234A, L235A, and/or K409R 

substitution(s) in its Fc region. In some embodiments wherein the antibody has an IgG4 isotype, 

the antibody contains S228P, L234A, and L235A substitutions in its Fc region. The antibodies 

described herein may include these modifications. 

In addition to the described GPRC5D-specific antibodies and antigen-binding fragments, 

	

25 	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 GPRC5D-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, 

	

30 	plant cells, or bacteria cells (such as E. coli). The described antibodies may also be produced by 

hybridoma cells. 
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Methods of using GPRC5D-Specific Antibodies 

Methods of using the described GPRC5D-specific antibodies or antigen-binding 

fragments are also disclosed. Particular antibodies for use in the methods discussed in this 

	

5 	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 GPRC5D-receptor interactions or where the antibody is conjugated to a toxin, so targeting 

the toxin to the GPRC5D-expressing cancer. Further, these antibodies or antigen-binding 

fragments may be useful for detecting the presence of GPRC5D in a biological sample, such as 

	

10 	blood or serum; for quantifying the amount of GPRC5D in a biological sample, such as blood or 

serum; for diagnosing GPRC5D-expressing cancer; determining a method of treating a subject 

afflicted with cancer; or monitoring the progression of GPRC5D-expressing cancer in a subject. 

In some embodiments, GPRC5D-expressing cancer may be a lymphoma, such as multiple 

myeloma (MM). The described methods may be carried out before the subject receives 

	

15 	treatment for GPRC5D-expressing cancer, such as treatment with a multispecific antibody 

against GPRC5D and CD3. Furthermore, the described methods may be carried out after the 

subject receives treatment for GPRC5D-expressing cancer, such as treatment with a multispecific 

antibody against GPRC5D and CD3 described herein. 

The described methods of detecting GPRC5D in a biological sample include exposing the 

	

20 	biological sample to one or more of the GPRC5D-specific antibodies or antigen-binding 

fragments described herein. 

The described methods of diagnosing GPRC5D-expressing cancer in a subject also 

involve exposing the biological sample to one or more of the GPRC5D-specific antibodies or 

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

	

25 	amount of GPRC5D present in the sample; comparing the amount of GPRC5D present in the 

sample to a known standard or reference sample; and determining whether the subject's 

GPRC5D levels fall within the levels of GPRC5D associated with cancer. 

Also described herein are methods of monitoring GPRC5D -expressing cancer in a 

subject. The described methods include exposing the biological sample to one or more of the 

	

30 	GPRC5D-specific antibodies or antigen-binding fragments described herein; quantifying the 

amount of GPRC5D present in the sample that is bound by the antibody, or antigen-binding 
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fragment thereof; comparing the amount of GPRC5D present in the sample to either a known 

standard or reference sample or the amount of GPRC5D in a similar sample previously obtained 

from the subject; and determining whether the subject's GPRC5D levels are indicative of cancer 

progression, regression or stable disease based on the difference in the amount of GPRC5D in 

	

5 	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 

tissue associated, tissues, surgically resected tumor tissue, biopsies, fine needle aspiration 

samples, or histological preparations. 

	

10 	The described GPRC5D-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, 

111 an enzyme, ruthenium, In-DOTA, 1111n- diethylenetriaminepentaacetic acid (DTPA), 

	

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

such labels known in the art. 

GPRC5D-Specific Antibody Kits 

Described herein are kits including the disclosed GPRC5D-specific antibodies or antigen- 

	

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

GPRC5D-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 GPRC5D in a biological sample. Accordingly, the described kits may include one or 

	

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

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

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

the antibody or fragment, as described herein. 

	

30 	GPRC5D x CD3-Multispecific Antibodies 
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The redirection of T-lymphocytes to MM cells expressing GPRC5D via the TCR/CD3 

complex represents an attractive alternative approach. The TCR/CD3 complex of T-lymphocytes 

consists of either a TCR alpha (11)/beta ((13) or TCR gamma (y)/delta (6) heterodimer coexpressed 

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

	

5 	zeta (0, and eta (ii). Human CD3E is described under UniProt P07766 (CD3E HUMAN). An 

anti CD3E 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 

UCHT-1 (see W02000041474). A further anti CD3 antibody described in the state of the art is 

	

10 	BC-3 (Fred Hutchinson Cancer Research Institute; used in Phase I/II trials of &HD, 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 £ 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 

	

15 	mentioned in W02008119565, W02008119566, W02008119567, W02010037836, 

W02010037837 and W02010037838. A sequence which is 96% identical to VH of antibody 

SP34 is mentioned in US8236308 (W02007042261). 

Described herein are isolated multispecific antibodies that bind GPRC5D and CD3 

("GPRC5D x CD3 multispecific antibodies") and multispecific antigen-binding fragments 

	

20 	thereof. In some embodiments an isolated antibody, or an antigen-binding fragment thereof, that 

binds immunospecifically to GPRC5D is provided. 

In some embodiments, the GPRC5D-specific arm of the multispecific antibody binds 

human GPRC5D and cynomolgus monkey GPRC5D. In some embodiments, the GPRC5D-

specific arm of the GPRC5D x CD3-multispecific antibodies or antigen-binding fragments binds 

	

25 	the extracellular domain of human GPRC5D. In preferred embodiments, the GPRC5D x CD3 

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

fragment. In some embodiments, an isolated GPRC5D x CD3 bispecific antibody comprising: a) 

a first heavy chain (HC1); b) a second heavy chain (HC2); c) a first light chain (LC1); and d) a 

second light chain (LC2), wherein the HC1 and the LC1 pair to form a first antigen-binding site 

	

30 	that immunospecifically binds GPRC5D, and the HC2 and the LC2 pair to form a second 

antigen-binding site that immunospecifically binds CD3, or a GPRC5D x CD3-bispecific binding 
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fragment thereof is provided. In another embodiment, an isolated cell expressing the antibody or 

bispecific binding fragment is provided. In some embodiments, the GPRC5D-binding arm (or 

"GPRC5D-specific arm") of the GPRC5D x CD3 multispecific antibody is derived from a 

GPRC5D antibody described herein (for example, from an antibody having the CDR sequences 

	

5 	listed in Table 1). 

In some embodiments, the GPRC5D-specific arm of the GPRC5D x CD3-multispecific 

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

the CD3-binding arm (or "CD3-specific arm") of the GPRC5D x CD3 multispecific antibody is 

derived from the mouse monoclonal antibody SP34, a mouse IgG3/lambda isotype. (K.R. 

	

10 	Abhinandan and A. C. Martin, 2008. Mol. Immunol. 45, 3832-3839). In some embodiments, the 

CD3-binding arm of the GPRC5D x CD3 multispecific antibody comprises one VH domain and 

one VL domain selected from Table 2. 

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

	

15 	fragment. 

VH VL 

CD3B219 (SEQ ID NO: 99): CD3B219 (SEQ ID NO: 100): 

EVQLVESGGGLVQPGGSLRLSCAASGFTFN QTVVTQEPSLTVSPGGTVTLTCRSSTGAVTTSNYA 

TYAMNWVRQAPGKGLEWVARIRSKYNNYAT NWVQQKPGQAPRGLIGGTNKRAPGTPARFSGSLL 

YYAASVKGRFTISRDDSKNSLYLQMNSLKTE GGKAALTLSGVQPEDEAEYYCALWYSNLWVFGG 

DTAVYYCARHGNFGNSYVSWFAYWGQGTL GTKLTVLGQPKAAPSVTLFPPSSEELQANKATLVC 

VTVSSASTKGPSVFPLAPCSRSTSESTAALG LISDFYPGAVTVAWKADSSPVKAGVETTTPSKQSN 

CLVKDYFPEPVTVSWNSGALTSGVHTFPAVL NKYAASSYLSLTPEQWKSHRSYSCQVTHEGSTVE 

QSSGLYSLSSVVTVPSSSLGTKTYTCNVDHK KTVAPTECS 

PSNTKVDKRVESKYGPPCPPCPAPEAAGGP 

SVFLFPPKPKDTLMISRTPEVTCWVDVSQED 

PEVQFNWYVDGVEVHNAKTKPREEQFNSTY 

RVVSVLTVLHQDWLNGKEYKCKVSNKGLPS 

SIEKTISKAKGQPREPQVYTLPPSQEEMTKN 

QVSLTCLVKGFYPSDIAVEWESNGQPENNYK 

TTPPVLDSDGSFLLYSKLTVDKSRWQEGNVF 

SCSVMHEALHNHYTQKSLSLSLGK 
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The IgG class is divided in four isotypes: IgGl, 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 

	

5 	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-mediated effector functions are not 

	

10 	part of the mechanism of action. These Fc-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 (FcgR1, FcgRIIa, FcgRIIIa and 

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

	

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

IgGl, IgG2 and IgG4 to reduce or silence Fc 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 Fc; (b) reduced 

affinity to Fcg RI, Fcg R1Ia, Fcg RIIb, Fcg R1IIb and/or Fcg RIIIa, (c) reduced affinity to FcgRI 

	

20 	(d) reduced affinity to FcgRIIa (e) reduced affinity to FcgRIIb, (f) reduced affinity to Fcg RII1b 

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 

	

25 	which the CD3-specific arm of the multispecific antibody is derived is IgG1, or a derivative 

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 

	

30 	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 
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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 CD3c 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- 

	

5 	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 GPRC5D x CD3-multispecific antibodies, also provided are 

polynucleotide sequences capable of encoding the described GPRC5D x CD3-multispecific 

antibodies. In some embodiments, an isolated synthetic polynucleotide encoding the HC1, the 

	

10 	HC2, the LC1 or the LC2 of the GPRC5D x CD3 bispecific antibody or bispecific binding 

fragment is provided. Vectors comprising the described polynucleotides are also provided, as 

are cells expressing the GPRC5D 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 

	

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

cells. In some embodiments, methods for generating the GPRC5D x CD3 bispecific antibody or 

bispecific binding fragment by culturing cells is provided. 

Further provided herein are pharmaceutical compositions comprising the GPRC5D x 

CD3 multispecific antibodies or antigen-binding fragments and a pharmaceutically acceptable 

	

20 	carrier, 

Methods of using GPRC5D x CD3-Multispecific Antibodies 

Methods of using the described GPRC5D x CD3-multispecific antibodies and 

multispecific antigen-binding fragments thereof are also disclosed. For example, the GPRC5D x 

	

25 	CD3-multispecific antibodies and multispecific antigen-binding fragments thereof may be useful 

in the treatment of a GPRC5D-expressing cancer in a subject in need thereof. In some 

embodiments, the GPRC5D-expressing cancer is a lymphoma, such as multiple myeloma. 

The described methods of treating GPRC5D-expressing cancer in a subject in need 

thereof include administering to the subject a therapeutically effective amount of a described 

	

30 	GPRC5D 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 
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provided methods for treating a subject having cancer by administering a therapeutically 

effective amount of the GPRC5D 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 

	

5 	by administering a therapeutically effective amount of the GPRC5D 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 GPRC5D-expressing cancer 

cell by administering a therapeutically effective amount of the GPRC5D x CD3 bispecific 

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

10 

GPRC5D x CD3-Specific Antibody Kits 

Described herein are kits including the disclosed GPRC5D x CD3-multispecific 

antibodies. The described kits may be used to carry out the methods of using the GPRC5D x 

CD3-multispecific antibodies provided herein, or other methods known to those skilled in the art. 

	

15 	In some embodiments the described kits may include the antibodies described herein and 

reagents for use in treating a GPRC5D-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 

	

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

described herein. 

Brief Description of the Drawings 

	

25 	Fig. 1: Concentration dependent binding profile of selected anti-GPRC5D mAbs against human 

GPRC5D and non-transfected FMK 293 cells. Three mAbs, GC5B36, GC5B168, and GC5B205 

were also observed to bind to the non-transfected (GPRC5D null) HEK293 cells. 

Fig. 2. Dose dependent binding of anti-GPCRSD x CD3 bispecific antibodies to human 

	

30 	GPRC5D HEK293F cells. 
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Fig. 3. The binding profile of the bispecific antibodies on MM1R and H929 cells was compared 

with the overexpressed human GPCR5D HEK293 cells and non-transfected HEK293 cells using 

FACS. 

5 	Fig. 4A and 4B. T-cell mediated cytotoxicity and T cell activation of anti-GPCR5D x CD3 

antibodies against human GPRC5D-expressing cells. 

Fig. 5A and 5B T-cell mediated cytotoxicity and T cell activation of anti-GPCRSD x CD3 

antibodies against cyno GPRC5D-expressing cells. 

10 

Fig. 6A and 6B. GPRC5DxCD3 Abs efficiently kill H929 cells in prophylactic NSG mice 

model. GCDB32 (6A) and GCDB35 (6B) resulted in complete tumor growth inhibition at the 10 

ug doses, with GCDB32 also capable of 100% tumor growth inhibition at the 1 ug dose. 

15 	Fig. 7A and 7B. Comparison of potency in the absence (7A) and presence (7B) of Fc block. 

Fig. 8A-8D. Binding of GCDB32 GCDB35, GCDB40 and GCDB43 to Fcy receptors. 

Fig. 9A and 9B. FACS binding assessment of hybridoma derived mAbs. 

20 

Fig. 10A and 10B. T-cell mediated cytotoxicity of GPRC5D x CD3 bispecific antibodies against 

H929 cells. 

Fig. 11A-11E. GPRC5D x CD3 bispecific antibody binding to GPRC5D positive (H929, 

25 	MM1R, LP1, OPM2) and negative cell lines (NALM6). 

Fig. 12A-12D. GPRC5DxCD3 bispecific Abs are potent tumor inhibitors in vivo. All GPRC5D x 

CD3 bispecific Abs (GCDB32 shown in 12A, GCDB53 shown in 12B, GCDB61 shown in 12C, 

and GCDB72 shown in 12D) completely inhibited multiple myeloma cell (H929) tumor growth 

30 	at the 10 ug and 1 ug doses. Differentiation was observed at the 0.1 ug dose with GCDB72 

observed to have 80% tumor growth inhibition 
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Fig. 13: GPRC5D+  MMl.R cell lines were stained for 60 minutes with various concentrations of 

lead antibodies to measure the surface binding profiles (n=3). Phycoerythrin labelled human 

IgG4Fc was used as a secondary antibody to capture the signal (Southern Biotech, clone 

	

5 	HP6025). Binding is expressed as normalized geometrical mean fluorescence intensity as 

determined by FACS. Graphing and fitting of data were done in GraphPad Prism 6 using 

nonlinear regression with variable slope (four parameters) and least square fit method. 

Fig. 14A and 14B. GPRC5D+  cell lines were stained for 60 minutes with various 

	

10 	concentrations of FAB6300 and GC5M481 antibodies to measure the surface binding profiles. 

Phycoerythrin labelled human IgG4Fc was used as a secondary antibody to capture the signal 

(Southern Biotech, clone HP6025). Binding is expressed as histograms (black line for the isotype 

and the red line denotes for the specific GPRC5D antibody (Fig. 14A). Fig. 14B shows the 

binding pattern of the lead molecules on GPRC5D+ multiple myeloma cell lines. Shaded, dotted 

	

15 	line indicates isotype control and the solid line indicate lead molecule binding. 

Fig. 15A and 15B. Frozen bone marrow-derived mononuclear cells from two different MM 

patients were used to assess GPRC5D x CD3 bispecific antibody binding, compared to IgG4 

isotype control, plasma cell cytotoxicity and T-cell activation. For the cytotoxicity assay, T cells 

	

20 	from the normal healthy donor were exogenously added to patient BM MNC samples and 

incubated with four lead molecules for 48 hours. GPRC5D x CD3 bispecific antibody 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 GPRC5D x CD3 bispecific antibody 

	

25 	treatment. 

Fig. 16. NSG mice were subcutaneously implanted with MM.1S human Multiple Myeloma cells 

on Day 0. Human PBMC were intravenously inoculated on study day 7. PBS, GCDB72 (0.1 

vs, 1µg, 10 pg and 50 µs/animal (equivalent to 0.005, 0.05, 0.5 and 2.5 mg/kg, respectively)) 

and Null control antibodies were intravenously dosed on Days 15, 18, 22, 24, 29, 32 and 36. 

	

30 	Subcutaneous tumors were measured twice weekly and the results were presented as the mean 
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tumor volume, expressed mm3  + SEM of each group. GCDB72 antibody treatment when dosed 

at 1µg (0.05 mg/kg) significantly inhibited sc tumor growth compared to PBS (TGI=64%, 

p<0.0001). GCDB72 doses of 10 µg/animal (0.5 mg/kg) and 50 µg/animal (2.5 mg/kg) 

completely regressed tumor growth (p<0.0001). The Null control antibodies had negligible or no 

	

5 	effect. Statistical significance was evaluated using a 2-way ANOVA with multiple comparisons 

using Tukey's multiple comparisons test using Graph Pad Prism software (version 6). 

Differences between groups were considered significant when the probability value (p) was 

<0.05. 

	

10 	Fig. 17. NSG were subcutaneously implanted with MM.1S human Multiple Myeloma cells on 

Day 0. Human PBMC were intravenously inoculated on study day 7. PBS, GCDB72 (0.1 [tg, 1 

[tg, 10 idg and 50 µg/animal (equivalent to 0.005, 0.05, 0.5 and 2.5 mg/kg, respectively)) and 

Null control antibodies were intravenously dosed on Days 15, 18, 22, 24, 29, 32 and 36. Body 

weight is presented as absolute body weight from start of treatment to the end of study 

15 

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 

	

20 	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.  

	

25 	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 

	

30 	understood as being modified in all instances by the term "about." Accordingly, unless indicated 
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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 

	

5 	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 

	

10 	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 

	

15 	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 

	

20 	expression in a host cell as well as chemically synthesized nucleic acids. An "isolated" antibody 

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 GPRC5D is substantially free of antibodies that specifically bind antigens other than 

	

25 	GPRC5D). An isolated antibody that specifically binds to an epitope, isoform or variant of 

GPRC5D may, however, have cross-reactivity to other related antigens, for instance from other 

species (such as GPRC5D species homologs). 

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

"nucleic acids," refers to any polyribonucleotide or polydeoxyribonucleotide, which may be 

	

30 	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- 
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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 

	

5 	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, tritylated bases and unusual bases such as inosine. A 

variety of modifications may be made to DNA and RNA; thus, "polynucleotide" embraces 

chemically, enzymatically or metabolically modified forms of polynucleotides as typically found 

	

10 	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 

	

15 	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 

	

20 	appreciably alter the nature of the encoded protein. Accordingly, in the context of nucleic acid 

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 

	

25 	preferably at least 92% identity, more preferably at least 93% identity, more preferably at least 

94% identity, more preferably at least 95% identity, more preferably at least 96% identity, more 

preferably at least 97% identity, more preferably at least 98% identity, and more preferably at 

least 99% or greater identity. The percent identity between two sequences is a function of the 

number of identical positions shared by the sequences (i.e., % homology = # of identical 

	

30 	positions/total # of positions x 100), taking into account the number of gaps, and the length of 

each gap, which need to be introduced for optimal alignment of the two sequences. The percent 
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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 PAM120 weight residue table, a gap 

length penalty of 12 and a gap penalty of 4. In addition, the percent identity between two amino 

	

5 	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. 

	

10 	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 GPRC5D specific antibodies, or antigen-binding fragments, that have 

framework, scaffold, or other non-binding regions that do not share significant identity with the 

	

15 	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. 

	

20 	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 

	

25 	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 

	

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

attenuation or amelioration of an injury, pathology or condition, including any objective or 

subjective parameter such as abatement, remission, diminishing of symptoms or making the 

condition more tolerable to the patient, slowing in the rate of degeneration or decline, making the 

	

5 	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 

	

10 	effective, at dosages and for periods of time necessary, to achieve a desired therapeutic result. A 

therapeutically effective amount of a GPRC5D 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 

	

15 	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 

	

20 	antibodies. 

"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 

	

25 	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, 

	

30 	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, 
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light chain monomers or dimers, dimers consisting of one heavy and one light chain, a 

monovalent fragment consisting of the VL, VH, 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 Fd fragment consisting essentially of the V.sub.H and 

	

5 	C.sub.H1 domains; a Fv fragment consisting essentially of the VL 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 VH 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 

	

10 	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 

	

15 	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 terms "CDR", and its plural "CDRs", refer to a complementarity determining region 

(CDR) of which three make up the binding character of a light chain variable region (CDRL1, 

CDRL2 and CDRL3) and three make up the binding character of a heavy chain variable region 

	

20 	(CDRH1, CDRH2 and CDRH3). CDRs contribute to the functional activity of an antibody 

molecule and are separated by amino acid sequences that comprise scaffolding or framework 

regions. The exact definitional CDR boundaries and lengths are subject to different 

classification and numbering systems. CDRs may therefore be referred to by Kabat, Chothia, 

contact or any other boundary definitions. Despite differing boundaries, each of these systems 

	

25 	has some degree of overlap in what constitutes the so called "hypervariable regions" within the 

variable sequences. CDR definitions according to these systems may therefore differ in length 

and boundary areas with respect to the adjacent framework region. See for example Kabat et al., 

Sequences of Proteins of Immunological Interest, 5th ed. NIH Publication No. 91-3242 

(1991); Chothia et al., "Canonical Structures For the Hypervariable Regions of 

	

30 	Immunoglobulins," J. Mol. Biol. 196:901 (1987); and MacCallum et al., "Antibody-Antigen 
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Interactions: Contact Analysis and Binding Site Topography," J. Mol. Biol. 262:732 (1996)), 

each of which is hereby incorporated by reference in its entirety. 

Typically, CDRs form a loop structure that can be classified as a canonical structure. The 

term "canonical structure" refers to the main chain conformation that is adopted by the antigen 

	

5 	binding (CDR) loops. From comparative structural studies, it has been found that five of the six 

antigen binding loops have only a limited repertoire of available conformations. Each canonical 

structure can be characterized by the torsion angles of the polypeptide backbone. Correspondent 

loops between antibodies may, therefore, have very similar three dimensional structures, despite 

high amino acid sequence variability in most parts of the loops (Chothia et al., "Canonical 

	

10 	Structures For the Hypervariable Regions of Immunoglobulins," I Mol. Biol. 196:901 (1987); 

Chothia et al., "Conformations of Immunoglobulin Hypervariable Regions," I 342:877 (1989); 

Martin and Thornton, "Structural Families in Loops of Homologous Proteins: Automatic 

Classification, Modelling and Application to Antibodies," J. Mol. Biol. 263:800 (1996), each of 

which is incorporated by reference in its entirety). Furthermore, there is a relationship between 

	

15 	the adopted loop structure and the amino acid sequences surrounding it. The conformation of a 

particular canonical class is determined by the length of the loop and the amino acid residues 

residing at key positions within the loop, as well as within the conserved framework (i.e., outside 

of the loop). Assignment to a particular canonical class can therefore be made based on the 

presence of these key amino acid residues. 

	

20 	The term "polypeptide" is used interchangeably with the term "protein" and in its 

broadest sense refers to a compound of two or more subunit amino acids, amino acid analogs or 

peptidomimetics. The subunits may be linked by peptide bonds. In another embodiment, the 

subunit may be linked by other bonds, e.g., ester, ether, etc. As used herein the term "amino 

acid" refers to either natural and/or unnatural or synthetic amino acids, including glycine and 

	

25 	both the D and L optical isomers, amino acid analogs and peptidomimetics. A peptide of three or 

more amino acids is commonly called an oligopeptide if the peptide chain is short. If the peptide 

chain is long, the peptide is commonly called a polypeptide or a protein. 

"Specifically binds" or "binds specifically" or derivatives thereof when used in the 

context of antibodies, or antibody fragments, represents binding via domains encoded by 

	

30 	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 
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population of molecules. Typically, an antibody binds to a cognate antigen with a Ka 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., GPRC5D-specific antibody) are meant to 

convey that the recited antibody specifically binds the recited antigen. 

	

5 	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 

	

10 	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. 

	

15 	"Modified" bases include, for example, tritylated bases and unusual bases such as inosine. A 

variety of modifications may be made to DNA and RNA; thus, "polynucleotide" embraces 

chemically, enzymatically or metabolically modified forms of polynucleotides as typically found 

in nature, as well as the chemical forms of DNA and RNA characteristic of viruses and cells. 

"Polynucleotide" also embraces relatively short nucleic acid chains, often referred to as 

	

20 	oligonucleotides. 

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. 

As used herein, the term "host cell" can be any type of cell, e.g., a primary cell, a cell in 

	

25 	culture, or a cell from a cell line. In specific embodiments, the term "host cell" refers to a cell 

transfected with a nucleic acid molecule and the progeny or potential progeny of such a cell. 

Progeny of such a cell may not be identical to the parent cell transfected with the nucleic acid 

molecule, e.g., due to mutations or environmental influences that may occur in succeeding 

generations or integration of the nucleic acid molecule into the host cell genome. The terms 

	

30 	"expression" and "production" 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 
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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 

	

5 	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 

	

10 	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 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 

	

15 	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 950/0 identity, more preferably at least 96% identity, more 

preferably at least 97% identity, more preferably at least 98% identity, and more preferably at 

	

20 	least 99% or greater identity. The percent identity between two sequences is a function of the 

number of identical positions shared by the sequences (i.e., % homology = # of identical 

positions/total 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 

	

25 	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 PAM120 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. 

	

30 	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 
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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%, 940/0, 95%, 96%, 

97%, 98%, or 99% identity to the antibodies or antigen-binding fragments described. Other 

	

5 	embodiments include GPRC5D-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. 

10 

The term "subject" refers to human and non-human animals, including all vertebrates, 

e.g., mammals and non-mammals, such as non-human primates, mice, rabbits, sheep, dogs, cats, 

horses, cows, chickens, amphibians, and reptiles. In many embodiments of the described 

methods, the subject is a human. 

	

15 	The term "redirect" or "redirecting" as used herein refers to the ability of the GPRC5D x 

CD3 antibody to traffic the activity of T cells effectively, from its inherent cognate specificity 

toward reactivity against GPRC5D-expressing cells. 

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 

	

20 	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 

	

25 	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, 

abdominal and other body cavities, fluids collected by bronchial lavage and the like. Biological 

	

30 	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 
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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 

GPRC5D, where the solution may be a naturally occurring solution, such as a sample from a 

	

5 	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 GPRCSD diluted therein. 

The known standards, described herein may include GPRC5D isolated from a subject, 

recombinant or purified GPRC5D protein, or a value of GPRC5D concentration associated with 

a disease condition. 

	

10 	As used herein, the terms "G-protein coupled receptor family C group 5 member D" and 

"GPRC5D" specifically include the human GPRCSD protein, for example as described in 

GenBank Accession No. BC069341, NCBI Reference Sequence: NP 061124.1 and 

UniProtKB/Swiss-Prot Accession No. Q9NZD1 (see also Brauner-Osborne, H. et al. 2001, 

Biochim. Biophys. Acta 1518, 237-248). 

	

15 	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 CD36 chain (SwissProt P04234), two CD3E chains 

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

associated with the T cell receptor a and p chain. The term "CD3" includes any CD3 variant, 

	

20 	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 "GPRC5D 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 GPRC5D and one of which binds specifically to CD3. A multispecific antibody 

	

25 	can be a bispecific antibody, diabody, or similar molecule (see for instance PNAS 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 GPRC5D. The term 

"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 

	

30 	binding but includes as well binding to different epitopes in one target. 
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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 GPRC5D levels that are 

	

5 	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 

GPRC5D 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 

	

10 	condition, such as GPRC5D-expressing cancer, but that have an unknown amount of GPRC5D. 

The term "progression," as used in the context of progression of GPRC5D-expressing 

cancer, includes the change of a cancer from 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 

	

15 	cancer" includes the progression of such a cancer from a less severe to a more severe state, such 

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

The term "regression," as used in the context of regression of GPRC5D-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 

	

20 	which the cancer is growing or spreading, and the like. For example, "the regression of colon 

cancer" includes the regression of such a cancer from 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 GPRC5D-expressing cancer, is 

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

	

25 	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. 

GPRC5D-Specific Antibodies and Antigen-Binding Fragments  

	

30 	Described herein are isolated monoclonal antibodies or antigen-binding fragments that 

specifically bind GPRC5D. The general structure of an antibody molecule comprises an antigen 
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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 GPRC5D-specific antibodies or antigen-binding fragments include all 

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

	

5 	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 GPRCSD-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 

	

10 	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 

	

15 	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, 

	

20 	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 

	

25 	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 

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. 

	

30 	The antibodies or antigen-binding fragments described herein can occur in a variety of 

forms, but will include one or more of the antibody CDRs shown in Table 1. 
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Described herein are isolated antibodies and antigen-binding fragments that 

immunospecifically bind to GPRC5D. In some embodiments, the GPRC5D-specific antibodies 

or antigen-binding fragments are human IgG, or derivatives thereof. While the GPRC5D-

specific antibodies or antigen-binding fragments exemplified herein are human, the antibodies or 

	

5 	antigen-binding fragments exemplified may be chimerized. 

In some embodiments are provided a GPRC5D-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 GPRC5D-

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

	

10 	a CDR1, 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. 

In some embodiments, the GPRC5D-specific antibodies and antigen-binding fragments 

comprise a heavy chain CDR1 comprising SEQ ID NO: 1, a heavy chain CDR2 comprising SEQ 

	

15 	ID NO: 5, and a heavy chain CDR3 comprising SEQ ID NO: 9, In some embodiments, the 

GPRC5D-specific antibodies and antigen-binding fragments comprise a heavy chain CDR1 

comprising SEQ ID NO: 1, a heavy chain CDR2 comprising SEQ ID NO: 5, a heavy chain 

CDR3 comprising SEQ ID NO: 9, a light chain CDR1 comprising SEQ ID NO: 13, a light chain 

CDR2 comprising SEQ ID NO: 16, and a light chain CDR3 comprising SEQ ID NO: 19. This 

	

20 	GPRC5D -specific antibody or antigen-binding fragment may comprise human framework 

sequences. In some embodiments, the GPRC5D -specific antibodies and antigen-binding 

fragments comprise a heavy chain variable domain substantially the same as, or identical to, SEQ 

ID NO: 52. In some embodiments, the GPRC5D-specific antibodies and antigen-binding 

fragments comprise a heavy chain variable domain substantially the same as, or identical to, 

	

25 	SEQ ID NO: 52 and a light chain variable domain substantially the same as, or identical to, SEQ 

ID NO: 56. 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-GPRC5D arm. 

In some embodiments, the GPRC5D-specific antibodies and antigen-binding fragments 

	

30 	comprise a heavy chain CDR1 comprising SEQ ID NO: 2, a heavy chain CDR2 comprising SEQ 

ID NO: 6, and a heavy chain CDR3 comprising SEQ ID NO: 10. In some embodiments, the 
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GPRC5D-specific antibodies and antigen-binding fragments comprise a heavy chain CDR1 

comprising SEQ ID NO: 2, a heavy chain CDR2 comprising SEQ ID NO: 6, a heavy chain 

CDR3 comprising SEQ ID NO: 10, a light chain CDR1 comprising SEQ ID NO: 13, a light 

chain CDR2 comprising SEQ ID NO: 16, and a light chain CDR3 comprising SEQ ID NO: 19. 

	

5 	This GPRC5D -specific antibody or antigen-binding fragment may comprise human framework 

sequences. In some embodiments, the GPRC5D -specific antibodies and antigen-binding 

fragments comprise a heavy chain variable domain substantially the same as, or identical to, 

SEQ ID NO: 53. In some embodiments, the GPRC5D-specific antibodies and antigen-binding 

fragments comprise a heavy chain variable domain substantially the same as, or identical to, 

	

10 	SEQ ID NO: 53 and a light chain variable domain substantially the same as, or identical to, SEQ 

ID NO: 56. 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-GPRC5D arm. 

In some embodiments, the GPRC5D-specific antibodies and antigen-binding fragments 

	

15 	comprise a heavy chain CDR1 comprising SEQ ID NO: 3, a heavy chain CDR2 comprising SEQ 

ID NO: 7, and a heavy chain CDR3 comprising SEQ ID NO: 11. In some embodiments, the 

GPRC5D-specific antibodies and antigen-binding fragments comprise a heavy chain CDR1 

comprising SEQ ID NO: 3, a heavy chain CDR2 comprising SEQ ID NO: 7, a heavy chain 

CDR3 comprising SEQ ID NO: 11, a light chain CDR1 comprising SEQ ID NO: 14, a light 

	

20 	chain CDR2 comprising SEQ ID NO: 17, and a light chain CDR3 comprising SEQ ID NO: 20. 

This GPRC5D -specific antibody or antigen-binding fragment may comprise human framework 

sequences. In some embodiments, the GPRC5D -specific antibodies and antigen-binding 

fragments comprise a heavy chain variable domain substantially the same as, or identical to, SEQ 

ID NO: 54. In some embodiments, the GPRC5D-specific antibodies and antigen-binding 

	

25 	fragments comprise a heavy chain variable domain substantially the same as, or identical to, SEQ 

ID NO: 54 and a light chain variable domain substantially the same as, or identical to, SEQ ID 

NO: 57. 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-GPRC5D arm. 

	

30 	In some embodiments, the GPRC5D-specific antibodies and antigen-binding fragments 

comprise a heavy chain CDR1 comprising SEQ ID NO: 4, a heavy chain CDR2 comprising SEQ 
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ID NO: 8, and a heavy chain CDR3 comprising SEQ ID NO: 12. In some embodiments, the 

GPRC5D-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, a heavy chain 

CDR3 comprising SEQ ID NO: 12, a light chain CDRI comprising SEQ ID NO: 15, a light 

	

5 	chain CDR2 comprising SEQ ID NO: 18, and a light chain CDR3 comprising SEQ ID NO: 21. 

This GPRCSD -specific antibody or antigen-binding fragment may comprise human framework 

sequences. In some embodiments, the GPRCSD -specific antibodies and antigen-binding 

fragments comprise a heavy chain variable domain substantially the same as, or identical to, 

SEQ ID NO: 55. In some embodiments, the GPRC5D-specific antibodies and antigen-binding 

	

10 	fragments comprise a heavy chain variable domain substantially the same as, or identical to, SEQ 

ID NO: 55 and a light chain variable domain substantially the same as, or identical to, SEQ ID 

NO: 58. 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-GPRC5D arm. 

	

15 	In some embodiments, the GPRC5D-specific antibodies and antigen-binding fragments 

comprise a heavy chain CDRI comprising SEQ ID NO: 61, a heavy chain CDR2 comprising 

SEQ ID NO: 67, and a heavy chain CDR3 comprising SEQ ID NO: 72. In some embodiments, 

the GPRC5D-specific antibodies and antigen-binding fragments comprise a heavy chain CDRI 

comprising SEQ ID NO: 61, a heavy chain CDR2 comprising SEQ ID NO: 67, a heavy chain 

	

20 	CDR3 comprising SEQ ID NO: 72, a light chain CDRI comprising SEQ ID NO: 13, a light 

chain CDR2 comprising SEQ ID NO: 78, and a light chain CDR3 comprising SEQ ID NO: 80. 

This GPRC5D -specific antibody or antigen-binding fragment may comprise human framework 

sequences. In some embodiments, the GPRC5D -specific antibodies and antigen-binding 

fragments comprise a heavy chain variable domain substantially the same as, or identical to, 

	

25 	SEQ ID NO: 82. In some embodiments, the GPRC5D-specific antibodies and antigen-binding 

fragments comprise a heavy chain variable domain substantially the same as, or identical to, SEQ 

ID NO: 82 and a light chain variable domain substantially the same as, or identical to, SEQ ID 

NO: 92. 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 

	

30 	an anti-GPRC5D arm. 
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In some embodiments, the GPRC5D-specific antibodies and antigen-binding fragments 

comprise a heavy chain CDR1 comprising SEQ ID NO: 2, a heavy chain CDR2 comprising SEQ 

ID NO: 28, and a heavy chain CDR3 comprising SEQ ID NO: 30. In some embodiments, the 

GPRC5D-specific antibodies and antigen-binding fragments comprise a heavy chain CDR1 

	

5 	comprising SEQ ID NO: 2, a heavy chain CDR2 comprising SEQ ID NO: 28, a heavy chain 

CDR3 comprising SEQ ID NO: 30, a light chain CDR1 comprising SEQ ID NO: 13, a light 

chain CDR2 comprising SEQ ID NO: 16, and a light chain CDR3 comprising SEQ ID NO: 19. 

This GPRC5D -specific antibody or antigen-binding fragment may comprise human framework 

sequences. In some embodiments, the GPRC5D -specific antibodies and antigen-binding 

	

10 	fragments comprise a heavy chain variable domain substantially the same as, or identical to, 

SEQ ID NO: 83. In some embodiments, the GPRC5D-specific antibodies and antigen-binding 

fragments comprise a heavy chain variable domain substantially the same as, or identical to, SEQ 

ID NO: 83 and a light chain variable domain substantially the same as, or identical to, SEQ ID 

NO: 56. The heavy chain variable domain and light chain variable domain of antibodies 

	

15 	discussed in this paragraph are suitable for inclusion in bispecific constructs in which one arm is 

an anti-GPRC5D arm. 

In some embodiments, the GPRC5D-specific antibodies and antigen-binding fragments 

comprise a heavy chain CDR1 comprising SEQ ID NO: 27, a heavy chain CDR2 comprising 

SEQ ID NO: 29, and a heavy chain CDR3 comprising SEQ ID NO: 73. In some embodiments, 

	

20 	the GPRC5D-specific antibodies and antigen-binding fragments comprise a heavy chain CDR1 

comprising SEQ ID NO: 27, a heavy chain CDR2 comprising SEQ ID NO: 29, a heavy chain 

CDR3 comprising SEQ ID NO: 73, a light chain CDR1 comprising SEQ ID NO: 14, a light 

chain CDR2 comprising SEQ ID NO: 17, and a light chain CDR3 comprising SEQ ID NO: 20. 

This GPRC5D -specific antibody or antigen-binding fragment may comprise human framework 

	

25 	sequences. In some embodiments, the GPRC5D -specific antibodies and antigen-binding 

fragments comprise a heavy chain variable domain substantially the same as, or identical to, 

SEQ ID NO: 84. In some embodiments, the GPRC5D-specific antibodies and antigen-binding 

fragments comprise a heavy chain variable domain substantially the same as, or identical to, SEQ 

ID NO: 84 and a light chain variable domain substantially the same as, or identical to, SEQ ID 

	

30 	NO: 57. The heavy chain variable domain and light chain variable domain of antibodies 

31 

SUBSTITUTE SHEET (RULE 26) 



WO 2018/017786 	 PCT/US2017/042982 

discussed in this paragraph are suitable for inclusion in bispecific constructs in which one arm is 

an anti-GPRC5D arm. 

In some embodiments, the GPRC5D-specific antibodies and antigen-binding fragments 

comprise a heavy chain CDR1 comprising SEQ ID NO: 27, a heavy chain CDR2 comprising 

	

5 	SEQ ID NO: 29, and a heavy chain CDR3 comprising SEQ ID NO: 11. In some embodiments, 

the GPRC5D-specific antibodies and antigen-binding fragments comprise a heavy chain CDR1 

comprising SEQ ID NO: 27, a heavy chain CDR2 comprising SEQ ID NO: 29 a heavy chain 

CDR3 comprising SEQ ID NO: 11, a light chain CDR1 comprising SEQ ID NO: 14, a light 

chain CDR2 comprising SEQ ID NO: 17, and a light chain CDR3 comprising SEQ ID NO: 20. 

	

10 	This GPRC5D -specific antibody or antigen-binding fragment may comprise human framework 

sequences. In some embodiments, the GPRC5D -specific antibodies and antigen-binding 

fragments comprise a heavy chain variable domain substantially the same as, or identical to, 

SEQ ID NO: 85. In some embodiments, the GPRC5D-specific antibodies and antigen-binding 

fragments comprise a heavy chain variable domain substantially the same as, or identical to, SEQ 

	

15 	ID NO: 85 and a light chain variable domain substantially the same as, or identical to, SEQ ID 

NO: 57. 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-GPRC5D arm. 

In some embodiments, the GPRC5D-specific antibodies and antigen-binding fragments 

	

20 	comprise a heavy chain CDR1 comprising SEQ ID NO: 62, a heavy chain CDR2 comprising 

SEQ ID NO: 68, and a heavy chain CDR3 comprising SEQ ID NO: 74. In some embodiments, 

the GPRC5D-specific antibodies and antigen-binding fragments comprise a heavy chain CDR1 

comprising SEQ ID NO: 62, a heavy chain CDR2 comprising SEQ ID NO: 68, a heavy chain 

CDR3 comprising SEQ ID NO: 74, a light chain CDR1 comprising SEQ ID NO: 14, a light 

	

25 	chain CDR2 comprising SEQ ID NO: 17, and a light chain CDR3 comprising SEQ ID NO: 20. 

This GPRC5D -specific antibody or antigen-binding fragment may comprise human framework 

sequences. In some embodiments, the GPRC5D -specific antibodies and antigen-binding 

fragments comprise a heavy chain variable domain substantially the same as, or identical to, 

SEQ ID NO: 86. In some embodiments, the GPRC5D-specific antibodies and antigen-binding 

	

30 	fragments comprise a heavy chain variable domain substantially the same as, or identical to, SEQ 

ID NO: 86 and a light chain variable domain substantially the same as, or identical to, SEQ ID 
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NO: 57. 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-GPRC5D arm. 

In some embodiments, the GPRC5D-specific antibodies and antigen-binding fragments 

	

5 	comprise a heavy chain CDR1 comprising SEQ ID NO: 63, a heavy chain CDR2 comprising 

SEQ ID NO: 69, and a heavy chain CDR3 comprising SEQ ID NO: 75. In some embodiments, 

the GPRC5D-specific antibodies and antigen-binding fragments comprise a heavy chain CDR1 

comprising SEQ ID NO: 63, a heavy chain CDR2 comprising SEQ ID NO: 69, a heavy chain 

CDR3 comprising SEQ ID NO: 75, a light chain CDR1 comprising SEQ ID NO: 13, a light 

	

10 	chain CDR2 comprising SEQ ID NO: 78, and a light chain CDR3 comprising SEQ ID NO: 80. 

This GPRCSD -specific antibody or antigen-binding fragment may comprise human framework 

sequences. In some embodiments, the GPRC5D -specific antibodies and antigen-binding 

fragments comprise a heavy chain variable domain substantially the same as, or identical to, 

SEQ ID NO: 87. In some embodiments, the GPRC5D-specific antibodies and antigen-binding 

	

15 	fragments comprise a heavy chain variable domain substantially the same as, or identical to, SEQ 

ID NO: 87 and a light chain variable domain substantially the same as, or identical to, SEQ ID 

NO: 92. 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-GPRC5D arm. 

	

20 	In some embodiments, the GPRC5D-specific antibodies and antigen-binding fragments 

comprise a heavy chain CDR1 comprising SEQ ID NO: 64, a heavy chain CDR2 comprising 

SEQ ID NO: 70, and a heavy chain CDR3 comprising SEQ ID NO: 12. In some embodiments, 

the GPRC5D-specific antibodies and antigen-binding fragments comprise a heavy chain CDR1 

comprising SEQ ID NO: 64, a heavy chain CDR2 comprising SEQ ID NO: 70, a heavy chain 

	

25 	CDR3 comprising SEQ ID NO: 12, a light chain CDR1 comprising SEQ ID NO: 15, a light 

chain CDR2 comprising SEQ ID NO: 18, and a light chain CDR3 comprising SEQ ID NO: 21. 

This GPRC5D -specific antibody or antigen-binding fragment may comprise human framework 

sequences. In some embodiments, the GPRCSD -specific antibodies and antigen-binding 

fragments comprise a heavy chain variable domain substantially the same as, or identical to, 

	

30 	SEQ ID NO: 88. In some embodiments, the GPRCSD-specific antibodies and antigen-binding 

fragments comprise a heavy chain variable domain substantially the same as, or identical to, SEQ 
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ID NO: 88 and a light chain variable domain substantially the same as, or identical to, SEQ ID 

NO: 58. 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-GPRC5D arm. 

	

5 	In some embodiments, the GPRC5D-specific antibodies and antigen-binding fragments 

comprise a heavy chain CDR1 comprising SEQ ID NO: 65, a heavy chain CDR2 comprising 

SEQ ID NO: 68, and a heavy chain CDR3 comprising SEQ ID NO: 76. In some embodiments, 

the GPRC5D-specific antibodies and antigen-binding fragments comprise a heavy chain CDR1 

comprising SEQ ID NO: 65, a heavy chain CDR2 comprising SEQ ID NO: 68, a heavy chain 

	

10 	CDR3 comprising SEQ ID NO: 76, a light chain CDR1 comprising SEQ ID NO: 95, a light 

chain CDR2 comprising SEQ ID NO: 79, and a light chain CDR3 comprising SEQ ID NO: 81. 

This GPRC5D -specific antibody or antigen-binding fragment may comprise human framework 

sequences. In some embodiments, the GPRC5D -specific antibodies and antigen-binding 

fragments comprise a heavy chain variable domain substantially the same as, or identical to, 

	

15 	SEQ ID NO: 89. In some embodiments, the GPRC5D-specific antibodies and antigen-binding 

fragments comprise a heavy chain variable domain substantially the same as, or identical to, SEQ 

ID NO: 89 and a light chain variable domain substantially the same as, or identical to, SEQ ID 

NO: 93. 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 

	

20 	an anti-GPRC5D arm. 

In some embodiments, the GPRC5D-specific antibodies and antigen-binding fragments 

comprise a heavy chain CDR1 comprising SEQ ID NO: 66, a heavy chain CDR2 comprising 

SEQ ID NO: 71, and a heavy chain CDR3 comprising SEQ ID NO: 77. In some embodiments, 

the GPRC5D-specific antibodies and antigen-binding fragments comprise a heavy chain CDR1 

	

25 	comprising SEQ ID NO: 66, a heavy chain CDR2 comprising SEQ ID NO: 71, a heavy chain 

CDR3 comprising SEQ ID NO: 77, a light chain CDR1 comprising SEQ ID NO: 15, a light 

chain CDR2 comprising SEQ ID NO: 18, and a light chain CDR3 comprising SEQ ID NO: 21. 

This GPRC5D -specific antibody or antigen-binding fragment may comprise human framework 

sequences. In some embodiments, the GPRC5D -specific antibodies and antigen-binding 

	

30 	fragments comprise a heavy chain variable domain substantially the same as, or identical to, 

SEQ ID NO: 91. In some embodiments, the GPRC5D-specific antibodies and antigen-binding 
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fragments comprise a heavy chain variable domain substantially the same as, or identical to, SEQ 

ID NO: 91 and a light chain variable domain substantially the same as, or identical to, SEQ ID 

NO: 94. 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 

	

5 	an anti-GPRC5D arm. 

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

derivatives thereof, e.g., IgGl, IgG2, IgG3, and IgG4 isotypes. In some embodiments wherein 

the antibody is of IgG1 isotype, the antibody comprises an IgG1 Fc region (SEQ ID NO. 60). 

SEQ ID NO. 60 

	

10 	ASTKGPSVFPLAP S SKS T SGGTAALGCLVKDYFPEPVTVSWNSGALT SGVHTFPAVLQS S 
GLYSL S SVVTVP S S SLGTQTYICNVNHKP SNTKVDKKVEPKSCDKTHTCPPCPAPELLGG 
PSVFLFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVKFNWYVDGVEVHNAKTKPREEQY 
NS TYRVVS VL TVLHQDWLNGKEYK CKVSNKALPAPIEKTI SKAKGQPREP QVYTLPP SR 
EEMTKNQVSLTCLVKGFYP SDIAVEWE SNGQPENNYKTTPPVLD SD GSFFLY SKLTVDK 

	

15 	SRWQQGNVFSC SVMHEALHNHYTQKSL SL SP GK 

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

L234A, and L235A substitutions in its Fc region (SEQ ID NO. 59). 

SEQ ID NO. 59 

	

20 	ASTKGP SVFPLAPCSRST SESTAALGCLVKDYFPEPVTVSWNSGALTSGVHTFPAVLQ S S 
GLYSL S SVVTVP S S SLGTKTYTCNVDHKPSNTKVDKRVESKYGPPCPPCPAPEAAGGPS 
VFLFPPKPKDTLMISRTPEVTCVVVDVSQEDPEVQFNWYVDGVEVHNAKTKPREEQFNS 
TYRVVSVLTVLHQDWLNGKEYKCKVSNKGLP S SIEKTISKAKGQPREPQVYTLPPSQEE 
MTKNQVSL TCLVKGFYP SDIAVEWESNGQPENNYKT TPPVLD SDGSFFLY SRLTVDK SR 

	

25 	WQEGNVF SC SVMHEALHNHYTQKSL SL SLGK 

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

the above paragraphs may include these modifications. 

Also disclosed are isolated polynucleotides that encode the antibodies or antigen-binding 

	

30 	fragments that immunospecifically bind to GPRCSD. 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. An exemplary 

polynucleotide sequence that encodes a GPRC5D antibody is shown below: 

	

35 	Heavy Chain Sequence (SEQ ID NO: 96): 
atggcctgggtctggaccctgctgttcctgatggccgctgcccagagcatccaggcccaggtgcagctggtgcagagcggcg 

ccgaggtgaagaagcccggcgccagcgtgaaggtgagctgcaaggccagcggctacagcttcaccggctacaccatgaactgggtgcg 
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gcaggcccccggccagggcctggagtggatgggcctgatcaacccctacaacagcgacaccaactacgcccagaagctgcagggccg 
ggtgaccatgaccaccgacaccagcaccagcaccgcctacatggagctgcggagcctgcggagcgacgacaccgccgtgtactactgc 
gcccgggtggccctgcgggtggccctggactactggggccagggcaccctggtgaccgtgagcagcgcctccaccaagggcccatcc 
gtcttccccctggcgccctgctccaggagcacctccgagagcacagccgccctgggctgcctggtcaaggactacttccccgaaccggtg 

	

5 	acggtgtcgtggaactcaggcgcc ctgacc agcggcgtgcac accttcccggctgtc ctacagtc ctcaggactctactccctc agcagcg 
tggtgaccgtgccctccagcagcttgggcacgaaaacctacacctgcaacgtagatcacaagcccagcaacaccaaggtggacaagaga 
gttgagtccaaatatggtcccccatgcccaccatgcccagcacctgaggccgccgggggaccatcagtcttcctgttccccccaaaaccca 
aggacactctcatgatctcccggacccctgaggtcacgtgcgtggtggtggacgtgagccaggaagaccccgaggtccagttcaactggt 
acgtggatggcgtggaggtgcataatgccaagacaaagccgcgggaggagcagttcaacagcacgtaccgtgtggtcagcgtcctcacc 

	

10 	gtcctgcaccaggactggctgaacggcaaggagtacaagtgcaaggtctccaacaaaggcctcccgtcctccatcgagaaaaccatctcc 
aaagccaaagggcagccccgagagccacaggtgtacaccctgcccccatcccaggaggagatgaccaagaaccaggtcagcctgacc 
tgcctggtcaaaggcttctaccccagcgacatcgccgtggagtgggagagcaatgggcagccggagaacaactacaagaccacgcctcc 
cgtgctggactccgacggctccttcttcctctacagcaggctaaccgtggacaagagcaggtggcaggaggggaatgtcttctcatgctcc 
gtgatgcatgaggctctgcacaaccactacacacagaagagcctctccctgtctctgggtaaatga 

15 

Light Chain Sequence (SEQ ID NO:90): 
atgcgggtgctggcccagctgctgggactgctgctgctgtgcttccctggcgccagatgcgacatccagatgacccagagccccagcagc 
ctgagcgccagcgtgggcgaccgggtgaccatcacctgcaaggccagccagaacgtggccacccacgtgggctggtaccagcagaag 
cccggc aaggcc cccaagcggctgatctacagcgccagctaccggtac agcggcgtgcccagccggttc agcggcagcggcagcggc 

	

20 	accgagttcaccctgaccatcagcaacctgcagcccgaggacttcgccacctactactgccagcagtacaaccggtacccctacaccttcg 
gccagggcaccaagctggagatcaagcgtacggtggctgcaccatctgtcttcatcttcccgccatctgatgagcagttgaaatctggaact 
gcctctgttgtgtgcctgctgaataacttctatcccagagaggccaaagtacagtggaaggtggataacgccctccaatcgggtaactccca 
ggagagtgtcacagagcaggacagcaaggacagcacctacagcctcagcagcaccctgacgctgagcaaagcagactacgagaaaca 
caaagtctacgcctgcgaagtcacccatcagggcctgagctcgcccgtcacaaagagcttcaacaggggagagtgttga 

25 

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. 

	

30 	The GPRCSD-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 

GPRC5D-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) 

	

35 	substitution of an amino acid in a given position is written as e.g. S228P which means a 

substitution of a Serine in position 228 with a Proline; 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 Serine for Arginine in position 228 is designated as: S228P, or 

the substitution of any amino acid residue for Serine in position 228 is designated as S228P. In 
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case of deletion of Serine in position 228 it is indicated by S228*. 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 

	

5 	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, for example, an epitope for an 

antibody, a polyhistidine sequence, a biotin moiety and the like. Antibodies or antigen-binding 

	

10 	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, 

	

15 	are known to persons having ordinary skill in the art. 

The GPRC5D-specific antibodies or antigen-binding fragments described herein may 

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

the antibody isotype is IgGl, IgG2, IgG3, or IgG4 isotype, preferably IgG1 or IgG4 isotype. 

Antibody or antigen-binding fragment thereof specificity is largely determined by the amino acid 

	

20 	sequence, and arrangement, of the CDRs. Therefore, the CDRs of one isotype may be 

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

been established to cause hybridomas to switch from producing one antibody isotype to another 

(isotype switching) without altering antigen specificity. Accordingly, such antibody isotypes are 

within the scope of the described antibodies or antigen-binding fragments. 

	

25 	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 

	

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

not limited to, plasmids, phagemids, cosmids, baculoviruses, bacmids, bacterial artificial 
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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 

	

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

include a transcriptional promoter, sequences encoding suitable mRNA ribosomal binding sites, 

and sequences that control the termination of transcription and translation. Expression vectors, 

especially mammalian expression vectors, may also include one or more nontranscribed elements 

such as an origin of replication, a suitable promoter and enhancer linked to the gene to be 

	

10 	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. 

The transcriptional and translational control sequences in expression vectors to be used in 

	

15 	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 (HPRT), adenosine deaminase, pyruvate kinase, 

	

20 	beta-actin, human myosin, human hemoglobin, human muscle creatine, and others. In addition, 

many viral promoters function constitutively in eukaryotic cells and are suitable for use with the 

described embodiments. Such viral promoters include without limitation, Cytomegalovirus 

(CMV) immediate early promoter, the early and late promoters of SV40, the Mouse Mammary 

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

	

25 	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 GPRC5D-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 

	

30 	more interferon-stimulated response elements (ISRE) such as protein kinase R 2',5'- 

oligoadenylate synthetases, Mx genes, ADAR1, and the like. 
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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., SV40), which may be upstream or downstream of any of the 

	

5 	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. 

	

10 	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 

blasticidin resistance gene), glutamate synthase genes, HSV-TK, HSV-TK derivatives for 

	

15 	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 

	

20 	encoding the described antibodies or antigen-binding fragments. For example, the vectors may 

be used to generate GPRC5D-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 

GPRC5D, such as the antibodies or antigen-binding fragments described and exemplified herein. 

	

25 	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 

	

30 	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 
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transfer (e.g., cell fusion, chromosome mediated gene transfer, micro cell mediated gene 

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

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

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

	

5 	Calcium phosphate precipitation and polyethylene glycol (PEG)-induced fusion of bacterial 

protoplasts with mammalian cells may also be used to transform cells. 

Cells suitable for use in the expression of the GPRC5D-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, CHOK1, perC.6, Tk- 

	

10 	ts13, BHK, HEK293 cells, COS-7, T98G, CV-1/EBNA, L cells, C127, 3T3, HeLa, NS1, 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. 

Cells transformed with expression vectors described herein may be selected or screened 

	

15 	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 

	

20 	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 GPRC5D-specific antibodies for treatment 

	

25 	Provided herein are GPRC5D-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 GPRC5D-expressing cancer. Accordingly, the invention provides a 

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

GPRC5D-specific antibodies or antigen-binding fragments. For example, the use may be by 

	

30 	interfering with GPRC5D-receptor interactions or where the antibody is conjugated to a toxin, so 

targeting the toxin to the GPRC5D-expressing cancer. In some embodiments GPRC5D- 
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expressing cancer includes lymphoma, such as multiple myeloma (MM). The antibodies for use 

in these methods include those described herein above, for example a GPRC5D-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. 

	

5 	In some embodiments described herein, immune effector properties of the GPRC5D- 

specific antibodies may be enhanced or silenced through Fc modifications by techniques known 

to those skilled in the art. For example, Fc 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 

	

10 	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 

Killer (NK) cells, neutrophils, and macrophages) recognize bound antibody on a target cell and 

	

15 	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, Gl, G1F, G2 or G2F forms. 

Antibodies produced by non-engineered CHO cells typically have a glycan fucose content of 

	

20 	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.RIIIa 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 

	

25 	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 YB2/0 as 

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

	

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

Biotechnol Bioeng 88:901-908, 2004), or coexpression of P-1,4-N-acetylglucosaminyltransferase 
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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 GPRC5D antibodies may 

	

5 	also be enhanced by certain substitutions in the antibody Fc. 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 GPRC5D 

Provided herein are methods for detecting GPRC5D in a biological sample by contacting 

	

10 	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), 

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

histological preparations, and the like. In some embodiments the described methods include 

	

15 	detecting GPRC5D in a biological sample by contacting the sample with any of the GPRC5D- 

specific antibodies or antigen-binding fragments thereof described herein. 

In some embodiments the sample may be contacted with more than one of the GPRC5D-

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

be contacted with a first GPRC5D-specific antibody, or antigen-binding fragment thereof, and 

	

20 	then contacted with a second GPRC5D-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 

	

25 	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 GPRC5D-specific antibodies and antigen-binding fragments may be 

detectably labeled. In some embodiments labeled antibodies and antigen-binding fragments may 

facilitate the detection GPRC5D via the methods described herein. Many such labels are readily 

	

30 	known to those skilled in the art. For example, suitable labels include, but should not be 

42 

SUBSTITUTE SHEET (RULE 26) 



WO 2018/017786 	 PCT/US2017/042982 

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

ECL labels, or enzymes. More specifically, the described labels include ruthenium, 111In-DOTA, 

"In- diethylenetriaminepentaacetic acid (DTPA), horseradish peroxidase, alkaline phosphatase 

and beta-galactosidase, poly-histidine (HIS tag), acridine dyes, cyanine dyes, fluorone dyes, 

	

5 	oxazin dyes, phenanthridine dyes, rhodamine dyes, Alexafluor® dyes, and the like. 

The described GPRC5D-specific antibodies and antigen-binding fragments may be used 

in a variety of assays to detect GPRC5D in a biological sample. Some suitable assays include, 

but should not be considered limited to, western blot analysis, radioimmunoassay, surface 

plasmon resonance, immunofluorimetry, immunoprecipitation, equilibrium dialysis, 

	

10 	immunodiffusion, electrochemiluminescence (ECL) immunoassay, immunohistochemistry, 

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

In some embodiments described herein detection of GPRC5D-expressing cancer cells in 

a subject may be used to determine that the subject may be treated with a therapeutic agent 

directed against GPRC5D. 

	

15 	GPRC5D is present at detectable levels in blood and serum samples. Thus, provided 

herein are methods for detecting GPRC5D 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 GPRC5D. 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 

	

20 	performed. In some embodiments, GPRC5D 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 ELISA 

	

25 	assay. 

Methods for Diagnosing Cancer 

Provided herein are methods for diagnosing GPRC5D-expressing cancer in a subject. In 

some embodiments GPRC5D-expressing cancer include lymphomas, such as multiple myeloma 

	

30 	(MM). In some embodiments, as described above, detecting GPRC5D in a biological sample, 

such as a blood sample or a serum sample, provides the ability to diagnose cancer in the subject 
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from whom the sample was obtained. Alternatively, in some embodiments other samples such as 

a histological sample, a fine needle aspirate sample, resected tumor tissue, circulating cells, 

circulating tumor cells, and the like, may also be used to assess whether the subject from whom 

the sample was obtained has cancer. In some embodiments, it may already be known that the 

	

5 	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 GPRC5D 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 GPRC5D-expressing. 

	

10 	In some embodiments the described methods involve assessing whether a subject is 

afflicted with GPRC5D-expressing cancer by determining the amount of GPRC5D that is present 

in a biological sample derived from the subject; and comparing the observed amount of 

GPRC5D with the amount of GPRC5D in a control, or reference, sample, wherein a difference 

between the amount of GPRC5D in the sample derived from the subject and the amount of 

	

15 	GPRC5D in the control, or reference, sample is an indication that the subject is afflicted with a 

GPRC5D-expressing cancer. In another embodiment the amount of GPRC5D observed in a 

biological sample obtained from a subject may be compared to levels of GPRC5D 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 GPRC5D in the sample derived from the subject is 

	

20 	assessed by contacting the sample with an antibody, or an antigen-binding fragment thereof, that 

immunospecifically binds GPRC5D, such as the GPRC5D-specific antibodies described herein. 

The sample assessed for the presence of GPRC5D 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 

	

25 	needle aspiration), histological preparations, and the like. In some embodiments GPRC5D- 

expressing cancer includes hematological cancer, such as multiple myeloma (MM). In some 

embodiments the subject is a human. 

In some embodiments the method of diagnosing a GPRC5D-expressing cancer will 

involve: contacting a biological sample of a subject with a GPRC5D-specific antibody, or an 

	

30 	antigen-binding fragment thereof (such as those derivable from the antibodies and fragments 

provided in Table 1), quantifying the amount of GPRC5D present in the sample that is bound by 
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the antibody or antigen-binding fragment thereof, comparing the amount of GPRC5D present in 

the sample to a known standard or reference sample; and determining whether the subject's 

GPRC5D levels fall within the levels of GPRC5D associated with cancer. In an additional 

embodiment, the diagnostic method can be followed with an additional step of administering or 

	

5 	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 GPRC5D-expressing cancers, such as the GPRC5D x CD3 multispecific antibodies 

described herein. 

	

10 	In some embodiments the described methods involve assessing whether a subject is 

afflicted with GPRC5D-expressing cancer by determining the amount of GPRC5D present in a 

blood or serum sample obtained from the subject; and comparing the observed amount of 

GPRC5D with the amount of GPRC5D in a control, or reference, sample, wherein a difference 

between the amount of GPRC5D in the sample derived from the subject and the amount of 

	

15 	GPRC5D in the control, or reference, sample is an indication that the subject is afflicted with a 

GPRC5D-expressing cancer. 

In some embodiments the control, or reference, sample may be derived from a subject 

that is not afflicted with GPRC5D-expressing cancer. In some embodiments the control, or 

reference, sample may be derived from a subject that is afflicted with GPRC5D-expressing 

	

20 	cancer. In some embodiments where the control, or reference, sample is derived from a subject 

that is not afflicted with GPRC5D-expressing cancer, an observed increase in the amount of 

GPRC5D 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 GPRC5D-expressing cancer. In 

some embodiments where the control sample is derived from a subject that is not afflicted with 

	

25 	GPRC5D-expressing cancer, an observed decrease or similarity in the amount of GPRC5D 

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 GPRC5D-expressing cancer. In 

some embodiments where the control or reference sample is derived from a subject that is 

afflicted with GPRC5D-expressing cancer, an observed similarity in the amount of GPRC5D 

	

30 	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 GPRC5D-expressing cancer. In some 
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embodiments where the control or reference sample is derived from a subject that is afflicted 

with GPRC5D-expressing cancer, an observed decrease in the amount of GPRC5D 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 GPRC5D-expressing cancer. 

	

5 	In some embodiments the amount of GPRC5D 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 GPRC5D, such as the antibodies described herein. The sample assessed for the 

presence of GPRC5D 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 

	

10 	resected tumor tissue, biopsies, including fine needle aspiration), histological preparations, and 

the like. 

In various aspects, the amount of GPRC5D is determined by contacting the sample with 

an antibody, or antigen-binding fragment thereof, that specifically binds GPRC5D. In some 

embodiments, the sample may be contacted by more than one type of antibody, or antigen- 

	

15 	binding fragment thereof, that specifically binds GPRC5D. In some embodiments, the sample 

may be contacted by a first antibody, or antigen-binding fragment thereof, that specifically binds 

GPRC5D and then contacted by a second antibody, or antigen-binding fragment thereof, that 

specifically binds GPRC5D. GPRC5D-specific antibodies or antigen-binding fragments such as 

those described herein may be used in this capacity. 

	

20 	Various combinations of the GPRC5D-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 GPRC5D-expressing cancer includes 

lymphomas, such as multiple myeloma (MM). 

In certain embodiments, the amount of GPRC5D is determined by western blot analysis, 

	

25 	radioimmunoassay, immunofluorimetry, immunoprecipitation, equilibrium dialysis, 

immunodiffusion, electrochemiluminescence (ECL) immunoassay, immunohistochemistry, 

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 

	

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

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

46 

SUBSTITUTE SHEET (RULE 26) 



WO 2018/017786 	 PCT/US2017/042982 

the amount of GPRC5D in a biological sample from a healthy subject. In some embodiments, 

the observed GPRC5D levels of the tested subject may be compared with GPRC5D levels 

observed in samples from subjects known to have GPRC5D-expressing cancer. In some 

embodiments, the control subject may be afflicted with a particular cancer of interest. In some 

	

5 	embodiments, the control subject is known to have early stage cancer, which may or may not be 

GPRC5D-expressing cancer. In some embodiments, the control subject is known to have 

intermediate stage cancer, which may or may not be GPRC5D-expressing cancer. In some 

embodiments, the control subject is known to have late stage, which may or may not be 

GPRC5D-expressing cancer. 

10 
Methods for Monitoring Cancer 

Provided herein are methods for monitoring GPRC5D-expressing cancer in a subject. In 

some embodiments GPRC5D-expressing cancer includes lymphomas, such as multiple myeloma 

(MM). In some embodiments the described methods involve assessing whether GPRC5D- 

	

15 	expressing cancer is progressing, regressing, or remaining stable by determining the amount of 

GPRC5D that is present in a test sample derived from the subject; and comparing the observed 

amount of GPRC5D with the amount of GPRC5D 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 

GPRC5D in the test sample and the earlier sample provides an indication of whether the cancer 

	

20 	is progressing, regressing, or remaining stable. In this regard, a test sample with an increased 

amount of GPRC5D, relative to the amount observed for the earlier sample, may indicate 

progression of a GPRC5D-expressing cancer. Conversely, a test sample with a decreased 

amount of GPRC5D, relative to the amount observed for the earlier sample, may indicate 

regression of a GPRC5D-expressing cancer. 

	

25 	Accordingly, a test sample with an insignificant difference in the amount of GPRC5D, 

relative to the amount observed for the earlier sample, may indicate a state of stable disease for a 

GPRC5D-expressing cancer. In some embodiments the amount of GPRC5D 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 GPRC5D, such as the antibodies described 

	

30 	herein. The sample assessed for the presence of GPRC5D may be derived from urine, blood, 

serum, plasma, saliva, ascites, circulating cells, circulating tumor cells, cells that are not tissue 
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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 GPRC5D-expressing cancer will 

	

5 	involve: contacting a biological sample of a subject with a GPRC5D-specific antibody, or 

antigen-binding fragment thereof (such as those derivable from the antibodies and fragments 

provided in Table 1), quantifying the amount of GPRC5D present in the sample, comparing the 

amount of GPRC5D present in the sample to the amount of GPRC5D determined to be in a 

biological sample obtained, in a similar manner, from the same subject at an earlier point in time; 

	

10 	and determining whether the subject's GPRC5D level has changed over time. A test sample with 

an increased amount of GPRC5D, relative to the amount observed for the earlier sample, may 

indicate progression of cancer. Conversely, a test sample with a decreased amount of GPRC5D, 

relative to the amount observed for the earlier sample, may indicate regression of a GPRC5D-

expressing cancer. Accordingly, a test sample with an insignificant difference in the amount of 

	

15 	GPRC5D, relative to the amount observed for the earlier sample, may indicate a state of stable 

disease for a GPRC5D-expressing cancer. In some embodiments, the GPRC5D levels of the 

sample may be compared to a known standard or a reference sample, alone or in addition to the 

GPRC5D 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 

	

20 	cancer-specific treatment. In some embodiments the cancer-specific treatment may be directed 

against GPRC5D-expressing cancers. 

In various aspects, the amount of GPRC5D is determined by contacting the sample with 

an antibody, or antigen-binding fragment thereof, that specifically binds GPRC5D. In some 

embodiments, the sample may be contacted by more than one type of antibody, or antigen- 

	

25 	binding fragment thereof, that specifically binds GPRC5D. In some embodiments, the sample 

may be contacted by a first antibody, or antigen-binding fragment thereof, that specifically binds 

GPRC5D and then contacted by a second antibody, or antigen-binding fragment thereof, that 

specifically binds GPRC5D. Antibodies such as those described herein may be used in this 

capacity. 

	

30 	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 
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the described monitoring methods. In some embodiments GPRC5D-expressing cancer includes 

a hematological cancer, such as multiple myeloma (MM). 

In certain embodiments, the amount of GPRC5D is determined by western blot analysis, 

radioimmunoassay, immunofluorimetry, immunoprecipitation, equilibrium dialysis, 

	

5 	immunodiffusion, electrochemiluminescence (ECL) immunoassay, immunohistochemistry, 

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

Kits for Detecting GPRC5D 

Provided herein are kits for detecting GPRC5D in a biological sample. These kits 

	

10 	include one or more of the GPRC5D-specific antibodies described herein, or an antigen-binding 

fragment thereof, and instructions for use of the kit. 

The provided GPRC5D-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 

	

15 	methods described herein. By way of example, the kits may comprise means for obtaining a 

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. 

	

20 	The means for determining the level of GPRC5D can further include, for example, 

buffers or other reagents for use in an assay for determining the level of GPRC5D. The 

instructions can be, for example, printed instructions for performing the assay and/or instructions 

for evaluating the level of expression of GPRC5D. 

The described kits may also include means for isolating a sample from a subject. These 

	

25 	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. 

	

30 	Multispecific Antibodies 
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The binding domains of the anti-GPRC5D antibodies described herein recognize cells 

expressing GPRC5D on their surface. As noted above, GPRC5D 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 GPRC5D and to 

	

5 	another target, such as CD3 and BCMA. This is achieved by making a molecule which 

comprises a first region binding to GPRC5D 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 

	

10 	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 W02010/093627). Accordingly, bispecific molecules comprising 

two different antigen-binding regions which bind GPRC5D and another antigen, respectively, are 

	

15 	provided. 

Some of the multispecific antibodies described herein comprise two different antigen-

binding regions which bind GPRC5D and CD3, respectively. In preferred embodiments, 

multispecific antibodies that bind GPRC5D and CD3 (GPRC5D x CD3-multispecific antibodies) 

and multispecific antigen-binding fragments thereof are provided. In some embodiments, the 

	

20 	GPRC5D 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 specifically binds GPRC5D and a 

second heavy chain (HC2) and a second light chain (LC2) that pair to form a second antigen-

binding site that specifically binds CD3. In preferred embodiments, the GPRC5D x CD3-

multispecific antibody is a bispecific antibody comprising a GPRC5D-specific arm comprising a 

	

25 	first heavy chain (HC1) and a first light chain (LC1) that pair to form a first antigen-binding site 

that specifically 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 specifically binds 

GPRC5D. 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 

	

30 	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 

50 

SUBSTITUTE SHEET (RULE 26) 



WO 2018/017786 	 PCT/US2017/042982 

VH, CH1, CH2, and CH3. A full length antibody light chain (LC) includes light chain variable 

and constant domains VL 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 some embodiments, one of the 

	

5 	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 GPRC5D-binding arm of the multispecific antibodies provided herein may be 

derived from any of the GPRC5D-specific antibodies described above. In some exemplary 

embodiments of such GPRC5D-binding arms, the first antigen-binding region which binds 

	

10 	GPRC5D comprises a heavy chain CDR1, CDR2, and CDR3 derived from an antibody clone as 

described in Table 1. In some exemplary embodiments of such GPRC5D-binding arms, the first 

antigen-binding region which binds GPRC5D 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 GPRC5D-binding arms, the first antigen-binding 

	

15 	region which binds GPRC5D comprises heavy chain CDR1, CDR2, and CDR3 of clone 

GC5B81, GC5B465, GS5B483, GC5B596, GC5B382, GC5B379, GC5B373, GC5B376, 

GC5B385, GC5B370, GC5B602, GC5B603, GC5B599, GC5B601, GC5B598, or GC5B597. 

In some exemplary embodiments of such GPRC5D-binding arms, the first antigen-

binding region which binds GPRC5D comprises heavy chain CDR1, CDR2, and CDR3 and light 

	

20 	chain CDR1, CDR2, and CDR3 of clone GC5B81, GC5B465, GS5B483 or GC5B596. In some 

exemplary embodiments of such GPRC5D-binding arms, the first antigen-binding region which 

binds GPRC5D comprises a heavy chain variable domain derived from an antibody clone as 

described in Table 1. In some exemplary embodiments of such GPRC5D-binding arms, the first 

antigen-binding region which binds GPRC5D comprises heavy chain variable domain and light 

	

25 	chain variable domain derived from an antibody clone as described in Table 1. In some 

exemplary embodiments of such GPRC5D-binding arms, the first antigen-binding region which 

binds GPRC5D comprises heavy chain variable domain of clone GC5B81, GC5B465, GS5B483 

or GC5B596. In some exemplary embodiments of such GPRC5D-binding arms, the first antigen-

binding region which binds GPRC5D comprises heavy chain variable domain and light chain 

	

30 	variable domain of clone GC5B81, GC5B465, GS5B483, GC5B596, GC5B382, GC5B379, 
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GC5B373, GC5B376, GC5B385, GC5B370, GC5B602, GC5B603, GC5B599, GC5B601, 

GC5B598, or GC5B597. . 

Table 3 provides a listing of GPRC5D x CD3 bi-specific antibodies having one heavy and light 

5 	chain pair specific for GPRC5D and another heavy and light chain pair specific for CD3, where 

the particular antibody ID is listed to describe the antigen-specific antibody arms used to produce 

the described embodiment. 

Table 3: 

GPRC5D-specific arm = Ab ID CD3-specific arm = Ab ID 

GC5B81 CD3B219 

GC5B465 CD3B219 

GC5B483 CD3B219 

GC5B596 CD3B219 

GC5B382 CD3B219 

GC5B379 CD3B219 

GC5B373 CD3B219 

GC5B376 CD3B219 

GC5B385 CD3B219 

GC5B370 CD3B219 

GC5B602 CD3B219 

GC5B603 CD3B219 

GC5B599 CD3B219 

GC5B601 CD3B219 

GC5B598 CD3B219 

GC5B597 CD3B219 

10 	In some embodiments of the bispecific antibodies, the GPRC5D-binding arm binds also 

binds cynomolgus GPRC5D, preferably the extracellular domain thereof. 

In some embodiments, the GPRC5D-binding arm of the multispecific antibody is IgG, or 

a derivative thereof, e.g., IgGl, IgG2, IgG3, and IgG4 isotypes. In some embodiments wherein 

the GPRC5D-binding arm has an IgG4 isotype, it contains S228P, L234A, and L235A 

15 	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 GPRC5D x CD3 

bispecific antibody is derived from a CD3-specific antibody that binds and activates human 
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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 

	

5 	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 lx10-7M or less, 5x10-8M or less, 1x10-8M or less, 

5x10-9M or less, or lx10-9M 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 

	

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

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

	

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

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

fragments bind CD3E on primary human T cells. In some embodiments, the antibodies or 

antigen-binding fragments bind CD3E on primary cynomolgus T cells. In some embodiments, 

the antibodies or antigen-binding fragments bind CD3E on primary human and cynomolgus T 

	

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

human CD3+ T cells. In some embodiments, the antibodies or antigen-binding fragments 

activate primary cynomolgus CD4+ T cells. 

In some embodiments are provided a GPRC5D x CD3 bispecific antibody having a 

GPRC5D-binding arm comprising a heavy chain of antibody clone GC5B81, GC5B465, 

	

25 	GS5B483, GC5B596, GC5B382, GC5B379, GC5B373, GC5B376, GC5B385, GC5B370, 

GC5B602, GC5B603, GC5B599, GC5B601, GC5B598, or GC5B597. . In some embodiments 

are provided a GPRC5D x CD3 bispecific antibody having a GPRC5D-binding arm comprising a 

heavy chain and light chain of antibody clone GC5B81, GC5B465, GS5B483, GC5B596, 

GC5B382, GC5B379, GC5B373, GC5B376, GC5B385, GC5B370, GC5B602, GC5B603, 

	

30 	GC5B599, GC5B601, GC5B598, or GC5B597. In some embodiments are provided a GPRC5D 

x CD3 bispecific antibody having a CD3-binding arm comprising a heavy chain of antibody 
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clone CD3B219. In some embodiments are provided a GPRC5D x CD3 bispecific antibody 

having a CD3-binding arm comprising a heavy chain and light chain of antibody clone 

CD3B219. In some embodiments are provided a GPRC5D x CD3 bispecific antibody having a 

GPRC5D-binding arm comprising a heavy chain of antibody clone GC5B81, GC5B465, 

	

5 	GS5B483, GC5B596, GC5B382, GC5B379, GC5B373, GC5B376, GC5B385, GC5B370, 

GC5B602, GC5B603, GC5B599, GC5B601, GC5B598, or GC5B597 and a CD3-binding arm 

comprising a heavy chain of antibody clone CD3B219. In some embodiments are provided a 

GPRC5D x CD3 bispecific antibody having a GPRC5D-binding arm comprising a heavy chain 

and light chain of antibody clone GC5B81, GC5B465, GS5B483, GC5B596, GC5B382, 

	

10 	GC5B379, GC5B373, GC5B376, GC5B385, GC5B370, GC5B602, GC5B603, GC5B599, 

GC5B601, GC5B598, or GC5B597 and a CD3-binding arm comprising a heavy chain and light 

chain of antibody clone CD3B219. 

An exemplary GPRC5D x CD3 bispecific antibody is provided in Table 23. 

Different formats of bispecific antibodies have been described and were recently 

	

15 	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 

	

20 	complementary CH3 domains to force heterodimerisation; recombinant IgG-like dual targeting 

molecules, wherein the two sides of the molecule each contain the Fab fragment or part of the 

Fab fragment of at least two different antibodies; IgG fusion molecules, wherein full length IgG 

antibodies are fused to an extra Fab fragment or parts of Fab fragment; Fc fusion molecules, 

wherein single chain Fv molecules or stabilized diabodies are fused to heavy-chain constant- 

	

25 	domains, Fc-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. 

	

30 	In some embodiments, IgG-like molecules with complementary CH3 domains molecules 

include the Triomab/Quadroma (Trion Pharma/Fresenius Biotech), the Knobs-into-Holes 
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(Genentech), CrossMAbs (Roche) and the electrostatically-matched (Amgen), the LUZ-Y 

(Genentech), the Strand Exchange Engineered Domain body (SEEDbody)(EMD Serono), the 

Biclonic (Merus) and the DuoBody (Genmab A/S). 

In some embodiments, recombinant IgG-like dual targeting molecules include Dual 

	

5 	Targeting (DT)-Ig (GSK/Domantis), Two-in-one Antibody (Genentech), Cross-linked Mabs 

(Karmanos Cancer Center), mAb2 (F-Star) and CovX-body (CovX/Pfizer). 

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

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

(Zymogenetics), HERCULES (Biogen Idec) and TvAb (Roche). 

	

10 	In some embodiments, Fc fusion molecules include to ScFv/Fc Fusions (Academic 

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

Retargeting Technology (Fc-DART) (MacroGenics) and Dual(ScFv).sub.2-Fab (National 

Research Center for Antibody Medicine—China). 

In some embodiments, Fab fusion bispecific antibodies include F(ab)2 

	

15 	(Medarex/AMGEN), Dual-Action or Bis-Fab (Genentech), Dock-and-Lock (DNL) 

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

based and domain antibodies include but are not limited to Bispecific T Cell Engager (BiTE) 

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

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

	

20 	ReceptorLogics), Human Serum Albumin ScFv Fusion (Merrimack) and COMBODY (Epigen 

Biotech), dual targeting nanobodies (Ablynx), dual targeting heavy chain only domain 

antibodies. 

Full length bispecific antibodies of the invention may be generated for example using Fab 

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

	

25 	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. 

	

30 	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 
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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 GPRC5D and an epitope on 

5 CD3.  

"Homodimerization" as used herein refers to an interaction of two heavy chains having 

identical CH3 amino 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 

10 	non-identical CH3 amino acid sequences. "Heterodimer" as used herein refers to an antibody 

having two heavy chains with non-identical CH3 amino acid sequences. 

The "knob-in-hole" strategy (see, e.g., PCT Inti. Publ. No. 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 

15 	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 

20 	"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/F405A, T366W/ F405W, F405W/Y407A, 

T394W/Y407T, T394S/Y407A, T366W/T394S, F405W/T394S and 

T366W/T366S L368A Y407V. 

25 	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 

30 	the following substitutions (expressed as modified position in the first CH3 domain of the first 

heavy chain/modified position in the second CH3 domain of the second heavy chain): 
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L351Y F405AY407V/T394W, T366I K392M T394W/F405A Y407V, 

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

L351Y Y407A/T366V K409F Y407A/T366A K409F, or T350V L351Y F405A 

Y407V/T350V T366L K392L T394W as described in U.S. Pat. Publ. No. US2012/0149876 or 

	

5 	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 homodimeric antibodies and forming the bispecific heterodimeric 

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

	

10 	disulfide bond isomerization according to methods described in Inti. Pat. Publ. No. 

W02011/131746. In the methods, the first monospecific bivalent antibody (e.g., anti- GPRC5D 

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

engineered to have certain substitutions at the CH3 domain that promotes heterodimer stability; 

the antibodies are incubated together under reducing conditions sufficient to allow the cysteines 

	

15 	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-mercaptoethanol, preferably a reducing agent selected from the 

	

20 	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 

least 25 mM 2-MEA or in the presence of at least 0.5 mM dithiothreitol at a pH from 5-8, for 

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

In addition to the described GPRC5D x CD3-multispecific antibodies, also provided are 

	

25 	polynucleotide sequences capable of encoding the described GPRC5D x CD3-multispecific 

antibodies. Vectors comprising the described polynucleotides are also provided, as are cells 

expressing the GPRC5D 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 

	

30 	(such as E. coli). The described antibodies may also be produced by hybridoma cells. 
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Therapeutic composition and methods of treatment using multispecific antibodies and 

multispecific antigen-binding fragments thereof 

The GPRC5D bispecific antibodies discussed above, for example the GPRC5D x CD3 

bispecific antibodies discussed above, are useful in therapy. In particular, the GPRC5D 

	

5 	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 GPRC5D x CD3-multispecific antibody as described herein, or a 

	

10 	multispecific antigen-binding fragment thereof, and more preferably a GPRC5D x CD3- 

bispecific antibody as described herein, or a GPRC5D x CD3-bispecific antigen-binding 

fragment thereof. In one embodiment said pharmaceutical composition is for the treatment of a 

GPRC5D-expressing cancer, including (but not limited to) the following: GPRC5D-expressing B 

cell cancers, such as multiple myeloma (MM); and other cancers yet to be determined in which 

	

15 	GPRC5D is expressed. Particular bispecific antibodies that may be used to treat cancer, such as 

hematological cancer, including the specific cancers discussed above, include antibodies 

GC5B81, GC5B465, GS5B483 or GC5B596. 

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 

	

20 	acceptable carrier, which may be inert or physiologically active. In preferred embodiments, the 

multispecific antibody is a GPRC5D x CD3-multispecific antibody as described herein, or a 

multispecific antigen-binding fragment thereof, and more preferably a GPRC5D x CD3-

bispecific antibody as described herein, or a GPRC5D x CD3-bispecific antigen-binding 

fragment thereof. As used herein, the term "pharmaceutically acceptable carriers" includes any 

	

25 	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, 

	

30 	relevant examples of suitable carrier include: (1) Dulbecco's phosphate buffered saline, 

pH.about.7.4, containing or not containing about 1 mg/mL to 25 mg/mL human serum albumin, 
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(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 O. 

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 

	

5 	and the supplementary 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 dihydrochloride, or interleukin 2. In a preferred 

embodiment, the further therapeutic agent is a chemotherapeutic agent. 

The compositions of the invention may be in a variety of forms. These include for 

	

10 	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, intraperitoneal, subcutaneous). In a preferred 

embodiment, the compositions of the invention are administered intravenously as a bolus or by 

	

15 	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 

	

20 	amount in the appropriate solvent, followed by sterilization by microfiltration. As solvent or 

vehicle, there may be used water, saline, phosphate buffered saline, dextrose, glycerol, ethanol, 

and the like, as well as combination thereof. In many cases, it will be preferable to include 

isotonic agents, such as sugars, polyalcohol's, or sodium chloride in the composition. These 

compositions may also contain adjuvants, in particular wetting, isotonizing, emulsifying, 

	

25 	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 (gelatin capsules, sachets) or 

	

30 	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 
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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 

	

5 	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 

	

10 	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 GPRC5D + cell by administering to a 

	

15 	patient in need thereof a multispecific antibody which binds said GPRC5D and is able to recruit 

T cells to kill said GPRCSD + 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 GPRC5D x CD3-multispecific antibody may be used therapeutically to treat 

cancer in a subject. 

	

20 	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 

	

25 	particular, the cancer is a GPRC5D-expressing cancer, including (but not limited to) the 

following: GPRCSD-expressing B-cell cancers, such as multiple myeloma (MM); and other 

cancers yet to be determined in which GPRC5D is expressed. In preferred embodiments, the 

multispecific antibody is a GPRCSD x CD3-multispecific antibody as described herein, or a 

multispecific antigen-binding fragment thereof, and more preferably a GPRC5D x CD3- 

	

30 	bispecific antibody as described herein, or a GPRC5D x CD3-bispecific antigen-binding 

fragment thereof 
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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 GPRC5D-

expressing cancer, including (but not limited to) the following: GPRC5D-expressing B/Plasma 

cell cancers, such as acute multiple myeloma (MM) or premalignant myelomas such as MGUS 

	

5 	(Monoclonal Gammopathy of Undetermined Significance) and SMM (Smoldering Multiple 

myeloma) and plasmacytoma; and other cancers yet to be determined in which GPRC5D is 

expressed. 

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

populations comprising contacting GPRC5D-expressing target cells, or tissue containing such 

	

10 	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 GPRC5D x CD3-multispecific antibody as described herein, or a 

multispecific antigen-binding fragment thereof, and more preferably a GPRC5D x CD3- 

	

15 	bispecific antibody as described herein, or a GPRC5D 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. 

	

20 	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-

host-disease (GVHD); 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. 

	

25 	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 

	

30 	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 
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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- 

	

5 	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 

GPRC5D x CD3-multispecific antibodies and multispecific antigen-binding fragments thereof 

	

10 	may be useful in the treatment of a GPRC5D-expressing cancer in a subject in need thereof. In 

some embodiments, the GPRC5D-expressing cancer is a B-cell cancer, such as multiple 

myeloma (MM). In preferred embodiments, the multispecific antibody is a GPRC5D x CD3-

multispecific antibody as described herein, or a multispecific antigen-binding fragment thereof, 

and more preferably a GPRC5D x CD3-bispecific antibody as described herein, or a GPRC5D x 

	

15 	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 

	

20 	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. 

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 

	

25 	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. 

	

30 	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 
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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 

	

5 	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/m2. Such dosages can, for example, be based on the mg/kg 

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

	

10 	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 

embodiment, the multispecific antibody or fragment may be administered by slow continuous 

infusion over a long period, such as more than 24 hours, in order to reduce toxic side effects. 

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

	

15 	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 

	

20 	in the blood upon administration by for instance taking out a biological sample and using anti- 

idiotypic antibodies which target the GPRCSD 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. 

	

25 	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, and/or reduce the risk of recurrence when a cancer is in remission. 

The multispecific antibodies and fragments thereof as described herein may also be 

administered in combination therapy, i.e., combined with other therapeutic agents relevant for 

	

30 	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 
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chemotherapeutic agent. In some embodiments, the other therapeutic agent is cytarabine, an 

anthracycline, histamine dihydrochloride, or interleukin 2. Such combined administration may 

be simultaneous, separate or sequential, in any order. For simultaneous administration the agents 

may be administered as one composition or as separate compositions, as appropriate. 

	

5 	In one embodiment, a method for treating a disorder involving cells expressing GPRC5D 

in a subject, which method comprises administration of a therapeutically effective amount of a 

multispecific antibody or fragment, such as a GPRC5D x CD3 bispecific 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 

	

10 	therapeutically effective amount of a multispecific antibody or fragment, such as a GPRC5D 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 

	

15 	brachytherapy (BT)). Radioactive elements that may be used in practicing such methods include, 

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

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

Kits 

	

20 	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 

fragments for killing of particular cell types. In preferred embodiments, the multispecific 

antibody is a GPRC5D x CD3-multispecific antibody as described herein, or a multispecific 

antigen-binding fragment thereof, and more preferably a GPRC5D x CD3-bispecific antibody as 

	

25 	described herein, or a GPRC5D 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 

	

30 	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 
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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. 

5 

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 

10 	multispecific antibody is a GPRC5D x CD3-multispecific antibody as described herein, or a 

multispecific antigen-binding fragment thereof, and more preferably a GPRC5D x CD3-

bispecific antibody as described herein, or a GPRC5D 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 GPRC5D x CD3 antibody, and one or 

15 	more reagents for detecting binding of the antibody to GPRC5D. 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 

20 	radiolabel, a fluorescent label, an epitope tag, biotin, a chromophore label, an ECL label, an 

enzyme, ruthenium, 111In-DOTA, 111In- diethylenetriaminepentaacetic acid (DTPA), horseradish 

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

known in the art. 

25 EMBODIMENTS 

The disclosure provided herein also provides the following non-limiting embodiments. 

1. 	An isolated antibody, or an antigen-binding fragment thereof, that binds specifically to 

GPRC5D comprising: 
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a. a heavy chain complementarity determining region 1 (CDR1) having the amino acid 

sequence of SEQ ID NO: 1, 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: 9; 

b. a heavy chain CDR1 having the amino acid sequence of SEQ ID NO: 2, a heavy chain 

	

5 	CDR2 having the amino acid sequence of SEQ ID NO: 6, and a heavy chain CDR3 having the 

amino acid sequence of SEQ ID NO: 10; 

c. a heavy chain CDR1 having the amino acid sequence of SEQ ID NO: 3, a heavy chain 

CDR2 having the amino acid sequence of SEQ ID NO: 7, and a heavy chain CDR3 having the 

amino acid sequence of SEQ ID NO: 11; 

	

10 	d. a heavy chain CDR1 having the amino acid sequence of SEQ ID NO: 4, a heavy chain 

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

amino acid sequence of SEQ ID NO: 12; 

e. a heavy chain CDR1 having the amino acid sequence of SEQ ID NO: 61, a heavy 

chain CDR2 having the amino acid sequence of SEQ ID NO: 67, and a heavy chain CDR3 

	

15 	having the amino acid sequence of SEQ ID NO: 72; 

f. a heavy chain CDR1 having the amino acid sequence of SEQ ID NO: 2, a heavy chain 

CDR2 having the amino acid sequence of SEQ ID NO: 28, and a heavy chain CDR3 having the 

amino acid sequence of SEQ ID NO: 30; 

g. a heavy chain CDR1 having the amino acid sequence of SEQ ID NO: 27, a heavy 

	

20 	chain CDR2 having the amino acid sequence of SEQ ID NO: 29, and a heavy chain CDR3 

having the amino acid sequence of SEQ ID NO: 73; 

h. a heavy chain CDR1 having the amino acid sequence of SEQ ID NO: 27, a heavy 

chain CDR2 having the amino acid sequence of SEQ ID NO: 29, and a heavy chain CDR3 

having the amino acid sequence of SEQ ID NO: 11; 

	

25 	i. a heavy chain CDR1 having the amino acid sequence of SEQ ID NO: 62, a heavy chain 

CDR2 having the amino acid sequence of SEQ ID NO: 68, and a heavy chain CDR3 having the 

amino acid sequence of SEQ ID NO: 74; 
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j. a heavy chain CDR1 having the amino acid sequence of SEQ ID NO: 63, a heavy chain 

CDR2 having the amino acid sequence of SEQ ID NO: 69, and a heavy chain CDR3 having the 

amino acid sequence of SEQ ID NO: 75; 

k. a heavy chain CDR1 having the amino acid sequence of SEQ ID NO: 64, a heavy 

	

5 	chain CDR2 having the amino acid sequence of SEQ ID NO: 70, and a heavy chain CDR3 

having the amino acid sequence of SEQ ID NO: 12; 

1. a heavy chain CDR1 having the amino acid sequence of SEQ ID NO: 65, a heavy chain 

CDR2 having the amino acid sequence of SEQ ID NO: 68, and a heavy chain CDR3 having the 

amino acid sequence of SEQ ID NO: 76; or 

	

10 	m. a heavy chain CDR1 having the amino acid sequence of SEQ ID NO: 66, a heavy 

chain CDR2 having the amino acid sequence of SEQ ID NO: 71, and a heavy chain CDR3 

having the amino acid sequence of SEQ ID NO: 77. 

2. 	The isolated antibody, or an antigen-binding fragment of embodiment 1, wherein 

a. said antibody comprising said heavy chain CDR1 having the amino acid sequence of 

	

15 	SEQ ID NO: 1, said heavy chain CDR2 having the amino acid sequence of SEQ ID NO: 5, and 

said heavy chain CDR3 having the amino acid sequence of SEQ ID NO: 9 further comprises a 

light chain CDR1 having the amino acid sequence of SEQ ID NO: 13, a light chain CDR2 

having the amino acid sequence of SEQ ID NO: 16, and a light chain CDR3 having the amino 

acid sequence of SEQ ID NO: 19; 

	

20 	b. said antibody comprising said heavy chain CDR1 having the amino acid sequence of 

SEQ ID NO: 2, said heavy chain CDR2 having the amino acid sequence of SEQ ID NO: 6, and 

said heavy chain CDR3 having the amino acid sequence of SEQ ID NO: 10 further comprises a 

light chain CDR1 having the amino acid sequence of SEQ ID NO: 13, a light chain CDR2 

having the amino acid sequence of SEQ ID NO: 16, and a light chain CDR3 having the amino 

	

25 	acid sequence of SEQ ID NO: 19; 

c. said antibody comprising said heavy chain CDR1 having the amino acid sequence of 

SEQ ID NO: 3, said heavy chain CDR2 having the amino acid sequence of SEQ ID NO: 7, and 

said heavy chain CDR3 having the amino acid sequence of SEQ ID NO: 11 further comprises a 

67 

SUBSTITUTE SHEET (RULE 26) 



WO 2018/017786 	 PCT/US2017/042982 

light chain CDR1 having the amino acid sequence of SEQ ID NO: 14, a light chain CDR2 

having the amino acid sequence of SEQ ID NO: 17, and a light chain CDR3 having the amino 

acid sequence of SEQ ID NO: 20; 

d. said antibody comprising said heavy chain CDR1 having the amino acid sequence of 

	

5 	SEQ ID NO: 4, said heavy chain CDR2 having the amino acid sequence of SEQ ID NO: 8, and 

said heavy chain CDR3 having the amino acid sequence of SEQ ID NO: 12 further comprises a 

light chain CDR1 having the amino acid sequence of SEQ ID NO: 15, a light chain CDR2 

having the amino acid sequence of SEQ ID NO: 18, and a light chain CDR3 having the amino 

acid sequence of SEQ ID NO: 21; 

	

10 	e. said antibody comprising said heavy chain CDR1 having the amino acid sequence of 

SEQ ID NO: 61, said heavy chain CDR2 having the amino acid sequence of SEQ ID NO: 67, 

and said heavy chain CDR3 having the amino acid sequence of SEQ ID NO: 72 further 

comprises a light chain CDR1 having the amino acid sequence of SEQ ID NO: 13, a light chain 

CDR2 having the amino acid sequence of SEQ ID NO: 78, and a light chain CDR3 having the 

	

15 	amino acid sequence of SEQ ID NO: 80; 

f. said antibody comprising said heavy chain CDR1 having the amino acid sequence of 

SEQ ID NO: 2, said heavy chain CDR2 having the amino acid sequence of SEQ ID NO: 28, and 

said heavy chain CDR3 having the amino acid sequence of SEQ ID NO: 30 further comprises a 

light chain CDR1 having the amino acid sequence of SEQ ID NO: 13, a light chain CDR2 

	

20 	having the amino acid sequence of SEQ ID NO: 6, and a light chain CDR3 having the amino 

acid sequence of SEQ ID NO: 19; 

g. said antibody comprising said heavy chain CDR1 having the amino acid sequence of 

SEQ ID NO: 27, said heavy chain CDR2 having the amino acid sequence of SEQ ID NO: 29, 

and said heavy chain CDR3 having the amino acid sequence of SEQ ID NO: 73 further 

	

25 	comprises a light chain CDR1 having the amino acid sequence of SEQ ID NO: 14, a light chain 

CDR2 having the amino acid sequence of SEQ ID NO: 17, and a light chain CDR3 having the 

amino acid sequence of SEQ ID NO: 20; 

h. said antibody comprising said heavy chain CDR1 having the amino acid sequence of 

SEQ ID NO: 27, said heavy chain CDR2 having the amino acid sequence of SEQ ID NO: 29, 
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and said heavy chain CDR3 having the amino acid sequence of SEQ ID NO: 11 further 

comprises a light chain CDR1 having the amino acid sequence of SEQ ID NO: 14, a light chain 

CDR2 having the amino acid sequence of SEQ ID NO: 17, and a light chain CDR3 having the 

amino acid sequence of SEQ ID NO: 20; 

	

5 	i. said antibody comprising said heavy chain CDR1 having the amino acid sequence of 

SEQ ID NO: 62, said heavy chain CDR2 having the amino acid sequence of SEQ ID NO: 68, 

and said heavy chain CDR3 having the amino acid sequence of SEQ ID NO: 74 further 

comprises a light chain CDR1 having the amino acid sequence of SEQ ID NO: 14, a light chain 

CDR2 having the amino acid sequence of SEQ ID NO: 17, and a light chain CDR3 having the 

	

10 	amino acid sequence of SEQ ID NO: 20; 

j. said antibody comprising said heavy chain CDR1 having the amino acid sequence of 

SEQ ID NO: 63, said heavy chain CDR2 having the amino acid sequence of SEQ ID NO: 69, 

and said heavy chain CDR3 having the amino acid sequence of SEQ ID NO: 75 further 

comprises a light chain CDR1 having the amino acid sequence of SEQ ID NO: 13, a light chain 

	

15 	CDR2 having the amino acid sequence of SEQ ID NO: 78, and a light chain CDR3 having the 

amino acid sequence of SEQ ID NO: 80; 

k. said antibody comprising said heavy chain CDR1 having the amino acid sequence of 

SEQ ID NO: 61, said heavy chain CDR2 having the amino acid sequence of SEQ ID NO: 67, 

and said heavy chain CDR3 having the amino acid sequence of SEQ ID NO: 72 further 

	

20 	comprises a light chain CDR1 having the amino acid sequence of SEQ ID NO: 13, a light chain 

CDR2 having the amino acid sequence of SEQ ID NO: 78, and a light chain CDR3 having the 

amino acid sequence of SEQ ID NO: 80; 

1. said antibody comprising said heavy chain CDR1 having the amino acid sequence of 

SEQ ID NO: 65, said heavy chain CDR2 having the amino acid sequence of SEQ ID NO: 68, 

	

25 	and said heavy chain CDR3 having the amino acid sequence of SEQ ID NO: 76 further 

comprises a light chain CDR1 having the amino acid sequence of SEQ ID NO: 95, a light chain 

CDR2 having the amino acid sequence of SEQ ID NO: 79, and a light chain CDR3 having the 

amino acid sequence of SEQ ID NO: 81; or 
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m. said antibody comprising said heavy chain CDR1 having the amino acid sequence of 

SEQ ID NO: 66, said heavy chain CDR2 having the amino acid sequence of SEQ ID NO: 71, 

and said heavy chain CDR3 having the amino acid sequence of SEQ ID NO: 77 further 

comprises a light chain CDR1 having the amino acid sequence of SEQ ID NO: 15, a light chain 

	

5 	CDR2 having the amino acid sequence of SEQ ID NO: 18, and a light chain CDR3 having the 

amino acid sequence of SEQ ID NO: 21. 

3. 	An isolated antibody, or an antigen-binding fragment thereof, that binds specifically to 

GPRC5D, and comprises a variable heavy (VH) chain region selected from the group consisting 

of SEQ ID NOs: 52, 53, 54, 55, 82, 83, 84, 85, 86, 87, 88, 89, or 91. 

	

10 	4. 	The antibody of embodiment 3, wherein the antibody or antigen binding fragment 

thereof comprises a variable light (VL) chain region selected from the group 

consisting of SEQ ID NOs: 56, 57, 58, 92, 93, or 94. 

5. The antibody of embodiment 3, wherein the antibody or antigen binding fragment 

thereof comprises a VH region selected from the group consisting of SEQ ID 

	

15 	NOs: 52, 53, 54, 55, 82, 83, 84, 85, 86, 87, 88, 89, or 91 and a VL region selected from the group 

consisting of SEQ ID NOs: 56, 57, 58, 92, 93, or 94. 

6. The antibody of embodiment 5, wherein the VH chain region comprises SEQ ID NOs: 

52, 53, or 83 paired with a VL chain region comprising SEQ ID NO: 56. 

7. The antibody of embodiment 5, wherein the VH chain region comprises SEQ ID NOs: 

	

20 	54, 84, 85, 86, or 90 paired with a VL chain region comprising SEQ ID NO: 57. 

8. The antibody of embodiment 5, wherein the VH chain region comprises SEQ ID NOs: 

55 or 88 paired with a VL chain region comprising SEQ ID NO: 58. 

9. The antibody of embodiment 5, wherein the VH chain region comprises SEQ ID NOs: 82 

or 87 paired with a VL chain region comprising SEQ ID NO: 92. 

	

25 	10. 	The antibody of embodiment 5, wherein the VH chain region comprises SEQ ID NO: 89 

paired with a VL chain region comprising SEQ ID NO: 93. 
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11. The antibody of embodiment 5, wherein the VH chain region comprises SEQ ID NO: 91 

paired with a VL chain region comprising SEQ ID NO: 94. 

12. The antibody or antigen-binding fragment of any one of embodiments 1 to 11 wherein the 

antibody or antigen-binding fragment thereof binds to a polypeptide having the amino acid 

	

5 	sequence of SEQ ID NO: 22. 

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

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

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

antibody or antigen-binding fragment is recombinant. 

	

10 	15. 	The antigen binding fragment of any one of embodiments 1 to 14 wherein the antigen 

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

16. The antibody or antigen-binding fragment of any one of embodiments 1 to 15 wherein the 

antibody or antigen-binding fragment thereof are of IgGl, IgG2, IgG3, or IgG4 isotype. 

17. The antibody or antigen-binding fragment of any of embodiments 1 to 9 is an IgG1 or an 

	

15 	IgG4 isotype. 

18. The antibody of embodiment 17 wherein the IgG1 has a K409R substitution in its Fc 

region. 

19. The antibody of embodiment 17 wherein the IgG1 has an F405L substitution in its Fc 

region. 

	

20 	20. 	The antibody of embodiment 20 wherein the IgG4 has an F405L substitution and an 

R409K substitution in its Fc region. 

21. The antibody of embodiment 16 further comprising an S228P substitution, an L234A 

substitution, and an L235A substitution in its Fc region. 

22. The antibody or antigen-binding fragment of any one of embodiments 1 to 14 wherein the 

	

25 	antibody or antigen-binding fragment thereof specifically binds human GPRC5D and cross 

reacts to cynomolgus monkey GPRC5D. 
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23. 	The antibody or antigen-binding fragment of any one of embodiment 17 wherein the 

antibody or antigen-binding fragment induces ADCC in vitro with an ECso of less than about 28 

nM. 

24. 	An isolated cell expressing the antibody or antigen-binding fragment of any one of 

	

5 	embodiments 1 to 11. 

25. 	The cell of embodiment 24 wherein the cell is a hybridoma. 

26. 	The cell of embodiment 24 wherein the antibody is recombinantly produced. 

27. 	An isolated GPRC5D x CD3 bispecific antibody comprising: 

a) a first heavy chain (HC1); 

	

10 	b) a second heavy chain (HC2); 

c) a first light chain (LC1); and 

d) a second light chain (LC2), 

wherein the HC1 and the LC1 pair to form a first antigen-binding site that specifically binds 

CD3, and the HC2 and the LC2 pair to form a second antigen-binding site that specifically binds 

	

15 	GPRCSD, or a GPRC5D x CD3 -bispecific binding fragment thereof. 

28. 	The GPRC5D x CD3 bispecific antibody or bispecific binding fragment of embodiment 

27 wherein HC1 comprises SEQ ID NO: 25 and LC1 comprises SEQ ID NO: 26. 

29. 	The GPRC5D x CD3 bispecific antibody or bispecific binding fragment of embodiment 

28 wherein HC2 comprises SEQ ID NO: 52 and LC2 comprises SEQ ID NO: 56. 

	

20 	30. 	The GPRC5D x CD3 bispecific antibody or bispecific binding fragment of embodiment 

28 wherein HC2 comprises SEQ ID NO: 53 and LC2 comprises SEQ ID NO: 56. 

31. The GPRCSD x CD3 bispecific antibody or bispecific binding fragment of embodiment 

28 wherein HC2 comprises SEQ ID NO: 54 and LC2 comprises SEQ ID NO: 57. 

32. The GPRC5D x CD3 bispecific antibody or bispecific binding fragment of embodiment 

	

25 	28 wherein HC2 comprises SEQ ID NO: 55 and LC2 comprises SEQ ID NO: 58. 
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33. The GPRC5D x CD3 bispecific antibody or bispecific binding fragment of embodiment 

28 wherein HC2 comprises SEQ ID NO: 82 and LC2 comprises SEQ ID NO: 92. 

34. The GPRC5D x CD3 bispecific antibody or bispecific binding fragment of embodiment 

28 wherein HC2 comprises SEQ ID NO: 83 and LC2 comprises SEQ ID NO: 56. 

	

5 	35. 	The GPRC5D x CD3 bispecific antibody or bispecific binding fragment of embodiment 

28 wherein HC2 comprises SEQ ID NO: 84 and LC2 comprises SEQ ID NO: 57. 

36. The GPRCSD x CD3 bispecific antibody or bispecific binding fragment of embodiment 

28 wherein HC2 comprises SEQ ID NO: 85 and LC2 comprises SEQ ID NO: 57. 

37. The GPRCSD x CD3 bispecific antibody or bispecific binding fragment of embodiment 

	

10 	28 wherein HC2 comprises SEQ ID NO: 86 and LC2 comprises SEQ ID NO: 57. 

38. The GPRC5D x CD3 bispecific antibody or bispecific binding fragment of embodiment 

28 wherein HC2 comprises SEQ ID NO: 87 and LC2 comprises SEQ ID NO: 92. 

39. The GPRC5D x CD3 bispecific antibody or bispecific binding fragment of embodiment 

28 wherein HC2 comprises SEQ ID NO: 88 and LC2 comprises SEQ ID NO: 58. 

	

15 	40. 	The GPRC5D x CD3 bispecific antibody or bispecific binding fragment of embodiment 

28 wherein HC2 comprises SEQ ID NO: 89 and LC2 comprises SEQ ID NO: 93. 

41. The GPRC5D x CD3 bispecific antibody or bispecific binding fragment of embodiment 

28 wherein HC2 comprises SEQ ID NO: 91 and LC2 comprises SEQ ID NO: 94. 

42. The GPRC5D x CD3 bispecific antibody or bispecific binding fragment of embodiment 

	

20 	28 wherein HC2 comprises SEQ ID NO: 85 and LC2 comprises SEQ ID NO: 57. 

43. The GPRC5D x CD3 bispecific antibody or bispecific binding fragment of any one of 

embodiments 27 to 42 wherein the antibody or bispecific binding fragment are of IgGl, IgG2, 

IgG3, or IgG4 isotype. 

44. The GPRC5D x CD3 bispecific antibody or bispecific binding fragment of embodiment 

	

25 	43 wherein the antibody or bispecific binding fragment is IgG4 isotype. 
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45. The GPRC5D x CD3 bispecific antibody or bispecific binding fragment of embodiments 

27 to 42 wherein the antibody or bispecific binding fragment thereof binds GPRC5D on the 

surface of human myeloma cells. 

46. The GPRC5D x CD3 bispecific antibody or bispecific binding fragment of embodiments 

	

5 	27 to 42 wherein the antibody or bispecific binding fragment thereof binds GPRC5D on the 

surface of human multiple myeloma cells. 

47. The GPRC5D x CD3 bispecific antibody or bispecific binding fragment of embodiment 

27 to 42 wherein the antibody or bispecific binding fragment induces human T cell activation in 

vitro with an ECso of less than about 0.22 nM. 

	

10 	48, 	The GPRC5D x CD3 bispecific antibody or bispecific binding fragment of embodiment 

27 to 42 wherein the antibody or bispecific binding fragment induces T-cell dependent 

cytotoxicity of GPRC5D-expressing cells in vitro with an ECso of less than about 0.89 nM, 

49. 	An isolated cell expressing the antibody or bispecific binding fragment of any one of 

embodiments 27 to 42. 

	

15 	50. 	The cell of embodiment 49 wherein the cell is a hybridoma. 

51. The cell of embodiment 49 wherein the antibody or bispecific binding fragment is 

recombinantly produced. 

52. A method for treating a subject having cancer, said method comprising: 

administering a therapeutically effective amount of the GPRC5D x CD3 bispecific 

	

20 	antibody or bispecific binding fragment of any one of embodiments 27 to 42 to a patient 

in need thereof for a time sufficient to treat the cancer. 

53. A method for inhibiting growth or proliferation of cancer cells, said method comprising: 

administering a therapeutically effective amount of the GPRC5D x CD3 bispecific 

antibody or bispecific binding fragment of any one of embodiments 27 to 42 to inhibit the 

	

25 	growth or proliferation of cancer cells. 

54. A method of redirecting a T cell to a GPRC5D-expressing cancer cell, said method 

comprising: 
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administering a therapeutically effective amount of the GPRC5D x CD3 bispecific 

antibody or bispecific binding fragment of any one of embodiments 27 to 42 to redirect a 

T cell to a cancer. 

55. 	The method of embodiment 52, 53, or 54 wherein the cancer is a hematological cancer. 

	

5 	56. 	The method of embodiment 55 wherein the hematological cancer is a GPRC5D- 

expressing B cell cancer. 

57. The method of embodiment 56 wherein the GPRC5D-expressing B cell cancer is multiple 

myeloma. 

58. The method of embodiment 52 comprising administering a second therapeutic agent. 

	

10 	59. 	The method of embodiment 58 wherein the second therapeutic agent is a 

chemotherapeutic agent or a targeted anti-cancer therapy. 

60. The method of embodiment 59 wherein the chemotherapeutic agent is cytarabine, an 

anthracycline, histamine dihydrochloride, or interleukin 2. 

61. The method of embodiment 59 wherein the second therapeutic agent is administered to 

	

15 	said subject simultaneously with, sequentially, or separately from the bispecific antibody. 

62. A pharmaceutical composition comprising the GPRC5D x CD3 bispecific antibody or 

bispecific binding fragment of any one of embodiments 27 to 42 and a pharmaceutically 

acceptable carrier. 

63. A method for generating the GPRC5D x CD3 bispecific antibody or bispecific binding 

	

20 	fragment of any one of embodiments 27 to 42 by culturing the cell of any one of embodiments 

49 to 51. 

64. An isolated synthetic polynucleotide encoding the HC1, the HC2, the LC1 or the LC2 of 

the GPRC5D x CD3 bispecific antibody or bispecific binding fragment of any one of 

embodiments 27 to 42. 

	

25 	65. 	A kit comprising the GPRC5D x CD3 bispecific antibody or bispecific binding fragment 

as defined in any one of embodiments 27 to 42 and/or a polynucleotide as defined in 

embodiment 63 and packaging for the same. 
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EXAMPLES 

The following examples are provided to supplement the prior disclosure and to provide a 

	

5 	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. 

10 

EXAMPLE 1: ANTIGENS 

Due to difficulties in production of recombinant GPRC5D antigens, transfected cell lines 

displaying GPRC5D [human (SEQ ID NO: 22), cyno (SEQ ID NO: 23), and murine (SEQ ID 

NO: 24)] were generated using standard methods to be used as whole cell antigens for antibody 

	

15 	generation and characterization studies (Table 4). 

Table 4. GPRC5D-expressing cell lines 

Protein Cell Line Promoter Resistance 
Human GPRC5D HEK293T CMV Neomycin 
Cyno GPRC5D HEK293F CMV Blasticidin 

20 	EXAMPLE 2: GENERATION OF GPRC5D ANTIBODIES USING PHAGE DISPLAY 

Two distinct approaches were followed in the generation of GPRC5D antibodies by phage: 

standard cell panning (negative selection) and FACS cell phage panning (competitive selection). 

25 	Standard Cell Phage Panning (negative selection): 

In-house de novo phage libraries have been described in detail (Shi et al (2010) J. Mol. 

Biol. 397:385-396; Int. Pat. Publ. No. W009/085462). These libraries were built on three human 

VH germline genes (IGHV1-69, 3-23, 5-51) and four human VL germline genes (A27, B3, L6, 

012) designed to have high diversity in CDR-H3. Three de novo phage libraries (DNP00004 - 
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169HC /LC mix, DNP00005 -323HC /LC mix and DNP00006 -551HC / LC mix) displaying Fab 

variants on phage coat protein pIX were panned against GPRC5D-expressing HEK293 G5 stable 

cells (target cells) for round 1, 3, 5 and for rounds 2 and 4 the previous round of amplified Fab-

pIX phage were applied to HEK293 background cells (the negative selection) (see Table 5). 

	

5 	Round 1 de novo Fab-pIX phage bound to the target cells were recovered for overnight 

amplification. The round 1 selected phage was applied to the background cells for round 2 

where the unbound Fab-pIX phage were recovered for overnight negatively selected phage 

amplification. Another set of positive and negative rounds of panning were performed, rounds 3 

and 4. The final round was performed with the last round of negatively selected amplified phage 

	

10 	split into two panning samples one for target cells and one for background cell panning. 

Table 5: Standard cell phage panning flowchart-negative selection 

Panning Round Cells used as antigen 

1 Human GPRC5D HEK293 

2 HEK293 

3 Human GPRC5D HEK293 

4 HEK293 

5 (split) Human GPRC5D HEK293 

HEK293 

15 

Standard Cell Phage Panning (background selection): 

The Fab-pIX phage display libraries were added to HEK293 cells following similar 

environments and incubation times as performed with the standard cell panning procedure 

previously mentioned (Table 6). After three rounds the DNA corresponding to the HEK293 

20 	bound Fab-pIX phage was used to produce PCR amplicons for NGS. These NGS results would 

be used in an additional dynamic subtractive analysis within the NGS2.0 software to help in 

distinguishing possible target specific Fab candidates. 

Table 6: Standard cell phage panning flowchart-background selection 
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Panning Round Cells used as antigen 

1 HEK293 

2 HEK293 

3 HEK293 

FACS cell phage panning (competitive selection) 

Three rounds of panning were performed by way of applying Fab-pIX phage to a mixture 

of target cells and background cells at the same time (Table 7). For rounds 1 and 2 the target 

	

5 	cells with Fab-pIX phage attached were sorted by use of the GFP signal. To capture the bound 

Fab-pIX phage from the sorted cells an acid cell lysis was applied followed by an E. coli 

infection. The round 2 amplified Fab-pIX phage and cell mixture were sorted into two 

populations in the final round, gated for GFP target cells and gated for non-GFP background 

cells. The bound Fab-pIX phage for both cell populations was captured by acid lysis and E.coli 

	

10 	infection 

Table 7: FACS cell phage panning flowchart-competitive selection 

Panning Round Cells used as antigen 

1 Human GPRC5D GFP & HEK293 

2 Human GPRC5D GFP & HEK293 

3 Human GPRC5D GFP & HEK293 

Next Generation Sequencing (NGS) of phage panning 

15 	The overnight growth under glucose repression was done for the six of the last round 

panning samples. These cultures were used to make mini-prep DNA, Qiagen QlAspin DNA kit. 

The six DNA samples were used as PCR template to generate amplicons that measured from 

HCDR1 to HCDR3. The six amplicons were gel purified and pooled by keeping version 2.1, 3.0 

separate for the standard cell panning and completely pooled for FACS cell panning. These 

20 

	

	pooled gel purified amplicons were provided to Genewiz NGS services to process by MiSeq 

1x300 technology. Files were delivered by Genewiz and uploaded into a local server (nas2.0). 

Within this server the NGS2.0 software application was used to load, read, and analyze the 
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sequence files. The top 88 sequences according to copy number (>50) and ratio of target cell (+) 

to background cell (-) sequences (ratio >5:1) were selected for IgG conversion. As only variable 

heavy chain sequence is determined by NGS, the full heavy chain constructs had to be 

electronically constructed into the appropriate frameworks. In addition, since only heavy chain 

	

5 	sequence was known each of the candidates was paired with the four parental light chains (A27, 

B3, L6, 012). The final conversion for the candidates was done as human IgG4PAA. 

ELISA screen and Standard Sequencing 

From the same DNA prep used for NGS, a restriction enzyme digest and self-ligation was 

	

10 	done to excise the gene pIX to enable soluble Fab expression. Ninety-two colonies, picked for 

each of the three panning samples were assessed for Fab expression by ELISA and were 

sequenced to determine both heavy chain and light chain by Sanger method. The final 

candidates with diversified sequence within the LCDRs were cloned into mammalian 

expressions plasmids.  

15 

EXAMPLE 4: INITIAL CHARACTERIZATION OF GPRC5D ANTIBODIES 

OBTAINED THROUGH PHAGE DISPLAY TECHNOLOGY 

GPRC5D Binding: 

20 	Whole cell phage panning was completed using the human GPRC5D cells as antigen, as 

described above. Following NGS analysis, only heavy chain sequence was known for each of the 

candidates. Consequently, each heavy chain had to be paired with the 4 parental light chains 

(A27, B3, L6, 012), resulting in 348 mAbs from 87 He sequences identified using NGS. These 

mAbs were initially evaluated for binding to cyno GPRC5D using FACS. The cyno GPRC5D 

25 	cell line was selected for initial screening to maximize the potential binding signal as the cyno 

GPRC5D cell line had a higher expression level than did the human GPRC5D cell line. Briefly, 

FACS screening was performed by normalizing protein concentration to 1 ug/ml and 100 ul of 

protein was mixed with 200,000 cells per well. The mAb was allowed to incubate with cells for 1 

hour at 4°C. The cells were then washed three times with PBS and 0.2% FBS. An anti-human 

30 	secondary mAb conjugated with PE (Jackson cat # 709-116-149) was then added as the detection 

reagent. The cells and secondary antibody were incubated for 1 hour at 4°C. The cells were then 
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washed three times with PBS and 0.2% FBS. The cells were washed again using 

PBS and 0.2% FBS and then analyzed on FACSarry. 

A large number of the hits were observed to bind to cyno GPRC5D, including 15 mAbs 

with MFI greater than 100,000, 23 mAbs with MFI less than 100,000 but greater than 10,000 and 

5 	63 mAbs with MFI less than 10,000 but greater than 1000. (Table 8).  

Table 8: FACS binding data for NGS derived mAbs to cyno GPRC5D. Heavy chain sequences 
identified from NGS analysis were paired with each parental Lc as shown. GC5M29 was used as 
the control (PH9L3 light chain). mAbs highlighted have an MFI >1000 

He ID 	GPRC5D mAb MFI 	GPRC5D mAb MFI 	GPRC5D mAb MFI 	GPRC5D mAb MFI 
[PH9L1 (A27)] 
	

[PH9L2 (B3)] 
	

[PH9L3 (L6)] 
	

[PH9L4 (012)] 

10 
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GC5H90 
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GC5H57 

GC5H41 

GC5H58 

GC5H63 

GC5H72 

GC5H75 

GC5H81 
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GC5H89 
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The 40 mAbs with the highest binding affinity were selected for additional 

characterization, which consisted of repeating the binding study to cyno GPCR5D cells, as well 

as, assessment of binding to human GPRC5D expressing cells using FACS (Table 9). These 

	

5 	data were analyzed to select 17 mAbs for purification and GPRC5D x CD3 bispecific antibody 

generation (highlighted). Factors used to select mAbs for purification and GPRC5D x CD3 

bispecific antibody generation include specificity of binding to human GPRC5D, cross-reactivity 

to cyno GPRC5D and diversity in He sequence. For example, GC5H36 was paired with three 

distinct light chains and analyzed for binding (GC5B162, GC5B163, GC5B164). Only GC5B164 

	

10 	was advanced as this mAb was observed to have the higher MFI to human GPRC5D than 

GC5B162 or GC5B163. 

Table 9: FACS binding data for NGS derived mAbs to cyno and human GPRC5D expressing 
HEK293F cells. Non-transfected HEK293F cells were used to evaluate binding specificity for 

	

15 	GPRC5D. TF7M1636 was used as the isotype control. mAbs highlighted were selected for 
further analysis. 

Protein ID HC Peptide ID 
	

cyno GPRC5D MFI 
	

human GPRC5D MFI 	293F MFI 
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The concentration dependent binding profile of each of the selected mAbs against human 

GPRC5D expressing HEK293 cells and non-transfected HEK293 cells was determined using 

FACS (Fig. 1). All mAbs were observed to bind to human GPRC5D in a dose dependent 

5 	manner. Three mAbs, GC5B36, GC5B168, and GC5B205 were also observed to bind to the non- 

transfected (GPRC5D null) HEK293 cells and were deprioritized due to this non-specific 

interaction with the cells. 

The remaining 14 mAbs were selected for bispecific antibody generation with an anti- 

CD3 arm CD3B219 and anti-RSV null arm B23M46 (Table 10). 

10 

Table 10: The relationship between GPRC5D mAb IDs and bispecific IDs. 

GPRC5D 	x CD3 
	

x B23Null 
mAb Protein bispecific bispecific 
ID 	 ID 
	

ID 

GC5B243 

GC5B332 

GC5B251 

GC5B235 

GC5B202 

GC5B252 

GC5B89  

GCDB40 GCDB26 

GCDB45 GCDB31 

GCDB41 GCDB27 

GCDB38 GCDB24 

GCDB36 GCDB22 

GCDB42 GCDB28 

GCDB33 GCDB19 

One bispecific antibody, GCDB38, precipitated during recombination and another, 

GCDB36, contained >10% aggregate. All other bispecific antibodies passed the standard release 

15 

	

	criteria and the null arm bispecific antibodies were analyzed for concentration dependent binding 

to human GPRC5D expressing HEK293 cells (Fig. 2). 

All bispecific antibodies were observed to bind in a dose dependent manner. GC5B320 

was included as a binding comparator to understand binding differences between bivalent mAbs 
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and monovalent bispecific antibodies. GCDB44 was included as a binding comparator to 

understand binding differences between anti-CD3 bispecific antibodies and anti-RSV null arm 

mAbs. The expected decrease in apparent binding affinity was observed when comparing the 

mAb GC5B320 to bispecific antibodies GCDB30 and GCDB44. In addition, the GCDB44 (anti- 

	

5 	CD3 bispecific Ab) was observed to have slightly higher binding affinity to the anti-human 

GPRC5D cells compared with the GCDB30 (anti-RSV null arm bispecific Ab), demonstrating 

that the anti-CD3 arm is positively impacted binding to this cell line. 

The panel of bispecific antibodies was also profiled for binding against MM1R and H929 

cells, which endogenously express GPRC5D (Fig. 3). The binding profile of the bispecific 

	

10 	antibodies on MM1R and H929 cells was compared with the overexpressed human GPCR5D 

HEK293 cells and non-transfected HEK293 cells using FACS. The bispecific antibodies were 

observed to bind to GPRC5D as expressed endogenously on MM1R and H929 cells with a range 

of affinity. The highest binding was observed to the human GPRC5D HEK cells, which as an 

overexpressed stable cell line, has a much higher receptor density than either MM1R or H929 

	

15 	cells. GCDB37, GCDB38, GCDB39 and GCDB41 were not advanced due to the low binding 

affinity observed for H929 and MM1R cells. 

In vitro T-Cell Dependent Cytotoxicity 

The panel of bispecific antibodies were then profiled for potency in a T-cell mediated 

	

20 	cytotoxicity assay using H929 and MM1R target cells (Fig. 4 A and B, Table 11). Briefly, 

target cells (H929, MM1.R, OPM2, LP-1 and Daudi or HEK parent and HEK+GPRC5D cells) 

were counted and 10 million cells were centrifuged at 1350 rpm for 3 minutes and cell pellets 

were resuspended in 1 ml of diluted CFSE solution (CellTrace CFSE proliferation stain was 

reconstituted in 18 µ1 of sterile DMSO and 1µl of the solution was diluted in 10 ml of sterile 

	

25 	PBS) and incubated at room temperature for 8 minutes in dark. After the incubation, 1 ml of HI 

FBS was added to cell suspension to quench the surplus CFSE. Cells were washed twice in 

RPMI-1640 with 10% FBS. After reconstitution in 10 ml of RPMI, cells were counted and cell 

viability was recoded in a spreadsheet. Cells were diluted to 2.2 x10^5/m1 and incubated at 37°C 

until use. 

	

30 	Pan T cells from normal donors were thawed in 37°C water bath, and cells were then 

centrifuged at 1350 rpm at 4°C for 3 minutes. The supernatants were discarded and reconstituted 

85 

SUBSTITUTE SHEET (RULE 26) 



0.39 ± 0.3 0.12 ± 0.1 

20 

2/1 

5/5 

8/9 

10/8 

GPRC5D x CD3 EC50 (nM) 

GCDB32 

GCDB34 

GCDB36 

GCDB41 

2.13 ± 0.93 	0.77 ± 0.24 

4.22 ± 0.55 

2.58 ± 0.15 

86 

5.2 ± 0.93 

NA 

WO 2018/017786 	 PCT/US2017/042982 

in culture medium at 1.1x10^6/m1 concentration. 2x10"5 target cells were added to wells of a 96-

well U-bottom plate, followed by Fc blocker (to final concentration of 2mg/ml). All cell lines 

were incubated at room temperature for 10 minutes to block Fc receptor activity. lx10^5 T cells 

were added to the wells (5:1 Effector:Target ratio). After target and T cells were mixed, 20 µl of 

	

5 	GPRC5D x CD3 bispecific Ab dilutions were added to each well. GPRC5D x CD3 bispecific 

antibodies were diluted to 800 µg/m1 (10X) 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).The plates were incubated at 37°C with 5% CO2 for 48 hours. 

Two days later (48 hours), the plates were centrifuged and 100 pl of supernatants were 

	

10 	stored at -80°C for cytokine release assay. Cells were washed in 200 µ.1 of PBS and incubated in 

50 µ.1 of near-1R Live/Dead stain (1:200 dilution) and anti-CD25 PE antibody (1:50 dilution) for 

20 minutes at room temperature. Then, the cells were washed once in 200 [t1 of FACS buffer and 

finally reconstituted in 150 [11 of FACS buffer. Cells were analyzed using FACSCanto II and 

FlowJo 7.6 for target cytotoxicity (% target) and T cell activation CD25+ (% live T cells). 

	

15 	Graphing and fitting of data were done in GraphPad Prism 6 using nonlinear regression with 

variable slope (four parameters) function using least squares method. 

Table 11: Average EC5o calculated from T-cell mediated cytotoxicity assessment of GPRC5D x 

CD3 bispecific antibodies using H929 and MM1R target cells. 
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GCDB44 	10.29 + 2.65 4.41 + 0.29 	9/10 

All bispecific antibodies are active in T-cell mediated H929 cell killing, with a range of 

potencies observed (Table 11). Similar rank order was observed for both cell lines. However a 

lower ECso was observed in MM1R cells. Interestingly, binding affinity was not necessarily 

	

5 	correlative of potency in T-cell mediated cytotoxicity assay. For example, GCDB44 was the 

highest affinity binding bispecific antibody but the least potent in the cytotoxicity assay. While 

GCDB43, with similar, albeit slightly lower, binding affinity was the most potent in the 

cytotoxicity assay. 

To assess the functional cross-reactivity with cyno GPRC5D, the panel of bispecific 

	

10 	antibodies was then profiled for T-cell mediated cytotoxicity and T cell activation using cyno 

GPRC5D HEK293 cells (Fig. 5A and B). All bispecific antibodies were active in this assay 

though a range of potency was observed against the cyno GPRC5D+ expressing cells. 

In vivo efficacy 

	

15 	A benchmarking in vivo study was then completed to understand the in vivo potency of 

these GPRC5D X CD3 bispecific antibodies. GCDB32 and GCDB35 (Fig. 5 A & B) were 

selected to test in a H929 prophylactic tumor model. H929 cells were implanted into NSG mice, 

one week following injection of human PBMCs. Treatment of the bispecific antibodies was 

initiated at the same time that the H929 cells were implanted and continued every 2 or 3 days 

	

20 	(q2d or q3d) at 10 ug, 1 ug, and 0.1 ug / animal doses for a total of five treatments. Ten mice 

were used in each group and PBS included as the vehicle control. Treatment was stopped at day 

11 and the study was terminated on day 25 (Fig. 6 A and B) or day 26 (Fig. 12 A-D). All the 

GPRC5D x CD3 antibodies tested in this prophylactic model showed 100°4 tumor growth 

inhibition at the 10 and 1 ug/ animal dose except for GCDB35 which showed round 80 % tumor 

	

25 	growth inhibition at 1 ug/animal dose. At tenfold lower dose (0.1ug/animal) these bispecific 

antibodies showed varying degree of efficacy ranging from 10 to 80 % tumor growth inhibition. 

In vitro T-Cell Dependent Cytotoxicity in presence of Fc blocker 
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To gain an understanding of the specificity of the GPRC5D targeting arm, the panel of 

GPRC5D x CD3 bispecific antibodies was then assessed in a T-cell redirection cytotoxicity 

assay in the presence of Fc block. This experiment was critical to understanding specificity as 

the target cells for bispecific antibodies are B-cells expressing Fcy receptors capability of 

	

5 	interacting with the Fc portion of the bispecific antibody in the in vitro assay. A shift in potency 

was observed in the T-cell mediated cytotoxicity assay for a number of the bispecific antibodies, 

with the greatest shift observed for GCDB40 and GCDB34 (Fig. 7A-7B). 

Direct measurement of binding interactions between the four most potent bispecific 

antibodies (GCDB32, GCDB35, GCDB40, and GCDB43) and Fcy receptors was then completed 

	

10 	(Fig. 8A-8D). One round of Alpha Screen analysis was carried out for each of the Fcy receptors 

and bispecific antibodies listed above. All samples were assayed in duplicate. On FcyRI, the 

four bispecific antibodies behave like B21M hIgG4 PAA. That is, they are no more competitive 

than matched isotype control. Similar differences were also observed between the hIgG1 WT 

control and the four bispecific antibodies on FcyRIIIa, with GCD43 most like the IgG4PAA 

	

15 	isotype control and the other bispecific antibodies having slightly higher affinity for FcyRIIIa. 

On both FcyRIIa and FcyRIIb, the four bispecific antibodies compete in the following order: 

GCDB40 > GCDB32 > GCDB43 > GCDB35. GCDB40 is the most competitive or binds with 

highest affinity to FcyRIIa and FcyRIIb. In fact GCDB40 competes on FcyRIIa and FcyRIIb to 

the same extent as hIgG1 WT, corroborating the observed shift in potency observed in the T-cell 

	

20 	mediated cytotoxicity assay when Fc block was included. Due to the unexpected interactions 

with FcyRIIa and FcyRIIb, GCDB40 was not advanced. 

Competition Binning Assay 

Anti-GPRC5D mAbs were assessed for competition binding with each other to the 

human GPCRSD cells. Briefly, cells were plated at 50,000 cells/well in 50uL of media and 

	

25 	allowed to settle for 90 minutes at 37C. Wells were then blocked using 3% BSA for 1 hour at 

room temperature. mAbs were labeled with ruthenium (II) tris-bipyridine, N-

hydroxysuccinimide (Ru-label) following standard procedures. In a separate 96 well plate, 5uM 

of competitor mAb was incubated with 50nM of Ru-labeled mAb. The blocking solution was 

removed from the cell plate and 25uL of mAb solution added. Plates were incubated for 1 hour 

	

30 	at room temperature with shaking. After washing the plates thrice with PBS, 150uL of MSD 
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read buffer (without surfactant) was added and the binding of the Ru-labeled antibody detected 

using a MSD plate reader. 

All mAbs belong to the same competition group, with only GC5B420 and GC5B421 not 

fully competed by GC5B81, GC5B285, and/or GC5B332 (Blocked < 70%) (Table 12). It is 

	

5 	hypothesized that simultaneous binding of two mAbs to GPRC5D may be sterically impossible 

given the small size of the extracellular domain of GPRC5D compared to the size of a mAb. 

Table 12: Competition binding epitope binning of anti-GPRC5D mAbs. Anti-GPRC5D mAbs 

were assessed for competition binding with each other to the human GPCR5D cells (+/- = 

	

10 	Blocked < 70%). 

mAb ID GC5B81 GC5B164 GC5B285 GC5B332 GC5B420 GC5B421 
GC5B81 + + + + +/- +/- 
GC5B164 + + + + + + 
GC5B285 + + + + + +/- 
GC5B332 + + + + +/- + 
GC5B420 + + + + + + 
GC5B421 + + + + + + 
GC5B243 + + + + + + 

EXAMPLE 4: GENERATION OF GPRC5D ANTIBODIES USING HYDRIDOMA 

TECHNOLOGY 

15 	Three Balb/c mice were immunized intradermally-base of tail with pCMV6-neo (CMV 

promoter) plasmid DNA expressing full length human GPRC5D on days 0, 10, and 20. Mice 

received final intraperitoneal and intravenous immunizations on day 59 with Rat Basophilic 

Leukemia (RBL) cells over-expressing full length human GPRC5D. On day 63, lymph nodes 

and spleens were harvested, enrichment of B cells was performed, and the cells were used to 

20 	generate 3500 mAb secreting hybridomas. 

EXAMPLE 5: INITIAL CHARACTERIZATION OF GPRC5D ANTIBODIES 

OBTAINED THROUGH HYRBRIDOMA TECHNOLOGY 

25 	GPRC5D Binding 
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The hybridomas were screened using FACS for binding to both RBL and human 

GPRC5D expressing RBL cells. The ratio of background adjusted MFI of each mAb binding to 

the GPRC5D RBL cells relative to the non-transfected RBL cells was calculated and any sample 

with a binding ratio greater than 3 were considered potentially positive. Ninety nine hybridomas 

	

5 	had a ratio greater than 3 and were advanced for v-region cloning. Thirty one mAbs sequences 

were identified, synthesized, expressed and purified. Two of the 31 mAbs exhibited binding to 

RBL GPRC5D cells above background (Fig. 9A and 8B). GCDB390 and GCDB396 were 

selected for expression, purification and bispecific antibody generation with anti-CD3 arm 

CD3B219 to generate the bispecific antibodies GCDB46 and GCDB47, respectively. 

10 

T-Cell Dependent Cytotoxicity 

GCDB46 and GCDB47were assessed in the T-cell mediated cytotoxicity assay (Fig. 10A and 

10B). Both bispecific antibodies were observed to be potent, with reported ECso of 0.67 and 0.1 

nM respectively. On the basis of these data both mAbs were advanced to lead optimization 

	

15 	along with the three phage derived mAbs. 

EXAMPLE 6: HIT EVALUATION, SELECTION AND OPTIMIZATION 

Five GPRC5D bispecific antibodies were selected for lead optimization (GCDB32, 

GCDB43, GCDB35, GCDB46, GCDB47) based on binding, function, cross-reactivity and 

	

20 	selectivity data summarized in Table 13. 

Table 13: Lead optimization data for GPRC5D x CD3 bispecific antibodies. Bispecific 

antibodies were assessed for binding, function, cross-reactivity and selectivity. 

GPRC5D x CD3 
ID 

Selectivity T cell mediated Tar!et cell killing 
Binding to H929 EC50 + SD 

(nM) 
MM1R EC50 + 
SD (nM) 

H929 No Fc vs 
Fc Block 

Cyno GPRC5D 
EC50 (nM) GPRC5A, B, C 

GCDB32 No Binding 0.43 + 0.29 0.12 + 0.01 2.4 0.19 
GCDB43 No Binding 0.39 + 0.07 0.54 2.8 0.95 
GCDB40 No Binding 1.2 + 0.83 0.52 + 0.31 5.1 10.61 
GCDB35 Low 1.39 + 0.75 0.74 + 0.26 2.7 4.65 
GCDB34 No Binding 2.01 + 0.74 0.77 + 0.09 6.3 1.14 
GCDB45 No Binding 2.36 ± 0.84 0.91 ± 0.76 2.2 2.82 
GCDB33 No Binding 5.21 ± 1.21 0.8 + 0.15 1.5 0.2 
GCDB36 Low 5.57 ± 0.47 4.22 ± 0.29 3.35 
GCDB46 No Binding 0.67 
GCDB47 No Binding 0.1 
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GCDB48 
	

No Binding 
	

0.17 
	

Not Active 

Lead optimization was aimed at addressing potential post-translation modification (PTM) 

sequence risks for GCDB32 (GC5B81 parent mAb), GCDB43 (GC5B285 parent mAb) and 

GCDB35 (GC5B164 parent mAb) as outlined in Table 14. 

Table 14: PTM mitigation sequence potential liabilities for Phage derived hits. The Hc CDR 
sequences are shown with potential PTM sequence liabilities are underlined. 
(SEQ ID NOs for each listed sequence are provided in parenthesis) 

GPCR5D ID GPRC5D He 
ID 

He CDR1 He CDR2 HcCDR3 

GC5B81 GC5H40 SYAIS (1) GIIPIFGTANYAQKFQG 

(5) 

ESRWRGYKLD (9) 

GC5B285 GC5H14 NYWMS (2) GISYSGGSKYYADSVKG 
(28) 

AAWDFGRRAVRLDY 
(30) 

GC5B 164 GC5H36 SYWIG (27) IIYPGDSDTRYSPSFQG 
(29) 

VYSFGGRHKALFDY (11) 

All of the PTM variants assayed for GC5B81 had a substantial reduction in binding 

affinity, demonstrating the criticality of this residue (HC W102) to the paratope (Table 15). 

Table 15: CDR sequences and binding data of the GC5B81 PTM library. The site of mutation is 
15 	underlined. Binding was classified as MFI >10,000 = ++; MFI >1,000 = +; MFI <1,000 

(SEQ ID NOs for each listed sequence are provided in parenthesis) 

GPRC5D ID Heavy Chain ID Mutation Hc CDR1 Hc CDR2 Hc CDR3 Human 
GPRC5D 
(FACS) 

GC5B427 GC5H199 W102Y SYAIS (1) GIIPIFGTANYAQKFQG 
(5) 

ESRYRGYKLDY 
(31)  

- 

GC5B428 GC5H198 W102V SYAIS (1) GIIPIFGTANYAQKFQG 
(5) 

ESRVRGYKLDY 
(32)  

- 

GC5B430 GC5H196 W102G SYAIS (1) GIIPIFGTANYAQKFQG 
(5) 

ESRGRGYKLDY 
(33)  

- 

GC5B431 GC5H195 W102A SYAIS (1) GIIPIFGTANYAQKFQG 
(5) 

ESRARGYKLDY 
(34)  

- 

GC5B429 GC5H197 W102F SYAIS (1) GIIPIFGTANYAQKFQG 
(5) 

ESRFRGYKLDY 
(35)  

- 

Binding studies identified a number of mutations for both GC5B285 and GC5B164 

20 	which retained binding to human GPRC5D (Tables 16 and17). 

5 

10 
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Table 16: CDR sequences and binding data of the GC5B164 PTM library. Site of mutation is 
underlined. Binding was classified as MFI >10,000 = ++; MFI >1,000 = +; MFI <1,000. 
(SEQ ID NOs for each listed sequence are provided in parenthesis) 

GPRC5D 
ID 

Heavy Chain 
ID 

Mutation Hc CDR1 Hc CDR2 Hc CDR3 

Human 
GPR5D 
Binding 
(FACS) 

GC5B471 GC5H278 D55A, W33Y 
SYYIG 
(36) 

IIYPGASDTRYSPSFQG 
(40) 

VYSFGGRHKALFDY 
(11) 

++ 

GC5B472 GC5H277 D55A, W33V 
SYVIG 
(37) 

IIYPGASDTRYSPSFQG 
(40) 

VYSFGGRHKALFDY 
(11) 

+ 

GC5B473 GC5H276 D55A, W33F 
SYFIG 
(3) 

IIYPGASDTRYSPSFQG 
(40) 

VYSFGGRHKALFDY 
(11) 

++ 

GC5B474 GC5H275 D55A, W33G 
SYGIG 
(38) 

IIYPGASDTRYSPSFQG 
(40) 

VYSFGGRHKALFDY 
(11) 

+ 

GC5B475 GC5H274 D55A, W33A 
SYAIG 
(39) 

IIYPGASDTRYSPSFQG 
(40) 

VYSFGGRHKALFDY 
(11) 

+ 

GC5B476 GC5H273 D55S, W33Y 
SYYIG 
(36) 

IIYPGSSDTRYSPSFQG 
(41) 

VYSFGGRHKALFDY 
(11) 

++ 

GC5B477 GC5H272 D55S, W33V 
SYVIG 
(37) 

IIYPGSSDTRYSPSFQG 
(41) 

VYSFGGRHKALFDY 
(11) 

+ 

GC5B478 GC5H271 D55S, W33F 
SYFIG 
(3) 

IIYPGSSDTRYSPSFQG 
(41) 

VYSFGGRHKALFDY 
(11) 

++ 

GC5B479 GC5H270 D55S, W33G 
SYGIG 
(38) 

IIYPGSSDTRYSPSFQG 
(41) 

VYSFGGRHKALFDY 
(11) 

+ 

GC5B480 GC5H269 D55S, W33A 
SYAIG 
(39) 

IIYPGSSDTRYSPSFQG 
(41) 

VYSFGGRHKALFDY 
(11) 

+ 

GC5B481 GC5H268 D55K, W33Y 
SYYIG 
(36)  

IIYPGKSDTRYSPSFQG 

(7) 

VYSFGGRHKALFDY 
(11) 

++ 

GC5B482 GC5H267 D55K, W33V 
SYVIG 
(37)  

IIYPGKSDTRYSPSFQG 

(7) 

VYSFGGRHKALFDY 
(11) 

++ 

GC5B483 GC5H266 D55K, W33F 
SYFIG 
(3) 

IIYPGKSDTRYSPSFQG 

(7) 

VYSFGGRHKALFDY 
(11) 

++ 

GC5B484 GC5H265 D55K, W33G 
SYGIG 
(38)  

IIYPGKSDTRYSPSFQG 

(7) 

VYSFGGRHKALFDY 
(11) 

+ 

GC5B485 GC5H264 D55K, W33A 
SYAIG 
(39)  

IIYPGKSDTRYSPSFQG 

(7) 

VYSFGGRHKALFDY 
(11) 

+ 

GC5B486 GC5H263 D55E, W33Y 
SYYIG 
(36) 

IIYPGESDTRYSPSFQG 
(42) 

VYSFGGRHKALFDY 
(11) 

++ 

GC5B487 GC5H262 D55E, W33V 
SYVIG 
(37) 

IIYPGESDTRYSPSFQG 
(42) 

VYSFGGRHKALFDY 
(11) 

+ 

GC5B488 GC5H261 D55E, W33F 
SYFIG 
(3) 

IIYPGESDTRYSPSFQG 
(42) 

VYSFGGRHKALFDY 
(11) 

++ 

GC5B489 GC5H260 D55E, W33G 
SYGIG 
(38) 

IIYPGESDTRYSPSFQG 
(42) 

VYSFGGRHKALFDY 
(11) 

- 

GC5B490 GC5H259 D55E, W33A 
SYAIG 
(39) 

IIYPGESDTRYSPSFQG 
(42) 

VYSFGGRHKALFDY 
(11) 

+ 

GC5B491 GC5H258 D55Y, W33Y 
SYYIG 
(36) 

IIYPGYSDTRYSPSFQG 
(43) 

VYSFGGRHKALFDY 
(11) 

++ 

GC5B492 GC5H257 D55Y, W33V 
SYVIG 
(37) 

IIYPGYSDTRYSPSFQG 
(43) 

VYSFGGRHKALFDY 
(11) 

++ 

GC5B493 GC5H256 D55Y, W33F 
SYFIG 
(3) 

IIYPGYSDTRYSPSFQG 
(43) 

VYSFGGRHKALFDY 
(11) 

++ 

GC5B494 GC5H255 D55Y, W33G 
SYGIG 
(38) 

IIYPGYSDTRYSPSFQG 
(43) 

VYSFGGRHKALFDY 
(11) 

+ 

GC5B495 GC5H254 D55Y, W33A 
SYAIG 
(39) 

IIYPGYSDTRYSPSFQG 
(43) 

VYSFGGRHKALFDY 
(11) 

+ 
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GC5B496 GC5H253 W33Y 
SYYIG 
(36)  

IIYPGDSDTRYSPSFQG 
(29) 

VYSFGGRHKALFDY 
(11) 

++ 

GC5B497 GC5H252 W33V 
SYVIG 
(37)  

IIYPGDSDTRYSPSFQG 
(29) 

VYSFGGRHKALFDY 
(11) 

++ 

GC5B498 GC5H251 W33F 
SYFIG 
(3) 

IIYPGDSDTRYSPSFQG 
(29) 

VYSFGGRHKALFDY 
(11) 

++ 

GC5B499 GC5H250 W33 G 
SYGIG 
(38)  

IIYPGDSDTRYSPSFQG 
(29) 

VYSFGGRHKALFDY 
(11) 

- 

GC5B500 GC5H249 W33A 
SYAIG 
(39)  

IIYPGDSDTRYSPSFQG 
(29) 

VYSFGGRHKALFDY 
(11) 

- 

GC5B501 GC5H248 D55A 
SYWIG 
(27) 

IIYPGASDTRYSPSFQG 
(40)  

VYSFGGRHKALFDY 
(11) 

++ 

GC5B502 GC5H247 D55S 
SYWIG 
(27) 

IIYPGSSDTRYSPSFQG 
(41)  

VYSFGGRHKALFDY 
(11) 

++ 

GC5B503 GC5H246 D55K 
SYWIG 
(27) 

IIYPGKSDTRYSPSFQG 

(7) 

VYSFGGRHKALFDY 
(11) 

++ 

GC5B504 GC5H245 D55E 
SYWIG 
(27) 

IIYPGESDTRYSPSFQG 
(42)  

VYSFGGRHKALFDY 
(11) 

++ 

GC5B505 GC5H244 D55Y 
SYWIG 
(27) 

IIYPGYSDTRYSPSFQG 
(43)  

VYSFGGRHKALFDY 
(11) 

++ 

Table 17: CDR sequences and binding data of the GC5B285 PTM library. Site of mutation is 
underlined. Binding was classified as MFI >10,000 = ++; MFI >1,000 = +; MFI <1,000. 

5 	(SEQ ID NOs for each listed sequence are provided in parenthesis) 

GPRC5D 
ID 

Heavy Chain 
ID 

Mutation Hc 
CDR1 

Hc CDR2 Hc CDR3 Human 
GPRC5 
D 
(FACS) 

GC5B463 GC5H234 D62A,W101 
Y 

NYWM 
S (2) 

GI SY S GGSKYYAA SVK 
G (44) 

AAYDFGRRAVRLDY 
(48)  

++ 

GC5B432 GC5H228 D62S,W101V NYWM 
S (2) 

GI SY S GGSKYYA S S VKG 
(6) 

AAVDFGRRAVRLDY 
(49)  

++ 

GC5B465 GC5H227 D62S,W101F NYWM 
S (2) 

GI SY S GGSKYYA S S VKG 
(6) 

AAFDFGRRAVRLDY 
(97) 

++ 

GC5B433 GC5H223 D62K,W101 
V 

NYWM 
S (2) 

GISYSGGSKYYAKSVK 
G (45) 

AAVDFGRRAVRLDY 
(49) 

++ 

GC5B434 GC5H222 D62K,W101F NYWM 
S (2) 

GISYSGGSKYYAKSVK 
G (45) 

AAFDFGRRAVRLDY 
(97) 

++ 

GC5B435 GC5H219 D62E,W101Y NYWM 
S (2) 

GISYSGGSKYYAESVKG 
(46) 

AAYDFGRRAVRLDY 
(48) 

+ 

GC5B436 GC5H217 D62E,W101F NYWM 
S (2) 

GISYSGGSKYYAESVKG 
(46) 

AAFDFGRRAVRLDY 
(97) 

+ 

GC5B461 GC5H216 D62E,W101G NYWM 
S (2) 

GISYSGGSKYYAESVKG 
(46) 

AAGDFGRRAVRLDY 
(50)  

- 

GC5B462 GC5H215 D62E,W101A NYWM 
S (2) 

GISYSGGSKYYAESVKG 
(46) 

AAADFGRRAVRLDY 
(51)  

++ 

GC5B437 GC5H214 D62Y,W101 
Y 

NYWM 
S (2) 

GISYSGGSKYYAYSVK 
G (47) 

AAYDFGRRAVRLDY 
(48)  

+ 

GC5B438 GC5H213 D62Y,W101 
V 

NYWM 
S (2) 

GISYSGGSKYYAYSVK 
G (47) 

AAVDFGRRAVRLDY 
(49)  

+ 

GC5B439 GC5H212 D62Y,W101F NYWM 
S (2) 

GISYSGGSKYYAYSVK 
G (47) 

AAFDFGRRAVRLDY 
(97) 

+ 

GC5B440 GC5H211 D62Y,W101 
G 

NYWM 
S (2) 

GISYSGGSKYYAYSVK 
G (47) 

AAGDFGRRAVRLDY 
(50)  

- 

GC5B441 GC5H210 D62Y,W101 
A 

NYWM 
S (2) 

GISYSGGSKYYAYSVK 
G (47) 

AAADFGRRAVRLDY 
(51)  

+ 
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GC5B442 GC5H209 W101Y NYWM 
S (2) 

GISYSGGSKYYADSVK 
G (28) 

AAYDFGRRAVRLDY 
(48)  

+ 

GC5B443 GC5H208 W101V NYWM 
S (2) 

GISYSGGSKYYADSVK 
G (28) 

AAVDFGRRAVRLDY 
(49)  

+ 

GC5B444 GC5H207 W101F NYWM 
S (2) 

GISYSGGSKYYADSVK 
G (28) 

AAFDFGRRAVRLDY 
(97) 

+ 

GC5B464 GC5H206 W101G NYWM 
S (2) 

GISYSGGSKYYADSVK 
G (28) 

AAGDFGRRAVRLDY 
(50)  

+ 

GC5B445 GC5H205 W101A NYWM 
S (2) 

GISYSGGSKYYADSVK 
G (28) 

AAADFGRRAVRLDY 
(51)  

+ 

GC5B446 GC5H204 D62A NYWM 
S (2) 

GISYSGGSKYYAASVK 
G (44)  

AAWDFGRRAVRLD 
Y (30) 

+ 

GC5B447 GC5H203 D62S NYWM 
S (2) 

GISYSGGSKYYASSVKG 
(6) 

AAWDFGRRAVRLD 
Y (30) 

+ 

GC5B448 GC5H202 D62K NYWM 
S (2) 

GISYSGGSKYYAKSVK 
G (45)  

AAWDFGRRAVRLD 
Y (30) 

+ 

GC5B449 GC5H2O1 D62E NYWM 
S (2) 

GISYSGGSKYYAESVKG 
(46) 

AAWDFGRRAVRLD 
Y (30) 

+ 

GC5B450 GC5H200 D62Y NYWM 
S (2) 

GISYSGGSKYYAYSVK 
G (47) 

AAWDFGRRAVRLD 
Y (30) 

+ 

On the basis of this binding data, selected mAbs were generated as GPRC5D x CD3 

bispecific antibodies and assessed for T-cell mediated cytotoxicity of H929 cells (Table 18). 

5 	Table 18: Functional Activity of selected GPRC5D PTM variants for GCDB164 and GCDB285 

Parent 
GPRC5D 
mAb ID 

GPRC5D 
Protein AA 
ID 

GPRC5D x 
CD3 ID 

H929 EC50 
(nM) 

Selected as 
Lead 

GC5B285 GC5B432 GCDB50 1.3 
GC5B433 GCDB51 0.81 
GC5B434 GCDB52 2.81 
GC5B465 GCDB53 0.24 XX 
GC5B463 GCDB54 3.09 

GC5B164 GC5B471 GCDB57 3.87 
GC5B476 GCDB58 1.24 
GC5B478 GCDB59 1.54 
GC5B481 GCDB60 2.94 
GC5B483 GCDB61 1.51 XX 
GC5B493 GCDB62 3.1 

A range of potency was observed it the T-cell mediated cytotoxicity assay that was not 

necessarily predicted by the observed binding affinity. For example, GC5B465 and GC5B463 

10 	bound with similar affinity to human GPRC5D differ only in the sequence of 2 amino acids 

(Table 17) and were observed to have a 12.5 fold difference in potency as GPRC5D x CD3 

bispecific Abs (Table 18). On the basis of the functional data GC5B465 and GC5B483 were 
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selected as optimized sequences for GC5B285 (GCDB43 as CD3 bispecific) and GC5B164 

(GCDB35 as CD3 bispecific). 

Human framework adaptation was also completed for the murine hybridoma derived 

GPCR5D mAbs (GC5B390 and GC5B396, or GCDB46 and 47 as CD3 bispecific, respectively). 

	

5 	Binding studies identified a number of frameworks for GC5B396 and one framework for 

GC5B390 which retained binding to human GPRC5D (Table 19). 

Table 19: Binding and functional data for the human framework adaptation of hybridoma 
derived anti-GPRC5D mAb libraries. Binding was classified as MFI >10,000 = +++; MFI 

	

10 	>5,000 = ++; MFI > 1,000 = +; MFI <1,000. 

GPRC5D 
Parent 
mAb ID 

GPRC5D 
mAb AA 
ID 

Heavy 
Chain ID 

Light 
Chain ID 

Human 
GPRC5D 
x CD3 ID 

H929 
EC50 
(nM) 

GPRC5D 
(FACS) 

GPRC5D 
B396 

GC5B541 GC5H241 GC5L58 + 
GC5B540 GC5H240 GC5L58 +++ GCDB69 0.58 

GC5B539 GC5H242 GC5L58 ++ 

GC5B538 GC5H243 GC5L58 ++ 

GC5B537 GC5H241 GC5L57 + 
GC5B536 GC5H240 GC5L57 +++ GCDB68 2.51 

GC5B535 GC5H242 GC5L57 + 

GC5B534 GC5H243 GC5L57 ++ 

GC5B533 GC5H241 GC5L56 + 

GC5B532 GC5H240 GC5L56 +++ GCDB67 0.61 

GC5B531 GC5H242 GC5L56 ++ 

GC5B530 GC5H243 GC5L56 +++ GCDB66 1.41 

GC5B529 GC5H241 GC5L55 ++ 

GC5B528 GC5H240 GC5L55 +++ GCDB65 1.01 

GC5B527 GC5H242 GC5L55 - 

GC5B526 GC5H243 GC5L55 ++ GCDB64 1.5 

GPRC5D 
B390 

GC5B525 GC5H279 GC5L53 - 

GC5B524 GC5H237 GC5L53 - 
GC5B523 GC5H238 GC5L53 - 

GC5B522 GC5H236 GC5L53 - 
GC5B521 GC5H279 GC5L52 - 
GC5B520 GC5H237 GC5L52 - 

GC5B519 GC5H238 GC5L52 - 
GC5B518 GC5H236 GC5L52 - 

GC5B517 GC5H279 GC5L51 + 

GC5B516 GC5H237 GC5L51 + 

GC5B515 GC5H238 GC5L51 ++ GCDB63 0.52 

GC5B514 GC5H236 GC5L51 + 

GC5B513 GC5H279 GC5L50 - 

GC5B512 GC5H237 GC5L50 + 

GC5B511 GC5H238 GC5L50 + 
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GC5B510 GC5H236 GC5L50 + 

GC5B509 GC5H279 GC5L49 - 

GC5B508 GC5H237 GC5L49 + 
GC5B507 GC5H238 GC5L49 + 

GC5B506 GC5H236 GC5L49 + 

On the basis of the binding data several anti-GPCR5D mAbs were generated as CD3 

bispecific antibodies and assessed for T-cell mediated cytotoxicity of H929 cells (Table 18). 

Functional analysis identified GCDB63, GCDB67, and GCDB69 as potent fully humanized 

	

5 	GPRC5D x CD3 bispecific antibodies. On the basis of these data, the corresponding anti- 

GPRC5D mAbs, GC5B515, GC5B532, and GC5B540 were selected as the fully humanized 

sequences for GC5B390 and GC5B391. 

Additional lead optimization of the fully humanized sequences was then completed 

aimed at addressing potential post-translation modification sequence risks for GC5B515, 

	

10 	GC5B532, and GCDB540. A G56S mutation was generated in the heavy chain sequence to 

remove a potential deamidation risk for GC5B515 (Table 20). 

Table 20: Binding and Functional Activity of selected GPRC5D PTM variants for GC5B532, 
GC5B540 and GCDB515. 

15 

GPRC5D 
Parent 
mAb ID 

GPRC5D 
mAb AA 
ID 

Mutation Human GPRC5D 
x CD3 ID 

H929 
EC50 

(nM) 

GPRC5D 
(FACS) 

GC5B540 GC5B590  M64K +++ 

GC5B592 G99A + 

GC5B594 M64K, G99A + 

GC5 B532 GC5B591  M64K +++ 

GC5B593 G99A + 

GC5B595 M64K. G99A + 

GC5 B515 GC5B596 G56S ++ GCDB72 0.15 

The heavy chains for GC5B532 and GC5B540 contained both a potential isomerization 

and an oxidation risk. M64K and G99A mutations were generated to ameliorate this risk (Table 

20 	20). All of the variants tested with the G99A mutation had a substantial reduction in binding 

affinity, while the M64K and G56A variants were not impacted. Based on the binding data alone 

GC5B596 was progressed to functional assessment and demonstrated potency as a CD3 

bispecific (GCDB72) in T-cell mediated cytotoxicity assays. 
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Thus, four GPRC5D bispecific mAbs were selected for additional characterization: 

GCDB32, GCDB53, GCDB61, and GCDB72. Depicted below in Tables 21 and 22 are the CDR 

and heavy and light chain sequences of the GPRC5D mAbs used for the generation of the 

bispecific molecules. 

5 	Table 21. CDR sequences of 4 GPRC5D mAb candidates that showed binding against human 

and cyno GPRC5D and that were functional when generated as CD3 bispecifics. 

ID HC-CDR1 HC-CDR2 HC-CDR3 LC-CDR1 LC-CDR2 LC-CDR3 

GC5B81 SYAIS 
(SEQ ID NO 
1) 

GIIPIFGTANYAQKFQG 
(SEQ ID NO 5) 

ESRWRGYKLD (SEQ 
ID NO 9) 

RASQSISSYLN 
(SEQ ID NO 13) 

AASSLQS 
(SEQ ID 
NO 16) 

QQSYSTPLT 
(SEQ ID NO 19) 

GC5B465 NYWMS 
(SEQ ID NO 
2) 

GISYSGGSKYYASSVKG 
(SEQ ID NO 6) 

AAFDFGRRAVRLD 
(SEQ ID NO 10) 

RASQSISSYLN 
(SEQ ID NO 13) 

AASSLQS 
(SEQ ID 
NO 16) 

QQSYSTPLT 
(SEQ ID NO 19) 

GC5B483 SYFIG 
(SEQ ID NO 
3) 

HYPGKSDTRYSPSFQG 
(SEQ ID NO 7) 

VYSFGGRHKALFDY 
(SEQ ID NO 11) 

RASQSVSSYLA 
(SEQ ID NO 14) 

DASNRAT 
(SEQ ID 
NO 17) 

QQRSNWPLT 
(SEQ ID NO 20) 

GC5B596 GYTMN 
(SEQ ID NO 
4) 

LINPYNSDTNYAQKLQG 
(SEQ ID NO 8) 

VALRVALDY (SEQ 
ID NO 12) 

KASQNVATHVG 
(SEQ ID NO 15) 

SASYRYS 
(SEQ ID 
NO 18) 

QQYNRYPYT 
(SEQ ID NO 21) 

Table 22: Heavy and light chain variable region sequences of 4 GPRC5D mAb candidates that 

showed binding against human and cyno GPRC5D and that were functional when generated as 

10 	CD3 bispecifics. 

ii1Ab A 
D 

VII Amino Acid SequenO§ '4  
SEQ ID 
NO: 

rnifki Add Sequen6e 
ID 

0 

GC5B81 QVQLVQSGAEVKKPGSSV 
KVSCKASGGTFSSYAISW 
VRQAPGQGLEWMGGIIPI 
FGTANYAQKFQGRVTITA 
DESTSTAYMELSSLRSEDT 
AVYYCARESRWRGYKLD 
YWGQGTLVTVSS 

52 

DIQMTQSPSSLSASVGDR 
VTITCRASQSISSYLNWYQ 
QKPGKAPKLLIYAASSLQ 
SGVPSRFSGSGSGTDFTLT 
ISSLQPEDFATYYCQQSYS 
TPLTFGQGTKVEIK 

56 

GC5B465 EVQLLESGGGLVQPGGSL 
RLSCAASGFTFSNYWMS 
WVRQAPGKGLEWVSGIS 
YSGGSKYYASSVKGRFTI 
SRDNSKNTLYLQMNSLRA 
EDTAVYYCAKAAFDFGR 
RAVRLDYWGQGTLVTVS 

53 

DIQMTQSPSSLSASVGDR 
VTITCRASQSISSYLNWYQ 
QKPGKAPKLLIYAASSLQ 
SGVPSRFSGSGSGTDFTLT 
ISSLQPEDFATYYCQQSYS 
TPLTFGQGTKVEIK 

, 
56 
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S 

GC5B483 EVQLVQSGAEVKKPGESL 
KISCKGSGYSFTSYFIGWV 
RQMPGKGLEWMGIIYPG 
KSDTRYSPSFQGQVTISAD 
KSISTAYLQWSSLKASDT 
AMYYCARVYSFGGRHKA 
LFDYWGQGTLVTVSS 

54 

EIVLTQSPATLSLSPGERA 
TLSCRASQSVSSYLAWYQ 
QKPGQAPRLLIYDASNRA 
TGIPARFSGSGSGTDFTLTI 
SSLEPEDFAVYYCQQRSN 
WPLTFGQGTKVEIK 

57  

GC5B596 QVQLVQSGAEVKKPGAS 
VKVSCKASGYSFTGYTM 
NWVRQAPGQGLEWMGLI 
NPYNSDTNYAQKLQGRV 
TMTTDTSTSTAYMELRSL 

55 

DIQMTQSPSSLSASVGDR 
VTITCKASQNVATHVGW 
YQQKPGKAPKRLIYSASY 
RYSGVPSRFSGSGSGTEFT 
LTISNLQPEDFATYYCQQ 

. 
58 

RSDDTAVYYCARVALRV 
ALDYWGQGTLVTVSS 

YNRYPYTFGQGTKLEIK 

EXAMPLE 7: PREPARATION OF GPRC5D AND CD3 ANTIBODIES IN A 

BISPECIFIC FORMAT IN IgG4 S228P, L234A, L235A 

The four monospecific GPRC5D antibodies (see table 21) were expressed as IgG4, 

	

5 	having Fc substitutions S228P, L234A, and L235A or S228P, L234A, L235A, F405L, and 

R409K (CD3 arm) (numbering according to EU index). A monospecific anti-CD3 antibody 

CD3B219 was also generated comprising the VH and VL regions having the heavy chain of SEQ 

ID NO: 25 and the light chain of SEQ ID NO: 26 and IgG4 constant region with S228P, L234A, 

L235A, F405L, and R409K substitutions. 

	

10 	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 GPRC5D x CD3 antibodies were generated by combining a monospecific CD3 

mAb and a monospecific GPRC5D mAb in in-vitro Fab arm exchange (as described in 

	

15 	W02011/131746). Briefly, at about 1-20 mg/mL at a molar ratio of 1.08:1 of anti- 

GPRC5D/anti-CD3 antibody in PBS, pH 7-7.4 and 75 mM 2-mercaptoethanolamine (2-MEA) 

was mixed together and incubated at 25-37 °C for 2-6 hours, followed by removal of the 2-MEA 

via dialysis, diafiltration, tangential flow filtration and/or spin cell filtration using standard 

methods. 

20 
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Heavy and Light chains for the GPRC5D x CD3 bispecific Abs are shown below in Table 23. 

Table 23. Heavy and Light Chain Sequences for bispecific Abs IgG4-PAA 

Ab Amino Acid Sequence 

GCDB32 Heavy chain 1 
CD3B 219 
(SEQ ID 
NO:25)  

EVQLVESGGGLVQPGGSLRLSCAASGFTFNTYAMNWVRQ 
APGKGLEWVARIRSKYNNYATYYAASVKGRFTISRDDSK 
NSLYLQMNSLKTEDTAVYYCARHGNFGNSYVSWFAYWG 
QGTLVTVSS 

Light Chain 1 
CD3B 219 
(SEQ ID 
NO:26)  

QTVVTQEPSLTVSPGGTVTLTCRSSTGAVTTSNYANWVQ 
QKPGQAPRGLIGGTNKRAPGTPARFSGSLLGGKAALTLSG 
VQPEDEAEYYCALWYSNLWVFGGGTKLTVL 

Heavy chain 2 
GC5B81 
(SEQ ID 
NO:52) 

QVQLVQ SGAEVKKPGSSVKVSCKASGGTF S SYAISWVRQ 
APGQGLEWMGGIIPIFGTANYAQKFQGRVTITADESTSTA 
YMELS SLRSEDTAVYYCARESRWRGYKLDYWGQGTLVT 
VSS 

Light Chain 2 
GC5B81 
(SEQ ID 
NO:56) 

DIQMTQ SPS SLSASVGDRVTITCRASQSISSYLNWYQQKPG 
KAPKLLIYAASSLQSGVP SRF SGSGSGTDFTLTIS SLQPEDF 
ATYYCQQ SYSTPLTFGQGTKVEIK 

GCDB53 Heavy chain 1 
CD3B 219 
(SEQ ID 
NO:25)  

EVQLVESGGGLVQPGGSLRLSCAASGFTFNTYAMNWVRQ 
APGKGLEWVARIRSKYNNYATYYAASVKGRFTISRDDSK 
NSLYLQMNSLKTEDTAVYYCARHGNFGNSYVSWFAYWG 
QGTLVTVSS 

Light Chain 1 
CD3B 219 
(SEQ ID 
NO:26)  

QTVVTQEPSLTVSPGGTVTLTCRSSTGAVTTSNYANWVQ 
QKPGQAPRGLIGGTNKRAPGTPARFSGSLLGGKAALTLSG 
VQPEDEAEYYCALWYSNLWVFGGGTKLTVL 

Heavy chain 2 
GC5B465 
(SEQ ID 
NO:53) 

EVQLLE S GGGLVQP GGSLRL S CAA S GFTF SNYWMSWVRQ 
APGKGLEWVSGISYSGGSKYYASSVKGRFTISRDNSKNTL 
YLQMNSLRAEDTAVYYCAKAAFDFGRRAVRLDYWGQGT 
LVTVS S 

Light Chain 2 
DIQMTQ SPS SLSASVGDRVTITCRASQSISSYLNWYQQKPG 
KAPKLLIYAASSLQSGVP SRF SGSGSGTDFTLTIS SLQPEDF 
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GC5B465 
(SEQ ID 
NO:56) 

ATYYCQQ SYSTPLTFGQGTKVEIK 

GCDB61 Heavy chain 1 
CD3B 219 
(SEQ ID 
NO:25)  

EVQLVESGGGLVQPGGSLRLSCAASGFTFNTYAMNWVRQ 
APGKGLEWVARIRSKYNNYATYYAASVKGRFTISRDDSK 
NSLYLQMNSLKTEDTAVYYCARHGNFGNSYVSWFAYWG 
QGTLVTVSS 

Light Chain 1 
CD3B 219 
(SEQ ID 
NO:26)  

QTVVTQEPSLTVSPGGTVTLTCRSSTGAVTTSNYANWVQ 
QKPGQAPRGLIGGTNKRAPGTPARFSGSLLGGKAALTLSG 
VQPEDEAEYYCALWYSNLWVFGGGTKLTVL 

Heavy chain 2 
GC5B483 
(SEQ ID 
NO:54) 

EVQLVQSGAEVKKPGESLKISCKGSGYSFTSYFIGWVRQM 
PGKGLEWMGIIYPGKSDTRYSP SFQGQVTISADKSISTAYL 
QWS SLKA SD TAMYYCARVY SF GGREIKALFDYWGQ GTLV 
TVSS 

Light Chain 2 
GC5B483 
(SEQ ID 
NO:57) 

EIVLTQ SPATLSLSPGERATL SCRASQ SVS SYLAWYQQKPG 
QAPRLLIYDASNRATGIPARFSGSGSGTDFTLTISSLEPEDF 
AVYYCQQRSNWPLTFGQGTKVEIK 

GCDB72 Heavy chain 1 
CD3B 219 
(SEQ ID 
NO:25)  

EVQLVESGGGLVQPGGSLRLSCAASGFTFNTYAMNWVRQ 
APGKGLEWVARIRSKYNNYATYYAASVKGRFTISRDDSK 
NSLYLQMNSLKTEDTAVYYCARHGNFGNSYVSWFAYWG 
QGTLVTVSS 

Light Chain 1 
CD3B 219 
(SEQ ID 
NO:26)  

QTVVTQEPSLTVSPGGTVTLTCRSSTGAVTTSNYANWVQ 
QKPGQAPRGLIGGTNKRAPGTPARFSGSLLGGKAALTLSG 
VQPEDEAEYYCALWYSNLWVFGGGTKLTVL 

Heavy chain 2 
GC5B596 
(SEQ ID 
NO:55) 

QVQLVQSGAEVKKPGASVKVSCKASGYSFTGYTMNWVR 
QAPGQGLEWMGLINPYNSDTNYAQKLQGRVTMTTDTSTS 
TAYMELRSLRSDDTAVYYCARVALRVALDYWGQGTLVT 
VSS 

Light Chain 2 
GC5B596 
(SEQ ID 
NO:58) 

DIQMTQ SP S SL S AS VGDRVTIT CKA S QNVATHVGWYQ QK 
PGKAPKRLIYSASYRYSGVP SRF SGSGSGTEFTLTISNLQPE 
DFATYYCQQYNRYPYTFGQGTKLEIK 
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EXAMPLE 8: FUNCTIONAL CHARACTERIZATION OF GCDB32, GCDB53, GCDB61, 

AND GCDB72 

GCDB32, GCDB53, GCDB61, and GCDB72 were assessed for binding to murine 

5 	GPRC5D (Table 24). All four bispecific antibodies bound to murine GPRC5D, with a range of 

binding affinities observed. 

Table 24: Binding of anti-GPCR5D x CD3 antibodies to murine GPRC5D. 

GPRC5D Murine 
x CD3 GPRC5D 
ID FACS 

binding 
(MFI) 

GCDB32 1151 
GCDB53 2658 
GCDB61 3552 
GCDB72 481 

10 

Cross-reactivity with cyno GPRC5D was also assessed using the T-cell redirection 

cytotoxicity assay of over-expressed human and cyno GPRC5D cell lines (Table 25). One 

GPRC5D x CD3 bispecific antibody was equipotent against human and cyno GPRC5D 

(GCDB32), while the other bispecifics tested were less potent at inducing cytotoxicity of cyno 

15 	GPRC5D than human GPRC5D. 

Table 25: Functional activity of lead GPRC5D x CD3 antibodies against human and cyno 
GPRC5D-expressing HEK cells. 

GPRC5D x CD3 ID Human GPRC5D 
HEK cells (ECso nM) 

Cyno GPRC5D HEK 
cells (ECso nM) 

GCDB32 0.04 0.07 
GCDB53 0.08 0.36 
GCDB61 0.03 1.22 
GCDB72 0.03 3.41 

20 

Additional characterization was aimed at understanding in vitro binding (Fig. 11A-11E) and 

potency (Table 26). 
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Table 26: T-cell mediated cytotoxicity of several human GPRC5D-expressing B cell lines by 
lead GPRC5D x CD3 antibodies. 

GPRC5D x CD3 
ID 

H929 cells EC5o 
nM 
(Rank order) 

MM1R EC5o nM 
(Rank order) 

OPM2 EC50 nM 
(Rank order) 

LP-1 ECso nM 
(Rank Order) 

GCDB32 0.45 (3) 0.04 (1) 0.98 (2) 1.02 (2) 
GCDB53 0.69 (4) 0.28 (4) 2.83 (4) 1.58 (3) 
GCDB61 0.39 (2) 0.06 (3) 1.46 (3) 1.67 (4) 
GCDB72 0.22 (1) 0.04 (1) 0.77 (1) 0.7 (1) 

	

5 	While a range of binding affinities were observed, with GCDB61 the strongest binder and 

GCDB72 & GCDB32 the weakest binders, the in vitro potencies were very similar for the panel 

of bispecific antibodies. However, based on rank order analysis GCDB72 was the most potent 

across the various B cell lines analyzed. Ex vivo binding and potency experiments using patient 

derived MNCs yielded larger similar results to the in vitro assays (Table 27 and Fig. 15A and 

	

10 	15B). 

Table 27. GPCR5D x CD3 bispecific antibody binding, T-cell mediated cytotoxicity, and T-cell 
activation of MM patient derived MNCs. 

Patient GPRC5D x CD3 
AA ID 

Binding EC5o 
nM 

Cytotoxicity EC5o 
nM 

T cell activation EC5o 
nM 

MM303BM GCDB32 16.1 0.36 0.18 
GCDB53 3.98 0.42 0.17 
GCDB61 5.53 0.89 0.22 
GCDB72 27.5 0.30 0.12 

MM305BM GCDB32 70.4 0.26 0.16 
GCDB53 10.2 0.26 0.19 
GCDB61 6.93 0.6 0.22 
GCDB72 65.9 0.28 0.12 

15 

GCDB61 had the highest binding affinity to patient MNCs while GCDB72 & GCDB32 were 

the weakest binders. Again, even though differences in binding affinity were observed, all 

bispecific antibodies demonstrated sub-nanomolar efficacy in T-cell redirected cytotoxicity 

assays. The molecules were virtually indistinguishable on the basis of in vitro and ex vivo 

20 	potency however, in vivo data provided differentiation (Fig. 12A-12D). 

H929 cells were implanted into NSG mice, one week following injection of human 

PBMCs. Treatment of the bispecific antibodies was initiated at the same time that the H929 cells 
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were implanted and continued every 2 or 3 days (q2d or q3d) at 10 ug, 1 ug, and 0.1 ug / animal 

doses for a total of five treatments. Ten mice were used in each group and PBS included as the 

vehicle control. Treatment was stopped at day 11 and the study was terminated on day 26 (Fig. 

12 A-D). All the GPRC5D x CD3 bispecific molecules tested in this prophylactic model showed 

	

5 	100% tumor growth inhibition at the 10 and 1 ug/animal dose. Differentiation was observed at 

the lowest dose, 0.1ug/animal, with GCDB72 demonstrating superiority to the other bispecific 

antibodies tested with 80% tumor growth inhibition observed. 

EXAMPLE 9: GPRC5D ANTIBODY BINDING PROFILE ON GPRC5D+  MM1.R CELL 

	

10 	LINE 

The binding affinities of the GPRCSD antibodies on GPRC5D+  human MM cell line 

(MMl.R, purchased from ATCC (American Type Culture Collection)) were measured using 

FACS. Fig. 13 shows that all the lead antibodies bound to GPRC5D expressing MM.1R cells in 

a dose dependent manner with EC5o values ranging from 0.10 nM to 135 nm all of which except 

	

15 	GC5B602 are significantly lower than the values of commercial antibody FAB6300 (R& D 

Systems Cat No. FAB6300A, Clone No. 571961) which yielded an EC5o value of 121.7 nM. 

GPRC5D+  MMl.R cell lines were stained for 60 minutes with various concentrations of 

lead antibodies to measure the surface binding profiles (n=3). Phycoerythrin labelled human 

IgG4Fc was used as a secondary antibody to capture the signal (Southern Biotech, clone 

	

20 	HP6025, Cat # 9200-09). Binding is expressed as normalized geometrical mean fluorescence 

intensity as determined by FACS. Graphing and fitting of data were done in GraphPad Prism 6 

using nonlinear regression with variable slope (four parameters) and least square fit method. 

In addition, the GPRC5D mAb GC5M481 binding profile was assessed in comparison 

with the commercial antibody using three GPRC5D+  (JIM3,OPM-2, and MM.1R; Cell lines 

	

25 	purchased from ATCC) multiple myeloma cell lines (Fig. 14A). Further, the GPRCSD mAb 

(GC5M481 ) was profiled for cyno cross-reactivity using a cyno-GPRC5D expressing Daudi 

cells which showed strong binding compared to the parental cells (Fig. 14A). Also, five 

GPRC5D x CD3 bispecific antibodies (GCDB32, GCDB48, GCDB53, GCDB61 and GCDB72) 

when evaluated for the binding potential using GPRC5D+ (JIM3, OPM-2 and MMl.R) cell lines 

	

30 	(Fig. 14B) showed a significant binding as evident by the shift in the histogram (black solid 

trace) compared to the isotype control (dotted, gray filled trace). 
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EXAMPLE 10: ANTI-TUMOR EFFICACY OF GCDB72 AGAINST SUBCUTANEOUS 

MM.1S HUMAN MULTIPLE MYELOMA XENOGRAFTS IN PBMC-HUMANIZED 

NSG MICE. 

	

5 	This in vivo study was performed to determine the efficacy of GCDB72 against 

established MM.1S human multiple myeloma (MM) xenografts in PBMC humanized NSG mice. 

Female NSG mice of similar weight and age were subcutaneously (sc) implanted with MM.1S 

human MM cells (1x107  cells in 200 µL PBS per mouse) on the right dorsal hind flank on study 

day 0. On day 7 post tumor cell implantation, 1x107 human PBMC (in 200 µL PBS) were 

	

10 	injected intravenously via the lateral tail vein. Treatments were initiated on day 15 when mean 

tumor volume was approximately 72 — 78 mm3, each mouse received intravenous (iv) 

administration of PBS or GCDB72 DuoBody antibody at 0.1 pg (0.005 mg/kg), 1µg (0.05 

mg/kg), 10 lig (0.5 mg/kg) and 50 mg (2.5 mg/kg). Null DuoBody controls, CD3 x Null and 

Null x GPRC5D, were each dosed at 10 [is per mouse. Treatments were administered 

	

15 	approximately every three days (q3d) for a total of seven doses. Robust anti-tumor efficacy was 

observed with the two high doses (10 pg and 50 pg) of GCDB72 where MM.15 sc tumors 

completely regressed in 100% (10 of 10 per group) of the animals by the end of the study (Fig. 

16). Moreover, the 114 per mouse dose significantly inhibited tumor growth by 65% (p<0.0001) 

compared to PBS treated tumors, while the 0.1 µg dose had little effect (TGI=19.3%, p=0.0023). 

	

20 	The effect of CD3 x Null was not considered efficacious (TGI=28%, p<0.0001) and Null x 

GPRC5D had negligible effect of 3.1% TGI, p=0.9971. TGI was determined on day 36 when 

there at least 80% viable animals per group. Significant body weight loss and/or mortality began 

to manifest post day 36 due to GVHD (Fig. 17). The study was terminated on day 43 when there 

were 60% or less animals remaining in the groups. 

25 

EXAMPLE 11: ANTIBODY-DEPENDENT CELL-MEDIATED CYTOTOXICITY 

(ADCC) OF GPRC5D ANTIBODIES 

A panel of anti-human GPRC5D mAbs were generated as IgG1 mAbs. In addition, a new 

panel of anti-human GPRC5D mAbs were generated as described in Example 2. Depicted below 

	

30 	in Tables 28 and 29 are the CDR and heavy and light chain variable region sequences of the new 

GPRC5D mAbs. These new antibodies were used for the generation of bispecific CD3 molecules 
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as described in Example 7 and also incorporated as IgG1 mAbs for ADCC activity assessment. 

Table 28. CDR sequences of new panel of GPRC5D antibodies 

ID HC-CDR1 HC-CDR2 HC-CDR3 LC-CDR1 LC-CDR2 LC-CDR3 

GC5B382 
DYGMH 
(SEQ ID NO 61) 

AIKYSGGSTYYADSVKG 
(SEQ ID NO 67) 

RAESGPGLDY 
(SEQ ID NO 72) 

KSSQSVLYSSNNKNYLA 
(SEQ ID NO 98) 

WASTRES 
(SEQ ID NO 
78) 

QQYYSTPLT 
(SEQ ID NO 80) 

GC5B379 

NYWMS 
(SEQ ID NO 2) 

GISYSGGSKYYADSVKG 
(SEQ ID NO 28) 

AAWDFGRRAVRLDY 
(SEQ ID NO 30) 

RASQSISSYLN 
(SEQ ID NO 13) 

AASSLQS 
(SEQ ID NO 
16) 

QQSYSTPLT 
(SEQ ID NO 19) 

GC5B373 
SYWIG 
(SEQ ID NO 27) 

IIYPGDSDTRYSPSFQG 
(SEQ ID NO 29) 

IGFYGRSFRIFDY 
(SEQ ID NO 73) 

RASQSVSSYLA 
(SEQ ID NO 14) 

DASNRAT 
(SEQ ID NO 
17) 

QQRSNWPLT 
(SEQ ID NO 20) 

GC5B376 
SYWIG 
(SEQ ID NO 27) 

IIYPGDSDTRYSPSFQG 
(SEQ ID NO 29) 

VYSFGGRHKALFDY 
(SEQ ID NO 11) 

RASQSVSSYLA 
(SEQ ID NO 14) 

DASNRAT 
(SEQ ID NO 
17) 

QQRSNWPLT 
(SEQ ID NO 20) 

GC5B385 
GYAMS 
(SEQ ID NO 62) 

AISGSGGSTYYADSVKG 
(SEQ ID NO 68) 

VDRSFGRSRYTLDY 
(SEQ ID NO 74) 

RASQSVSSYLA 
(SEQ ID NO 14) 

DASNRAT 
(SEQ ID NO 
17) 

QQRSNWPLT 
(SEQ ID NO 20) 

GC5B370 
GC5B597 

SYGIS 
(SEQ ID NO 63) 

GIIPIFGNINYAQKFQG 
(SEQ ID NO 69) 

VSRRFKRFAYYFDY 
(SEQ ID NO 75) 

KSSQSVLYSSNNKNYLA 
(SEQ ID NO 98) 

WASTRES 
(SEQ ID NO 
78) 

QQYYSTPLT 
(SEQ ID NO 80) 

GC5B602 
GYSFTGYTMN 
(SEQ ID NO 64) 

LINPYNGDTN 
(SEQ ID NO 70) 

VALRVALDY 
(SEQ ID NO 12) 

KASQNVATHVG 
(SEQ ID NO 15) 

SASYRYS 
(SEQ ID NO 
18) 

QQYNRYPYT 
(SEQ ID NO 21) 

GC5B603 
SYAMS 
(SEQ ID NO 65) 

AISGSGGSTYYADSVKG 
(SEQ ID NO 68) 

SNFLPVVFD Y 
(SEQ ID NO 76) 

RASQSVRKSLA 
(SEQ ID NO 95) 

TASNRAT 
(SEQ ID NO 
79) 

QQYFRAPIT 
(SEQ ID NO 81) 

GC5B601 
GFSLTSYNVH 
(SEQ ID NO 66) 

VIWAGGSTNYNSALMS 
(SEQ ID NO 71) 

DGIRLRFAY 
(SEQ ID NO 77) 

KASQNVATHVG 
(SEQ ID NO 15) 

SASYRYS 
(SEQ ID NO 
18) 

QQYNRYPYT 
(SEQ ID NO 21) 

Table 29. Heavy and Light chain variable region sequences of new panel of GPRC5D 

antibodies 

:: 	Ab 	' 
lD 

'VH Amino Acid SequenC&. 	"  — 	" "VL Amino Acid Sequence'SEQ 

	 NO:  
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GC5B 382 
EVQLLESGGGLVQPGGSL 
RLSCAASGFTF SDYGMH 
WVRQAPGKGLEWVSAIK 
YSGGSTYYADSVKGRFTI 
SRDNSKNTLYLQMNSLRA 
EDTAVYYCAKRAESGPGL 
DYWGQGTLVTVSS 

82 

DIVMTQSPDSLAVSLGER 
ATINCK SS Q SVLYS SNNK 
NYLAWYQQKPGQPPKLLI 
YWASTRESGVPDRFSGSG 
SGTDFTLTIS SLQAEDVAV 
YYCQQYYSTPLTFGQGTK 
VEIK 

92 

GC5B379 

EVQLLESGGGLVQPGGSL 
RLSCAASGFTFSNYWMS 
WVRQAPGKGLEWVSGIS 
YSGGSKYYADSVKGRFTI 
SRDNSKNTLYLQMNSLRA 
EDTAVYYCAKAAWDFGR 
RAVRLDYWGQGTLVTVS 
S 

83 

DIQMTQ SP SSL SA SVGDR 
VTITCRASQ SIS SYLNWYQ 
QKPGKAPKLLIYAAS SLQ 
SGVP SRF SGSGSGTDFTLT 
ISSLQPEDFATYYCQQSYS 
TPLTFGQGTKVEIK 

56 

GC5B373 

EVQLVQSGAEVKKPGESL 
KISCKGSGYSFTSYWIGW 
VRQMPGKGLEWMGIIYP 
GDSDTRYSPSFQGQVTISA 
DKSISTAYLQWSSLKASD 
TAMYYCARIGFYGRSFRIF 
DYWGQGTLVTVSS 

84 

EIVLTQSPATLSLSPGERA 
TLSCRASQSVSSYLAWYQ 
QKPGQAPRLLIYDASNRA 
TGIPARFSGSGSGTDFTLTI 
SSLEPEDFAVYYCQQRSN 
WPLTFGQGTKVEIK 

57 

GC5B376 

EVQLVQSGAEVKKPGESL 
KISCKGSGYSFTSYWIGW 
VRQMPGKGLEWMGIIYP 
GDSDTRYSPSFQGQVTISA 
DKSISTAYLQWSSLKASD 
TAMYYCARVYSFGGRHK 
ALFDYWGQGTLVTVSS 

85 

EIVLTQSPATLSLSPGERA 
TLSCRASQSVSSYLAWYQ 
QKPGQAPRLLIYDASNRA 
TGIPARFSGSGSGTDFTLTI 
SSLEPEDFAVYYCQQRSN 
WPLTFGQGTKVEIK 

57 

GC5B385 

EVQLLESGGGLVQPGGSL 
RLSCAASGFTFSGYAMSW 
VRQAPGKGLEWVSAISGS 
GGSTYYADSVKGRFTISR 
DNSKNTLYLQMNSLRAE 
DTAVYYCAKVDRSFGRS 
RYTLDYWGQGTLVTVS S 

86 

EIVLTQSPATLSLSPGERA 
TLSCRASQSVSSYLAWYQ 
QKPGQAPRLLIYDASNRA 
TGIPARFSGSGSGTDFTLTI 
SSLEPEDFAVYYCQQRSN 
WPLTFGQGTKVEIK 

57 
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GC5B370 
GC5B 597 

QVQLVQ S GAEVKKP GS S V 
KVSCKASGGTF S SYGISW 
VRQAPGQGLEWMGGIIPI 
FGNINYAQKFQGRVTITA 
DESTSTAYMEL SSLRSEDT 
AVYYCARVSRRFKRFAY 
YFDYWGQGTLVTVSS 

87  

DIVMTQ SPD SLAV SL GER 
ATINCK SS Q SVLYS SNNK 
NYLAWYQQKPGQPPKLLI 
YWASTRESGVPDRFSGSG 
SGTDFTLTIS SLQAEDVAV 
YYCQQYYSTPLTFGQGTK 
VEIK 

92 

GC5B602 

QVQLVQ S GAEVKKP GA S 
VKVSCKASGYSFTGYTM 
NWVRQAPGQGLEWMGLI 
NPYNGDTNYAQKLQGRV 
TMTTDTSTSTAYMELRSL 
RSDDTAVYYCARVALRV 
ALDYWGQGTLVTVSS 

88 

DIQMTQ SP SSL SA SVGDR 
VTITCKASQNVATHVGW 
YQQKPGKAPKRLIYSASY 
RYSGVP SRF SGSGSG 	'EFT 
LTISNLQPEDFATYYCQQ 
YNRYPYTFGQGTKLEIK 

58 

GC5B603 

EVQLLESGGGLVQPGGSL 
RLSCAASGFTFSSYAMSW 
VRQAPGKGLEWVSAISGS 
GGSTYYADSVKGRFTISR 
DNSKNTLYLQMNSLRAE 
DTAVYYCAKSNFLPVVFD 
YWGQGTLVTVSS 

89 

EIVLTQSPATLSL SP GERA 
TLSCRASQ SVRKSLAWYQ 
QKPGQAPRLLIYTASNRA 
TGIPARFSGSGSGTDFTLTI 
S SLEPEDFAVYYCQQYFR 
APITFGQGTKVEIKK 

93 

GC5B601 

QVTLKESGPVLVKPTETL 
TL TC TV S GF SLT SYNVHW 
IRQPPGKALEWLAVIWAG 
GSTNYNSALMSRLTISKD 
TSKSQVVLTMTNMRAED 
TATYYCARDGIRLRFAYW 
GQGTLVTVS S 

91 

EIVMTQ SPATL S V SP GERA 
TLSCKASQNVATHVGWY 
QQKPGQAPRLLIYSASYR 
YSGIPARFSGSGSGTEFTL 
TIS SLQ SEDFAVYYCQQY 
NRYPYTFGQGTKLEIK 

94 

ADCC activity against H929 cells (Tables 30 and 31 ). Briefly, multiple myeloma cells were 

labeled with Calcein-AM for 30 minutes at room temperature and re-suspend at 0.2x106/ml in 

RPMI + 10% HI FBS after two PBS washes. PBMC's were thawed and resuspended after PBS 

5 	wash at 3x106  cells per ml in RPMI growth media. 10000 or 50000 target cells were mixed with 

100000 or 2500000 PBMC'S in presence of the antibody and incubated for 3 hours in CO2 

incubator at 37°C. After the incubation plate was centrifuges at 200 g for 4 minutes and 100 ul 

of supernatant was transferred into a new 96 well plate and the fluorescence intensity was 

measured at 485/535 nM. RFU values were plotted to calculate the percent lysis 

10 
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Table 30: Antibody dependent cytotoxicity of H929 cells by anti-GPRC5D mAbs with IgG1 Fc. 

GPRC5D 
IgG4 

Protein 
ID 

GPRC5D 
IgG1 

Protein ID 

H929 
Cytotoxicity 
ECso (pM) 

% 
Lysis 

GC5B243 GC5B382 1346.5 29.14 
GC5B285 GC5B379 87.4 17.3 
GC5B332 GC5B373 244.2 32.94 
GC5B164 GC5B376 22.0 32.21 
GC5B320 GC5B385 944.0 29.73 
GC5B251 GC5B370 24.2 8 
GC5B515 GC5B602 27721.7 20 
GC5B420 GC5B603 3.4 16 
GC5B483 GC5B599 7.4 14 
GC5B540 GC5B601 169.6 14 
GC5B465 GC5B598 2.0 12 
GC5B251 GC5B597 705.1 10 

5 	Table 31: Comparison of Antibody dependent cytotoxicity and T-cell mediated cytotoxicity of 
H929 cells. 

ADCC CD3 Redirection 

GPRC5D 
IgG1 

Protein ID 

GPRC5D x 
CD3 

DuoBody 
ID 

H929 
Cytotoxicity 
EC50 (pM) 

T-cell Mediated H929 
Cytotoxicity EC50 

(nM) 

GC5B382 GCDB40 1346.5 1.2 10.83 
GC5B379 GCDB43 87.4 0,39 + 0.07 
GC5B373 GCDB45 244.2 2.36 + 0.84 
GC5B376 GCDB35 22.0 1.39 + 0.75 
GC5B385 GCDB44 944.0 >10 
GC5B370 GCDB41 24.2 >10 
GC5B602 GCDB72 27721.7 0.15 
GC5B603 GCDB48 3.4 0.17 
GC5B599 GCDB61 7.4 1.51 
GC5B601 GCDB69 169.6 0.58 
GC5B598 GCDB53 2.0 0.24 

A range of potency was observed ranging from 2 pM to 27.7 nM. Binding affinity was not 

10 	necessarily predictive of efficacy in the ADCC assay. For example, GC5B382 and GC5B379 

had similar binding affinity to human GPRC5D cells but a 15x difference in cytotoxicity against 
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H929 cells in the ADCC assay. Similarly, cytotoxic inducement as a GPRC5D x CD3 bispecific 

was not predictive of potency in the ADCC assay as exemplified by GC5B370 and GC5B602. 

When formatted as a CD3 bispecific GC5B602 (GCDB63) had sub-nanomolar potency against 

H929 cells while GC5B370 as a CD3 bispecific (GCDB41) was essentially inactive. The same v- 

5 	regions, when formatted as IgG1 mAbs resulted in the opposite observation in the ADCC assay, 

with GC5B370 observed as more potent (by —1100x fold) over GC5B602. 

10 

15 

20 

25 

Brief Description of the Sequence Listin 
SEQ 
ID 
NO: 

Type Species Description Sequence 

1 PRT human GC5B 81, 
GC5B427, 
GC5B428, 
GC5B430, 
GC5B431, 
AND 
GC5B429- 
HCDR1 

SYAIS 

2 PRT human GC5B 379, 
GC5B598, 

NYWMS 
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GC5B465, 
GC5B285, 
GC5B463, 
GC5B432, 
GC5B433, 
GC5B434, 
GC5B435, 
GC5B436, 
GC5B461, 
GC5B462, 
GC5B437, 
GC5B43 8, 
GC5B439, 
GC5B440, 
GC5B441, 
GC5B442, 
GC5B443, 
GC5B444, 
GC5B464, 
GC5B445, 
GC5B446, 
GC5B447, 
GC5B448, 
GC5B449, 
and 
GC5B450 - 
HCDR1 

3 PRT human GC5B483, 
GC5B473, 
GC5B478, 
GC5B488, 
GC5B493, 
and 
GC5B498 - 
HCDR1 

SYFIG 

4 PRT human GC5B596- 
HCDR1 

GYTMN 

5 PRT human GC5B81, 
GC5B427, 
GC5B428, 
GC5B430, 
GC5B431, 
and 
GC5B429- 
HCDR2 

GIIPIFGTANYAQKFQG 

6 PRT human GC5B598, GISYSGGSKYYASSVKG 
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GC5B465, 
GC5B432, 
AND 
GC5B447- 
HCDR2 

7 PRT human GC5B599, 
GC5B483, 
GC5B481, 
GC5B482, 
GC5B484, 
GC5B485, 
AND 
GC5B503- 
HCDR2 

IIYPGKSDTRYSPSFQG 

8 PRT human GC5B 596- 
HCDR2 

LINPYN SD TNYAQKL Q G 

9 PRT human GCB581- 
HCDR3 

ESRWRGYKLD 

10 PRT human GC5B598, 
GCB5465- 
HCDR3 

AAFDFGRRAVRLD 

11 PRT human GC5B376, 
GC5B599, 
GC5B483, 
GC5B164, 
GC5B471, 
GC5B472, 
GC5B473, 
GC5B474, 
GC5B475, 
GC5B476, 
GC5B477, 
GC5B478, 
GC5B479, 
GC5B480, 
GC5B481, 
GC5B482, 
GC5B484, 
GC5B485, 
GC5B486, 
GC5B487, 
GC5B488, 
GC5B489, 
GC5B490, 
GC5B491, 
GC5B492, 

VYSFGGRHKALFDY 
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GC5B493, 
GC5B494, 
GC5B495, 
GC5B496, 
GC5B497, 
GC5B498, 
GC5B499, 
GC5B500, 
GC5B501, 
GC5B502, 
GC5B503, 
GC5B504, 
AND 
GC5B505 
-HCDR3 

12 PRT human GC5B602, 
GCB596- 
HCDR3 

VALRVALDY 

13 PRT human GC5B382, 
GC5B379, 
GC5B370, 
GC5B598, 
GC5B597, 
GC5B81, 
GC5B465- 
LCDR1 

RASQSISSYLN 

14 PRT human GC5B373, 
GC5B376, 
GC5B385, 
GC5B599, 
GC5B483- 
LCDR1 

RASQSVSSYLA 

15 PRT human GC5B605, 
GC5B601, 
GC5B596- 
LCDR1 

KASQNVATHVG 

16 PRT human GC5B81, 
GC5B465, 
GC5B379, 
GC5B598- 
LCDR2 

AASSLQS 

17 PRT human GC5B373, 
GC5B376, 
GC5B385, 
GC5B599, 
GC5B483- 

DASNRAT 
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LCDR2 
18 PRT human GC5B602, 

GC5B601, 
GC5B 596- 
LCDR2 

SASYRYS 

19 PRT human GC5B 379, 
GC5B 598, 
GC5B 81, 
GC5B465- 
LCDR3 

QQ SY STPL T 

20 PRT human GC5B 373, 
GC5B376, 
GC5B385, 
GC5B 599, 
GC5B483- 
LCDR3 

QQRSNWPLT 

21 PRT human GC5B602, 
GC5B601, 
GC5B 596- 
LCDR3 

QQYNRYPYT 

22 PRT human GPRC5D MYKD CIE S T GDYFLL CDAEGPWGIILE S 
LAILGIVVTILLLLAFLFLMRKIQDC SQW 
NVLPTQLLFLL SV 
LGLFGLAFAFIIELNQQTAPVRYFLFGVL 
FAL CF S CLLAHA SNL VKL VRGC V SF SW 
TTILCIAIGC SLLQ 
IIIATEYVTLIMTRGMMFVNMTPCQLNV 
DFVVLLVYVLFLMAL TFF V SKATF CGP 
CENWKQHGRLIF ITV 
LF SIIIWVVWISMLLRGNPQFQRQPQWD 
DPVVCIALVTNAWVFLLLYIVPELCILY 
RS CRQECPL Q GNAC 
PVT AYQH SF QVENQEL SRARD SD GAEE 
DVALT SYGTPIQPQTVDPTQECFIPQAK 
LSPQQDAGGV 

23 PRT cyno GPRC5D MYKD CIE S T GDYFLP CD SEGPWGIVLE S 
LAILGIVVTILLLLAFLFLMRKIQDC SQW 
NVLP TQLLFLL S V 
LGLFGLAFAFIIQLNQQTAPVRYFLFGV 
LFALCF S CLLAHASNLVKL VRGRV SF S 
WTTILCIAIGC SLLQVIIAIEYVTLIMTRG 
MMFVHMTPYQLNVDFVVLLVYVLFLM 
ALTFF V SKATF CGP CENWKQHGRLIF IT 
VLF SIIIWVVWISMLLRGNPQFQRQPQW 
DDPVVCIALVTNA 
WVFLLL YIVPELCIL YRS CRQECP SQGH 
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ACPVTAYQRSF QVENQELSRARD SD GA 
EEDVALT SF GTPIQPQ TVDP T QECFIPRA 
KLSPQQDAGV 

24 PRT mouse GPRC5D MYEDCVKSTEDYYLFCDNEGPWAIVLE 
SLAVIGIVVTILLLLAFLFLMRKVQDC S 
QWNVLPTQFLFLLAV 
LGLFGLTFAFIIQLNHQTAPVRYFLFGVL 
FAICF SCLLAHASNLVKLVRGRVSFCWT 
TILFIAIGVSLLQ 
TIIAIEYVTLIMTRGLMFEHMTPYQLNV 
DFVCLLIYVLFLMALTFFV SKATF C GP C 
ENWKQHGRLIF ATV 
LVSIIIWVVWISMLLRGNPQLQRQPHW 
DDAVICIGLVTNAWVFLLIYIIPELSILYR 
SCRQECPTQGNVC 
QVPVYQRSFRMD T QEP TRARD SD GAQE 
DVAL T AYGTPIQLQ S ADP SREYLIP SATL 
SPQQDAGL 

25 PRT human CD3B219-
HEAVY 
CHAIN 

EVQL VES GGGL VQP GGSLRL S CAA S GF 
TFNTYAMNWVRQAPGKGLEWVARIRS 
KYNNYATYYAASVKGRFTISRDD SKNS 
LYLQMNSLKTEDTAVYYCARHGNFGN 
SYV SWF AYW GQ GTLVTV S S 

26 PRT human CD3B219- 
LIGHT 
CHAIN 

QTVVTQEPSLTVSPGGTVTLTCRS STGA 
VTT SNYANWVQQKPGQAPRGLIGGTN 
KRAPGTPARF SGSLLGGKAALTLSGVQ 
PEDEAEYYCALWYSNLWVFGGGTKLT 
VL 

27 PRT human GC5B 373, 
GC5B376, 
GCSB 164, 
GC5B 501, 
GC5B502, 
GC5B 503, 
GC5B504, 
AND 
GC5B505 - 
HCDR1 

SYWIG 

28 PRT human GC5B 379, 
GC5B 285, 
GC5B442, 
GC5B443, 
GC5B444, 
GC5B464, 

GISYSGGSKYYADSVKG 
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AND 
GC5B445- 
HCDR2 

29 PRT human GC5B373, 
GC5B376, 
GC5B164, 
GC5B496, 
GC5B497, 
GC5B498, 
GC5B499, 
AND 
GC5B500- 
HCDR2 

IIYPGDSDTRYSPSFQG 

30 PRT human GC5B379, 
GC5B285, 
GC5B446, 
GC5B447, 
GC5B448, 
GC5B449, 
AND 
GC5B450- 
HCDR3 

AAWDFGRRAVRLDY 

31 PRT human GC5B427- 
HCDR3 

ESRYRGYKLDY 

32 PRT human GC5B428- 
HCDR3 

ESRVRGYKLDY 

33 PRT human GC5B 430- 
HCDR3 

ESRGRGYKLDY 

34 PRT human GC5B431- 
HCDR3 

ESRARGYKLDY 

35 PRT human GC5B429 
HCDR3-
VH 

ESRFRGYKLDY 

36 PRT human GC5B471, 
GC5B476, 
GC5B486, 
GC5B481, 
GC5B491, 
and 
GC5B496, 
-HCDR1 

SYYIG 

37 PRT human GC5B497, 
GC5B472, 
GC5B477, 
GC5B482, 
GC5B487, 

SYVIG 
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AND 
GC5B492- 
HCDR1 

38 PRT human GC5B474, 
GC5B479, 
GC5B484, 
GC5B489, 
GC5B494, 
AND 
GC5B499- 
HCDR1 

SYGIG 

39 PRT human GC5B475, 
GC5B480, 
GC5B485, 
GC5B490, 
GC5B495, 
AND 
GC5B500- 
HCDR1 

SYAIG 

40 PRT human GC5B471, 
GC5B472, 
GC5B473, 
GC5B474, 
GC5B475, 
AND 
GC5B501- 
HCDR2 

IIYPGASDTRYSPSFQG 

41 PRT human GC5B476, 
GC5B477, 
GC5B478, 
GC5B479, 
GC5B480, 
AND 
GC5B502 - 
HCDR2 

IIYPGSSDTRYSPSFQG 

42 PRT human GC5B486, 
GC5B487, 
GC5B488, 
GC5B489, 
GC5B490, 
AND 
GC5B504- 
HCDR2 

IIYPGESDTRYSPSFQG 

43 PRT human GC5B491, 
GC5B492, 
GC5B493, 

IIYPGYSDTRYSPSFQG 
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GC5B494, 
GC5B495, 
AND 
GC5B505- 
HCDR2 

44 PRT human GC5B463 
AND 
GC5B446- 
HCDR2 

GISYSGGSKYYAASVKG 

45 PRT human GC5B433, 
GC5B434, 
AND 
GC5B448- 
HCDR2 

GISYSGGSKYYAKSVKG 

46 PRT human GC5B435, 
GC5B436, 
GC5B461, 
GC5B462, 
AND 
GC5B449- 
HCDR2 

GISYSGGSKYYAESVKG 

47 PRT human GC5B437, 
GC5B43 8, 
GC5B439, 
GC5B440, 
GC5B441, 
AND 
GC5B450- 
HCDR2 

GISYSGGSKYYAYSVKG 

48 PRT human GC5B463, 
GC5B435, 
GC5B437, 
AND 
GC5B442- 
HCDR3 

AAYDFGRRAVRLDY 

49 PRT human GC5B432, 
GC5B433, 
GC5B43 8, 
AND 
GC5B443- 
HCDR3 

AAVDFGRRAVRLDY 

50 PRT human GC5B461, 
GC5B440, 
AND 
GC5B464- 
HCDR3 

AAGDFGRRAVRLDY 
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51 PRT human GC5B 462, 
GC5B441, 
AND 
GC5B445- 
HCDR3 

AAADFGRRAVRLDY 

52 PRT human GC5B 81- 
VET 

QVQLVQ SGAEVKKPGS SVKVSCKASGG 
TF SSYAISWVRQAPGQGLEWMGGIIPIF 
GTANYAQKF QGRVTIT ADE S T STAYME 
LS SLRSEDTAVYYCARESRWRGYKLDY 
WGQGTLVTVSS 

53 PRT human GC5B 598, 
GC5B465- 
VH 

EVQLLESGGGLVQPGGSLRL S CAA S GF T 
F SNYWMSWVRQAPGKGLEWVSGISYS 
GGSKYYASSVKGRFTISRDNSKNTLYL 
QMNSLRAEDTAVYYCAKAAFDFGRRA 
VRLDYWGQGTLVTVS S 

54 PRT human GC5B 599, 
GC5B483- 
VET 

EVQLVQ S GAEVKKP GE SLKI S CKG S GY S 
FT SYFIGWVRQMPGKGLEWMGIIYPGK 
SDTRYSP SFQGQVTISADKSISTAYLQW 
S SLKA SD TAMYYCARVY SF GGRHKALF 
DYWGQGTLVTVSS 

55 PRT human GC5B596- 
VH 

QVQLVQ S GAEVKKP GA S VKV S CKA S G 
Y SF T GYTMNWVRQ AP GQ GLEWMGLIN 
PYNSDTNYAQKLQGRVTMTTDTST STA 
YMELRSLRSDDTAVYYCARVALRVAL 
DYWGQGTLVTVSS 

56 PRT human GC5B 379, 
GC5B598, 
GC5B 81 
and 
GC5465-
VL 

DIQMTQ SP S SLSASVGDRVTITCRASQ SI 
SSYLNWYQQKPGKAPKLLIYAAS SLQ S 
GVPSRF S GS GSGTDFTL TIS SLQPEDFAT 
YYCQQ SYS TPL TF GQGTKVEIK 

57 PRT human GC5B 373, 
GC5B376, 
GC5B385, 
GC5B 599, 
GC5B483-
VL 

EIVLTQ SPATL SL SPGERATL SCRASQ SV 
SSYLAWYQQKPGQAPRLLIYDASNRAT 
GIPARF S GS GS GTDF TLTISSLEPEDFAV 
YYCQQRSNWPLTFGQGTKVEIK 

58 PRT human GC5B596, 
GC5B 602- 
VL 

DIQMTQ SP S SLSASVGDRVTITCKASQN 
VATHVGW YQ QKP GKAPKRLIY SA SYR 
YSGVPSRF SGSGSGTEFTLTISNLQPEDF 
ATYYCQQYNRYPYTFGQGTKLEIK 

59 PRT human Ig G4P AA AS TKGP SVFPLAPC SRSTSESTAALGCL 
VKDYFPEPVTV SWN S GAL T S GVHTFPA 
VLQ S SGLYSL SSVVTVP SSSLGTKTYTC 
NVDHKP SNTKVDKRVE SK YGPPCPP CP 
APEAAGGP SVFLFPPKPKDTLMISRTPE 
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VTCVVVDVSQEDPEVQFNWYVDGVEV 
HNAKTKPREEQFNSTYRVVSVLTVLHQ 
DWLNGKEYKCKVSNKGLP S SIEKTISKA 
KGQPREPQVYTLPPSQEEMTKNQVSLT 
CLVKGFYP SDIAVEWESNGQPENNYKT 
TPPVLDSDGSFFLYSRLTVDKSRWQEG 
NVF SC SVMHEALHNHYTQKSLSLSLGK 

60 PRT human IgG1 AS TKGP SVFPLAP S SK ST SGGTAALGCL 
VKDYFPEPVTVSWNSGALTSGVHTFPA 
VLQ S SGLYSL SSVVTVP SSSLGTQTYIC 
NVNHKP SNTKVDKKVEPK S CDKTHT CP 
PCPAPELLGGPSVFLFPPKPKDTLMISRT 
PEVTCVVVDVSHEDPEVKFNWYVDGV 
EVHNAKTKPREEQYNSTYRVVSVLTVL 
HQDWLNGKEYKCKVSNKALPAPIEKTI 
SKAKGQPREPQVYTLPP SREEMTKNQ V 
SLTCLVKGFYP SDIAVEWESNGQPENN 
YKTTPPVLDSDGSFFLYSKLTVDKSRW 
QQGNVF SC SVMHEALHNHYTQK SL SL S 
PGK 

61 PRT human GC5B382- 
HCDR1 

DYGMH 

62 PRT human GC5B385- 
HCDR1 

GYAMS 

63 PRT human GC5B370, 
GC5B597- 
HCDR1 

SYGIS 

64 PRT human GC5B602- 
HCDR1 

GY SF T GYTMN 

65 PRT human GC5B603- 
HCDR1 

SYAMS 

66 PRT human GC5B 601- 
HCDR1 

GF SLTSYNVH 

67 PRT human GC5B382- 
HCDR2 

AIKYSGGSTYYADSVKG 

68 PRT human GC5B603, 
GC5B385- 
HCDR2 

AISGSGGSTYYADSVKG 

69 PRT human GC5B370, 
GC5B597- 
HCDR2 

GIIPIFGNINYAQKFQG 

70 PRT human GC5B602- 
HCDR2 

LINPYNGD TN 

71 PRT human GC5B 601- 
HCDR2 

VIWAGGS TNYNS ALMS 
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72 PRT human GC5B382- 
HCDR3 

RAESGPGLDY 

73 PRT human GC5B 373 - 
HCDR3 

IGFYGRSFRIFDY 

74 PRT human GC 5B385- 
HCDR3 

VDRSFGRSRYTLDY 

75 PRT human GC 5B370, 
GC 5B 597- 
HCDR3 

V SRRFKRF AYYFDY 

76 PRT human GC5B603- 
HCDR3 

SNFLPVVFDY 

77 PRT human GC5B 601- 
HCDR3 

DGIRLRFAY 

78 PRT human GC5B382, 
GC 5B370, 
GC 5B 597- 
LCDR2 

WAS TRE S 

79 PRT human GC5B603- 
LCDR2 

TASNRAT 

80 PRT human GC5B382, 
GC 5B370, 
GC 5B 597- 
LCDR3 

QQYYSTPLT 

81 PRT human GC5B603- 
LCDR3 

QQYFRAPIT 

82 PRT human GC5B382- 
VH 

EVQLLESGGGLVQPGGSLRLSCAASGFT 
FSDYGMHWVRQAPGKGLEWVSAIKYS 
GGSTYYAD SVKGRF TISRDNSKNTLYL 
QMNSLRAEDTAVYYCAKRAESGPGLD 
YWGQGTLVTVSS 

83 PRT human GC 5B379- 
VH 

EVQLLESGGGLVQPGGSLRLSCAASGFT 
F SNYWM S WVRQ AP GK GLEWV S GI S Y S 
GGSKYYAD SVKGRF TISRDNSKNTLYL 
QMNSLRAEDTAVYYCAKAAWDFGRR 
AVRLDWGQGTLVTVSS 

84 PRT human GC 5B376- 
VH 

EVQLVQSGAEVKKPGESLKISCKGSGYS 
FT SYWIGWVRQMPGKGLEWMGIIYPG 
DSDTRYSPSFQGQVTISADKSISTAYLQ 
W S SLKA SD TAMYYC ARIGF YGR SFRIF 
DYWGQGTLVTVSS 

85 PRT human GC 5B376-
VH EVQLVQSGAEVKKPGESLKISCKGSGYS 

FT SYWIGWVRQMPGKGLEWMGIIYPG 
DSDTRYSPSFQGQVTISADKSISTAYLQ 
W S SLKA SD TAMYYC ARVY SF GGRHKA 
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LFDYWGQGTLVTVS S 

86 PRT human GC5B385- 
VH 

EVQLLESGGGLVQPGGSLRL S CAA S GF T 
F S GYAM SWVRQAPGKGLEWVS AIS GS 
GGSTYYADSVKGRFTISRDNSKNTLYL 
QMNSLRAEDTAVYYCAKVDRSFGRSR 
YTLDYWGQGTLVTVS S 

87 PRT human GC5B370, 
GC5B 597- 
VII 

QVQLVQ S GAEVKKP GS SVKVSCKASGG 
TF SSYGISWVRQAPGQGLEWMGGIIPIF 
GNINYAQKFQGRVTITADEST STAYME 
LS SLRSEDTAVYYCARVSRRFKRFAYY 
FDYWGQGTLVTVSS 

88 PRT human GC5B 602- 
VH 

QVQLVQ S GAEVKKP GA S VKV S CKA S G 
Y SF T GYTMNWVRQ AP GQ GLEWMGLIN 
PYNGDTNYAQKLQGRVTMTTDT ST S TA 
YMELRSLRSDDTAVYYCARVALRVAL 
DYWGQGTLVTVSS 

89 PRT human GC5B 603 - 
VH 

EVQLLESGGGLVQPGGSLRL S CAA S GF T 
F S SYAMSWVRQAPGKGLEWV SATS GS G 
GSTYYADSVKGRFTISRDNSKNTLYLQ 
MNSLRAED TAVYYC AK SNFLPVVFDY 
WGQGTLVTVSS 

90 DNA human GC5B 596- 
light chain 

Atgcgggtgctggcccagctgctgggactgctgctgctgtgc 
ttccctggcgccagatgcgacatccagatgacccagagcccc 
agcagcctgagcgccagcgtgggcgaccgggtgaccatca 
cctgcaaggccagccagaacgtggccacccacgtgggctg 
gtaccagcagaagcccggcaaggcccccaagcggctgatct 
acagcgccagctaccggtacagcggcgtgcccagccggttc 
agcggcagcggcagcggcaccgagttcaccctgaccatca 
gcaacctgcagcccgaggacttcgccacctactactgccagc 
agtacaaccggtacccctacaccttcggccagggcaccaag 
ctggagatcaagcgtacggtggctgcaccatctgtcttcatctt 
cccgccatctgatgagcagttgaaatctggaactgcctctgttg 
tgtgcctgctgaataacttctatcccagagaggccaaagtaca 
gtggaaggtggataacgccctccaatcgggtaactcccagga 
gagtgtcacagagcaggacagcaaggacagcacctacagc 
ctcagcagcaccctgacgctgagcaaagcagactacgagaa 
acacaaagtctacgcctgcgaagtcacccatcagggcctgag 
ctcgcccgtcacaaagagcttcaacaggggagagtgttga 

91 PRT human GC5B 601- 
VH 

QVTLKESGPVLVKPTETLTLTCTVSGF S 
LT SYNVHWIRQPPGKALEWLAVIWAG 
GSTNYNSALMSRLTISKDTSKSQVVLT 
MTNMRAEDTATYYCARDGIRLRFAYW 
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GQGTLVTVSS 

92 PRT human GC5B382, 
GC5B597, 
GC5B370 - 
VL 

DIVMTQSPDSLAVSLGERATINCKSSQS 
VLYSSNNKNYLAWYQQKPGQPPKLLIY 
WASTRESGVPDRFSGSGSGTDFTLTISS 
LQAEDVAVYYCQQYYSTPLTFGQGTK 
VEIK 

93 PRT human GC5B603- 
VL 

EIVLTQSPATLSLSPGERATLSCRASQSV 
RKSLAWYQQKPGQAPRLLIYTASNRAT 
GIPARF SGSGSGTDFTLTISSLEPEDFAV 
YYCQQYFRAPITFGQGTKVEIKK 

94 PRT human GC5B601- 
VL 

EIVMTQSPATLSVSPGERATLSCKASQN 
VATHVGWYQQKPGQAPRLLIYSASYRY 
SGIPARF SGSGSGTEFTLTISSLQSEDFA 
VYYCQQYNRYPYTFGQGTKLEIK 

95 PRT human GC5B603- 
LCDR1 

RASQSVRKSLA 

96 DNA human GC5B596- 
heavy 
chain 

atggcctgggtctggaccctgctgttcctgatggccgctgccc 
agagcatccaggcccaggtgcagctggtgcagagcggcgc 
cgaggtgaagaagcccggcgccagcgtgaaggtgagctgc 
aaggccagcggctacagcttcaccggctacaccatgaactg 
ggtgcggcaggcccccggccagggcctggagtggatgggc 
ctgatcaacccctacaacagcgacaccaactacgcccagaa 
gctgcagggccgggtgaccatgaccaccgacaccagcacc 
agcaccgcctacatggagctgcggagcctgcggagcgacg 
acaccgccgtgtactactgcgcccgggtggccctgcgggtg 
gccctggactactggggccagggcaccctggtgaccgtgag 
cagcgcctccaccaagggcccatccgtcttccccctggcgcc 
ctgctccaggagcacctccgagagcacagccgccctgggct 
gcctggtcaaggactacttccccgaaccggtgacggtgtcgt 
ggaactcaggcgccctgaccagcggcgtgcacaccttcccg 
gctgtcctacagtcctcaggactctactccctcagcagcgtgg 
tgaccgtgccctccagcagcttgggcacgaaaacctacacct 
gcaacgtagatcacaagcccagcaacaccaaggtggacaa 
gagagttgagtccaaatatggtcccccatgcccaccatgccc 
agcacctgaggccgccgggggaccatcagtcttcctgttccc 
cccaaaacccaaggacactctcatgatctcccggacccctga 
ggtcacgtgcgtggtggtggacgtgagccaggaagaccccg 
aggtccagttcaactggtacgtggatggcgtggaggtgcata 
atgccaagacaaagccgcgggaggagcagttcaacagcac 
gtaccgtgtggtcagcgtcctcaccgtcctgcaccaggactg 
gctgaacggcaaggagtacaagtgcaaggtctccaacaaag 
gcctcccgtcctccatcgagaaaaccatctccaaagccaaag 
ggcagccccgagagccacaggtgtacaccctgcccccatcc 
caggaggagatgaccaagaaccaggtcagcctgacctgcct 
ggtcaaaggcttctaccccagcgacatcgccgtggagtggg 
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agagcaatgggcagccggagaacaactacaagaccacgcc 
tcccgtgctggactccgacggctccttcttcctctacagcagg 
ctaaccgtggacaagagcaggtggcaggaggggaatgtctt 
ctcatgctccgtgatgcatgaggctctgcacaaccactacac a 
cagaagagcctctccctgtctctgggtaaatga 

123 

SUBSTITUTE SHEET (RULE 26) 



1. An isolated antibody, or an antigen-binding fragment thereof, that binds specifically 

to GPRC5D comprising a heavy chain CDR1 having the amino acid sequence of SEQ ID 

NO: 4, a heavy chain CDR2 having the amino acid sequence of SEQ ID NO: 8, a heavy 

chain CDR3 having the amino acid sequence of SEQ ID NO: 12, and a light chain CDR1 

having the amino acid sequence of SEQ ID NO: 15, a light chain CDR2 having the amino 

acid sequence of SEQ ID NO: 18, and a light chain CDR3 having the amino acid sequence 

of SEQ ID NO: 21. 

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

comprises a variable heavy (VH) chain region of SEQ ID NO: 55 and a variable light (VL) 

chain region of SEQ ID NO: 58. 

3. The antibody or antigen-binding fragment of any one of claims 1 or 2 wherein; 

a. the antibody or antigen-binding fragment thereof binds to a polypeptide 

having the amino acid sequence of SEQ ID NO: 22; 

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

binding fragment; 

c. the antibody or antigen-binding fragment is recombinant; 

d. the antigen binding fragment is a Fab fragment, a Fab2 fragment, or a single 

chain antibody; 

e. the antibody or antigen-binding fragment thereof are of IgG1, IgG2, IgG3, 

or IgG4 isotype; 

f. the antibody or antigen-binding fragment is an IgG1 or an IgG4 isotype, 

optionally wherein; 

i. the IgG1 has a K409R substitution in its Fc region; 

ii. the IgG1 has an F405L substitution in its Fc region; or 

iii. IgG4 has an F405L substitution and an R409K substitution in its Fc 

region; 

Claims
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g. the antibody or antigen-binding fragment further comprises an 

S228P substitution, an L234A substitution, and an L235A substitution 

in its Fc region; 

h. the antibody or antigen-binding fragment thereof specifically binds human 

GPRC5D and cross reacts to cynomolgus monkey GPRC5D; and/or 

i. the antibody or antigen-binding fragment induces ADCC in vitro with 

an EC50 of less than about 28 nM. 

4. An isolated GPRC5D x CD3 bispecific antibody comprising: 

a) a first heavy chain (HC1); 

b) a second heavy chain (HC2); 

c) a first light chain (LC1); and 

d) a second light chain (LC2), 

wherein the HC1 and the LC1 pair to form a first antigen-binding site that specifically 

binds CD3, and the HC2 and the LC2 pair to form a second antigen-binding site that 

specifically binds GPRC5D, or a GPRC5D x CD3 -bispecific binding fragment thereof, 

wherein HC1 comprises SEQ ID NO: 25 and LC1 comprises SEQ ID NO: 26, and wherein 

HC2 comprises SEQ ID NO: 55 and LC2 comprises SEQ ID NO: 58. 

5. The GPRC5D x CD3 bispecific antibody or bispecific binding fragment of claim 4 

wherein: 

a. the antibody or bispecific binding fragment are of IgG1, IgG2, IgG3, or 

IgG4 isotype; optionally wherein, the antibody or bispecific binding fragment 

is IgG4 isotype; 

b. the antibody or bispecific binding fragment thereof binds GPRC5D on the surface 

of human myeloma cells; 

c. the antibody or bispecific binding fragment thereof binds GPRC5D on the surface 

of human multiple myeloma cells; 

d. the antibody or bispecific binding fragment induces human T cell activation in 

vitro with an EC50 of less than about 0.22 nM; and/or 
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e. the antibody or bispecific binding fragment induces T-cell dependent cytotoxicity 

of GPRC5D-expressing cells in vitro with an EC50 of less than about 0.89 nM. 

6. An isolated cell expressing the antibody or bispecific binding fragment or antigen 

binding fragment of any one of claims 1 to 5, optionally wherein; 

a. the cell is a hybridoma; or 

b. the antibody or bispecific binding fragment or antigen binding fragment is 

recombinantly produced. 

7. A GPRC5D x CD3 bispecific antibody or bispecific binding fragment of claim 4 for 

use in the treatment of cancer, wherein a patient is administered a therapeutically effective 

amount of the GPRC5D x CD3 bispecific antibody or bispecific binding fragment of claim 

4 for a time sufficient to treat cancer. 

8. A GPRC5D x CD3 bispecific antibody or bispecific binding fragment of claim 4 for 

use in a method for inhibiting growth or proliferation of cancer cells, said method 

comprising: 

administering a therapeutically effective amount of the GPRC5D x CD3 bispecific 

antibody or bispecific binding fragment of claim 4 to inhibit the growth or 

proliferation of cancer cells. 

9. A GPRC5D x CD3 bispecific antibody or bispecific binding fragment of claim 4 for 

use in a method of redirecting a T cell to a GPRC5D-expressing cancer cell, said method 

comprising: 

administering a therapeutically effective amount of the GPRC5D x CD3 bispecific  

antibody or bispecific binding fragment of claim 4 to redirect a T cell to a cancer. 

10. The GPRC5D x CD3 bispecific antibody or bispecific binding fragment of claim 4 for 

use in the method according to claims 7, 8, or 9 wherein the cancer is a hematological cancer, 

optionally wherein the hematological cancer is a GPRC5D-expressing B cell cancer, such as 

wherein the GPRC5D-expressing B cell cancer is multiple myeloma. 

11. The GPRC5D x CD3 bispecific antibody or bispecific binding fragment of claim 4 for 

use according to claim 7 comprising administering a second therapeutic agent; optionally 

wherein the second therapeutic agent is a chemotherapeutic agent or a targeted anti-cancer 

therapy, such as wherein: 
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a. the chemotherapeutic agent is cytarabine, an anthracycline, histamine 

dihydrochloride, or interleukin 2; and/or 

b. the second therapeutic agent is administered to said subject simultaneously with, 

sequentially, or separately from the bispecific antibody. 

12. A pharmaceutical composition comprising the GPRC5D x CD3 bispecific antibody or 

bispecific binding fragment of claim 4 and a pharmaceutically acceptable carrier. 

13. A method for generating the GPRC5D x CD3 bispecific antibody or bispecific 

binding fragment of claim 4 by culturing the cell of claim 6. 

14. One or more isolated synthetic polynucleotides encoding the HC1, the HC2, the LC1 

and the LC2 of the GPRC5D x CD3 bispecific antibody or bispecific binding fragment of 

claim 4. 

15. A kit comprising the GPRC5D x CD3 bispecific antibody or bispecific binding 

fragment as defined in claim 4 and/or the one or more polynucleotides as defined in claim 

14 and packaging for the same. 

16. The antibody or antigen-binding fragment of any of claims 1 to 9 is an IgG1 or an 

IgG4 isotype. 

17. The antibody of claim 16 wherein the IgG1 has a K409R substitution in its Fc region. 

18. The antibody of claim 16 wherein the IgG1 has an F405L substitution in its Fc region. 

19. The antibody of claim 16 wherein the IgG4 has an F405L substitution and an R409K 

substitution in its Fc region. 

20. The antibody of claim 16 further comprising an S228P substitution, an L234A 

substitution, and an L235A substitution in its Fc region. 

21. The antibody or antigen-binding fragment of any one of claims 1 to 11 wherein the 

antibody or antigen-binding fragment thereof specifically binds human GPRC5D and cross 

reacts to cynomolgus monkey GPRC5D. 

22. The antibody or antigen-binding fragment of any one of claims 1 to 11 wherein the 

antibody or antigen-binding fragment induces ADCC in vitro with an EC50 of less than 

about 28 nM. 
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23. An isolated cell expressing the antibody or antigen-binding fragment of any one of 

claims 1 to 11. 

24. The cell of claim 23 wherein the cell is a hybridoma. 

25. The cell of claim 23 wherein the antibody is recombinantly produced. 

26. An isolated GPRC5D x CD3 bispecific antibody comprising: 

a) a first heavy chain (HC1); 

b) a second heavy chain (HC2); 

c) a first light chain (LC1); and 

d) a second light chain (LC2), 

wherein the HC1 and the LC1 pair to form a first antigen-binding site that specifically binds 

CD3, and the HC2 and the LC2 pair to form a second antigen-binding site that specifically 

binds GPRC5D, or a GPRC5D x CD3 -bispecific binding fragment thereof. 

27. The GPRC5D x CD3 bispecific antibody or bispecific binding fragment of claim 26 

wherein HC1 comprises SEQ ID NO: 25 and LC1 comprises SEQ ID NO: 26. 

28. The GPRC5D x CD3 bispecific antibody or bispecific binding fragment of claim 27 

wherein HC2 comprises SEQ ID NO: 52 and LC2 comprises SEQ ID NO: 56. 

29. The GPRC5D x CD3 bispecific antibody or bispecific binding fragment of any one of 

claims 27 and 28 wherein the antibody or bispecific binding fragment are of IgG1, IgG2, 

IgG3, or IgG4 isotype. 

30. The GPRC5D x CD3 bispecific antibody or bispecific binding fragment of claim 29 

wherein the antibody or bispecific binding fragment is IgG4 isotype. 

31. The GPRC5D x CD3 bispecific antibody or bispecific binding fragment of claims 26 

to 28 wherein the antibody or bispecific binding fragment thereof binds GPRC5D on the 

surface of human myeloma cells. 

32. The GPRC5D x CD3 bispecific antibody or bispecific binding fragment of claims 26 

to 28 wherein the antibody or bispecific binding fragment thereof binds GPRC5D on the 

surface of human multiple myeloma cells. 
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33. The GPRC5D x CD3 bispecific antibody or bispecific binding fragment of claim 26 

to 28 wherein the antibody or bispecific binding fragment induces human T cell activation in 

vitro with an EC50 of less than about 0.22 nM. 

34. The GPRC5D x CD3 bispecific antibody or bispecific binding fragment of claim 26 

to 28 wherein the antibody or bispecific binding fragment induces T-cell dependent 

cytotoxicity of GPRC5D-expressing cells in vitro with an EC50 of less than about 0.89 nM. 

35. An isolated cell expressing the antibody or bispecific binding fragment of any one of 

claims 26 to 28. 

36. The cell of claim 35wherein the cell is a hybridoma. 

37. The cell of claim 35 wherein the antibody or bispecific binding fragment is 

recombinantly produced. 

38. Use of a GPRC5D x CD3 bispecific antibody or bispecific binding fragment of any 

one of claims 26 to 28 to a patient in need thereof for a time sufficient to treat the cancer. 

39. Use of a GPRC5D x CD3 bispecific antibody or bispecific binding fragment of any 

one of claims 26 to 28 to inhibit the growth or proliferation of cancer cells. 

40. Use of a GPRC5D x CD3 bispecific antibody or bispecific binding fragment of any 

one of claims 26 to 28 to redirect a T cell to a cancer. 

41. The use of claim 38, 39, or 40 wherein the cancer is a hematological cancer. 

42. The use of claim 41 wherein the hematological cancer is a GPRC5D-expressing B cell 

cancer. 

43. The use of claim 42 wherein the GPRC5D-expressing B cell cancer is multiple 

myeloma. 

44. The use of claim 38 comprising administering a second therapeutic agent. 

45. The use of claim 44 wherein the second therapeutic agent is a chemotherapeutic agent 

or a targeted anti-cancer therapy. 

46. The use of claim 45 wherein the chemotherapeutic agent is cytarabine, an 

anthracycline, histamine dihydrochloride, or interleukin 2. 
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47. The use of claim 45 wherein the second therapeutic agent is administered to said 

subject simultaneously with, sequentially, or separately from the bispecific antibody. 

48. A pharmaceutical composition comprising the GPRC5D x CD3 bispecific antibody or 

bispecific binding fragment of any one of claims 26 to 28 and a pharmaceutically acceptable 

carrier. 

49. A method for generating the GPRC5D x CD3 bispecific antibody or bispecific 

binding fragment of any one of claims 267 to 28 by culturing the cell of any one of claims 

35 to 37. 

50. An isolated synthetic polynucleotide encoding the HC1, the HC2, the LC1 or the LC2 

of the GPRC5D x CD3 bispecific antibody or bispecific binding fragment of any one of 

claims 26 to 28. 

51. A kit comprising the GPRC5D x CD3 bispecific antibody or bispecific binding 

fragment as defined in any one of claims 26 to 28 and packaging for the same. 
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