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[0009] However, despite all such prior advances, a need remains for improved 

compositions capable of more vigorously directing the body’s immune system to attack 

cancer cells or pathogen-infected cells, especially at lower therapeutic concentrations.  For 

although the adaptive immune system can be a potent defense mechanism against cancer and 

disease, it is often hampered by immune suppressive/evasion mechanisms in the tumor 

microenvironment, mediated by the reduced/absent co-stimulatory activity of CD137.  

Furthermore, co-inhibitory molecules expressed by tumor cells, immune cells, and stromal 

cells in the tumor milieu can dominantly attenuate T-cell responses against cancer cells. 

[0010] As described in detail below, the present invention addresses this need by 

providing CD137 x TA Binding Molecules.  Such bispecific molecules are capable of 

binding to tumor antigens that are expressed on the surfaces of tumor cells, and of co-

localizing CD137-expressing NK cells to such tumor cells.  Such co-localization upregulates 

the NK cells so as to promote the activation or continued activation of the immune system 

(e.g., stimulating a cytotoxic T cell response, against tumor cells).  These attributes permit 

such bispecific molecules to have utility in stimulating the immune system and particularly in 

the treatment of cancer and pathogen-associated diseases and conditions.  The present 

invention is directed to these and other goals. 

SUMMARY  

[0011] The present disclosure is directed to binding molecules that possess one or more 

epitope-binding sites specific for an epitope of CD137 and one or more epitope-binding sites 

specific for an epitope of a tumor antigen (“TA”) (e.g., a “CD137 x TA Binding Molecule”).  

In one example, such CD137 x TA Binding Molecules will be bispecific molecules, 

especially bispecific tetravalent diabodies, that are composed of two, three, four or more than 

four polypeptide chains and possessing two epitope-binding sites each specific for an epitope 

of CD137 and two epitope-binding sites each specific for an epitope of a TA.  Alternatively, 

such CD137 x TA Binding Molecules will be bispecific molecules, especially bispecific 

trivalent binding molecules composed of three or more polypeptide chains and possessing 

one or two epitope-binding sites each specific for an epitope of CD137 and one or two 

epitope-binding sites each specific for an epitope of a TA.  The CD137 x TA Binding 

Molecules of the disclosure are capable of simultaneous binding to CD137, and a TA.  The 

disclosure is  
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directed to pharmaceutical compositions that contain any such CD137 x TA Binding 

Molecules.  The disclosure is additionally directed to methods for the use of such molecules 

in the treatment of cancer and other diseases and conditions.  The disclosure also provides 

novel CD137-binding molecules, and HER2/neu-binding molecules, as well as derivatives 

thereof and uses thereof. 

[0012] The present disclosure provides CD137 x TA Binding Molecules that are 

monovalent in that they are capable of binding to only one copy of an epitope of CD137 and 

to only one copy of an epitope of a TA, but are bispecific in that a single such diabody is able 

to bind simultaneously to the epitope of CD137 and to the epitope of a TA.  The present 

disclosure is, however, particularly directed to CD137 x TA Binding Molecules that are 

composed of polypeptide chains that associate with one another in a heterodimeric manner to 

form two binding sites each specific for an epitope of CD137 and two binding sites each 

specific for an epitope of a TA.  Such preferred CD137 x TA Binding Molecules of the 

disclosure are termed “bispecific tetravalent.”  The present disclosure is also particularly 

directed to CD137 x TA Binding Molecules that are composed of polypeptide chains that 

associate with one another in a heterodimeric manner to form two binding sites each specific 

for an epitope of CD137 and one binding sites each specific for an epitope of a TA.  Such 

preferred CD137 x TA Binding Molecules of the disclosure are termed “bispecific 

trivalent.” 

[0013] The present disclosure provides CD137 x TA Binding Molecules that comprise 

three polypeptide chains (a “first,” “second” and “third” polypeptide chain), wherein the first 

and second polypeptide chains are covalently bonded to one another and the first and third 

polypeptide chains are covalently bonded to one another.  The preferred CD137 x TA 

Binding Molecules of the disclosure comprise four polypeptide chains (a “first,” “second,” 

“third,” and “fourth” polypeptide chain), wherein the first and second polypeptide chains are 

covalently bonded to one another, the third and fourth polypeptide chains are covalent 

bonded to one another, and the first and third polypeptide chains are covalently bonded to one 

another.  Also preferred are CD137 x TA Binding Molecules of the disclosure comprising 

five polypeptide chains (a “first,” “second,” “third,” “fourth,” and “fifth” polypeptide chain), 

wherein the first and second polypeptide chains are covalently bonded to one another, the 

third and fourth polypeptide chain are covalent bonded to one another, the third and fifth 

polypeptide chains are covalent bonded to one another, and the first and third polypeptide 

chains are covalently bonded to one another.   
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[0014] In detail, in one example, the present disclosure refers to a CD137 x TA Binding 

Molecule, wherein said Binding Molecule is capable of specific binding to an epitope of 

CD137 and an epitope of a tumor antigen (TA), and wherein said CD137 x TA Binding 

Molecule comprises a first Light Chain Variable Domain that comprises a CDRL1, CDRL2 

and CDRL3, and a first Heavy Chain Variable Domain that comprises a CDRH1, CDRH2 and 

CDRH3; and wherein: 

(A) (1) said first Light Chain Variable Domain CDRL1, CDRL2, and CDRL3 

are the Light Chain CDRs of CD137 MAB-3 VL (SEQ ID NO:75); 

and 

 (2) said first Heavy Chain Variable Domain CDRH1, CDRH2, and CDRH3 

are the Heavy Chain CDRs of CD137 MAB-3 VH1B (SEQ ID 

NO:84); 

(B) (1) said first Light Chain Variable Domain CDRL1, CDRL2, and CDRL3 

are the Light Chain CDRs of CD137 MAB-3 VL15 (SEQ ID 

NO:222); and 

 (2) said first Heavy Chain Variable Domain CDRH1, CDRH2, and CDRH3 

are the Heavy Chain CDRs of CD137 MAB-3 VH1B (SEQ ID 

NO:84); 

(C) (1) said first Light Chain Variable Domain CDRL1, CDRL2, and CDRL3 

are the Light Chain CDRs of CD137 MAB-3 VL14 (SEQ ID 

NO:221); and 

 (2) said first Heavy Chain Variable Domain CDRH1, CDRH2, and CDRH3 

are the Heavy Chain CDRs of CD137 MAB-3 VH1B (SEQ ID 

NO:84); 

(D) (1) said first Light Chain Variable Domain CDRL1, CDRL2, and CDRL3 

are the Light Chain CDRs of CD137 MAB-3 VL11 (SEQ ID 

NO:218); and 

 (2) said first Heavy Chain Variable Domain CDRH1, CDRH2, and CDRH3 

are the Heavy Chain CDRs of CD137 MAB-3 VH1B (SEQ ID 

NO:84); 

(E) (1) said first Light Chain Variable Domain CDRL1, CDRL2, and CDRL3 

are the Light Chain CDRs of CD137 MAB-3 VL10 (SEQ ID 

NO:217); and 

 (2) said first Heavy Chain Variable Domain CDRH1, CDRH2, and CDRH3 

are the Heavy Chain CDRs of CD137 MAB-3 VH1B (SEQ ID 

NO:84); 

(F) (1) said first Light Chain Variable Domain CDRL1, CDRL2, and CDRL3 

are the Light Chain CDRs of CD137 MAB-3 VL6 (SEQ ID NO:213); 

and 
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 (2) said first Heavy Chain Variable Domain CDRH1, CDRH2, and CDRH3 

are the Heavy Chain CDRs of CD137 MAB-3 VH1B (SEQ ID 

NO:84); 

(G) (1) said first Light Chain Variable Domain CDRL1, CDRL2, and CDRL3 

are the Light Chain CDRs of CD137 MAB-3 VL4 (SEQ ID NO:211); 

and 

 (2) said first Heavy Chain Variable Domain CDRH1, CDRH2, and CDRH3 

are the Heavy Chain CDRs of CD137 MAB-3 VH1B (SEQ ID 

NO:84); 

(H) (1) said first Light Chain Variable Domain CDRL1, CDRL2, and CDRL3 

are the Light Chain CDRs of CD137 MAB-3 VL (SEQ ID NO:75); 

and 

(2) said first Heavy Chain Variable Domain CDRH1, CDRH2, and CDRH3 

are the Heavy Chain CDRs of CD137 MAB-3 VH (SEQ ID NO:74);  

(I) (1) said first Light Chain Variable Domain CDRL1, CDRL2, and CDRL3 

are the Light Chain CDRs of CD137 MAB-4 VL (SEQ ID NO:91); 

and 

(2) said first Heavy Chain Variable Domain CDRH1, CDRH2, and CDRH3 

are the Heavy Chain CDRs of CD137 MAB-4 VH (SEQ ID NO:90); 

(J) (1) said first Light Chain Variable Domain CDRL1, CDRL2, and CDRL3 

are the Light Chain CDRs of CD137 MAB-5 VL (SEQ ID NO:97); 

and 

(2) said first Heavy Chain Variable Domain CDRH1, CDRH2, and CDRH3 

are the Heavy Chain CDRs of CD137 MAB-5 VH (SEQ ID NO:96); 

(K) (1) said first Light Chain Variable Domain CDRL1, CDRL2, and CDRL3 

are the Light Chain CDRs of CD137 MAB-3 VL (SEQ ID NO:75); 

and 

(2) said first Heavy Chain Variable Domain CDRH1, CDRH2, and CDRH3 

are the Heavy Chain CDRs of CD137 MAB-3 VH1A (SEQ ID 

NO:83); 

 

(L) (1) said first Light Chain Variable Domain CDRL1, CDRL2, and CDRL3 

are the Light Chain CDRs of CD137 MAB-3 VL (SEQ ID NO:75); 

and 

(2) said first Heavy Chain Variable Domain CDRH1, CDRH2, and CDRH3 

are the Heavy Chain CDRs of CD137 MAB-3 VH1C (SEQ ID 

NO:85); 

or 
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(M) (1) said first Light Chain Variable Domain CDRL1, CDRL2, and CDRL3 

are the Light Chain CDRs of CD137 MAB-3 VL (SEQ ID NO:75); 

and 

(2) said first Heavy Chain Variable Domain CDRH1, CDRH2, and CDRH3 

are the Heavy Chain CDRs of CD137 MAB-3 VH1D (SEQ ID 

NO:86). 

[0014a] In one aspect, the present disclosure refers to a CD137 x TA Binding Molecule 

comprising antibody Variable Domains, wherein said Binding Molecule is capable of specific 

binding to an epitope of CD137 and an epitope of a tumor antigen (TA), and wherein said 

CD137 x TA Binding Molecule comprises a first Light Chain Variable Domain that 

comprises a CDRL1, CDRL2 and CDRL3, and a first Heavy Chain Variable Domain that 

comprises a CDRH1, CDRH2 and CDRH3; and wherein, 

(A) (1) said first Light Chain Variable Domain CDRL1, CDRL2, and 

CDRL3 are the Light Chain CDRs of CD137 MAB-3 VL (SEQ 

ID NO:75); and 

 (2) said first Heavy Chain Variable Domain CDRH1, CDRH2, and 

CDRH3 are the Heavy Chain CDRs of CD137 MAB-3 VH1B 

(SEQ ID NO:84); 

(B) (1) said first Light Chain Variable Domain CDRL1, CDRL2, and 

CDRL3 are the Light Chain CDRs of CD137 MAB-3 VL15 

(SEQ ID NO:222); and 

(2) said first Heavy Chain Variable Domain CDRH1, CDRH2, and 

CDRH3 are the Heavy Chain CDRs of CD137 MAB-3 VH1B 

(SEQ ID NO:84); 

(C) (1) said first Light Chain Variable Domain CDRL1, CDRL2, and 

CDRL3 are the Light Chain CDRs of CD137 MAB-3 VL14 

(SEQ ID NO:221); and 

(2) said first Heavy Chain Variable Domain CDRH1, CDRH2, and 

CDRH3 are the Heavy Chain CDRs of CD137 MAB-3 VH1B 

(SEQ ID NO:84); 

(D) (1) said first Light Chain Variable Domain CDRL1, CDRL2, and 

CDRL3 are the Light Chain CDRs of CD137 MAB-3 VL11 

(SEQ ID NO:218); and 

(2) said first Heavy Chain Variable Domain CDRH1, CDRH2, and 

CDRH3 are the Heavy Chain CDRs of CD137 MAB-3 VH1B 

(SEQ ID NO:84); 
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(E) (1) said first Light Chain Variable Domain CDRL1, CDRL2, and 

CDRL3 are the Light Chain CDRs of CD137 MAB-3 VL10 

(SEQ ID NO:217); and 

(2) said first Heavy Chain Variable Domain CDRH1, CDRH2, and 

CDRH3 are the Heavy Chain CDRs of CD137 MAB-3 VH1B 

(SEQ ID NO:84); 

(F) (1) said first Light Chain Variable Domain CDRL1, CDRL2, and 

CDRL3 are the Light Chain CDRs of CD137 MAB-3 VL6 

(SEQ ID NO:213); and 

(2) said first Heavy Chain Variable Domain CDRH1, CDRH2, and 

CDRH3 are the Heavy Chain CDRs of CD137 MAB-3 VH1B 

(SEQ ID NO:84); 

(G) (1) said first Light Chain Variable Domain CDRL1, CDRL2, and 

CDRL3 are the Light Chain CDRs of CD137 MAB-3 VL4 

(SEQ ID NO:211); and 

(2) said first Heavy Chain Variable Domain CDRH1, CDRH2, and 

CDRH3 are the Heavy Chain CDRs of CD137 MAB-3 VH1B 

(SEQ ID NO:84); 

(H) (1) said first Light Chain Variable Domain CDRL1, CDRL2, and 

CDRL3 are the Light Chain CDRs of CD137 MAB-3 VL (SEQ 

ID NO:75); and 

(2) said first Heavy Chain Variable Domain CDRH1, CDRH2, and 

CDRH3 are the Heavy Chain CDRs of CD137 MAB-3 VH1A 

(SEQ ID NO:83); 

(I) (1) said first Light Chain Variable Domain CDRL1, CDRL2, and 

CDRL3 are the Light Chain CDRs of CD137 MAB-3 VL (SEQ 

ID NO:75); and 

(2) said first Heavy Chain Variable Domain CDRH1, CDRH2, and 

CDRH3 are the Heavy Chain CDRs of CD137 MAB-3 VH1C 

(SEQ ID NO:85); 

or 

(J) (1) said first Light Chain Variable Domain CDRL1, CDRL2, and 

CDRL3 are the Light Chain CDRs of CD137 MAB-3 VL (SEQ 

ID NO:75); and 
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(2) said first Heavy Chain Variable Domain CDRH1, CDRH2, and 

CDRH3 are the Heavy Chain CDRs of CD137 MAB-3 VH1D 

(SEQ ID NO:86). 

[0015] The disclosure further concerns such a CD137 x TA Binding Molecule, wherein 

the first Heavy Chain Variable Domain comprises the amino acid sequence of: 

(A) hCD137 MAB-3 (SEQ ID NO:77); or  

(B) hCD137 MAB-4 (SEQ ID NO:92); 

and/or wherein the first Light Chain Variable Domain comprises the amino acid sequence of: 

(A) hCD137 MAB-3 (SEQ ID NO:82); or  

(B) hCD137 MAB-4 (SEQ ID NO:93). 

[0016] The disclosure further concerns such a CD137 x TA Binding Molecule, wherein 

the first Heavy Chain Variable Domain comprises the amino acid sequence of: 

(A) hCD137 MAB-3 VH1E (SEQ ID NO:208);  

(B)  hCD137 MAB-3 VH1B (SEQ ID NO:84);  

(C) hCD137 MAB-3 VH1A (SEQ ID NO:83);  

(D) hCD137 MAB-3 VH1 (SEQ ID NO:76);  

(E)  hCD137 MAB-3 VH1C (SEQ ID NO:85);  

(F)  hCD137 MAB-3 VH1D (SEQ ID NO:86);  

(G) hCD137 MAB-3 VH1F (SEQ ID NO:209);  

(H) hCD137 MAB-3 VH1G (SEQ ID NO:210); or 

(I) hCD137 MAB-4 VH1 (SEQ ID NO:92). 

[0017] The disclosure further concerns such CD137 x TA Binding Molecules, wherein 

the first Light Chain Variable Domain comprises the amino acid sequence of: 

(A) hCD137 MAB-3 VL15 (SEQ ID NO:222); 

(B) hCD137 MAB-3 VL14 (SEQ ID NO:221); 

(C) hCD137 MAB-3 VL1 (SEQ ID NO:87); 

(D) hCD137 MAB-3 VL2 (SEQ ID NO:88); 

(E) hCD137 MAB-3 VL3 (SEQ ID NO:89); 

(F) hCD137 MAB-3 VL4 (SEQ ID NO:211); 

(G) hCD137 MAB-3 VL5 (SEQ ID NO:212); 

(H) hCD137 MAB-3 VL6 (SEQ ID NO:213); 
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(I) hCD137 MAB-3 VL7 (SEQ ID NO:214); 

(J) hCD137 MAB-3 VL8 (SEQ ID NO:215); 

(K) hCD137 MAB-3 VL9 (SEQ ID NO:216); 

(L) hCD137 MAB-3 VL10 (SEQ ID NO:217); 

(M) hCD137 MAB-3 VL11 (SEQ ID NO:218); 

(N) hCD137 MAB-3 VL12 (SEQ ID NO:219); 

(O) hCD137 MAB-3 VL13 (SEQ ID NO:220); 

(P) hCD137 MAB-4 VL1 (SEQ ID NO:94); or  

(Q) hCD137 MAB-4 VL2 (SEQ ID NO:95). 

[0018] The disclosure further concerns such a CD137 x TA Binding Molecule, wherein 

the tumor antigen (TA) is selected from the group of tumor antigens consisting of: 19.9; 

oncofetal protein 5T4; antigen 4.2; A33; AFP; ALCAM; BAGE; beta-catenin; CA125; 

Carboxypeptidase M; B1;CD5; CD19; CD20; CD22; CD23; CD25; CD27; CD30; CD33; 

CD36; CD46; CD52; CD79a/CD79b; CD123; CD317; CEA; CEACAM5; CEACAM6; CO-

43; CO-514; CTLA-1; CTLA-4; Cytokeratin 8; E1 series; EGF-R; an Ephrin receptor; Erb; 

F3; FC10.2; a GAGE GD2; GD3; GD49; GM2; GM3; GICA 19-9; gp37; gp75; gp100; HER-

2/neu; human B-lymphoma antigen-CD20; human milk fat globule antigen; human 

papillomavirus-E6/human papillomavirus-E7; HMW-MAA; I antigen; ITGB6; IL13Rα2; 

JAM-3; KID3; KID31; KS 1/4 pan-carcinoma antigen; KS 1/4; KSA; L6; L20; LEA; LUCA-

2; M1:22:25:8; M18; M39; a MAGE; MART; Myl; MUC-1; MUM-1; N-

acetylglucosaminyltransferase; neoglycoprotein; NS-10; OFA-1; OFA-2; Oncostatin M; p15; 

PSA; PSMA; PEMA; PIPA; prostatic acid phosphate; R24; ROR1; SSEA-1; SSEA-3; SSEA-

4; sTn; T cell receptor derived peptide; TAG-72; TL5; TNF-α receptor; TNF-ß receptor; 

TNF-γ receptor; TRA-1-85;Transferrin Receptor; TSTA; and VEGF-R. 

[0019] The disclosure further concerns such a CD137 x TA Binding Molecule, wherein 

the tumor antigen (TA) is selected from the tumor antigens of Table 1, and particularly 

wherein the tumor antigen (TA) is: HER2/neu, EphA2 or 5T4. 

[0020] The disclosure further concerns such a CD137 x TA Binding Molecule, wherein 

the tumor antigen (TA) is HER2/neu and wherein the CD137 x TA Binding Molecule 

comprises a second Light Chain Variable Domain that comprises a CDRL1, CDRL2 and 

CDRL3, and a first Heavy Chain Variable Domain that comprises a CDRH1, CDRH2 and 

CDRH3; and wherein 
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(A) the second Light Chain Variable Domain CDRL1, CDRL2, and CDRL3 are the 

Light Chain CDRs of HER2 MAB-1 VL (SEQ ID NO:63); and 

(B) the second Heavy Chain Variable Domain CDRH1, CDRH2, and CDRH3 are 

the Heavy Chain CDRs of HER2 MAB-1 VH (SEQ ID NO:62). 

[0021] The disclosure further concerns such a CD137 x TA Binding Molecule, wherein: 

(A) (1) the second Light Chain Variable Domain CDRL1, CDRL2, and CDRL3 

are the Light Chain CDRs of hHER2 MAB-1 VL1 (SEQ ID NO:67);  

(2) the second Light Chain Variable Domain CDRL1, CDRL2, and CDRL3 

are the Light Chain CDRs of hHER2 MAB-1 VL2 (SEQ ID NO:68); 

or 

(3) the second Light Chain Variable Domain CDRL1, CDRL2, and CDRL3 

are the Light Chain CDRs of hHER2 MAB-1 VL3 (SEQ ID NO:69); 

and 

(B) (1) the second Heavy Chain Variable Domain CDRH1, CDRH2, and 

CDRH3 are the Heavy Chain CDRs of hHER2 MAB-1 VH1 (SEQ ID 

NO:64);  

(2) the second Heavy Chain Variable Domain CDRH1, CDRH2, and 

CDRH3 are the Heavy Chain CDRs of hHER2 MAB-1 VH2 (SEQ ID 

NO:65); or 

(3) the second Heavy Chain Variable Domain CDRH1, CDRH2, and 

CDRH3 are the Heavy Chain CDRs of hHER2 MAB-1 VH3 (SEQ ID 

NO:66). 

[0022] The disclosure further concerns such a CD137 x TA Binding Molecule, wherein 

the second Heavy Chain Variable Domain comprises the amino acid sequence of: 

(A) hHER2 MAB-1 VH1 (SEQ ID NO:64); 

(B) hHER2 MAB-1 VH2 (SEQ ID NO:65); or 

(C) hHER2 MAB-1 VH3 (SEQ ID NO:66). 

[0023] The disclosure further concerns such a CD137 x TA Binding Molecule, wherein 

the second Light Chain Variable Domain comprises the amino acid sequence of: 

(A) hHER2 MAB-1 VL1 (SEQ ID NO:67); 

(B) hHER2 MAB-1 VL2 (SEQ ID NO:68); or 

(C) hHER2 MAB-1 VL3 (SEQ ID NO:69). 



- 12 - 

[0024] The disclosure further concerns such a CD137 x TA Binding Molecule, wherein 

the tumor antigen (TA) is 5T4 and wherein the CD137 x TA Binding Molecule comprises a 

second Light Chain Variable Domain that comprises a CDRL1, CDRL2 and CDRL3, and a 

first Heavy Chain Variable Domain that comprises a CDRH1, CDRH2 and CDRH3; and 

wherein: 

(I) (A) the second Light Chain Variable Domain CDRL1, CDRL2, and CDRL3 

are the Light Chain CDRs of 5T4 MAB-1 VL (SEQ ID NO:135); and 

(B) the second Heavy Chain Variable Domain CDRH1, CDRH2, and 

CDRH3 are the Heavy Chain CDRs of 5T4 MAB-1 VH (SEQ ID 

NO:134); or 

(II) (A) the second Light Chain Variable Domain CDRL1, CDRL2, and CDRL3 

are the Light Chain CDRs of 5T4 MAB-2 VL (SEQ ID NO:137); and 

(B) the second Heavy Chain Variable Domain CDRH1, CDRH2, and 

CDRH3 are the Heavy Chain CDRs of 5T4 MAB-2 VH (SEQ ID 

NO:136). 

[0025] The disclosure further concerns such a CD137 x TA Binding Molecule, wherein 

the second Heavy Chain Variable Domain comprises the amino acid sequence of: MAB-1 

VH1 (SEQ ID NO:135). 

[0026] The disclosure further concerns such a CD137 x TA Binding Molecule, wherein 

the second Light Chain Variable Domain comprises the amino acid sequence of: MAB-1 

VH1 (SEQ ID NO:136). 

[0027] The disclosure further concerns such a CD137 x TA Binding Molecule, wherein 

the molecule is a bispecific tetravalent Fc-bearing diabody comprising a first, a second, a 

third, and a fourth polypeptide chain, wherein the polypeptide chains form a covalently 

bonded complex. 

[0028] The disclosure further concerns such a CD137 x TA Binding Molecule, wherein 

the tumor antigen (TA) is HER2/neu and wherein: 

(I) (A) the first and the third polypeptide chain have the amino acid sequence 

of SEQ ID NO:100; and 

(B) the second and the fourth polypeptide chain have the amino acid 

sequence of SEQ ID NO:101; 

or 

(II) (A) the first and the third polypeptide chain have the amino acid sequence 

of SEQ ID NO:102; and 
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(B) the second and the fourth polypeptide chain have the amino acid 

sequence of SEQ ID NO:103. 

[0029] The disclosure further concerns such CD137 x TA Binding Molecules, wherein 

the molecule is bispecific and tetravalent, and comprises a first, a second, a third, a fourth, 

and a fifth polypeptide chain, wherein the polypeptide chains form a covalently bonded 

complex. 

[0030] The disclosure further concerns such a CD137 x TA Binding Molecule, wherein 

the tumor antigen (TA) is HER2/neu and wherein: 

(I) (A) the first polypeptide chain has the amino acid sequence of SEQ ID 

NO:104; 

(B) the second and the fifth polypeptide chain have the amino acid 

sequence of SEQ ID NO:105;  

(C) the third polypeptide chain has the amino acid sequence of SEQ ID 

NO:106; and 

(D) the fourth polypeptide chain has the amino acid sequence of SEQ ID 

NO:107; 

or 

(II) (A) the first polypeptide chain has the amino acid sequence of SEQ ID 

NO:104; 

(B) the second and the fifth polypeptide chain have the amino acid 

sequence of SEQ ID NO:105;  

(C) the third polypeptide chain has the amino acid sequence of SEQ ID 

NO:114, SEQ ID NO:115, SEQ ID NO:116, SEQ ID NO:117, or 

SEQ ID NO:118; and 

(D) the fourth polypeptide chain has the amino acid sequence of SEQ ID 

NO:119, SEQ ID NO:120, SEQ ID NO:121, SEQ ID NO:122, or 

SEQ ID NO:123. 

[0031] The disclosure further concerns such a CD137 x TA Binding Molecule, wherein 

said molecule is bispecific and trivalent, and comprises a first, a second, a third, and a fourth, 

polypeptide chain, wherein said polypeptide chains form a covalently bonded complex. 
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[0032] The disclosure further concerns such a CD137 x TA Binding Molecule, wherein 

said tumor antigen (TA) is HER2/neu and wherein: 

(A) said first polypeptide chain has the amino acid sequence of SEQ ID 

NO:192, SEQ ID NO:193, SEQ ID NO:194, SEQ ID NO:195, or 

SEQ ID NO:196; 

(B) said second polypeptide chain has the amino acid sequence of SEQ ID 

NO:197, SEQ ID NO:198, SEQ ID NO:199, SEQ ID NO:200, or 

SEQ ID NO:201;  

(C) said third polypeptide chain has the amino acid sequence of SEQ ID 

NO:104; and 

(D) said fourth polypeptide chain has the amino acid sequence of SEQ ID 

NO:105. 

[0033] The disclosure further concerns such a CD137 x TA Binding Molecule, wherein 

said tumor antigen (TA) is 5T4 and wherein: 

(A) said first polypeptide chain has the amino acid sequence of SEQ ID 

NO:192, SEQ ID NO:193, SEQ ID NO:194, SEQ ID NO:195, SEQ 

ID NO:196, or SEQ ID NO:229; 

(B) said second polypeptide chain has the amino acid sequence of SEQ ID 

NO:197, SEQ ID NO:198, SEQ ID NO:199, SEQ ID NO:200, SEQ 

ID NO:201, or SEQ ID NO:230;  

(C) said third polypeptide chain has the amino acid sequence of SEQ ID 

NO:231; and 

(D) said fourth polypeptide chain has the amino acid sequence of SEQ ID 

NO:232. 

[0034] In one aspect, the present disclosure further refers to a pharmaceutical 

composition comprising any of the above-described CD137 x TA Binding Molecules and a 

physiologically acceptable carrier. 

[0035] The disclosure further concerns the use of any of the above-described CD137 x 

TA Binding Molecules or such pharmaceutical composition in the treatment of a disease or 

condition associated with or characterized by the expression of the tumor antigen (TA), and 

particularly wherein the disease or condition associated with or characterized by the 

expression of the tumor antigen (TA) is cancer. In one aspect, the present disclosure refers to 

the use of any of the above-described CD137 x TA Binding Molecules or pharmaceutical 

composition in the manufacture of a medicament for the treatment of a cancer.  



- 15 - 

[0036] In another example, the present disclosure further refers to a CD137 binding 

molecule that comprises a Light Chain Variable Domain that comprises a CDRL1, CDRL2 

and CDRL3, and a Heavy Chain Variable Domain that comprises a CDRH1, CDRH2 and 

CDRH3; wherein: 

(A) (1) said first Light Chain Variable Domain CDRL1, CDRL2, and CDRL3 

are the Light Chain CDRs of CD137 MAB-3 VL (SEQ ID NO:75); 

and 

 (2) said first Heavy Chain Variable Domain CDRH1, CDRH2, and CDRH3 

are the Heavy Chain CDRs of CD137 MAB-3 VH1B (SEQ ID 

NO:84); 

(B) (1) said first Light Chain Variable Domain CDRL1, CDRL2, and CDRL3 

are the Light Chain CDRs of CD137 MAB-3 VL15 (SEQ ID 

NO:222); and 

 (2) said first Heavy Chain Variable Domain CDRH1, CDRH2, and CDRH3 

are the Heavy Chain CDRs of CD137 MAB-3 VH1B (SEQ ID 

NO:84); 

(C) (1) said first Light Chain Variable Domain CDRL1, CDRL2, and CDRL3 

are the Light Chain CDRs of CD137 MAB-3 VL14 (SEQ ID 

NO:221); and 

 (2) said first Heavy Chain Variable Domain CDRH1, CDRH2, and CDRH3 

are the Heavy Chain CDRs of CD137 MAB-3 VH1B (SEQ ID 

NO:84); 

(D) (1) said first Light Chain Variable Domain CDRL1, CDRL2, and CDRL3 

are the Light Chain CDRs of CD137 MAB-3 VL11 (SEQ ID 

NO:218); and 

 (2) said first Heavy Chain Variable Domain CDRH1, CDRH2, and CDRH3 

are the Heavy Chain CDRs of CD137 MAB-3 VH1B (SEQ ID 

NO:84); 

(E) (1) said first Light Chain Variable Domain CDRL1, CDRL2, and CDRL3 

are the Light Chain CDRs of CD137 MAB-3 VL10 (SEQ ID 

NO:217); and 

 (2) said first Heavy Chain Variable Domain CDRH1, CDRH2, and CDRH3 

are the Heavy Chain CDRs of CD137 MAB-3 VH1B (SEQ ID 

NO:84); 

(F) (1) said first Light Chain Variable Domain CDRL1, CDRL2, and CDRL3 

are the Light Chain CDRs of CD137 MAB-3 VL6 (SEQ ID NO:213); 

and 

 (2) said first Heavy Chain Variable Domain CDRH1, CDRH2, and CDRH3 

are the Heavy Chain CDRs of CD137 MAB-3 VH1B (SEQ ID 

NO:84); 

(G) (1) said first Light Chain Variable Domain CDRL1, CDRL2, and CDRL3 

are the Light Chain CDRs of CD137 MAB-3 VL4 (SEQ ID NO:211); 

and 

 (2) said first Heavy Chain Variable Domain CDRH1, CDRH2, and CDRH3 

are the Heavy Chain CDRs of CD137 MAB-3 VH1B (SEQ ID 

NO:84); 

(H)  (1) the Light Chain Variable Domain CDRL1, CDRL2, and CDRL3 are the 

Light Chain CDRs of CD137 MAB-3 VL (SEQ ID NO:75); and 

(2) the Heavy Chain Variable Domain CDRH1, CDRH2, and CDRH3 are 

the Heavy Chain CDRs of CD137 MAB-3 VH (SEQ ID NO:74);  
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(I) (1) the Light Chain Variable Domain CDRL1, CDRL2, and CDRL3 are the 

Light Chain CDRs of CD137 MAB-4 VL (SEQ ID NO:91); and 

(2) the Heavy Chain Variable Domain CDRH1, CDRH2, and CDRH3 are 

the Heavy Chain CDRs of CD137 MAB-4 VH (SEQ ID NO:90); 

(J) (1) the Light Chain Variable Domain CDRL1, CDRL2, and CDRL3 are the 

Light Chain CDRs of CD137 MAB-5 VL (SEQ ID NO:97); and 

(2) the Heavy Chain Variable Domain CDRH1, CDRH2, and CDRH3 are 

the Heavy Chain CDRs of CD137 MAB-5 VH (SEQ ID NO:96); 

(K) (1) the Light Chain Variable Domain CDRL1, CDRL2, and CDRL3 are the 

Light Chain CDRs of CD137 MAB-3 VL (SEQ ID NO:75); and 

(2) the Heavy Chain Variable Domain CDRH1, CDRH2, and CDRH3 are 

the Heavy Chain CDRs of CD137 MAB-3 VH1A (SEQ ID NO:83); 

(L) (1) the first Light Chain Variable Domain CDRL1, CDRL2, and CDRL3 are 

the Light Chain CDRs of CD137 MAB-3 VL (SEQ ID NO:75); and 

(2) the first Heavy Chain Variable Domain CDRH1, CDRH2, and CDRH3 

are the Heavy Chain CDRs of CD137 MAB-3 VH1C (SEQ ID 

NO:85); 

or 

(M) (1) the first Light Chain Variable Domain CDRL1, CDRL2, and CDRL3 are 

the Light Chain CDRs of CD137 MAB-3 VL (SEQ ID NO:75); and 

(2) the first Heavy Chain Variable Domain CDRH1, CDRH2, and CDRH3 

are the Heavy Chain CDRs of CD137 MAB-3 VH1D (SEQ ID 

NO:86). 

[0036a] In one aspect, the present disclosure refers to a CD137 binding molecule 

comprising antibody Variable Domains, that comprises a Light Chain Variable Domain that 

comprises a CDRL1, CDRL2 and CDRL3, and a Heavy Chain Variable Domain that 

comprises a CDRH1, CDRH2 and CDRH3; wherein: 

(A) (1) said first Light Chain Variable Domain CDRL1, CDRL2, and 

CDRL3 are the Light Chain CDRs of CD137 MAB-3 VL (SEQ 

ID NO:75); and 

 (2) said first Heavy Chain Variable Domain CDRH1, CDRH2, and 

CDRH3 are the Heavy Chain CDRs of CD137 MAB-3 VH1B 

(SEQ ID NO:84); 
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(B) (1) said first Light Chain Variable Domain CDRL1, CDRL2, and 

CDRL3 are the Light Chain CDRs of CD137 MAB-3 VL15 

(SEQ ID NO:222); and 

(2) said first Heavy Chain Variable Domain CDRH1, CDRH2, and 

CDRH3 are the Heavy Chain CDRs of CD137 MAB-3 VH1B 

(SEQ ID NO:84); 

(C) (1) said first Light Chain Variable Domain CDRL1, CDRL2, and 

CDRL3 are the Light Chain CDRs of CD137 MAB-3 VL14 

(SEQ ID NO:221); and 

(2) said first Heavy Chain Variable Domain CDRH1, CDRH2, and 

CDRH3 are the Heavy Chain CDRs of CD137 MAB-3 VH1B 

(SEQ ID NO:84); 

(D) (1) said first Light Chain Variable Domain CDRL1, CDRL2, and 

CDRL3 are the Light Chain CDRs of CD137 MAB-3 VL11 

(SEQ ID NO:218); and 

(2) said first Heavy Chain Variable Domain CDRH1, CDRH2, and 

CDRH3 are the Heavy Chain CDRs of CD137 MAB-3 VH1B 

(SEQ ID NO:84); 

(E) (1) said first Light Chain Variable Domain CDRL1, CDRL2, and 

CDRL3 are the Light Chain CDRs of CD137 MAB-3 VL10 

(SEQ ID NO:217); and 

(2) said first Heavy Chain Variable Domain CDRH1, CDRH2, and 

CDRH3 are the Heavy Chain CDRs of CD137 MAB-3 VH1B 

(SEQ ID NO:84); 

(F) (1) said first Light Chain Variable Domain CDRL1, CDRL2, and 

CDRL3 are the Light Chain CDRs of CD137 MAB-3 VL6 

(SEQ ID NO:213); and 

(2) said first Heavy Chain Variable Domain CDRH1, CDRH2, and 

CDRH3 are the Heavy Chain CDRs of CD137 MAB-3 VH1B 

(SEQ ID NO:84); 

(G) (1) said first Light Chain Variable Domain CDRL1, CDRL2, and 

CDRL3 are the Light Chain CDRs of CD137 MAB-3 VL4 

(SEQ ID NO:211); and 

(2) said first Heavy Chain Variable Domain CDRH1, CDRH2, and 

CDRH3 are the Heavy Chain CDRs of CD137 MAB-3 VH1B 

(SEQ ID NO:84); 
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(H) (1) said Light Chain Variable Domain CDRL1, CDRL2, and 

CDRL3 are the Light Chain CDRs of CD137 MAB-3 VL (SEQ 

ID NO:75); and 

(2) said Heavy Chain Variable Domain CDRH1, CDRH2, and 

CDRH3 are the Heavy Chain CDRs of CD137 MAB-3 VH1A 

(SEQ ID NO:83); 

(I) (1) said first Light Chain Variable Domain CDRL1, CDRL2, and 

CDRL3 are the Light Chain CDRs of CD137 MAB-3 VL (SEQ 

ID NO:75); and 

(2) said first Heavy Chain Variable Domain CDRH1, CDRH2, and 

CDRH3 are the Heavy Chain CDRs of CD137 MAB-3 VH1C 

(SEQ ID NO:85); or 

(J) (1) said first Light Chain Variable Domain CDRL1, CDRL2, and 

CDRL3 are the Light Chain CDRs of CD137 MAB-3 VL (SEQ 

ID NO:75); and 

(2) said first Heavy Chain Variable Domain CDRH1, CDRH2, and 

CDRH3 are the Heavy Chain CDRs of CD137 MAB-3 VH1D 

(SEQ ID NO:86). 

[0037] The disclosure further concerns the example of such a CD137 binding molecule, 

wherein the Heavy Chain Variable Domain comprises the amino acid sequence of: 

(A) hCD137 MAB-3 (SEQ ID NO:77); or  

(B) hCD137 MAB-4 (SEQ ID NO:92). 
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[0038] The disclosure further concerns the example of such a CD137 binding molecule, 

wherein the Light Chain Variable Domain comprises the amino acid sequence of: 

(A) hCD137 MAB-3 (SEQ ID NO:82); or  

(B) hCD137 MAB-4 (SEQ ID NO:93). 

[0039] The disclosure further concerns the example of such CD137 binding molecules, 

wherein the Heavy Chain Variable Domain comprises the amino acid sequence of: 

(A) hCD137 MAB-3 VH1 (SEQ ID NO:76);  

(B) hCD137 MAB-3 VH1A (SEQ ID NO:83);  

(C)  hCD137 MAB-3 VH1B (SEQ ID NO:84);  

(D)  hCD137 MAB-3 VH1C (SEQ ID NO:85);  

(E)  hCD137 MAB-3 VH1D (SEQ ID NO:86);  

(F) hCD137 MAB-3 VH1E (SEQ ID NO:208);  

(G) hCD137 MAB-3 VH1F (SEQ ID NO:209);  

(H) hCD137 MAB-3 VH1G (SEQ ID NO:210); or 

(I) hCD137 MAB-4 VH1 (SEQ ID NO:92). 

[0040] The disclosure further concerns the example of such CD137 binding molecules, 

wherein the Light Chain Variable Domain comprises the amino acid sequence of: 

(A) hCD137 MAB-3 VL15 (SEQ ID NO:222); 

(B) hCD137 MAB-3 VL14 (SEQ ID NO:221); 

(C) hCD137 MAB-3 VL1 (SEQ ID NO:87); 

(D) hCD137 MAB-3 VL2 (SEQ ID NO:88); 

(E) hCD137 MAB-3 VL3 (SEQ ID NO:89); 

(F) hCD137 MAB-3 VL4 (SEQ ID NO:211); 

(G) hCD137 MAB-3 VL5 (SEQ ID NO:212); 

(H) hCD137 MAB-3 VL6 (SEQ ID NO:213); 

(I) hCD137 MAB-3 VL7 (SEQ ID NO:214); 

(J) hCD137 MAB-3 VL8 (SEQ ID NO:215); 

(K) hCD137 MAB-3 VL9 (SEQ ID NO:216); 

(L) hCD137 MAB-3 VL10 (SEQ ID NO:217); 

(M) hCD137 MAB-3 VL11 (SEQ ID NO:218); 

(N) hCD137 MAB-3 VL12 (SEQ ID NO:219); 

(O) hCD137 MAB-3 VL13 (SEQ ID NO:220);  
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(P) hCD137 MAB-4 VL1 (SEQ ID NO:94); or  

(Q) hCD137 MAB-4 VL2 (SEQ ID NO:95). 

[0041] The disclosure further concerns the example of such CD137 binding molecules, 

wherein the molecule is an antibody or an antigen binding fragment thereof 

[0042] In one aspect, the present disclosure further refers to a pharmaceutical composition 

comprising any of the above-described CD137 Binding Molecules, and a physiologically 

acceptable carrier. 

[0043] The disclosure further concerns the use of any of the above-described CD137 Binding 

Molecules, or such pharmaceutical composition, in the treatment of a disease or condition 

associated with a suppressed immune system or characterized by the expression of a tumor 

antigen (TA). In one aspect, the present disclosure refers to the use of any of the above-described 

CD137 Binding Molecules, or pharmaceutical composition, in the manufacture of a medicament 

for the treatment of a cancer.  

[0044] The disclosure further concerns such use wherein the condition associated with a 

suppressed immune system or characterized by the expression of the tumor antigen (TA) is 

cancer. 
[0044a] In one example, the present disclosure refers to a HER2/neu Binding Molecule that 

comprises a Light Chain Variable Domain that comprises a CDRL1, CDRL2 and CDRL3, and a Heavy 

Chain Variable Domain that comprises a CDRH1, CDRH2 and CDRH3; wherein: 

(A) (1) said Light Chain Variable Domain CDRL1, CDRL2, and CDRL3 are the Light 

Chain CDRs of HER2 MAB-1 VL (SEQ ID NO:63);  

 (2) said Light Chain Variable Domain CDRL1, CDRL2, and CDRL3 are the Light 

Chain CDRs of hHER2 MAB-1 VL1 (SEQ ID NO:67);  

 (3) said Light Chain Variable Domain CDRL1, CDRL2, and CDRL3 are the Light 

Chain CDRs of hHER2 MAB-1 VL2 (SEQ ID NO:68); or 

 (4) said Light Chain Variable Domain CDRL1, CDRL2, and CDRL3 are the Light 

Chain CDRs of hHER2 MAB-1 VL3 (SEQ ID NO:69); 

and 

(B) (1) said Heavy Chain Variable Domain CDRH1, CDRH2, and CDRH3 are the 

Heavy Chain CDRs of HER2 MAB-1 VH (SEQ ID NO:62); 

 (2) said Heavy Chain Variable Domain CDRH1, CDRH2, and CDRH3 are the 

Heavy Chain CDRs of hHER2 MAB-1 VH1 (SEQ ID NO:64);  

 (3) said Heavy Chain Variable Domain CDRH1, CDRH2, and CDRH3 are the 

Heavy Chain CDRs of hHER2 MAB-1 VH2 (SEQ ID NO:65); or 

 (4) said Heavy Chain Variable Domain CDRH1, CDRH2, and CDRH3 are the 

Heavy Chain CDRs of hHER2 MAB-1 VH3 (SEQ ID NO:66. 

[0045] The disclosure further concerns a HER2/neu Binding Molecule that comprises a Light 

Chain Variable Domain that comprises a CDRL1, CDRL2 and CDRL3, and a Heavy Chain 

Variable Domain that comprises a CDRH1, CDRH2 and CDRH3; wherein: 

(A) the Light Chain Variable Domain CDRL1, CDRL2, and CDRL3 are the Light 

Chain CDRs of HER2 MAB-1 VL (SEQ ID NO:63); and 

(B) the Heavy Chain Variable Domain CDRH1, CDRH2, and CDRH3 are the Heavy 

Chain CDRs of HER2 MAB-1 VH (SEQ ID NO:62). 

[0046] The disclosure further concerns the example of such HER2/neu Binding Molecules 

wherein: 

(A) (1) the Light Chain Variable Domain CDRL1, CDRL2, and CDRL3 are the 

Light Chain CDRs of hHER2 MAB-1 VL1 (SEQ ID NO:67);  

(2) the Light Chain Variable Domain CDRL1, CDRL2, and CDRL3 are the 

Light Chain CDRs of hHER2 MAB-1 VL2 (SEQ ID NO:68); or 

(3) the Light Chain Variable Domain CDRL1, CDRL2, and CDRL3 are the 

Light Chain CDRs of hHER2 MAB-1 VL3 (SEQ ID NO:69); 

and 
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(B) (1) the Heavy Chain Variable Domain CDRH1, CDRH2, and CDRH3 are 

the Heavy Chain CDRs of hHER2 MAB-1 VH1 (SEQ ID NO:64);  

(2) the Heavy Chain Variable Domain CDRH1, CDRH2, and CDRH3 are 

the Heavy Chain CDRs of hHER2 MAB-1 VH2 (SEQ ID NO:65); or 

(3) the Heavy Chain Variable Domain CDRH1, CDRH2, and CDRH3 are 

the Heavy Chain CDRs of hHER2 MAB-1 VH3 (SEQ ID NO:66). 

[0047] The disclosure further concerns the example of such HER2/neu Binding 

Molecules wherein the Heavy Chain Variable Domain comprises the amino acid sequence of: 

(A) hHER2 MAB-1 VH1 (SEQ ID NO:64); 

(B) hHER2 MAB-1 VH2 (SEQ ID NO:65); or 

(C) hHER2 MAB-1 VH3 (SEQ ID NO:66). 

[0048] The disclosure further concerns the example of such HER2/neu Binding 

Molecules wherein the Light Chain Variable Domain comprises the amino acid sequence of: 

(A) hHER2 MAB-1 VL1 (SEQ ID NO:67); 

(B) hHER2 MAB-1 VL2 (SEQ ID NO:68); or 

(C) hHER2 MAB-1 VL3 (SEQ ID NO:69). 

[0049] The disclosure further concerns the example of such HER2/neu Binding 

Molecules wherein the molecule is an antibody or an antigen binding fragment thereof. 

[0050] In one example, the present disclosure further refers to a pharmaceutical 

composition comprising any of the above-described HER2/neu Binding Molecules and a 

physiologically acceptable carrier 

[0051] The disclosure further concerns the use of any of the above-described HER2/neu 

Binding Molecule, or such pharmaceutical composition, in the treatment of a disease or 

condition associated with or characterized by the expression of HER2/neu, and particularly 

wherein the condition associated with or characterized by the expression of HER2/neu is 

cancer. In one example, the present disclosure refers to use of any of the above-described 

HER2/neu Binding Molecule, or pharmaceutical composition, in the manufacture of a 

medicament for the treatment of a disease or condition associated with or characterized by the 

expression of HER2/neu.  

[0051a] In one aspect, the present disclosure refers to use of a tumor targeting agent in the 

manufacture of a medicament for enhancing the activity of the tumor targeting agent, wherein 

the medicament is to be administered in combination with any of the above-described CD137 

x TA Binding Molecules, or pharmaceutical composition. 

[0052] The disclosure further concerns methods of enhancing the activity of a tumor 

targeting agent comprising administering such tumor target agent in combination with the any 

of the above-described CD137 x TA Binding Molecules, or a pharmaceutical composition 

comprising the same.  The disclosure further concerns such methods further comprising 

administering a PD-1/PD-L1 checkpoint inhibitor and particularly wherein such checkpoint  
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inhibitor is an anti-PD-1 antibody or an anti-PD-L1 antibody.  The disclosure particularly 

concerns such methods wherein the tumor target agent is an antibody, an epitope binding 

fragment of an antibody, or an agent that mediates T-cell redirected killing of a target cell. 

[0053] The disclosure further concerns methods method of treating a disease or condition 

associated with a suppressed immune system or characterized by the expression of a tumor 

antigen (TA) comprising administering to a subject in need thereof any of the above-

described CD137 x TA Binding Molecules, or a pharmaceutical composition comprising the 

same.  The disclosure particularly, concerns such methods wherein the condition associated 

with a suppressed immune system or characterized by the expression of the tumor antigen 

(TA) is cancer. The disclosure also concerns such methods further comprising administering 

a tumor targeting agent, and particularly wherein the tumor target agent is an antibody, an 

epitope binding fragment of an antibody, or an agent that mediates T-cell redirected killing of 

a target cell.  The disclosure further concerns such methods further comprising administering 

a PD-1/PD-L1 checkpoint inhibitor, and particularly wherein such checkpoint inhibitor is an 

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

[0054] The disclosure further concerns the above uses and methods wherein the cancer is 

selected from the group consisting of: an acute myeloid leukemia, an adrenal gland tumor, an 

AIDS-associated cancer, an alveolar soft part sarcoma, an astrocytic tumor, bladder cancer, 

bone cancer, a brain and spinal cord cancer, a metastatic brain tumor, a breast cancer, a 

carotid body tumors, a cervical cancer, a chondrosarcoma, a chordoma, a chromophobe renal 

cell carcinoma, a clear cell carcinoma, a colon cancer, a colorectal cancer, a cutaneous benign 

fibrous histiocytoma, a desmoplastic small round cell tumor, an ependymoma, a Ewing’s 

tumor, an extraskeletal myxoid chondrosarcoma, a fibrogenesis imperfecta ossium, a fibrous 

dysplasia of the bone, a gallbladder or bile duct cancer, gastric cancer, a gestational 

trophoblastic disease, a germ cell tumor, a head and neck cancer, hepatocellular carcinoma, a 

glioblastoma, an islet cell tumor, a Kaposi’s Sarcoma, a kidney cancer, a leukemia, a 

lipoma/benign lipomatous tumor, a liposarcoma/malignant lipomatous tumor, a liver cancer, 

a lymphoma, a lung cancer, a medulloblastoma, a melanoma, a meningioma, a malignant 

mesothelioma, a multiple endocrine neoplasia, a multiple myeloma, a myelodysplastic 

syndrome, a neuroblastoma, a neuroendocrine tumors, a non-small cell lung cancer, an 

ovarian cancer, a pancreatic cancer, a pharyngeal cancer, a papillary thyroid carcinoma, a 

parathyroid tumor, a pediatric cancer, a peripheral nerve sheath tumor, a 

phaeochromocytoma, a pituitary  
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tumor, a prostate cancer, a posterious uveal melanoma, a rare hematologic disorder, a renal 

cell carcinoma, a renal metastatic cancer, a rhabdoid tumor, a rhabdomysarcoma, a sarcoma, 

a skin cancer, a soft-tissue sarcoma, a squamous cell cancer, a stomach cancer, a synovial 

sarcoma, a testicular cancer, a thymic carcinoma, a thymoma, a thyroid metastatic cancer, and 

a uterine cancer. 

[0055] The disclosure particularly concerns the above uses and methods wherein the 

cancer is selected from the group consisting: bladder cancer, breast cancer, colorectal cancer, 

gastric cancer, glioblastoma, kidney cancer, lung cancer, melanoma, neuroblastoma, ovarian 

cancer, pancreatic cancer, pharyngeal cancer, prostate cancer, renal cell carcinoma, 

rhabdomyosarcoma, and squamous cell cancer of the head and neck (SCCHN). 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0056] Figures 1A-1B provide schematics of a representative covalently bonded diabody 

having two epitope-binding sites composed of two polypeptide chains, each having an E-coil 

or K-coil Heterodimer-Promoting Domain (alternative Heterodimer-Promoting Domains are 

provided below).  A cysteine residue may be present in a linker (Figure 1A) and/or in the 

Heterodimer-Promoting Domain (Figure 1B).  VL and VH Domains that recognize the same 

epitope are shown using the same shading or fill pattern.  The wavy line (WWW) in this and 

all of the Figures providing schematic presentations of binding molecule domains represents 

one or more optional Heterodimer-Promoting Domains, that is/are preferably present. 

[0057] Figure 2 provides a schematic of a representative covalently bonded diabody 

molecule having two epitope-binding sites composed of two polypeptide chains, each having 

a CH2 and CH3 Domain, such that the associated chains form all or part of an Fc Region.  

VL and VH Domains that recognize the same epitope are shown using the same shading or 

fill pattern. 

[0058] Figures 3A-3E provide schematics showing representative covalently bonded 

tetravalent diabodies having four epitope-binding sites composed of two pairs of polypeptide 

chains (i.e., four polypeptide chains in all).  One polypeptide chain of each pair possesses a 

CH2 and CH3 Domain, such that the associated chains form all or part of an Fc Region.  VL 

and VH Domains that recognize the same epitope are shown using the same shading or fill 

pattern.  The two pairs of polypeptide chains may be same.  In such embodiments, wherein 

the two pairs of polypeptide chains are the same and the VL and VH Domains recognize 

different  
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[0064] Figure 9 shows the induction after 72 hours of IFN-γ secretion by pan T cells 

upon stimulation with anti-CD3 beads in the presence of cross-linked chimeric anti-CD137 

antibodies (chCD137 MAB-3 or chCD137 MAB-5) (1 µg/mL CD-137 antibody + 4 µg/mL 

hFc F(ab)’2) ± JIMT-1(HER2/neu
++

) target cells, in the presence or absence of ligand (1 

µg/mL CD-137L-His).  The following control samples are also plotted: stimulated pan T cells 

± JIMT-1 cells, ± hFc F(ab)’2, and untreated/unstimulated pan T cells and JIMT-1 cells. 

[0065] Figures 10A-10B show the ability of CD137 x TA Binding Molecules to bind to 

CD137 of activated CD8
+
 T cells as measured by FACS using FITC-labeled CD8 and αhFc 

APC.  Figure 10A: DART-B and DART-C (comprising hCD137 MAB-3 and hHER2 

MAB-1 domains), DART-D and DART-E (comprising CD137 MAB-3 and hHER2 MAB-1 

domains), and control molecules, DART-3 (comprising hHER2 MAB-1 and variant 

palivizumab domains) and DART-6 (comprising variant palivizumab and CD137 MAB-3 

domains).  Figure 10B: DART-D (comprising CD137 MAB-3 and hHER2 MAB-1 

domains), DART-F (comprising CD137 MAB-4 and hHER2 MAB-1 domains), DART-1, 

and DART-4 (comprising CD137 MAB-1 and hHER2 MAB-1 domains), DART-2 and 

DART-5 (comprising CD137 MAB-2 and hHER2 MAB-1 domains) and control binding 

molecule DART-6 (comprising CD137 MAB-3 and variant palivizumab domains). 

[0066] Figures 11A-11B show the ability of CD137 x TA Binding Molecules to bind to 

an illustrative TA, HER2/neu, on the surface of target N87 (HER2
+++

) gastric cancer cells as 

measured by mean fluorescence intensity (MFI).  Figure 11A: DART-B, DART-C, DART-

D, DART-E, and the control binding molecules DART-3 and DART-6.  Figure 11B: 

DART-D, DART-F, DART-1, DART-2, DART-4, DART-5, and DART-6. 

[0067] Figures 12A-12B show the ability of CD137 x TA Binding Molecules DART-B, 

DART-D, and DART-G, and the control molecules DART-3, and DART-6 to bind to 

CD137 expressed by engineered CHO cells (Figure 12A) and CD137 expressed by activated 

CD8
+
 T cells (Figure 12B). 

[0068] Figures 13A-13B show the ability of CD137 x TA Binding Molecules DART-B, 

DART-D, and DART-G, and the control molecules DART-3, and DART-6 to bind to an 

illustrative TA, HER2/neu, expressed by target N87 (HER2
+++

) gastric cancer cells (Figure 

13A) and target JIMT-1 (HER2
++

) cells (Figure 13B). 
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[0079] Figures 24A-24B show the ability of CD137 x TA Binding Molecules to bind to 

CD137 expressed by activated CD8
+
 T cells. Figure 24A: TRIDENT-A, TRIDENT-A2, 

TRIDENT-A3, TRIDENT-A4, and the control binding molecules TRIDENT-1 and 

TRIDENT-2.  Figure 24B: DART-G, DART-G2, DART-G3, DART-G4, and the control 

binding molecules TRIDENT-1 and TRIDENT-2. 

[0080] Figures 25A-25C show the ability of the CD137 x TA Binding Molecules to 

mediate cell-cell conjugation between CHO cells expressing CD137 and cells expressing the 

illustrative TA, HER2/neu, FACS.  Figure 25A: Cell-cell conjugation with N87 (HER2
+++

) 

gastric cancer cells. Figure 25B: Cell-cell conjugation with JIMT-1 (HER2++) breast 

carcinoma cells.  Figure 25C: Cell-cell conjugation with MCF-7 (HER2+) breast cancer 

cells. The activity of TRIDENT-A, TRIDENT-A2, TRIDENT-A3, TRIDENT-A4, DART-

G4, and the TRIDENT-2 control binding molecule is shown in both panels. 

[0081] Figures 26A-26C show the results of a representative assay of the ability of 

CD137 x TA Binding Molecules TRIDENT-A, TRIDENT-A2, TRIDENT-A3, 

TRIDENT-A4, DART-G, DART-G2, DART-G3, DART-G4, and the control binding 

molecules TRIDENT-1 and TRIDENT-2, to mediate co-stimulatory activity in a T cell 

cytokine release assay (exemplified by the release of IFN-γ).  Cytokine release was measured 

in the presence of HER2/neu-expressing N87 target cells (Figure 26A), JIMT-1 target cells 

(Figure 26B), or with no target cells present (Figure 26C). 

[0082] Figure 27 shows the ability of an exemplary CD137 x TA Binding Molecule 

(TRIDENT-A2) to enhance the TA x CD3 diabody-mediated redirected T-cell killing of 

Colo205/Luc target cells as measured by cell-associated luciferase as compared to the control 

molecule (TRIDENT-1) 

[0083] Figures 28A-28C show the expression of T-cell markers present in 1 mg of tumor 

sampled post-treatment with vehicle control (●); TRIDENT-A2 (▼); TA x CD3 diabody 

(■); combination of TRIDENT-A2 and TA x CD3 diabody (♦); anti-PD-1 mAb (▼); or the 

combination of TRIDENT-A2, TA x CD3 diabody, and anti-PD-1 mAb.  Figure 28A: CD4 

expression, Figure 28B: CD8 expression, Figure 28C: CD69 expression, Figure 28D: PD-1 

expression. 

[0084] Figure 29 shows the ability of vehicle control (●); TRIDENT-A2 (▼); TA x 

CD3 diabody (■); the combination of TRIDENT-A2 and TA x CD3 diabody (♦); anti-PD-1 

mAb  
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(▼); and the combination of TRIDENT-A2, TA x CD3 diabody, and anti-PD-1 mAb, to 

inhibit tumor growth or development of ovarian carcinoma cells in a PBMC-reconstituted 

murine xenograph model.   

[0085] Figure 30 shows the ability of CD137 x TA Binding Molecules TRIDENT-A2, 

TRIDENT-B2, and the control binding molecules TRIDENT-1 and TRIDENT-2, to 

mediate co-stimulatory activity in a cynomolgus monkey T cell cytokine release assay 

(exemplified by the release of IFN-γ).  Cytokine release was measured in the presence of 

JIMT-1 target cells expressing 5T4 and HER2/neu. 

[0086] Figures 31A-31B depict the amino acid sequences of hCD137 MAB-3 VH1B 

(Figure 30A, SEQ ID NO:84) and hCD137 MAB-3 VL3 (Figure 30B, SEQ ID NO:89).  

underlining indicate CDR residues.  Positions of substitution are boxed and the Kabat 

numbers are indicated with arrows; sequential amino acid residue numbering is indicated 

above the sequences. 

[0087] Figures 32A-32B show the ability anti-CD137 antibodies comprising 

deimmunized VH and VL Domains to bind to CD137 of activated CD4
+
 T cells or CD8

+
 T 

cells as measured by FACS using V510-labeled CD4
+
 and αhFc APC (Figure 32A) or FITC-

labeled CD8 and αhFc APC (Figure 32B). 

[0088] Figures 33A-33B show induction after 72 hours of IFN-γ by pan T cells upon 

stimulation with dry-coated anti-CD3 antibody (3 µg/mL-50 µg/mL) in the presence of the 

optimized/deimmunized anti-CD137 antibodies CD137 MAB-3 (1b.3), CD137 MAB-3 

(1E.15) and CD137 MAB-3 (1G.15) in the absence of cross-linking (Figure 33A) or cross-

linked with 4x hFc F(ab)’2 (Figure 33B).   

[0089] Figures 34A-34C show the ability of CD137 x TA Binding Molecules 

TRIDENT-B2, TRIDENT-B5, and the control molecules TRIDENT-1, TRIDENT-3, and 

TRIDENT-4 to bind to CD137 on the surface of activated CD8
+
 T cells as measured by 

FACS using FITC-labeled CD8 and αhFc APC (Figure 34A), and the illustrative TA, 5T4 on 

the surface of JIMT-1 (5T4
hi

) (Figure 34B) or SKOV-3 (5T4
lo

) target cells (Figure 34C).   

[0090] Figures 35A-35C show the ability of CD137 x TA Binding Molecules to 

mediate a co-stimulatory activity in a T cell cytokine release assay (exemplified by release of 

IFN-γ).  The Figures show results for TRIDENT-B2, TRIDENT-B5, and the control 

molecules  
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And The Insulin-Like Growth Factor Receptor For Enhanced Antitumor Activity,” J. Biol. 

Chem. 280(20):19665-19672). 

[00127] In the face of this challenge, the art has succeeded in developing stable, covalently 

bonded heterodimeric non-mono-specific diabodies, termed DART® diabodies, see, e.g., 

Chichili, G.R. et al. (2015) “A CD3xCD123 Bispecific DART For Redirecting Host T Cells 

To Myelogenous Leukemia: Preclinical Activity And Safety In Nonhuman Primates,” Sci. 

Transl. Med. 7(289):289ra82; Johnson, S. et al. (2010) “Effector Cell Recruitment With Novel 

Fv-Based Dual-Affinity Re-Targeting Protein Leads To Potent Tumor Cytolysis And In Vivo 

B-Cell Depletion,” J. Molec. Biol. 399(3):436-449; Veri, M.C. et al. (2010) “Therapeutic 

Control Of B Cell Activation Via Recruitment Of Fcgamma Receptor IIB (CD32B) Inhibitory 

Function With A Novel Bispecific Antibody Scaffold,” Arthritis Rheum. 62(7):1933-1943; 

Moore, P.A. et al. (2011) “Application Of Dual Affinity Retargeting Molecules To Achieve 

Optimal Redirected T cell Killing Of B-Cell Lymphoma,” Blood 117(17):4542-4551; US 

Patent Nos. 8,044,180; 8,133,982; 8,187,593; 8,193,318; 8,530,627; 8,669,349; 8,778,339; 

8,784,808; 8,795,667; 8,802,091; 8,802,093; 8,946,387; 8,968,730; and 8,993,730; US Patent 

Publication Nos. 2009/0060910; 2010/0174053; 2011/0081347; 2011/0097323; 

2011/0117089; 2012/0009186; 2012/0034221; 2012/0141476; 2012/0294796; 2013/0149236; 

2013/0295121; 2014/0017237; and 2014/0099318; European Patent Documents No. EP 

1868650; EP 2158221; EP 2247304; EP 2252631; EP 2282770; EP 2328934; EP 2376109; 

EP 2542256; EP 2601216; EP 2714079; EP 2714733; EP 2786762; EP 2839842; EP 

2840091; and PCT Publication Nos. WO 2006/113665; WO 2008/157379; WO 

2010/027797; WO 2010/033279; WO 2010/080538; WO 2011/109400; WO 2012/018687; 

WO 2012/162067; WO 2012/162068; WO 2014/159940; WO 2015/021089; WO 

2015/026892; and WO 2015/026894).  Such diabodies comprise two or more covalently 

complexed polypeptides and involve engineering one or more cysteine residues into each of 

the employed polypeptide species.  For example, the addition of a cysteine residue to the C-

terminus of such constructs has been shown to allow disulfide bonding between the 

polypeptide chains, stabilizing the resulting heterodimer without interfering with the binding 

characteristics of the bivalent molecule. 

[00128] The simplest DART® diabody comprises two polypeptide chains each comprising 

three Domains (Figure 1).  The first polypeptide chain comprises: (i) a first Domain that 

comprises a binding region of a light chain variable Domain of a first immunoglobulin 

(VL1), (ii) a  







































































































- 97 - 

polypeptide chains complex with one another to form an Fc Domain that is stabilized via a 

disulfide bond.  Such diabodies have enhanced potency.  Preferred Fc-bearing diabodies of 

the present invention may have either of two orientations (Table 2): 

Table 2 

First 

Orientation 

3
rd

 Chain  NH2 – © – CH2 – CH3 – COOH 

1
st
 Chain NH2 – VL2 – VH1 – © – HPD – © – CH2 – CH3 – COOH 

2
nd

 Chain NH2 – VL1 – VH2 – © – HPD – COOH 

Second 

Orientation 

3
rd

 Chain NH2 – © – CH2 – CH3 – COOH 

1
st
 Chain NH2 – © – CH2 – CH3 – VL2 – VH1 – © – HPD – COOH 

2
nd

 Chain  NH2 – VL1 – VH2 – © – HPD – COOH 

( – © – denotes a cysteine-containing polypeptide domain that possesses one, two, or more than two 

cysteine residues.  The representation is intended to be illustrative and non-limiting.  Cysteine 

residues may be present in additional or alternative domains, such as within the Heterodimer-

Promoting Domain (HPD)) 

[00299] As shown in Figure 4A, in a first embodiment, the first of such three polypeptide 

chains may contain, in the N-terminal to C-terminal direction, an N-terminus, a Light Chain 

Variable Domain (VL) capable of binding to an epitope of a “first” antigen (VL1) (either 

CD137 or TA), a Heavy Chain Variable Domain (VH) capable of binding to an epitope of a 

“second” antigen (VH2) (TA as the second antigen, if the first antigen was CD137; CD137 as 

the second antigen, if the first antigen was TA), a cysteine-containing domain, a 

Heterodimer-Promoting Domain, a second cysteine-containing domain, a CH2-CH3 domain 

and a C-terminus.  An intervening linker peptide (Linker 1) separates the Light Chain 

Variable Domain (VL1) from the Heavy Chain Variable Domain (VH2).  Preferably, the 

Heavy Chain Variable Domain (VH1) is linked to a Heterodimer-Promoting Domain by an 

intervening linker peptide (Linker 2).  In a preferred CD137 x TA bispecific Fc-bearing 

diabody embodiment, the C-terminus of the Heterodimer-Promoting Domain is linked to 

CH2-CH3 domains of an Fc Region (“Fc Domain”) by an intervening linker peptide (Linker 

3) or by an intervening spacer peptide (Linker 3).  Most preferably, the first of the three 

polypeptide chains will thus contain, in the N-terminal to C-terminal direction: VL1 – Linker 

1 – VH2 – Linker 2 – Heterodimer-Promoting Domain – Linker 3 – Fc Domain. 

[00300] The second of such three polypeptide chains will contain, in the N-terminal to C-

terminal direction, an N-terminus, a Light Chain Variable Domain (VL) capable of binding to 

the epitope of the “second” antigen (VL2), a Heavy Chain Variable Domain (VH) capable of 

binding to the epitope of the “first” antigen (VH1), a cysteine-containing domain, a 
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CD137 VH Domain of any of hCD137 MAB-3 VH1A-VH1G and the CD137 VL Domain of 

any of hCD137 MAB-3 VL3-VL15.   

[00433] Exemplary optimized and deimmunized variants of TRIDENT-B designated 

“TRIDENT-B2,” and “TRIDENT-B5” are composed of four polypeptide chains, and 

contain the 5T4 binding domains of antibody h5T4 MAB-1 and the CD137 binding domains 

of antibody hCD137 MAB-3 (1B.3), and hCD137 MAB-3 (1E.15), respectively.   

[00434] The first polypeptide chain of TRIDENT-B2 has the same amino acid sequence 

as the first polypeptide chain of TRIDENT-A2 (SEQ ID NO:194), as provided above. 

[00435] The second polypeptide chain of TRIDENT-B2 has the same amino acid 

sequence as the second polypeptide chain of TRIDENT-A2 (SEQ ID NO:199), as provided 

above.  

[00436] The first polypeptide chain of TRIDENT-B5 has the same amino acid sequence 

as the first polypeptide chain of TRIDENT-A5 (SEQ ID NO:229), as provided above. 

[00437] The second polypeptide chain of TRIDENT-B5 has the same amino acid 

sequence as the second polypeptide of TRIDENT-A5 (SEQ ID NO:230), as provided above.  

[00438] The third polypeptide chains of both exemplary optimized and deimmunized 

variants of TRIDENT-B have the same amino acid sequence as the third polypeptide chain 

of TRIDENT-B (SEQ ID NO:231). 

[00439] The fourth polypeptide chain of both exemplary optimized and deimmunized 

variants of TRIDENT-B have the same amino acid sequence as the fourth polypeptide chains 

of TRIDENT-B (SEQ ID NO:232). 

K. Alternative CD137 x TA Binding Molecules 

[00440] As will be recognized in view of the instant disclosure, additional CD137 x TA 

binding molecules having the general structure of any of the above exemplary molecules and 

comprising a binding site for an alternative Tumor Antigen and/or having an 

optimized/deimmunized CD137 binding site may be constructed by employing the VL and 

VH domains of alternative Tumor Antigen antibodies in lieu of the VL and VH domains of 

the anti-HER2/neu or anti-5T4 antibodies, and/or the VL and VH domains of any of the 

optimized/deimmunized CD137 antibodies disclosed herein.  Similarly, as provided herein, 
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alternative CD137 x TA binding molecules may likewise be constructed incorporating 

alternative linkers and/or heterodimer promoting domains.  

V. Control Molecules 

[00441] In order to more meaningfully demonstrate the properties of the CD137 x TA 

Binding Molecules of the present invention, control antibodies, whose VL and VH domains 

may be used to produce control Fc-bearing diabodies and other control binding molecules, 

are presented below. 

[00442] The anti-fluorescein antibody 4-4-20 (Gruber, M. et al. (1994) “Efficient Tumor 

Cell Lysis Mediated By A Bispecific Single Chain Antibody Expressed In Escherichia coli,” J. 

Immunol. 152(11):5368-5374; Bedzyk, W.D. et al. (1989) “Comparison Of Variable Region 

Primary Structures Within An Anti-Fluorescein Idiotype Family,” J. Biol. Chem. 264(3): 

1565-1569) is a suitable control antibody, diabodies.  The amino acid sequences of the 

variable light and variable heavy Domains of anti-fluorescein antibody 4-4-20 are as follows: 

[00443] The amino acid sequence of the VH Domain of anti-fluorescein antibody 4-4-20 

(SEQ ID NO:124) is shown below (CDRH residues are shown underlined): 

EVKLDETGGG LVQPGRPMKL SCVASGFTFS DYWMNWVRQS PEKGLEWVAQ 

IRNKPYNYET YYSDSVKGRF TISRDDSKSS VYLQMNNLRV EDMGIYYCTG 

SYYGMDYWGQ GTSVTVSS 

[00444] The amino acid sequence of the VL Domain of anti-fluorescein antibody 4-4-20 

(SEQ ID NO:125) is shown below (CDRL residues are shown underlined): 

DVVMTQTPFS LPVSLGDQAS ISCRSSQSLV HSNGNTYLRW YLQKPGQSPK 

VLIYKVSNRF SGVPDRFSGS GSGTDFTLKI SRVEAEDLGV YFCSQSTHVP 

WTFGGGTKLE IK 

[00445] Palivizumab (see, e.g., Protein Data Bank (PDB) ID No. 2HWZ) is a humanized 

monoclonal antibody (IgG) directed against an epitope in the A antigenic site of the F protein 

of RSV, and is a suitable control antibody, whose VL and VH domains may be used to 

produce control diabodies and other control binding molecules.  Alternative anti-RSV 

glycoprotein F antibodies include motavizumab (see, e.g., PDB ID No. 3IXT) and a variant 

of palivizumab engineered to remove a cysteine residues from CDR 1 of the light chain.  The 

variant of palivizumab was used for generation of the control molecules below 

[00446] The amino acid sequence of the VH Domain of the variant of palivizumab (SEQ 

ID NO:126) is shown below (CDRH residues are shown underlined): 
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A4), the CD137 x CD137 x RSV and TA x FITC x RSV control molecules (TRIDENT-1 

and TRIDENT-2), and the CD137 x TA Binding Molecules having two binding sites for 

CD137 and 2 binding sites for HER2/neu (DART-G, DART-G2, DART-G3, and DART-

G4), were also evaluated by FACS analysis essentially as described in Example 2 above for 

their ability to bind CD137 present on the surface of activated CD4
+
 (Figure 24A) and CD8

+
 

(Figure 24B) T cells.  The molecules that comprised two CD137 binding domains exhibited 

strong binding to activated T-cells. Improved binding was observed for the exemplary HER2 

x CD137 diabodies comprising the optimized hCD137 MAB-3 VH domains described 

above.  The TA x FITC x RSV control molecule (TRIDENT-2) did not exhibit any binding 

to activated T-cells, as expected. 

[00522] In another study, the CD137 x TA Binding Molecules having two binding sites 

for CD137 and one binding site for HER2/neu (TRIDENT-A, TRIDENT-A2, TRIDENT-

A3 and TRIDENT-A4), a CD137 x TA Binding Molecule having two binding sites for 

CD137 and two binding sites for HER2/neu (DART-G4) and the TA x FITC x RSV control 

molecule (TRIDENT-2), were evaluated for their ability to mediate cell-cell conjugation 

between CD137 expressing cells and HER2/neu expressing target cells.  For such evaluation, 

1.5 x 10
4
 CD137-expressing CHO cells labeled with PKH26 were co-incubated with 1.5 x 

10
4
 HER2/neu-expressing target cells (N87(HER2 expression level: 3

+
), JIMT-1 (HER2 

expression level: 2
+
), or MCF-7(HER2 expression level: 1

+
)), labeled with CFSE in a 1:1 

ratio in the presence of serially diluted (10-fold dilutions) test article for 30 min at room 

temperature.  The samples were then analyzed by flow cytometry to determine the percentage 

of conjugated cells (CFSE+/PKH26+) as a readout for cell-cell conjugation.  As shown in 

Figures 25A-25C, the molecules that comprised at least one HER2/neu binding domain and 

two CD137 binding domains were able to mediate cell-cell conjugation while the control 

molecule was inactive.  For all active molecules, cell-cell conjugation activity correlated with 

the level of HER2/neu expression. 

[00523] In another study, the CD137 x TA Binding Molecules having two binding sites 

for CD137 and one binding site for HER2/neu (TRIDENT-A, TRIDENT-A2, TRIDENT-

A3 and TRIDENT-A4), the CD137 x RSV and TA x FITC x RSV control molecules 

(TRIDENT-1 and TRIDENT-2), and the CD137 x TA Binding Molecules having two 

binding sites for CD137 and two binding sites for HER2/neu (DART-G, DART-G2, DART-

G3, and DART-G4), were evaluated for their ability to mediate a co-stimulatory activity in a 
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WHAT IS CLAIMED IS: 

 

Claim 1. A CD137 x TA Binding Molecule comprising antibody Variable Domains, 

wherein said Binding Molecule is capable of specific binding to an epitope of 

CD137 and an epitope of a tumor antigen (TA), and wherein said CD137 x 

TA Binding Molecule comprises a first Light Chain Variable Domain that 

comprises a CDRL1, CDRL2 and CDRL3, and a first Heavy Chain Variable 

Domain that comprises a CDRH1, CDRH2 and CDRH3; and wherein,  

(A) (1) said first Light Chain Variable Domain CDRL1, CDRL2, and 

CDRL3 are the Light Chain CDRs of CD137 MAB-3 VL (SEQ 

ID NO:75); and 

 (2) said first Heavy Chain Variable Domain CDRH1, CDRH2, and 

CDRH3 are the Heavy Chain CDRs of CD137 MAB-3 VH1B 

(SEQ ID NO:84); 

(B) (1) said first Light Chain Variable Domain CDRL1, CDRL2, and 

CDRL3 are the Light Chain CDRs of CD137 MAB-3 VL15 

(SEQ ID NO:222); and 

(2) said first Heavy Chain Variable Domain CDRH1, CDRH2, and 

CDRH3 are the Heavy Chain CDRs of CD137 MAB-3 VH1B 

(SEQ ID NO:84); 

(C) (1) said first Light Chain Variable Domain CDRL1, CDRL2, and 

CDRL3 are the Light Chain CDRs of CD137 MAB-3 VL14 

(SEQ ID NO:221); and 

(2) said first Heavy Chain Variable Domain CDRH1, CDRH2, and 

CDRH3 are the Heavy Chain CDRs of CD137 MAB-3 VH1B 

(SEQ ID NO:84); 

(D) (1) said first Light Chain Variable Domain CDRL1, CDRL2, and 

CDRL3 are the Light Chain CDRs of CD137 MAB-3 VL11 

(SEQ ID NO:218); and 

(2) said first Heavy Chain Variable Domain CDRH1, CDRH2, and 

CDRH3 are the Heavy Chain CDRs of CD137 MAB-3 VH1B 

(SEQ ID NO:84); 

(E) (1) said first Light Chain Variable Domain CDRL1, CDRL2, and 

CDRL3 are the Light Chain CDRs of CD137 MAB-3 VL10 

(SEQ ID NO:217); and 
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(2) said first Heavy Chain Variable Domain CDRH1, CDRH2, and 

CDRH3 are the Heavy Chain CDRs of CD137 MAB-3 VH1B 

(SEQ ID NO:84); 

(F) (1) said first Light Chain Variable Domain CDRL1, CDRL2, and 

CDRL3 are the Light Chain CDRs of CD137 MAB-3 VL6 (SEQ 

ID NO:213); and 

(2) said first Heavy Chain Variable Domain CDRH1, CDRH2, and 

CDRH3 are the Heavy Chain CDRs of CD137 MAB-3 VH1B 

(SEQ ID NO:84); 

(G) (1) said first Light Chain Variable Domain CDRL1, CDRL2, and 

CDRL3 are the Light Chain CDRs of CD137 MAB-3 VL4 (SEQ 

ID NO:211); and 

(2) said first Heavy Chain Variable Domain CDRH1, CDRH2, and 

CDRH3 are the Heavy Chain CDRs of CD137 MAB-3 VH1B 

(SEQ ID NO:84); 

(H) (1) said first Light Chain Variable Domain CDRL1, CDRL2, and 

CDRL3 are the Light Chain CDRs of CD137 MAB-3 VL (SEQ 

ID NO:75); and 

 (2) said first Heavy Chain Variable Domain CDRH1, CDRH2, and 

CDRH3 are the Heavy Chain CDRs of CD137 MAB-3 VH1A 

(SEQ ID NO:83); 

(I) (1) said first Light Chain Variable Domain CDRL1, CDRL2, and 

CDRL3 are the Light Chain CDRs of CD137 MAB-3 VL (SEQ 

ID NO:75); and 

 (2) said first Heavy Chain Variable Domain CDRH1, CDRH2, and 

CDRH3 are the Heavy Chain CDRs of CD137 MAB-3 VH1C 

(SEQ ID NO:85); 

  or 

(J) (1) said first Light Chain Variable Domain CDRL1, CDRL2, and 

CDRL3 are the Light Chain CDRs of CD137 MAB-3 VL (SEQ 

ID NO:75); and 

(2) said first Heavy Chain Variable Domain CDRH1, CDRH2, and 

CDRH3 are the Heavy Chain CDRs of CD137 MAB-3 VH1D 

(SEQ ID NO:86). 

Claim 2. The CD137 x TA Binding Molecule of claim 1, wherein said first Heavy Chain 

Variable Domain comprises the amino acid sequence of: 
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(A) hCD137 MAB-3 VH1E (SEQ ID NO:208);  

(B)  hCD137 MAB-3 VH1B (SEQ ID NO:84);  

(C) hCD137 MAB-3 VH1A (SEQ ID NO:83);  

(D)  hCD137 MAB-3 VH1C (SEQ ID NO:85); or 

(E)  hCD137 MAB-3 VH1D (SEQ ID NO:86). 

Claim 3. The CD137 x TA Binding Molecule of any one of claims 1-2, wherein said first 

Light Chain Variable Domain comprises the amino acid sequence of: 

(A) hCD137 MAB-3 VL15 (SEQ ID NO:222); or 

(B) hCD137 MAB-3 VL3 (SEQ ID NO:89). 

Claim 4. The CD137 x TA Binding Molecule of any one of claims 1-3, wherein said 

tumor antigen (TA) is selected from the group of tumor antigens consisting of: 

19.9; oncofetal protein 5T4; antigen 4.2; A33; AFP; ALCAM; BAGE; beta-

catenin; CA125; Carboxypeptidase M; B1;CD5; CD19; CD20; CD22; CD23; 

CD25; CD27; CD30; CD33; CD36; CD46; CD52; CD79a/CD79b; CD123; 

CD317; CEA; CEACAM5; CEACAM6; CO-43; CO-514; CTLA-1; CTLA-4; 

Cytokeratin 8; E1 series; EGF-R; an Ephrin receptor; Erb; F3; FC10.2; a 

GAGE GD2; GD3; GD49; GM2; GM3; GICA 19-9; gp37; gp75; gp100; HER-

2/neu; human B-lymphoma antigen-CD20; human milk fat globule antigen; 

human papillomavirus-E6/human papillomavirus-E7; HMW-MAA; I antigen; 

ITGB6; IL13Rα2; JAM-3; KID3; KID31; KS 1/4 pan-carcinoma antigen; KS 

1/4; KSA; L6; L20; LEA; LUCA-2; M1:22:25:8; M18; M39; a MAGE; MART; 

Myl; MUC-1; MUM-1; N-acetylglucosaminyltransferase; neoglycoprotein; NS-

10; OFA-1; OFA-2; Oncostatin M; p15; PSA; PSMA; PEMA; PIPA; prostatic 

acid phosphate; R24; ROR1; SSEA-1; SSEA-3; SSEA-4; sTn; T cell receptor 

derived peptide; TAG-72; TL5; TNF-α receptor; TNF-ß receptor; TNF-γ 

receptor; TRA-1-85;Transferrin Receptor; TSTA; and VEGF-R. 

Claim 5. The CD137 x TA Binding Molecule of claim 4, wherein said tumor antigen 

(TA) is HER2/neu and wherein said CD137 x TA Binding Molecule comprises 

a second Light Chain Variable Domain that comprises a CDRL1, CDRL2 and 

CDRL3, and a second Heavy Chain Variable Domain that comprises a 

CDRH1, CDRH2 and CDRH3; and wherein 

(A) said second Light Chain Variable Domain CDRL1, CDRL2, and CDRL3 

are the Light Chain CDRs of HER2 MAB-1 VL (SEQ ID NO:63); and 
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(B) said second Heavy Chain Variable Domain CDRH1, CDRH2, and 

CDRH3 are the Heavy Chain CDRs of HER2 MAB-1 VH (SEQ ID 

NO:62). 

Claim 6. The CD137 x TA Binding Molecule of claim 5, wherein: 

(A) said second Light Chain Variable Domain CDRL1, CDRL2, and CDRL3 

are the Light Chain CDRs of hHER2 MAB-1 VL3 (SEQ ID NO:69); 

  and 

(B) said second Heavy Chain Variable Domain CDRH1, CDRH2, and 

CDRH3 are the Heavy Chain CDRs of hHER2 MAB-1 VH1 (SEQ ID 

NO:64). 

Claim 7. The CD137 x TA Binding Molecule of claim 6, wherein said second Heavy 

Chain Variable Domain comprises the amino acid sequence of MAB-1 VH1 

(SEQ ID NO:64). 

Claim 8. The CD137 x TA Binding Molecule of claim 6 or 7, wherein said second Light 

Chain Variable Domain comprises the amino acid sequence of hHER2 MAB-

1 VL3 (SEQ ID NO:69). 

Claim 9. The CD137 x TA Binding Molecule of claim 4, wherein the tumor antigen (TA) 

is 5T4 and wherein the CD137 x TA Binding Molecule comprises a second 

Light Chain Variable Domain that comprises a CDRL1, CDRL2 and CDRL3, 

and a second Heavy Chain Variable Domain that comprises a CDRH1, 

CDRH2 and CDRH3; and wherein: 

 (A) the second Light Chain Variable Domain CDRL1, CDRL2, and 

CDRL3 are the Light Chain CDRs of 5T4 MAB-1 VL (SEQ ID 

NO:135); and 

(B) the second Heavy Chain Variable Domain CDRH1, CDRH2, 

and CDRH3 are the Heavy Chain CDRs of 5T4 MAB-1 VH 

(SEQ ID NO:134). 

Claim 10. The CD137 x TA Binding Molecule of claim 9, wherein the second Heavy 

Chain Variable Domain comprises the amino acid sequence of: MAB-1 VH1 

(SEQ ID NO:134). 

Claim 11. The CD137 x TA Binding Molecule of claim 9 or 10 wherein the second Light 

Chain Variable Domain comprises the amino acid sequence of: MAB-1 VL1 

(SEQ ID NO:135). 
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Claim 12. The CD137 x TA Binding Molecule of any one of claims 1-11, wherein said 

molecule is a bispecific tetravalent Fc-bearing diabody comprising a first, a 

second, a third, and a fourth polypeptide chain, wherein said polypeptide 

chains form a covalently bonded complex. 

Claim 13. The CD137 x TA Binding Molecule of any one of claims 1-11, wherein said 

molecule is bispecific and tetravalent, and comprises a first, a second, a third, 

a fourth, and a fifth polypeptide chain, wherein said polypeptide chains form a 

covalently bonded complex. 

Claim 14. The CD137 x TA Binding Molecule of any one of claims 1-11, wherein said 

molecule is bispecific and trivalent, and comprises a first, a second, a third, 

and a fourth, polypeptide chain, wherein said polypeptide chains form a 

covalently bonded complex. 

Claim 15. The CD137 x TA Binding Molecule of claim 14, wherein said tumor antigen 

(TA) is HER2/neu and wherein: 

(A) said first polypeptide chain has the amino acid sequence of 

SEQ ID NO:193 and said second polypeptide has the amino 

acid sequence of SEQ ID NO:198; or said first polypeptide 

chain has the amino acid sequence of SEQ ID NO:194 and 

said second polypeptide has the amino acid sequence of SEQ 

ID NO:199; or said first polypeptide chain has the amino acid 

sequence of SEQ ID NO:195 and said second polypeptide has 

the amino acid sequence of SEQ ID NO:200; or said first 

polypeptide chain has the amino acid sequence of SEQ ID 

NO:196 and said second polypeptide has the amino acid 

sequence of SEQ ID NO:201; or said first polypeptide chain 

has the amino acid sequence of SEQ ID NO:229 and said 

second polypeptide has the amino acid sequence of SEQ ID 

NO:230; 

 (B) said third polypeptide chain has the amino acid sequence of 

SEQ ID NO:104; and 

(C) said fourth polypeptide chain has the amino acid sequence of 

SEQ ID NO:105. 

Claim 16. The CD137 x TA Binding Molecule of claim 14, wherein said tumor antigen 

(TA) is 5T4 and wherein: 
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(A) said first polypeptide chain has the amino acid sequence of 

SEQ ID NO:229; 

(B) said second polypeptide chain has the amino acid sequence of 

SEQ ID NO:230;  

(C) said third polypeptide chain has the amino acid sequence of 

SEQ ID NO:231; and 

(D) said fourth polypeptide chain has the amino acid sequence of 

SEQ ID NO:232. 

Claim 17. The CD137 x TA Binding Molecule of any one of claims 1-16, wherein:  

said first Heavy Chain Variable Domain comprises the amino acid sequence 

of: 

(A)  hCD137 MAB-3 VH1A (SEQ ID NO:83); or 

(B)  hCD137 MAB-3 VH1B (SEQ ID NO:84); or 

(C)  hCD137 MAB-3 VH1C (SEQ ID NO:85); or 

(D)  hCD137 MAB-3 VH1D (SEQ ID NO:86); and 

said first Light Chain Variable Domain comprises the amino acid sequence of 

CD137 MAB-3 VL3 (SEQ ID NO:89). 

Claim 18. The CD137 x TA Binding Molecule of any one of claims 1-17, wherein:  

said first Heavy Chain Variable Domain comprises the amino acid 

sequence of hCD137 MAB-3 VH1B (SEQ ID NO:84); and 

said first Light Chain Variable Domain comprises the amino acid 

sequence of CD137 MAB-3 VL3 (SEQ ID NO:89). 

Claim 19. A pharmaceutical composition comprising the CD137 x TA Binding Molecule 

of any one claims 17-18, and a physiologically acceptable carrier. 

Claim 20. Use of the CD137 x TA Binding Molecule of any one of claims 17-18, or the 

pharmaceutical composition of claim 19, in the manufacture of a medicament 

for the treatment of a cancer. 

Claim 21. A CD137 binding molecule comprising antibody Variable Domains, that 

comprises a Light Chain Variable Domain that comprises a CDRL1, CDRL2 

and CDRL3, and a Heavy Chain Variable Domain that comprises a CDRH1, 

CDRH2 and CDRH3; wherein: 
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(A) (1) said first Light Chain Variable Domain CDRL1, CDRL2, and 

CDRL3 are the Light Chain CDRs of CD137 MAB-3 VL (SEQ 

ID NO:75); and 

 (2) said first Heavy Chain Variable Domain CDRH1, CDRH2, and 

CDRH3 are the Heavy Chain CDRs of CD137 MAB-3 VH1B 

(SEQ ID NO:84); 

(B) (1) said first Light Chain Variable Domain CDRL1, CDRL2, and 

CDRL3 are the Light Chain CDRs of CD137 MAB-3 VL15 

(SEQ ID NO:222); and 

 (2) said first Heavy Chain Variable Domain CDRH1, CDRH2, and 

CDRH3 are the Heavy Chain CDRs of CD137 MAB-3 VH1B 

(SEQ ID NO:84); 

(C) (1) said first Light Chain Variable Domain CDRL1, CDRL2, and 

CDRL3 are the Light Chain CDRs of CD137 MAB-3 VL14 

(SEQ ID NO:221); and 

 (2) said first Heavy Chain Variable Domain CDRH1, CDRH2, and 

CDRH3 are the Heavy Chain CDRs of CD137 MAB-3 VH1B 

(SEQ ID NO:84); 

(D) (1) said first Light Chain Variable Domain CDRL1, CDRL2, and 

CDRL3 are the Light Chain CDRs of CD137 MAB-3 VL11 

(SEQ ID NO:218); and 

 (2) said first Heavy Chain Variable Domain CDRH1, CDRH2, and 

CDRH3 are the Heavy Chain CDRs of CD137 MAB-3 VH1B 

(SEQ ID NO:84); 

(E) (1) said first Light Chain Variable Domain CDRL1, CDRL2, and 

CDRL3 are the Light Chain CDRs of CD137 MAB-3 VL10 

(SEQ ID NO:217); and 

 (2) said first Heavy Chain Variable Domain CDRH1, CDRH2, and 

CDRH3 are the Heavy Chain CDRs of CD137 MAB-3 VH1B 

(SEQ ID NO:84); 

(F) (1) said first Light Chain Variable Domain CDRL1, CDRL2, and 

CDRL3 are the Light Chain CDRs of CD137 MAB-3 VL6 (SEQ 

ID NO:213); and 

 (2) said first Heavy Chain Variable Domain CDRH1, CDRH2, and 

CDRH3 are the Heavy Chain CDRs of CD137 MAB-3 VH1B 

(SEQ ID NO:84); 
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 (G) (1) said first Light Chain Variable Domain CDRL1, CDRL2, and 

CDRL3 are the Light Chain CDRs of CD137 MAB-3 VL4 (SEQ 

ID NO:211); and 

 (2) said first Heavy Chain Variable Domain CDRH1, CDRH2, and 

CDRH3 are the Heavy Chain CDRs of CD137 MAB-3 VH1B 

(SEQ ID NO:84) 

(H) (1) said Light Chain Variable Domain CDRL1, CDRL2, and CDRL3 

are the Light Chain CDRs of CD137 MAB-3 VL (SEQ ID 

NO:75); and 

 (2) said Heavy Chain Variable Domain CDRH1, CDRH2, and 

CDRH3 are the Heavy Chain CDRs of CD137 MAB-3 VH1A 

(SEQ ID NO:83); 

(I) (1) said first Light Chain Variable Domain CDRL1, CDRL2, and 

CDRL3 are the Light Chain CDRs of CD137 MAB-3 VL (SEQ 

ID NO:75); and 

 (2) said first Heavy Chain Variable Domain CDRH1, CDRH2, and 

CDRH3 are the Heavy Chain CDRs of CD137 MAB-3 VH1C 

(SEQ ID NO:85);  

  or 

(J) (1) said first Light Chain Variable Domain CDRL1, CDRL2, and 

CDRL3 are the Light Chain CDRs of CD137 MAB-3 VL (SEQ 

ID NO:75); and 

 (2) said first Heavy Chain Variable Domain CDRH1, CDRH2, and 

CDRH3 are the Heavy Chain CDRs of CD137 MAB-3 VH1D 

(SEQ ID NO:86). 

Claim 22. The CD137 Binding Molecule of claim 21, wherein said Heavy Chain Variable 

Domain comprises the amino acid sequence of: 

(A) hCD137 MAB-3 VH1E (SEQ ID NO:208); 

(B)  hCD137 MAB-3 VH1B (SEQ ID NO:84); 

(C) hCD137 MAB-3 VH1A (SEQ ID NO:83);  

(D)  hCD137 MAB-3 VH1C (SEQ ID NO:85); or 

(E)  hCD137 MAB-3 VH1D (SEQ ID NO:86). 

Claim 23. The CD137 Binding Molecule of any one of claims 21-22, wherein said Light 

Chain Variable Domain comprises the amino acid sequence of: 

(A) hCD137 MAB-3 VL15 (SEQ ID NO:222); or 



- 190 - 

(B) hCD137 MAB-3 VL3 (SEQ ID NO:89). 

Claim 24. The CD137 Binding Molecule of any one claims 21-23, wherein said molecule 

is an antibody or an antigen binding fragment thereof. 

Claim 25. The CD137 Binding Molecule of any one of claims 21-24, wherein:  

said first Heavy Chain Variable Domain comprises the amino acid sequence 

of: 

(A)  hCD137 MAB-3 VH1A (SEQ ID NO:83); or 

(B)  hCD137 MAB-3 VH1B (SEQ ID NO:84); or 

(C)  hCD137 MAB-3 VH1C (SEQ ID NO:85); or 

(D)  hCD137 MAB-3 VH1D (SEQ ID NO:86); and 

said first Light Chain Variable Domain comprises the amino acid sequence of 

CD137 MAB-3 VL3 (SEQ ID NO:89). 

Claim 26. The CD137 Binding Molecule of any one of claims 21-25, wherein:  

said first Heavy Chain Variable Domain comprises the amino acid 

sequence of hCD137 MAB-3 VH1B (SEQ ID NO:84); and 

said first Light Chain Variable Domain comprises the amino acid 

sequence of CD137 MAB-3 VL3 (SEQ ID NO:89). 

Claim 27. A pharmaceutical composition comprising the CD137 Binding Molecule of any 

one claims 25-26, and a physiologically acceptable carrier. 

Claim 28. Use of the CD137 Binding Molecule of any one of claims 25-26, or the 

pharmaceutical composition of claim 27, in the manufacture of a medicament 

for the treatment of a cancer. 

 

Claim 29. The use of claim 20, wherein the medicament is to be administered with a 

tumor targeting agent. 

Claim 30. The use of claim 29, wherein said tumor targeting agent is an antibody, an 

epitope binding fragment of an antibody, or an agent that mediates T-cell 

redirected killing of a target cell. 

Claim 31. The use of any one of claims 20, 29 and 30, wherein the medicament is to be 

administered with a PD-1/PD-L1 checkpoint inhibitor. 

Claim 32. The use of claim 31, wherein said PD-1/PD-L1 checkpoint inhibitor is an anti-

PD-1 antibody or an anti-PD-L1 antibody. 
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Claim 33. The use of any one of claims 20 and 28-32, wherein said cancer is selected 

from the group consisting of: bladder cancer, breast cancer, colorectal 

cancer, gastric cancer, glioblastoma, kidney cancer, lung cancer, melanoma, 

neuroblastoma, ovarian cancer, pancreatic cancer, pharyngeal cancer, 

prostate cancer, renal cell carcinoma, rhabdomyosarcoma, and squamous 

cell cancer of the head and neck (SCCHN). 

 


