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ANTIBODIES AGAINST CD73 AND USES THEREOF 

This application claims priority to United States Provisional Application No. 62/083,056, 

entitled "Antibodies Against CD73 and Uses Thereof" filed on November 21, 2014, the contents 

of which are hereby incorporated by reference. 

BACKGROUND 

Cluster of Differentiation 73 (CD73), also known as ecto-5'-nucleotidase (ecto-5'NT, EC 

3.1.3.5), is a glycosyl-phosphatidylinositol (GPI)-linked cell surface enzyme found in most 

tissues, but particularly expressed in endothelial cells and subsets of hematopoietic cells (Resta et 

al., Immunol Rev 1998;161:95-109 and Colgan et al., Prinergic Signal 2006;2:351-60). CD73 is 

known to catalyze the dephosphorylation of extracellular nucleoside monophosphates into 

nucleosides, such as adenosine. Adenosine is a widely studied signaling molecule which 

mediates its biological effects through several receptors, including Al, A2A, A2B, and A3. 

Adenosine has been shown to regulate proliferation and migration of many cancers and to have 

an immunosuppressive effect through the regulation of anti-tumor T cells (Zhang et al., Cancer 

Res 2010;70:6407-11). 

CD73 has been reported to be expressed on many different cancers, including colon, 

lung, pancreas, ovary, bladder, leukemia, glioma, glioblastoma, melanoma, thyroid, esophageal, 

prostate and breast cancers (Jin et al., Cancer Res 2010;70:2245-55 and Stagg et al., PNAS 

2010;107:1547-52). Moreover, CD73 expression in cancer has been linked to increased 

proliferation, migration, neovascularization, invasiveness, metastesis and shorter patient 

survival. CD73 activity has also been proposed as a prognostic marker in papillary thyroid 

carcinomas. While CD73 has been shown to regulate cell-cell and cell-matrix interactions on 

tumor cells, CD73 expression and activity has also been linked to reduced T-cell responses and 

implicated in drug resistance (Spychala et al., Pharmacol Ther 3000;87:161-73). Thus CD73 

can regulate cancer progression both directly and indirectly, which highlights its potential as a 

novel therapeutic target. 

Given the ongoing need for improved strategies for targeting diseases such as cancer, 

methods of regulating tumor progression through multiple mechanisms, as well as methods for 

regulating CD73 activity and related therapeutic agents are highly desirable. 
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SUMMARY 

Provided herein are isolated antibodies, such as monoclonal antibodies (antigen binding 

portions thereof), in particular human monoclonal antibodies, that specifically bind CD73 and 

have desirable functional properties. These properties include high affinity binding to human 

CD73, binding to monkey CD73 (e.g., cynomolgus CD73), and the ability to inhibit CD73 

enzymatic activity. The antibodies described herein can be used to inhibit tumor growth, reduce 

adenosine production, stimulate an immune response, and detect CD73 protein in a sample. 

In certain embodiments, the anti-CD73 antibodies exhibit at least one of the following 

properties: 

(a) inhibition of CD73 enzymatic activity; 

(b) binding to cynomolgus CD73; 

(c) antibody mediated internalization of CD73 into cells, e.g.,tumor cells; and 

(d) binding to a conformational epitope comprising amino acids 65-83 and 157-172 of 

human CD73. 

In certain embodiments, the anti-CD73 antibodies, or antigen binding portions thereof, 

bind to human CD73 (monomelic and/or dimeric CD73) with a KD of about 10 nM to 0.1 nM or 

less as measured, e.g., by BIACORE® SPR analysis, and is internalized into tumor cells with a 

T1/2 of no more than 10 min as measured, e.g., by pulse chase and as described in the Examples. 

In certain embodiments, the anti-CD73 antibodies, or antigen binding portions thereof, 

bind within the regions FTKVQQIRRAEPNVLLLDA (SEQ ID NO: 96) and/or 

LYLPYKVLPVGDEVVG (SEQ ID NO: 97) of human CD73, e.g., wherein the epitope spans or 

overlaps with FTKVQQIRRAEPNVLLLDA (SEQ ID NO: 96) and/or 

LYLPYKVLPVGDEVVG (SEQ ID NO: 97) of human CD73. 

In certain embodiments, the anti-CD73 antibodies, or antigen binding portions thereof, 

bind to an epitope on human CD73 (SEQ ID NO: 1) which includes all or a portion of amino 

acid residues FTKV QQIRRAEPNVLLLD A (SEQ ID NO: 96) and/or LYLPYKVLPVGDEVVG 

(SEQ ID NO: 97). In certain embodiments, the epitope bound by the anti-CD73 antibodies, or 

antigen binding portions thereof, is determined by, e.g., HDX-MS and/or crystallography. 

In certain embodiments, the anti-CD73 antibodies comprise the three variable heavy 

chain CDRs and the three variable light chain CDRs that are in the variable heavy chain and 

variable light chain pairs of anti-CD73 antibodies described herein, such as the chains in Table 
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35, e.g., SEQ ID NOs: 4 and 8; SEQ ID NOs: 4 and 12; SEQ ID NOs: 16 and 20; SEQ ID NOs: 

16 and 24; SEQ ID NOs: 16 and 28; SEQ ID NOs: 32 and 36; SEQ ID NOs: 40 and 44; SEQ ID 

NOs: 40 and 48; SEQ ID NOs: 52 and 56; SEQ ID NOs: 60 and 64; SEQ ID NOs: 68 and 72; 

SEQ ID NOs: 68 and 76; SEQ ID NOs: 80 and 84; SEQ ID NOs: 88 and 92; SEQ ID NOs: 135 

and 8; or SEQ ID NOs: 135 and 12. For example, the anti-CD73 antibodies comprise: 

(a) heavy chain CDR1, CDR2, and CDR3 sequences comprising SEQ ID NOs: 5, 6, and 

7, respectively, and/or light chain CDR1, CDR2, and CDR3 sequences comprising SEQ ID NOs: 

9, 10, and 11, respectively; 

(b) heavy chain CDR1, CDR2, and CDR3 sequences comprising SEQ ID NOs: 5, 6, and 

7, respectively, and/or light chain CDR1, CDR2, and CDR3 sequences comprising SEQ ID NOs: 

13, 14, and 15, respectively; 

(c) heavy chain CDR1, CDR2, and CDR3 sequences comprising SEQ ID NOs: 17, 18, 

and 19, respectively, and/or light chain CDR1, CDR2, and CDR3 sequences comprising SEQ ID 

NOs: 21, 22, and 23, respectively; 

(d) heavy chain CDR1, CDR2, and CDR3 sequences comprising SEQ ID NOs: 17, 18, 

and 19, respectively, and/or light chain CDR1, CDR2, and CDR3 sequences comprising SEQ ID 

NOs: 25, 26, and 27, respectively; 

(e) heavy chain CDR1, CDR2, and CDR3 sequences comprising SEQ ID NOs: 17, 18, 

and 19, respectively, and/or light chain CDR1, CDR2, and CDR3 sequences comprising SEQ ID 

NOs: 29, 30, and 31, respectively; 

(f) heavy chain CDR1, CDR2, and CDR3 sequences comprising SEQ ID NOs: 33, 34, 

and 35, respectively, and/or light chain CDR1, CDR2, and CDR3 sequences comprising SEQ ID 

NOs: 37, 38, and 39, respectively; 

(g) heavy chain CDR1, CDR2, and CDR3 sequences comprising SEQ ID NOs: 41, 42, 

and 43, respectively, and/or light chain CDR1, CDR2, and CDR3 sequences comprising SEQ ID 

NOs: 45, 46, and 47, respectively; 

(h) heavy chain CDR1, CDR2, and CDR3 sequences comprising SEQ ID NOs: 41, 42, 

and 43, respectively, and/or light chain CDR1, CDR2, and CDR3 sequences comprising SEQ ID 

NOs: 49, 50, and 51, respectively; 
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(i) heavy chain CDR1, CDR2, and CDR3 sequences comprising SEQ ID NOs: 53, 54, 

and 55, respectively, and/or light chain CDR1, CDR2, and CDR3 sequences comprising SEQ ID 

NOs: 57, 58, and 59, respectively; 

(j) heavy chain CDR1, CDR2, and CDR3 sequences comprising SEQ ID NOs: 61, 62, 

and 63, respectively, and/or light chain CDR1, CDR2, and CDR3 sequences comprising SEQ ID 

NOs: 65, 66, and 67, respectively; 

(k) heavy chain CDR1, CDR2, and CDR3 sequences comprising SEQ ID NOs: 69, 70, 

and 71, respectively, and/or light chain CDR1, CDR2, and CDR3 sequences comprising SEQ ID 

NOs: 73, 74, and 75, respectively; 

(1) heavy chain CDR1, CDR2, and CDR3 sequences comprising SEQ ID NOs: 69, 70, 

and 71, respectively, and/or light chain CDR1, CDR2, and CDR3 sequences comprising SEQ ID 

NOs: 77, 78, and 79, respectively; 

(m) heavy chain CDR1, CDR2, and CDR3 sequences comprising SEQ ID NOs: 81, 82, 

and 83, respectively, and/or light chain CDR1, CDR2, and CDR3 sequences comprising SEQ ID 

NOs: 85, 86, and 87, respectively; or 

(n) heavy chain CDR1, CDR2, and CDR3 sequences comprising SEQ ID NOs: 89, 90, 

and 91, respectively, and/or light chain CDR1, CDR2, and CDR3 sequences comprising SEQ ID 

NOs: 93, 94, and 95, respectively. 

In certain embodiments, the anti-CD73 antibodies, or antigen binding portions thereof, 

comprise heavy chain CDR1, CDR2, and CDR3 sequences, SEQ ID NOs: 5, 6, and 7, 

respectively, and/or light chain CDR1, CDR2, and CDR3 sequences, SEQ ID NOs: 9, 10, and 

11, respectively. 

In certain embodiments, the anti-CD73 antibodies, or antigen binding portions thereof, 

comprise heavy chain CDR1, CDR2, and CDR3 sequences, SEQ ID NOs: 5, 6, and 7, 

respectively, and/or light chain CDR1, CDR2, and CDR3 sequences, SEQ ID NOs: 13, 14, and 

15, respectively. 

In certain embodiments, the anti-CD73 antibodies, or antigen binding portions thereof, 

comprise heavy and light chain variable regions having amino acid sequences which are at least 

80% identical, e.g., at least 85% identical, at least 90% identical, at least 95% identical, at least 

96% identical, at least 97% identical, at least 98% identical, or at least 99% identical or greater to 

the amino acid sequences of a heavy chain variable region of anti-CD73 antibodies described 
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herein, e.g., comprising the amino acid sequence set forth in SEQ ID NOs: 4, 16, 32, 40, 52, 60, 

68, 80, 88, 135, 170-177 and/or a light chain variable region of anti-CD73 antibodies described 

herein, e.g., comprising the amino acid sequence set forth in SEQ ID NOs: 8, 12, 20, 24, 28, 36, 

44, 48, 56, 64, 72, 76, 84, or 92. 

In certain embodiments, the anti-CD73 antibodies, or antigen binding portions thereof, 

comprise heavy chain and light chain variable region sequences which are at least 80% identical, 

e.g., at least 85% identical, at least 90% identical, at least 95% identical, at least 96% identical, at 

least 97% identical, at least 98% identical, or at least 99% identical or greater (e.g., 100%), to the 

amino acid sequences: SEQ ID NOs: 135 and 8; SEQ ID NOs: 135 and 12; SEQ ID NOs: 4 and 

8; SEQ ID NOs: 4 and 12; SEQ ID NOs: 16 and 20; SEQ ID NOs: 16 and 24; SEQ ID NOs: 16 

and 28; SEQ ID NOs: 32 and 36; SEQ ID NOs: 40 and 44; SEQ ID NOs: 40 and 48; SEQ ID 

NOs: 52 and 56; SEQ ID NOs: 60 and 64; SEQ ID NOs: 68 and 72; SEQ ID NOs: 68 and 76; 

SEQ ID NOs: 80 and 84; SEQ ID NOs: 88 and 92; SEQ ID NO: 170 and any one of SEQ ID 

NOs: 20, 24 and 28; any one of SEQ ID NOs: 171-176 and SEQ ID NO: 8 or 12; or SEQ ID NO: 

177 and 36. 

In certain embodiments, the anti-CD73 antibodies, or antigen binding portions thereof, 

comprise heavy and light chain variable regions selected from the group consisting of: SEQ ID 

NOs: 135 and 8; SEQ ID NOs: 135 and 12; SEQ ID NOs: 4 and 8; SEQ ID NOs: 4 and 12; SEQ 

ID NOs: 16 and 20; SEQ ID NOs: 16 and 24; SEQ ID NOs: 16 and 28; SEQ ID NOs: 32 and 36; 

SEQ ID NOs: 40 and 44; SEQ ID NOs: 40 and 48; SEQ ID NOs: 52 and 56; SEQ ID NOs: SEQ 

ID NOs: 60 and 64; SEQ ID NOs: 68 and 72; SEQ ID NOs: 68 and 76; SEQ ID NOs: 80 and 84; 

SEQ ID NOs: 88 and 92; SEQ ID NO: 170 and any one of SEQ ID NOs: 20, 24 and 28; any one 

of SEQ ID NOs: 171-176 and SEQ ID NO: 8 or 12; or SEQ ID NOs: 177 and 36. 

In certain embodiments, the antibody or antigen binding portion thereof, comprises a 

heavy chain variable region having the amino acid sequence set forth in SEQ ID NO: 135 and a 

light chain variable region having the amino acid sequence set forth in SEQ ID NO: 8 or SEQ ID 

NO: 12. 

Provided herein are anti-CD73 antibodies, or antigen binding portions thereof, 

respectively, having full length heavy chain and light chain sequences at least 80%, 85%, 90%, 

95%, 96%, 97%, 98% 99% or 100% identical to the amino acid sequences of any anti-CD73 

antibody described herein, e.g., SEQ ID NOs: 100 and 101; SEQ ID NOs: 100 and 102; SEQ ID 
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NOs: 103 and 104; SEQ ID NOs: 103 and 105; SEQ ID NOs: 103 and 106; SEQ ID NOs: 107 

and 108; SEQ ID NOs: 109 and 110; SEQ ID NOs: 109 and 111; SEQ ID NOs: 112 and 113; 

SEQ ID NOs: 114 and 115; SEQ ID NOs: 116 and 117; SEQ ID NOs: 116 and 118; SEQ ID 

NOs: 119 and 120; SEQ ID NOs: 121 and 122; SEQ ID NOs: 133 or 189 (without C-terminal 

lysine) and 101; SEQ ID NOs: 133 or 189 and 102; SEQ ID NOs: 189 and 101; SEQ ID NOs: 

189 and 102; any one of SEQ ID NOs: 184-186 and any one of SEQ ID NOs: 104-106; any one 

of SEQ ID NOs: 187-207 and SEQ ID NO: 101 or 102; or any one of SEQ ID NOs: 208-210 and 

SEQ ID NO: 108. 

In certain embodiments, the antibody or antigen binding portion thereof, comprises a 

heavy chain region having the amino acid sequence set forth in SEQ ID NO: 133 or 189 and a 

light chain region having the amino acid sequence set forth in SEQ ID NO: 101 or SEQ ID NO: 

102. 

In certain embodiments, the anti-CD73 antibodies, or antigen-binding portions thereof, 

are IgGl, IgG2, IgG3, or IgG4 antibodies, or variants thereof. In certain embodiments, the anti-

CD73 antibodies, or antigen binding portions thereof, bind the same epitope on CD73 as the 

antibodies having the foregoing heavy and light chain variable regions sequences (e.g., 

antibodies CD73.4-1, CD73.4-2, CD73.3, 11F11-1, 11F11-2, 4C3-1, 4C3-2, 4C3-3, 4D4, 10D2-1, 

10D2-2, 11A6, 24H2, 5F8-1, 5F8-2, 6E11 and/or 7A11). 

In certain embodiments, the anti-CD73 antibodies, or antigen binding portions thereof, 

comprise a modified heavy chain constant region which includes, e.g., a human CHI domain, a 

human hinge domain, a human CH2 domain, and a human CH3 domain in order from N- to C-

terminus, wherein at least 2 domains are of a different isotype (e.g., IgGl, IgG2, IgG3, and IgG4 

isotypes). For example, in certain embodiments, a modified constant region comprises a human 

IgG2 hinge and at least one of the CHI, CH2, and CH3 domains is not of an IgG2 isotype. In 

certain embodiments, CHI is a human IgG2 CHI domain, e.g., having the amino acid sequence 

ASTKGPSVFPLAPCSRSTSESTAALGCLVKDYFPEPVTVSWNSGALTSGVHTFPAVLQSS 

GLYSLSSVVTVPSSNFGTQTYTCNVDHKPSNTKVDKTV (SEQ ID NO: 124). The modified 

constant region may include a human IgG2 hinge domain, e.g., a human IgG2 hinge domain 

which reduces heterogeneity in the cysteine binding, e.g., a human IgG2 hinge domain having 

amino acid substitution at C219, e.g., C219S, relative to a wildtype human IgG2 hinge domain 

(SEQ NO 136), e.g., a human IgG2 hinge domain having the amino acid sequence 
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ERKSCVECPPCPAPPVAG (SEQ ID NO: 123). The modified constant region may include a 

human IgGl CH2 domain which reduces or eliminates effector functions, e.g., a human IgGl 

CH2 domain having amino acid substitutions A330S and P331S, relative to a wildtype human 

IgGl CH2 domain (SEQ ID NO: 137), e.g., a human IgGl CH2 domain comprises the amino 

acid sequence 

PSVFLFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVKFNWYVDGVEVHNAKTKPREEQY 

NSTYRVVSVLTVLHQDWLNGKEYKCKVSNKALPSSIEKTISKAK (SEQ ID NO: 125). 

The modified constant region may include a wildtype human IgGl CH3 domain, e.g., having the 

amino acid sequence 

GQPREPQVYTLPPSREEMTKNQVSLTCLVKGFYPSDIAVEWESNGQPENNYKTTPPVLD 

SDGSFFLYSKLTVDKSRWQQGNVFSCSVMHEALHNHYTQKSLSLSPGK (SEQ ID NO: 

128). 

In certain embodiments, an anti-CD73 antibody comprises a modified heavy chain 

region, e.g., comprising (i) an IgG2 hinge or (ii) an IgG2 hinge and IgG CHI domain, with the 

proviso that the antibody is not an IgG2 antibody, e.g., the antibody does not comprise a 

wildtype IgG2 heavy chain constant region. 

In certain embodiments, the anti-CD73 antibodies, or antigen binding portions thereof, 

comprise any one of the constant regions described herein, e.g., constant regions comprising the 

amino acid sequences set forth in SEQ ID NOs: 126, 127, 129, 130, 162-169, 180-183, 267-282, 

and 300-347. 

In certain embodiments, an anti-CD73 antibody comprises the VH and VL domains of 

11F11 or CD73.4, and a heavy chain constant region comprising an IgG2 hinge or a heavy chain 

constant region comprising an IgG2 hinge and IgG2 CHI domain. The heavy chain constant 

region may be IgG2CS-IgGl.lf (SEQ ID NO: 169) or IgG2CS-IgGlf (SEQ ID NO: 165), 

wherein "CS" refers to "C219S." 

Provided herein are bispecific molecules comprising the anti-CD73 antibodies, or antigen 

binding portions thereof, linked to a molecule having a second binding specificity, as well as 

immunoconjugates comprising the anti-CD73 antibodies, or antigen binding portions thereof, 

linked to an agent. 
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Nucleic acid molecules encoding the heavy and/or light chain variable region sequences 

of the anti-CD73 antibodies are also provided, as well as expression vectors comprising the 

nucleic acid molecules, and cells transformed with the expression vectors. 

Compositions and kits comprising anti-CD73 antibodies, or antigen binding portions 

thereof, are also provided. 

Provided herein is a method of preparing anti-CD73 antibodies, comprising expressing an 

anti-CD73 antibody disclosed herein in a cell and isolating the antibody from the cell. 

Methods of using the anti-CD73 antibodies disclosed herein are also provided, e.g., 

methods of decreasing adenosine levels, e.g., in or by a tumor, e.g., a tumor cell, expressing 

CD73, methods of stimulating an antigen-specific T cell response, methods of stimulating an 

immune response in a subject, methods of inhibiting the growth of tumor cells in a subject, 

methods of treating cancer, e.g., by immunotherapy. In certain embodiments, the cancer is 

bladder cancer, breast cancer, uterine/cervical cancer, ovarian cancer, prostate cancer, testicular 

cancer, esophageal cancer, gastrointestinal cancer, pancreatic cancer, colorectal cancer, colon 

cancer, kidney cancer, head and neck cancer, lung cancer, stomach cancer, germ cell cancer, 

bone cancer, liver cancer, thyroid cancer, skin cancer, neoplasm of the central nervous system, 

lymphoma, leukemia, myeloma, sarcoma, or virus-related cancer. The cancer may be a 

metastatic cancer, refractory cancer, or recurrent cancer. 

In certain embodiments, the methods described herein further comprise administering one 

or more additional therapeutics, e.g., a therapeutic that stimulates the immune system, e.g., a PD-

1 antagonist, a CTLA-4 antagonist, a LAG-3 antagonist, a GITR antagonist, and/or an anti-CD39 

antibody, an anti-A2AR antibody, or chemical inhibitor of A2AR. 

Other features and advantages of the instant disclosure will be apparent from the 

following detailed description and examples, which should not be construed as limiting. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1A shows the nucleotide sequence (SEQ ID NO: 237) and amino acid sequence 

(SEQ ID NO: 135) of the heavy chain variable region of the CD73.4-1 human monoclonal 

antibody. The CDR1 (SEQ ID NO: 5), CDR2 (SEQ ID NO: 6) and CDR3 (SEQ ID NO: 7) 

regions are delineated and the V, D and J germline derivations are indicated. 
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Figure IB shows the nucleotide sequence (SEQ ID NO: 140) and amino acid sequence 

(SEQ ID NO: 8) of the light chain variable region (VK1) of the CD73.4-1 human monoclonal 

antibody. The CDR1 (SEQ ID NO: 9), CDR2 (SEQ ID NO: 10) and CDR3 (SEQ ID NO: 11) 

regions are delineated and the V, D and J germline derivations are indicated. 

Figure 2A shows the nucleotide sequence (SEQ ID NO: 237) and amino acid sequence 

(SEQ ID NO: 135) of the heavy chain variable region of the CD73.4-2 human monoclonal 

antibody. The CDR1 (SEQ ID NO: 5), CDR2 (SEQ ID NO: 6) and CDR3 (SEQ ID NO: 7) 

regions are delineated and the V, D and J germline derivations are indicated. 

Figure 2B shows the nucleotide sequence (SEQ ID NO: 141) and amino acid sequence 

(SEQ ID NO: 12) of the light chain variable region of the CD73.4-2 human monoclonal 

antibody. The CDR1 (SEQ ID NO: 13), CDR2 (SEQ ID NO: 14) and CDR3 (SEQ ID NO: 15) 

regions are delineated and the V, D and J germline derivations are indicated. 

Figure 3A shows the nucleotide sequence (SEQ ID NO: 139) and amino acid sequence 

(SEQ ID NO: 4) of the heavy chain variable region of the 11F11-1 human monoclonal antibody. 

The CDR1 (SEQ ID NO: 5), CDR2 (SEQ ID NO: 6) and CDR3 (SEQ ID NO: 7) regions are 

delineated and the V, D and J germline derivations are indicated. 

Figure 3B shows the nucleotide sequence (SEQ ID NO: 140) and amino acid sequence 

(SEQ ID NO: 8) of the light chain variable region of the 11F11-1 human monoclonal antibody. 

The CDR1 (SEQ ID NO: 9), CDR2 (SEQ ID NO: 10) and CDR3 (SEQ ID NO: 11) regions are 

delineated and the V, D and J germline derivations are indicated. 

Figure 4A shows the nucleotide sequence (SEQ ID NO: 139) and amino acid sequence 

(SEQ ID NO: 4) of the heavy chain variable region of the 11F11-2 human monoclonal antibody. 

The CDR1 (SEQ ID NO: 5), CDR2 (SEQ ID NO: 6) and CDR3 (SEQ ID NO: 7) regions are 

delineated and the V, D and J germline derivations are indicated. 

Figure 4B shows the nucleotide sequence (SEQ ID NO: 141) and amino acid sequence 

(SEQ ID NO: 12) of the light chain variable region of the 11F11-2 human monoclonal antibody. 

The CDR1 (SEQ ID NO: 13), CDR2 (SEQ ID NO: 14) and CDR3 (SEQ ID NO: 15) regions are 

delineated and the V, D and J germline derivations are indicated. 

Figure 5A shows the nucleotide sequence (SEQ ID NO: 142) and amino acid sequence 

(SEQ ID NO: 16) of the heavy chain variable region of the 4C3-1 human monoclonal antibody. 
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The CDR1 (SEQ ID NO: 17), CDR2 (SEQ ID NO: 18) and CDR3 (SEQ ID NO: 19) regions are 

delineated and the V, D and J germline derivations are indicated. 

Figure 5B shows the nucleotide sequence (SEQ ID NO: 143) and amino acid sequence 

(SEQ ID NO: 20) of the light chain variable region of the 4C3-1 human monoclonal antibody. 

The CDR1 (SEQ ID NO: 21), CDR2 (SEQ ID NO: 22) and CDR3 (SEQ ID NO: 23) regions are 

delineated and the V, D and J germline derivations are indicated. 

Figure 6A shows the nucleotide sequence (SEQ ID NO: 142) and amino acid sequence 

(SEQ ID NO: 16) of the heavy chain variable region of the 4C3-2 human monoclonal antibody. 

The CDR1 (SEQ ID NO: 17), CDR2 (SEQ ID NO: 18) and CDR3 (SEQ ID NO: 19) regions are 

delineated and the V, D and J germline derivations are indicated. 

Figure 6B shows the nucleotide sequence (SEQ ID NO: 144) and amino acid sequence 

(SEQ ID NO: 24) of the light chain variable region of the 4C3-2 human monoclonal antibody. 

The CDR1 (SEQ ID NO: 25), CDR2 (SEQ ID NO: 26) and CDR3 (SEQ ID NO: 27) regions are 

delineated and the V, D and J germline derivations are indicated. 

Figure 7A shows the nucleotide sequence (SEQ ID NO: 142) and amino acid sequence 

(SEQ ID NO: 16) of the heavy chain variable region of the 4C3-3 human monoclonal antibody. 

The CDR1 (SEQ ID NO: 17), CDR2 (SEQ ID NO: 18) and CDR3 (SEQ ID NO: 19) regions are 

delineated and the V, D and J germline derivations are indicated. 

Figure 7B shows the nucleotide sequence (SEQ ID NO: 145) and amino acid sequence 

(SEQ ID NO: 28) of the light chain variable region of the 4C3-3 human monoclonal antibody. 

The CDR1 (SEQ ID NO: 29), CDR2 (SEQ ID NO: 30) and CDR3 (SEQ ID NO: 31) regions are 

delineated and the V, D and J germline derivations are indicated. 

Figure 8A shows the nucleotide sequence (SEQ ID NO: 146) and amino acid sequence 

(SEQ ID NO: 32) of the heavy chain variable region of the 4D4-1 human monoclonal antibody. 

The CDR1 (SEQ ID NO: 33), CDR2 (SEQ ID NO: 34) and CDR3 (SEQ ID NO: 35) regions are 

delineated and the V, D and J germline derivations are indicated. 

Figure 8B shows the nucleotide sequence (SEQ ID NO: 147) and amino acid sequence 

(SEQ ID NO: 36) of the light chain variable region of the 4D4-1 human monoclonal antibody. 

The CDR1 (SEQ ID NO: 37), CDR2 (SEQ ID NO: 38) and CDR3 (SEQ ID NO: 39) regions are 

delineated and the V, D and J germline derivations are indicated. 
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Figure 9A shows the nucleotide sequence (SEQ ID NO: 148) and amino acid sequence 

(SEQ ID NO: 40) of the heavy chain variable region of the 10D2-1 human monoclonal antibody. 

The CDR1 (SEQ ID NO: 41), CDR2 (SEQ ID NO: 42) and CDR3 (SEQ ID NO: 43) regions are 

delineated and the V, D and J germline derivations are indicated. 

Figure 9B shows the nucleotide sequence (SEQ ID NO: 149) and amino acid sequence 

(SEQ ID NO: 44) of the light chain variable region of the 10D2-1 human monoclonal antibody. 

The CDR1 (SEQ ID NO: 45), CDR2 (SEQ ID NO: 46) and CDR3 (SEQ ID NO: 47) regions are 

delineated and the V, D and J germline derivations are indicated. 

Figure 10A shows the nucleotide sequence (SEQ ID NO: 148) and amino acid sequence 

(SEQ ID NO: 40) of the heavy chain variable region of the 10D2-2 human monoclonal antibody. 

The CDR1 (SEQ ID NO: 41), CDR2 (SEQ ID NO: 42) and CDR3 (SEQ ID NO: 43) regions are 

delineated and the V, D and J germline derivations are indicated. 

Figure 10B shows the nucleotide sequence (SEQ ID NO: 150) and amino acid sequence 

(SEQ ID NO: 48) of the light chain variable region of the 10D2-2 human monoclonal antibody. 

The CDR1 (SEQ ID NO: 49), CDR2 (SEQ ID NO: 50) and CDR3 (SEQ ID NO: 51) regions are 

delineated and the V, D and J germline derivations are indicated. 

Figure 11A shows the nucleotide sequence (SEQ ID NO: 151) and amino acid sequence 

(SEQ ID NO: 52) of the heavy chain variable region of the 11A6-1 human monoclonal antibody. 

The CDR1 (SEQ ID NO: 53), CDR2 (SEQ ID NO: 54) and CDR3 (SEQ ID NO: 55) regions are 

delineated and the V, D and J germline derivations are indicated. 

Figure 11B shows the nucleotide sequence (SEQ ID NO: 152) and amino acid sequence 

(SEQ ID NO: 56) of the light chain variable region of the 11A6-1 human monoclonal antibody. 

The CDR1 (SEQ ID NO: 57), CDR2 (SEQ ID NO: 58) and CDR3 (SEQ ID NO: 59) regions are 

delineated and the V, D and J germline derivations are indicated. 

Figure 12A shows the nucleotide sequence (SEQ ID NO: 153) and amino acid sequence 

(SEQ ID NO: 60) of the heavy chain variable region of the 24H2-1 human monoclonal antibody. 

The CDR1 (SEQ ID NO: 61), CDR2 (SEQ ID NO: 62) and CDR3 (SEQ ID NO: 63) regions are 

delineated and the V, D and J germline derivations are indicated. 

Figure 12B shows the nucleotide sequence (SEQ ID NO: 154) and amino acid sequence 

(SEQ ID NO: 64) of the light chain variable region of the 24H2-1 human monoclonal antibody. 
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The CDR1 (SEQ ID NO: 65), CDR2 (SEQ ID NO: 66) and CDR3 (SEQ ID NO: 67) regions are 

delineated and the V, D and J germline derivations are indicated. 

Figure 13A shows the nucleotide sequence (SEQ ID NO: 155) and amino acid sequence 

(SEQ ID NO: 68) of the heavy chain variable region of the 5F8-1 human monoclonal antibody. 

The CDR1 (SEQ ID NO: 69), CDR2 (SEQ ID NO: 70) and CDR3 (SEQ ID NO: 71) regions are 

delineated and the V, D and J germline derivations are indicated. 

Figure 13B shows the nucleotide sequence (SEQ ID NO: 156) and amino acid sequence 

(SEQ ID NO: 72) of the light chain variable region of the 5F8-1 human monoclonal antibody. 

The CDR1 (SEQ ID NO: 73), CDR2 (SEQ ID NO: 74) and CDR3 (SEQ ID NO: 75) regions are 

delineated and the V, D and J germline derivations are indicated. 

Figure 14A shows the nucleotide sequence (SEQ ID NO: 155) and amino acid sequence 

(SEQ ID NO: 68) of the heavy chain variable region of the 5F8-2 human monoclonal antibody. 

The CDR1 (SEQ ID NO: 69), CDR2 (SEQ ID NO: 70) and CDR3 (SEQ ID NO: 71) regions are 

delineated and the V, D and J germline derivations are indicated. 

Figure 14B shows the nucleotide sequence (SEQ ID NO: 157) and amino acid sequence 

(SEQ ID NO: 76) of the light chain variable region of the 5F8-2 human monoclonal antibody. 

The CDR1 (SEQ ID NO: 77), CDR2 (SEQ ID NO: 78) and CDR3 (SEQ ID NO: 79) regions are 

delineated and the V, D and J germline derivations are indicated. 

Figure 15A shows the nucleotide sequence (SEQ ID NO: 155) and amino acid sequence 

(SEQ ID NO: 68) of the heavy chain variable region of the 5F8-3 human monoclonal antibody. 

The CDR1 (SEQ ID NO: 69), CDR2 (SEQ ID NO: 70) and CDR3 (SEQ ID NO: 71) regions are 

delineated and the V, D and J germline derivations are indicated. 

Figure 15B shows the nucleotide sequence (SEQ ID NO: 242) and amino acid sequence 

(SEQ ID NO: 238) of the light chain variable region of the 5F8-3 human monoclonal antibody. 

The CDR1 (SEQ ID NO: 239), CDR2 (SEQ ID NO: 240) and CDR3 (SEQ ID NO: 241) regions 

are delineated and the V, D and J germline derivations are indicated. 

Figure 16A shows the nucleotide sequence (SEQ ID NO: 158) and amino acid sequence 

(SEQ ID NO: 80) of the heavy chain variable region of the 6E11-1 human monoclonal antibody. 

The CDR1 (SEQ ID NO: 81), CDR2 (SEQ ID NO: 82) and CDR3 (SEQ ID NO: 83) regions are 

delineated and the V, D and J germline derivations are indicated. 

12 



WO 2016/081748 PCT/US2015/061639 

Figure 16B shows the nucleotide sequence (SEQ ID NO: 159) and amino acid sequence 

(SEQ ID NO: 84) of the light chain variable region of the 6E11-1 human monoclonal antibody. 

The CDR1 (SEQ ID NO: 85), CDR2 (SEQ ID NO: 86) and CDR3 (SEQ ID NO: 87) regions are 

delineated and the V, D and J germline derivations are indicated. 

Figure 17A shows the nucleotide sequence (SEQ ID NO: 160) and amino acid sequence 

(SEQ ID NO: 88) of the heavy chain variable region of the 7A11-1 human monoclonal antibody. 

The CDR1 (SEQ ID NO: 89), CDR2 (SEQ ID NO: 90) and CDR3 (SEQ ID NO: 91) regions are 

delineated and the V, D and J germline derivations are indicated. 

Figure 17B shows the nucleotide sequence (SEQ ID NO: 161) and amino acid sequence 

(SEQ ID NO: 92) of the light chain variable region of the 7A11-1 human monoclonal antibody. 

The CDR1 (SEQ ID NO: 93), CDR2 (SEQ ID NO: 94) and CDR3 (SEQ ID NO: 95) regions are 

delineated and the V, D and J germline derivations are indicated. 

Figure 18 shows the amino acid sequence (SEQ ID NO: 189) of the heavy chain of anti-

CD73 antibody CD73.4-IgG2CS-IgGl.lf, and its variable region, CDRs 1, 2 and 3, CHI, Hinge, 

CH2 and CH3 domains. 

Figure 19 shows SPR sensorgram data for the binding of 600, 200, 66.7, 22.2, 7.4, and 

2.5 nM human-CD73-his (thick lines) or cyno-CD73-his (thin lines) to CD73.4- IgG2-C219S-

IgGl.lf captured on an immobilized protein A surface at 25°C. 

Figures 20A1 and 20A2 show the binding of the 11F11, CD73.4 and CD73.10 antibodies 

with the indicated heavy chain constant regions to human CD73 positive Calu6 cells (human 

pulmonary adenocarcinoma cell line). 

Figures 20B1 and 20B2 show the binding of the 11F11, CD73.4 and CD73.10 antibodies 

with the indicated heavy chain constant regions to human CD73 negative DMS114 cells (small 

lung cell carcinoma cell line). 

Figures 20C1 and 20C2 show the binding of the 11F11, CD73.4 and CD73.10 antibodies 

with the indicated heavy chain constant regions to cyno CD73 positive CHO cells. 

Figures 20D1 and 20D2 show the binding of the 11F11, CD73.4 and CD73.10 antibodies 

with the indicated heavy chain constant regions to cyno CD73 negative CHO-K1 cells. 

Figure 20E shows the binding of the indicated antibodies to T cells from donors D1 and 

D2. 
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Figure 20F shows the binding of the indicated antibodies to T cells from donors D1 and 

D2. 

Figures 21 Al and 21A2 show the inhibition of bead bound human CD73 enzymatic 

activity by the anti-CD73 antibodies 11F11, CD73.4 and CD73.10 with the indicated heavy 

chain constant regions. All antibodies inhibited human CD73 enzymatic activity. 

Figures 21B1 and 21B2 show the inhibition of bead bound cyno CD73 enzymatic activity 

by the anti-CD73 antibodies 11F11, CD73.4 and CD73.10 with the indicated heavy chain 

constant regions. All antibodies inhibited cyno CD73 enzymatic activity. 

Figures 22A1 and 22A2 show CD73 enzymatic inhibition in human CD73 positive Calu6 

cells by the 11F11, CD73.4 and CD73.10 antibodies with the indicated heavy chain constant 

regions. All antibodies inhibited CD73 enzymatic activity in these cells. 

Figures 22B1 and 22B2 show CD73 enzymatic inhibition in human CD73 negative 

DMS-114 cells by the 11F11, CD73.4 and CD73.10 antibodies with the indicated heavy chain 

constant regions. 

Figure 22C shows EC50 and Ymax values of inhibition of endogenous CD73 activity by 

11F11 and 11F11 F(ab')2 fragments, as determined in cAMP assay using Calu-6 and HEK/A2R 

cells. Figure 22C also shows the EC50 and Ymax values of 11F11 and 11F11 F(ab')2 fragments 

in a Calu-6 internalization assay. The Figure shows that an 11F11 Fab fragment is inactive in 

these two assays. 

Figure 22D shows a time course of adenosine production from Calu6 cells treated with 

the 11F11 or 4C3 antibody, as measured by LC/MS/MS, indicating that CD73 enzymatic 

inhibition by the 11F11 antibody occurs faster than that by the 4C3 antibody. 

Figure 23A shows the kinetics of antibody mediated internalization of CD73 by the 

following antibodies: 11F11, 4C3, 6D11, CD73.3-IgGl.lf with the 4C3Vkl light chain ("3-Vh-

hHC-IgGl.lf/4C3Vkl"), CD73.4-IgG2CS with the 11F11 Vk2 light chain ("4-Vh-hHC-IgG2-

C219S/11F11-Vk2"), CD73.10-IgG2CS ("CD73.10-Vh-hHC-IgG2-C219S"), CD73.10-IgG2CS-

IgGl.lf ("CD73.10-Vh-hHC-IgG2-C219S-IgGl.lf'), and CD73.10-IgGl.lf ("CD73.10-Vh-

hHC-IgGl.lf") antibodies in H2228 cells. The 11F11 (which is of an IgG2 isotype), CD73.4-

IgG2CS, CD73.10-IgG2CS and CD73.10-IgG2CS-IgGl.lf antibodies are internalized faster and 

to a higher degree than the other tested antibodies, which are of an IgGl isotype. 
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Figure 23B shows the kinetics of antibody mediated CD73 internalization of the same 

antibodies as those shown in Figure 23A in HCC15 cells (non-small cell lung carcinoma cell 

line), showing similar results to those obtained in H2228 cells (non-small cell lung carcinoma 

cell line). 

Figure 23C shows the kinetics of antibody mediated CD73 internalization of the same 

antibodies as those shown in Figures 23A and 23B, as well as CD73.11-IgG2CS ("11-Vh-hVC-

IgG2-C219S"), in Calu6 cells, showing similar results to those obtained in H2228 and HCC15 

cells. 

Figure 23D shows the kinetics of antibody mediated CD73 internalization of the same 

antibodies as those shown in Figure 23C in NCI-2030 cells (non-small cell lung carcinoma cell 

line), showing similar results to those obtained in H2228, HCC15, and Calu6 cells. 

Figure 23E shows the kinetics of antibody mediated CD73 internalization of the indicated 

antibodies in Calu6 cells, as measured by flow cytometry. 

Figure 23F shows the kinetics of antibody mediated CD73 internalization of the indicated 

antibodies in NCI-H292 cells (mucoepidermoid pulmonary carcinoma cell line), as measured by 

flow cytometry, but where the antibodies were not washed out after the first incubation of the 

cells with the antibodies. 

Figure 23G shows the percentage of CD73 internalized in Calu6 cells treated with the 

indicated antibodies, showing antibody mediated CD73 internalization of the indicated 

antibodies in Calu6 cells over time. 

Figure 23H shows the percentage of CD73 internalized in NCI-H292 cells treated with 

the indicated antibodies over time, showing antibody mediated CD73 internalization of the 

indicated antibodies in NCI-H292 cells over time. 

Figure 231 shows the percentage of CD73 internalized in SNU-C1 cells (colon carcinoma 

cell line) treated with the indicated antibodies over time, showing antibody mediated CD73 

internalization of the indicated antibodies in SNU-C1 cells over time. 

Figure 23J shows the percentage of CD73 internalized in NCI-H1437 cells (non-small 

cell lung carcinoma cell line) treated with the indicated antibodies over time, showing antibody 

mediated CD73 internalization of the indicated antibodies in NCI-H1437 cells over time. 
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Figure 23K shows the percentage of CD73 internalized in Calu6 cells treated with the 

indicated antibodies over time, showing antibody mediated CD73 internalization of the indicated 

antibodies in Calu6 cells over time. 

Figure 23L shows the percentage of CD73 internalized in NCI-H292 cells treated with 

the indicated antibodies over time, showing antibody mediated CD73 internalization of the 

indicated antibodies in Calu6 cells over time. 

Figure 23M shows the level of CD73 on the surface of Calu6 cells treated with 5 |ig/ml 

of the indicated antibodies for 0, 5, 15 or 30 minutes. 

Figure 24A shows xenograft tumor sections from animals harvested 4 days after 

treatment of the animals with a control antibody and stained for CD73 enzymatic activity. The 

sections show a dense brown color, indicating CD73 enzymatic activity. 

Figure 24B shows xenograft tumor sections from animals harvested 1 day after treatment 

of the animals with the 11F11 antibody and stained for CD73 enzymatic activity. The sections 

show significantly less brown color relative to the control tumor sections shown in Figure 24A, 

indicating in vivo inhibition of CD73 enzymatic activity by CD73.10-IgG2CS-IgGl.lf as early 

as 1 day after the start of the treatment. 

Figure 24C shows xenograft tumor sections from animals harvested 2 days after 

treatment of the animals with CD73.10-IgG2CS-IgGl.lf and stained for CD73 enzymatic 

activity. The sections show significantly less brown color relative to the control tumor sections 

shown in Figure 24A and relative to the tumor sections after 1 day of treatment of the animals 

with CD73.10-IgG2CS-IgGl.lf, indicating in vivo inhibition of CD73 enzymatic activity by 

CD73.10-IgG2CS-IgGl.lf at least 2 days after the start of the treatment. 

Figure 24D shows xenograft tumor sections from animals harvested 3 days after 

treatment of the animals with CD73.10-IgG2CS-IgGl.lf and stained for CD73 enzymatic 

activity. The sections show significantly less brown color relative to the control tumor sections 

shown in Figure 24A, indicating in vivo inhibition of CD73 enzymatic activity by CD73.10-

IgG2CS-IgGl.lf at least 3 days after the start of the treatment. 

Figure 24E shows xenograft tumor sections from animals harvested 7 days after treatment 

of the animals with CD73.10-IgG2CS-IgGl.lf and stained for CD73 enzymatic activity. The 

sections show significantly less brown color relative to the control tumor sections shown in 
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Figure 24A, indicating in vivo inhibition of CD73 enzymatic activity by CD73.10-IgG2CS-

IgGl.lf at least 7 days after the start of the treatment. 

Figure 24F shows a time course of the enzymatic activity of human CD73 in SNUC1 

tumors in xenograft mice treated with a control (non CD73) antibody or with 1 mg/kg, 3 mg/kg 

or 10 mg/kg CD73.4-IgG2CS-IgGl.lf, showing that the anti-CD73 antibody efficiently reduces 

CD73 enzymatic activity in the tumors of the xenograft mice. 

Figure 25A shows levels of mouse CD73 enzymatic activity in control tumor sections 

from Balb/c mice bearing syngeneic 4T1 tumors and control mlgG. 

Figure 25B shows tumor sections (4T1 days 1-7) of Balb/c mice bearing syngeneic 4T1 

tumors subcutaneously treated with anti-mouse CD73 antibody TY23, showing that TY23 

inhibits CD73 enzymatic inhibition in vivo. 

Figure 26A shows the level of cross-blocking of 4C3 by the anti-CD73 antibodies 4C3, 

7A11, 6E11, 5F8, 4C3, 11F11 and 11A6 as determined by flow cytometry. 

Figure 26B shows the level of cross-blocking of 11F11 by the anti-CD73 antibodies 4C3, 

7A11, 6E11, 5F8, 4C3, 11F11 and 11A6 as determined by flow cytometry. 

Figure 27A shows the amino acid sequence (SEQ ID NO: 283) of human CD73 and the 

regions of interaction with CD73.4-IgG2CS-IgGl.lf, which are represented in a darker grey. 

The stronger the interaction, the darker the grey. 

Figure 27B shows a model of the interaction between a dimeric human CD73 protein and 

CD73.4-IgG2CS-IgGl.lf. 

Figure 28A shows a crystallographic model of the interaction between human CD73 and 

llFllFab' fragment. 

Figure 28B shows a model of a composite structure of two human CD73 complexes with 

11F11. 

Figure 28C shows a model of the interaction between human CD73 and 11F11 antibody. 

Figure 28D shows a model of the interaction between 11F11 and human CD73. 

Figure 29A shows SEC-MALS data for human CD73 and antibody complexes. 

"CD73.4-hybrid" refers to CD73.4-IgG2CS-IgGl.lf. 

Figure 29B shows DLS data for human CD73 and antibody complexes. 
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Figure 30A shows SEC chromatogram data for complexes of hCD73-his with the CD73.4 

antibody containing different constant regions, showing the effect of an IgG2 hinge and CHI 

domain on the size of antibody/antigen complexes. 

Figure 30B shows DLS data for complexes of hCD73-his with the CD73.4 antibody 

containing different constant regions, showing the effect of an IgG2 hinge and CHI domain on 

the size of antibody/antigen complexes. 

Figure 30C shows MALS data for complexes of hCD73-his with the CD73.4 antibody 

containing different constant regions, showing the effect of an IgG2 hinge and CHI domain on 

the size of antibody/antigen complexes. 

Figure 30D shows a schematic model of the hCD73-his/mAb complexes derived from the 

MALS-determined masses in Figure 30C. 

Figure 30E shows that higher order complexes are impacted by the CHI region. The 

histograms show the % area under peaks 1 and 2, shown in the graph, for each construct. 

Figure 31 shows the percentage of antibody mediated CD73 internalization at 1, 4 or 21 

hours after the addition of each of the shown antibodies. The bars for each antibody are shown 

in the order of 21 hours (on the left), 4 hours (middle) and 1 hour (right). 

Figure 32A shows an overlay of SEC chromatogram data for 1:1 molar complexes of 

hCD73-his with 16 different CD73.4 antibodies containing different constant region sequences. 

Figure 32B shows an expansion of the chromatogram data from 11 - 19.5 min of the 

chromatogram of Figure 32A, with 4 distinct elution species indicated. 

Figure 32C shows the percentage of the UV chromatogram signal area for peak 2 of 

Figure 32B, plotted for the 16 different antibody/CD73-his complexes. Data is sorted from left to 

right in order of increasing peak area. 

Figure 33 shows antibody binding to anti-his Fab captured FcyR-his proteins. Binding 

responses are plotted as a percentage of the theoretical Rmax assuming a 1:1 mAb:FcyR binding 

stoichiometry. The bars for each antibody are shown in the order provided by the color legends 

at the bottom of the slide. 

Figure 34 shows antibody binding to anti-his Fab captured FcgR-his proteins. Binding 

responses are plotted as a percentage of the theoretical Rmax assuming a 1:1 mAb:FcyR binding 

stoichiometry. The bars for each antibody are shown in the order provided by the color legends 

at the bottom of the slide. 
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Figure 35 shows an alignment of the VH and VL sequences of various anti-CD73 

antibodies. VH and VL CDR1, CDR2 and CDR3 sequences are bolded. 

DETAILED DESCRIPTION 

Described herein are isolated antibodies, particularly monoclonal antibodies, e.g., human 

monocloncal antibodies, which specifically bind to CD73 and thereby reduce CD73 activity 

("antagonist anti-CD73 antibodies"). In certain embodiments, the antibodies described herein 

are derived from particular heavy and light chain germline sequences and/or comprise particular 

structural features such as CDR regions comprising particular amino acid sequences. Provided 

herein are isolated antibodies, methods of making such antibodies, immunoconjugates and 

bispecific molecules comprising such antibodies, and pharmaceutical compositions formulated to 

contain the antibodies. Also provided herein are methods of using the antibodies for reducing 

tumor growth, alone or in combination with other therapeutic agents (e.g., antibodies) and/or 

cancer therapies. Accordingly, the anti-CD73 antibodies described herein may be used in a 

treatment in a wide variety of therapeutic applications, including, for example, inhibition of 

tumor growth, inhibition of metastasis, and enhancement of an immune response against a tumor. 

Definitions 

In order that the present description may be more readily understood, certain terms are 

first defined. Additional definitions are set forth throughout the detailed description. 

The term "Cluster of Differentiation 73" or "CD73" as used herein refers to an enzyme 

(nucleotidase) capable of converting extracellular nucleoside 5' monophosphates to nucleosides, 

namely adenosine monophosphate (AMP) to adenosine. CD73 is usually found as a dimer 

anchored to the cell membrane through a glycosylphosphatidylinositol (GPI) linkage, has ecto-

enzyme activity and plays a role in signal transduction. The primary function of CD73 is its 

conversion of extracellular nucleotides (e.g., 5'- AMP) to adenosine, a highly 

immunosuppressive molecule. Thus, ecto-5'-nucleotidase catalyzes the dephosphorylation of 

purine and pyrimidine ribo- and deoxyribonulceoside monophosphates to the corresponding 

nucleoside. Although CD73 has broad substrate specificity, it prefers purine ribonucleosides. 

CD73 is also referred to as ecto-5'nuclease (ecto-5'NT, EC 3.1.3.5). The term "CD73" 

includes any variants or isoforms of CD73 which are naturally expressed by cells. Accordingly, 
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antibodies described herein may cross-react with CD73 from species other than human (e.g., 

cynomolgus CD73). Alternatively, the antibodies may be specific for human CD73 and may not 

exhibit any cross-reactivity with other species. CD73 or any variants and isoforms thereof, may 

either be isolated from cells or tissues which naturally express them or be recombinantly 

produced using well-known techniques in the art and/or those described herein. 

Two isoforms of human CD73 have been identified, both of which share the same N-

terminal and C-terminal portions. Isoform 1 (Accession No. NP_002517.1; SEQ ID NO: 1) 

represents the longest protein, consisting of 574 amino acids and 9 exons. Isoform 2 (Accession 

No. NP_001191742.1; SEQ ID NO: 2) encodes a shorter protein, consisting of 524 amino acids, 

lacking amino acids 404-453. Isoform 2 lacks an alternate in-frame exon resulting in a transcript 

with only 8 exons, but with the same N- and C-terminal sequences. 

The cynomolgus (cyno) CD73 protein sequence is provided as SEQ ID NO: 3. The terms 

cynomolgus and cyno both refer to the Macaca fascicularis species and are use interchangably 

throughout the specification. 

The term "antibody" as used herein may include whole antibodies and any antigen 

binding fragments {i.e., "antigen-binding portions") or single chains thereof. An "antibody" 

refers, in one embodiment, to a glycoprotein comprising at least two heavy (H) chains and two 

light (L) chains inter-connected by disulfide bonds, or an antigen binding portion thereof. Each 

heavy chain is comprised of a heavy chain variable region (abbreviated herein as VH) and a 

heavy chain constant region. In certain naturally occurring IgG, IgD and IgA antibodies, the 

heavy chain constant region is comprised of three domains, CHI, CH2 and CH3. In certain 

naturally occurring antibodies, each light chain is comprised of a light chain variable region 

(abbreviated herein as VL) and a light chain constant region. The light chain constant region is 

comprised of one domain, CL. The VH and VL regions can be further subdivided into regions of 

hypervariability, termed complementarity determining regions (CDR), interspersed with regions 

that are more conserved, termed framework regions (FR). Each VH and VL is composed of three 

CDRs and four FRs, arranged from amino-terminus to carboxy-terminus in the following order: 

FR1, CDR1, FR2, CDR2, FR3, CDR3, FR4. The variable regions of the heavy and light chains 

contain a binding domain that interacts with an antigen. The constant regions of the antibodies 

may mediate the binding of the immunoglobulin to host tissues or factors, including various cells 
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of the immune system (e.g., effector cells) and the first component (Clq) of the classical 

complement system. 

The heavy chain of an antibody may or may not contain a terminal lysine (K), or a 

terminal glycine and lysine (GK). Thus, any of the heavy chain sequences and heavy chain 

constant region sequences provided herein can end in either GK or G, or lack K or GK, 

regardless of what the last amino acid of the sequence provides. This is because the terminal 

lysine and sometimes glycine and lysine are cleaved during expression of the antibody. 

Antibodies typically bind specifically to their cognate antigen with high affinity, reflected 

by a dissociation constant (KD) of 10"7 to 10"11 M or less. Any KD greater than about 10"6 M is 

generally considered to indicate nonspecific binding. As used herein, an antibody that "binds 

specifically" to an antigen refers to an antibody that binds to the antigen and substantially 
-7 -8 identical antigens with high affinity, which means having a KD of 10" M or less, preferably 10" 

M or less, even more preferably 5 x 10"9 M or less, and most preferably between 10"8 M and 10"10 

M or less, but does not bind with high affinity to unrelated antigens. An antigen is "substantially 

identical" to a given antigen if it exhibits a high degree of sequence identity to the given antigen, 

for example, if it exhibits at least 80%, at least 90%, at least 95%, at least 97%, or at least 99% or 

greater sequence identity to the sequence of the given antigen. By way of example, an antibody 

that binds specifically to human CD73 may also cross-react with CD73 from certain non-human 

primate species (e.g., cynomolgus monkey), but may not cross-react with CD73 from other 

species, or with an antigen other than CD73. 

An immunoglobulin may be from any of the commonly known isotypes, including but 

not limited to IgA, secretory IgA, IgG and IgM. The IgG isotype is divided in subclasses in 

certain species: IgGl, IgG2, IgG3 and IgG4 in humans, and IgGl, IgG2a, IgG2b and IgG3 in 

mice. In certain embodiments, the anti-CD73 antibodies described herein are of the human IgGl 

or IgG2 subtype. Immunoglobulins, e.g., human IgGl, exist in several allotypes, which differ 

from each other in at most a few amino acids. "Antibody" may include, by way of example, 

both naturally occurring and non-naturally occurring antibodies; monoclonal and polyclonal 

antibodies; chimeric and humanized antibodies; human and nonhuman antibodies; wholly 

synthetic antibodies; and single chain antibodies. 

The term "antigen-binding portion" of an antibody, as used herein, refers to one or more 

fragments of an antibody that retain the ability to specifically bind to an antigen (e.g., human 
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CD73). It has been shown that the antigen-binding function of an antibody can be performed by 

fragments of a full-length antibody. Examples of binding fragments encompassed within the 

term "antigen-binding portion" of an antibody, e.g., an anti-CD73 antibody described herein, 

include (i) a Fab fragment, a monovalent fragment consisting of the VL, VH, CL and CHI 

domains; (ii) a F(ab')2 fragment, a bivalent fragment comprising two Fab fragments linked by a 

disulfide bridge at the hinge region; (iii) a Fd fragment consisting of the VH and CHI domains; 

(iv) a Fv fragment consisting of the VL and VH domains of a single arm of an antibody, (v) a dAb 

fragment (Ward et al., (1989) Nature 341:544-546), which consists of a VH domain; and (vi) an 

isolated complementarity determining region (CDR) or (vii) a combination of two or more 

isolated CDRs which may optionally be joined by a synthetic linker. Furthermore, although the 

two domains of the Fv fragment, VL and VH, are coded for by separate genes, they can be joined, 

using recombinant methods, by a synthetic linker that enables them to be made as a single 

protein chain in which the VL and VH regions pair to form monovalent molecules known as 

single chain Fv (scFv); see e.g., Bird et al. (1988) Science 242:423-426; and Huston et al. (1988) 

Proc. Natl. Acad. Sci. USA 85:5879-5883). Such single chain antibodies are also intended to be 

encompassed within the term "antigen-binding portion" of an antibody. These and other 

potential constructs are described at Chan & Carter (2010) Nat. Rev. Immunol. 10:301. These 

antibody fragments are obtained using conventional techniques known to those with skill in the 

art, and the fragments are screened for utility in the same manner as are intact antibodies. 

Antigen-binding portions can be produced by recombinant DNA techniques, or by enzymatic or 

chemical cleavage of intact immunoglobulins. 

A "bispecific" or "bifunctional antibody" is an artificial hybrid antibody having two 

different heavy/light chain pairs, giving rise to two antigen binding sites with specificity for 

different antigens. Bispecific antibodies can be produced by a variety of methods including 

fusion of hybridomas or linking of Fab' fragments. See, e.g., Songsivilai & Lachmann, Clin. 

Exp. Immunol. 79:315-321 (1990); Kostelny et al., J. Immunol. 148, 1547-1553 (1992). 

The term "monoclonal antibody," as used herein, refers to an antibody that displays a 

single binding specificity and affinity for a particular epitope or a composition of antibodies in 

which all antibodies display a single binding specificity and affinity for a particular epitope. 

Typically such monoclonal antibodies will be derived from a single cell or nucleic acid encoding 

the antibody, and will be propagated without intentionally introducing any sequence alterations. 
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Accordingly, the term "human monoclonal antibody" refers to a monoclonal antibody that has 

variable and optional constant regions derived from human germline immunoglobulin sequences. 

In one embodiment, human monoclonal antibodies are produced by a hybridoma, for example, 

obtained by fusing a B cell obtained from a transgenic or transchromosomal non-human animal 

(e.g., a transgenic mouse having a genome comprising a human heavy chain transgene and a 

light chain transgene), to an immortalized cell. 

The term "recombinant human antibody," as used herein, includes all human antibodies 

that are prepared, expressed, created or isolated by recombinant means, such as (a) antibodies 

isolated from an animal (e.g., a mouse) that is transgenic or transchromosomal for human 

immunoglobulin genes or a hybridoma prepared therefrom, (b) antibodies isolated from a host 

cell transformed to express the antibody, e.g., from a transfectoma, (c) antibodies isolated from a 

recombinant, combinatorial human antibody library, and (d) antibodies prepared, expressed, 

created or isolated by any other means that involve splicing of human immunoglobulin gene 

sequences to other DNA sequences. Such recombinant human antibodies comprise variable and 

constant regions that utilize particular human germline immunoglobulin sequences and are 

encoded by the germline genes, but include subsequent rearrangements and mutations that occur, 

for example, during antibody maturation. As known in the art (see, e.g., Lonberg (2005) Nature 

Biotech. 23(9): 1117-1125), the variable region contains the antigen binding domain, which is 

encoded by various genes that rearrange to form an antibody specific for a foreign antigen. In 

addition to rearrangement, the variable region can be further modified by multiple single amino 

acid changes (referred to as somatic mutation or hypermutation) to increase the affinity of the 

antibody to the foreign antigen. The constant region will change in further response to an 

antigen (i.e., isotype switch). Therefore, the rearranged and somatically mutated nucleic acid 

sequences that encode the light chain and heavy chain immunoglobulin polypeptides in response 

to an antigen may not be identical to the original germline sequences, but instead will be 

substantially identical or similar (i.e., have at least 80% identity). 

A "human" antibody (HuMAb) refers to an antibody having variable regions in which 

both the framework and CDR regions are derived from human germline immunoglobulin 

sequences. Furthermore, if the antibody contains a constant region, the constant region also is 

derived from human germline immunoglobulin sequences. The antibodies described herein may 

include amino acid residues not encoded by human germline immunoglobulin sequences (e.g., 
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mutations introduced by random or site-specific mutagenesis in vitro or by somatic mutation in 

vivo). However, the term "human antibody", as used herein, is not intended to include antibodies 

in which CDR sequences derived from the germline of another mammalian species, such as a 

mouse, have been grafted onto human framework sequences. The terms "human" antibodies and 

"fully human" antibodies and are used synonymously. 

A "humanized" antibody refers to an antibody in which some, most or all of the amino 

acids outside the CDR domains of a non-human antibody are replaced with corresponding amino 

acids derived from human immunoglobulins. In one embodiment of a humanized form of an 

antibody, some, most or all of the amino acids outside the CDR domains have been replaced with 

amino acids from human immunoglobulins, whereas some, most or all amino acids within one or 

more CDR regions are unchanged. Small additions, deletions, insertions, substitutions or 

modifications of amino acids are permissible as long as they do not abrogate the ability of the 

antibody to bind to a particular antigen. A "humanized" antibody retains an antigenic specificity 

similar to that of the original antibody. 

A "chimeric antibody" refers to an antibody in which the variable regions are derived 

from one species and the constant regions are derived from another species, such as an antibody 

in which the variable regions are derived from a mouse antibody and the constant regions are 

derived from a human antibody. 

A "modified heavy chain constant region" refers to a heavy chain constant region 

comprising the constant domains CHI, hinge, CH2, and CH3, wherein one or more of the 

constant domains are from a different isotype (e.g. IgGl, IgG2, IgG3, IgG4). In certain 

embodiments, the modified constant region includes a human IgG2 CHI domain and a human 

IgG2 hinge fused to a human IgGl CH2 domain and a human IgGl CH3 domain. In certain 

embodiments, such modified constant regions also include amino acid modifications within one 

or more of the domains relative to the wildtype amino acid sequence. 

When referring herein to an antibody as "CD73.3" or "CD73.4" without indicating the 

identity of the constant region, unless otherwise indicated, refers to antibodies having the 

variable regions of CD73.3 or CD73.4, respectively, with any constant region described herein. 

As used herein, "isotype" refers to the antibody class (e.g., IgGl, IgG2, IgG3, IgG4, IgM, 

IgAl, IgA2, IgD, and IgE antibody) that is encoded by the heavy chain constant region genes. 
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"Allotype" refers to naturally occurring variants within a specific isotype group, which 

variants differ in a few amino acids (see, e.g., Jefferis et al. (2009) mAbs 1:1). Antibodies 

described herein may be of any allotype. 

Unless specified otherwise herein, all amino acid numbers are according to the EU index 

of the Kabat system (Kabat, E. A., et al. (1991) Sequences of Proteins of Immunological Interest, 

Fifth Edition, U.S. Department of Health and Human Services, NIH Publication No. 91-3242). 

The phrases "an antibody recognizing an antigen" and "an antibody specific for an 

antigen" are used interchangeably herein with the term "an antibody which binds specifically to 

an antigen." 

An "isolated antibody," as used herein, is intended to refer to an antibody that is 

substantially free of other antibodies having different antigenic specificities (e.g., an isolated 

antibody that specifically binds to CD73 is substantially free of antibodies that specifically bind 

antigens other than CD73). An isolated antibody that specifically binds to an epitope of CD73 

may, however, have cross-reactivity to other CD73 proteins from different species. 

As used herein, an antibody that "inhibits CD73" refers to an antibody that inhibits a 

biological and/or enzymatic function of CD73. These functions include, for example, the ability 

of an antibody to inhibit CD73 enzymatic activity, e.g., CD73-regulated production of adenosine 

or reduction of cAMP production. 

As used herein, an antibody that "internalizes" refers to an antibody that crosses the cell 

membrane upon binding to a cell-surface antigen. Internalization includes antibody mediated 

receptor, e.g., CD73, internalization. In some embodiments, the antibody "internalizes" into 

cells expressing CD73 at a rate of Tm equal to about 10 min or less. 

An "effector function" refers to the interaction of an antibody Fc region with an Fc 

receptor or ligand, or a biochemical event that results therefrom. Exemplary "effector functions" 

include Clq binding, complement dependent cytotoxicity (CDC), Fc receptor binding, FcyR-

mediated effector functions such as ADCC and antibody dependent cell-mediated phagocytosis 

(ADCP), and downregulation of a cell surface receptor (e.g., the B cell receptor; BCR). Such 

effector functions generally require the Fc region to be combined with a binding domain (e.g., an 

antibody variable domain). 

An "Fc receptor" or "FcR" is a receptor that binds to the Fc region of an immunoglobulin. 

FcRs that bind to an IgG antibody comprise receptors of the FcyR family, including allelic 
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variants and alternatively spliced forms of these receptors. The FcyR family consists of three 

activating (FcyRI, FcyRIII, and FcyRIV in mice; FcyRIA, FcyRIIA, and FcyRIIIA in humans) 

and one inhibitory (FcyRIIB) receptor. Various properties of human FcyRs are summarized in 

Table 1. The majority of innate effector cell types coexpress one or more activating FcyR and 

the inhibitory FcyRIIB, whereas natural killer (NK) cells selectively express one activating Fc 

receptor (FcyRIII in mice and FcyRIIIA in humans) but not the inhibitory FcyRIIB in mice and 

humans. Human IgGl binds to most human Fc receptors and is considered equivalent to murine 

IgG2a with respect to the types of activating Fc receptors that it binds to. 

Table 1. Properties of human FcyRs 

Fey Allelic 
variants 

Affinity for 
human IgG 

Isotype preference Cellular distribution 

FcyRI None 
described 

High (KD -10 
nM) 

IgGl=3>4»2 Monocytes, macrophages, 
activated neutrophils, dentritic 
cells? 

FcyRIIA H131 Low to medium IgGl>3>2>4 Neutrophils, monocytes, 
macrophages, eosinophils, 
dentritic cells, platelets 

FcyRIIA 

R131 Low IgGl>3>4>2 

Neutrophils, monocytes, 
macrophages, eosinophils, 
dentritic cells, platelets 

FcyRIIIA V158 Medium IgGl=3»4>2 NK cells, monocytes, 
macrophages, mast cells, 
eosinophils, dentritic cells? 

FcyRIIIA 
F158 Low IgGl=3»4>2 

NK cells, monocytes, 
macrophages, mast cells, 
eosinophils, dentritic cells? 

FcyRIIB 1232 Low IgGl=3=4>2 B cells, monocytes, 
macrophages, dentritic cells, 
mast cells 

FcyRIIB 
T232 Low IgGl=3=4>2 

B cells, monocytes, 
macrophages, dentritic cells, 
mast cells 

A "hinge", "hinge domain" or "hinge region" or "antibody hinge region" refers to the 

domain of a heavy chain constant region that joins the CHI domain to the CH2 domain and 

includes the upper, middle, and lower portions of the hinge (Roux et al. J. Immunol. 1998 

161:4083). The hinge provides varying levels of flexibility between the binding and effector 

regions of an antibody and also provides sites for intermolecular disulfide bonding between the 

two heavy chain constant regions. As used herein, a hinge starts at Glu216 and ends at Gly237 

for all IgG isotypes (Roux et al., 1998 J Immunol 161:4083). The sequences of wildtype IgGl, 

IgG2, IgG3 and IgG4 hinges are show in Tables 2 and 31. 
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Table 2. 

Hinge region amino acids 

Ig Type 
C-terminal CH1* 

(SEQ ID NO) 
Upper Hinge (SEQ ID NO) Middle Hinge (SEQ ID NO) 

Lower Hinge 

(SEQ ID NO) 

IgGl 

IgG2 

IgG3 (17-15-15-15) 

IgG3 (17-15-15) 

IgG3 (17-15) 

IgG3 (15-15-15) 

IgG3 (15) 

IgG4 

VDKRV (284) 

VDKTV (285) 

VDKRV (284) 

VDKRV (284) 

VDKRV (284) 

VDKRV (284) 

VDKRV (284) 

VDKRV (284) 

EPKSCDKTHT (286) 

ERK 

ELKTPLGDTTHT (287) 

ELKTPLGDTTHT (287) 

ELKTPLGDTTHT (287) 

EPKS (288) 

EPKS (288) 

ESKYGPP (289) 

CPPCP (290) APELLGG (298) 

CCVECPPCP (291) APPVAG (299) 

CPRCP (EPKSCDTPPPCPRCP)3 (292) APELLGG (298) 

CPRCP (EPKSCDTPPPCPRCP)2 (293) APELLGG (298) 

CPRCP (EPKSCDTPPPCPRCP)i (294) APELLGG (298) 

CDTPPPCPRCP (EPKSCDTPPPCPRCP)2 APELLGG (298) 

(295) 

CDTPPPCPRCP (296) APELLGG (298) 

CPSCP (297) APEFLGG (298) 

* C-terminal amino acid sequences of the CHI domains. 

The term "hinge" includes wildtype hinges (such as those set forth in Tables 2 and 31), as 

well as variants thereof (e.g., non-naturally-occurring hinges or modified hinges). For example, 

the term "IgG2 hinge" includes wildtype IgG2 hinge, as shown in Table 2, and variants having 1, 

2, 3, 4, 5, 1-3, 1-5, 3-5 and/or at most 5, 4, 3, 2, or 1 mutations, e.g., substitutions, deletions or 

additions. Exemplary IgG2 hinge variants include IgG2 hinges in which 1, 2, 3 or all 4 cysteines 

(C219, C220, C226 and C229) are changed to another amino acid. In a specific embodiment, an 

IgG2 comprises a C219S substitution. An IgG2 hinge may also comprise a substitution at C220 

or substitutions at both C219 and a C220. An IgG2 hinge may comprise a substitution, which 

alone, or together with one or more substitutions in other regions of the heavy or light chain will 

cause the antibody to take form A or B (see, e.g., Allen et al. (2009) Biochemistry 48:3755). In 

certain embodiments, a hinge is a hybrid hinge that comprises sequences from at least two 

isotypes. For example, a hinge may comprise the upper, middle or lower hinge from one isotype 

and the remainder of the hinge from one or more other isotypes. For example, a hinge can be an 

IgG2/IgGl hinge, and may comprise, e.g., the upper and middle hinges of IgG2 and the lower 

hinge of IgGl. A hinge may have effector function or be deprived of effector function. For 

example, the lower hinge of wildtype IgGl provides effector function. 

The term "CHI domain" refers to the heavy chain constant region linking the variable 

domain to the hinge in a heavy chain constant domain. As used herein, a CHI domain starts at 

Al 18 and ends at V215. The term "CHI domain" includes wildtype CHI domains (such as 

having SEQ ID NO: 98 for IgGl and SEQ ID NO: 124 for IgG2), as well as variants thereof 
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(e.g., non-naturally-occurring CHI domains or modified CHI domains). For example, the term 

"CHI domain" includes wildtype CHI domains and variants thereof having 1, 2, 3, 4, 5, 1-3, 1-

5, 3-5 and/or at most 5, 4, 3, 2, or 1 mutations, e.g., substitutions, deletions or additions. 

Exemplary CHI domains include CHI domains with mutations that modify a biological activity 

of an antibody, such as ADCC, CDC or half-life. Modifications to the CHI domain that affect a 

biological activity of an antibody are provided herein. A CHI domain may comprise the 

substitution C131S, which substitution may cause an IgG2 antibody or an antibody comprising at 

least a portion of an IgG2 antibody, such as the hinge and/or the hinge and CHI, to adopt the B 

form, as opposed to the A form of the antibody. 

The term "CH2 domain" refers to the heavy chain constant region linking the hinge to the 

CH3 domain in a heavy chain constant domain. As used herein, a CH2 domain starts at P238 

and ends at K340. The term "CH2 domain" includes wildtype CH2 domains (such as having 

SEQ ID NO: 137 for IgGl; Table 35), as well as variants thereof (e.g., non-naturally-occurring 

CH2 domains or modified CH2 domains). For example, the term "CH2 domain" includes 

wildtype CH2 domains and variants thereof having 1, 2, 3, 4, 5, 1-3, 1-5, 3-5 and/or at most 5, 4, 

3, 2, or 1 mutations, e.g., substitutions, deletions or additions. Exemplary CH2 domains include 

CH2 domains with mutations that modify a biological activity of an antibody, such as ADCC, 

CDC or half-life. In certain embodiments, a CH2 domain comprises the substitutions 

A330S/P331S that reduce effector function. Other modifications to the CH2 domain that affect a 

biological activity of an antibody are provided herein. 

The term "CH3 domain" refers to the heavy chain constant region that is C-terminal to 

the CH2 domain in a heavy chain constant domain. As used herein, a CH3 domain starts at 

G341 and ends at K447. The term "CH3 domain" includes wildtype CH3 domains (such as 

having SEQ ID NO: 138 for IgGl; Table 35), as well as variants thereof (e.g., non-naturally-

occurring CH3 domains or modified CH3 domains). For example, the term "CH3 domain" 

includes wildtype CH3 domains and variants thereof having 1, 2, 3, 4, 5, 1-3, 1-5, 3-5 and/or at 

most 5, 4, 3, 2, or 1 mutations, e.g., substitutions, deletions or additions. Exemplary CH3 

domains include CH3 domains with mutations that modify a biological activity of an antibody, 

such as ADCC, CDC or half-life. Modifications to the CH3 domain that affect a biological 

activity of an antibody are provided herein. 
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A "CL domain" refers to the constant domain of a light chain. The term "CL domain" 

includes wildtype CL domains and variants thereof, e.g., variants comprising C214S. 

A "native sequence Fc region" or "native sequence Fc" comprises an amino acid 

sequence that is identical to the amino acid sequence of an Fc region found in nature. Native 

sequence human Fc regions include a native sequence human IgGl Fc region; native sequence 

human IgG2 Fc region; native sequence human IgG3 Fc region; and native sequence human 

IgG4 Fc region as well as naturally occurring variants thereof. Native sequence Fc includes the 

various allotypes of Fes (see, e.g., Jefferis et al. (2009) mAbs 1:1). 

The term "epitope" or "antigenic determinant" refers to a site on an antigen (e.g., CD73) 

to which an immunoglobulin or antibody specifically binds. Epitopes within protein antigens 

can be formed both from contiguous amino acids (usually a linear epitope) or noncontiguous 

amino acids juxtaposed by tertiary folding of the protein (usually a conformational epitope). 

Epitopes formed from contiguous amino acids are typically, but not always, retained on exposure 

to denaturing solvents, whereas epitopes formed by tertiary folding are typically lost on 

treatment with denaturing solvents. An epitope typically includes at least 3, 4, 5, 6, 7, 8, 9, 10, 

11, 12, 13, 14 or 15 amino acids in a unique spatial conformation. Methods for determining 

what epitopes are bound by a given antibody (i.e., epitope mapping) are well known in the art 

and include, for example, immunoblotting and immunoprecipitation assays, wherein overlapping 

or contiguous peptides (e.g., from CD73) are tested for reactivity with a given antibody (e.g., 

anti-CD73 antibody). Methods of determining spatial conformation of epitopes include 

techniques in the art and those described herein, for example, x-ray crystallography, 2-

dimensional nuclear magnetic resonance and HDX-MS (see, e.g., Epitope Mapping Protocols in 

Methods in Molecular Biology, Vol. 66, G. E. Morris, Ed. (1996)). 

The term "epitope mapping" refers to the process of identification of the molecular 

determinants on the antigen involved in antibody-antigen recognition. 

The term "binds to the same epitope" with reference to two or more antibodies means that 

the antibodies bind to the same segment of amino acid residues, as determined by a given 

method. Techniques for determining whether antibodies bind to the "same epitope on CD73" 

with the antibodies described herein include, for example, epitope mapping methods, such as, x-

ray analyses of crystals of antigen:antibody complexes, which provides atomic resolution of the 

epitope, and hydrogen/deuterium exchange mass spectrometry (HDX-MS). Other methods that 
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monitor the binding of the antibody to antigen fragments (e.g. proteolytic fragments) or to 

mutated variations of the antigen where loss of binding due to a modification of an amino acid 

residue within the antigen sequence is often considered an indication of an epitope component 

(e.g. alanine scanning mutagenesis - Cunningham & Wells (1985) Science 244:1081). In 

addition, computational combinatorial methods for epitope mapping can also be used. These 

methods rely on the ability of the antibody of interest to affinity isolate specific short peptides 

from combinatorial phage display peptide libraries. 

Antibodies that "compete with another antibody for binding to a target" refer to 

antibodies that inhibit (partially or completely) the binding of the other antibody to the target. 

Whether two antibodies compete with each other for binding to a target, i.e., whether and to what 

extent one antibody inhibits the binding of the other antibody to a target, may be determined 

using known competition experiments, e.g,. such as those described in the Examples. In certain 

embodiments, an antibody competes with, and inhibits binding of another antibody to a target by 

at least 10%, 20%, 30%, 40%, 50%, 60%, 70%, 80%, 90% or 100%. The level of inhibition or 

competition may be different depending on which antibody is the "blocking antibody" (i.e., the 

cold antibody that is incubated first with the target). Competition assays can be conducted as 

described, for example, in Ed Harlow and David Lane, Cold Spring Harb Pro toe ; 2006; 

doi:10.1101/pdb.prot4277 or in Chapter 11 of "Using Antibodies" by Ed Harlow and David 

Lane, Cold Spring Harbor Laboratory Press, Cold Spring Harbor, NY, USA 1999. Competing 

antibodies bind to the same epitope, an overlapping epitope or to adjacent epitopes (e.g., as 

evidenced by steric hindrance). 

Other competitive binding assays include: solid phase direct or indirect 

radioimmunoassay (RIA), solid phase direct or indirect enzyme immunoassay (EIA), sandwich 

competition assay (see Stahli et al., Methods in Enzymology 9:242 (1983)); solid phase direct 

biotin-avidin EIA (see Kirkland et al., J. Immunol. 137:3614 (1986)); solid phase direct labeled 

assay, solid phase direct labeled sandwich assay (see Harlow and Lane, Antibodies: A 

Laboratory Manual, Cold Spring Harbor Press (1988)); solid phase direct label RIA using 1-125 

label (see Morel et al., Mol. Immunol. 25(1):7 (1988)); solid phase direct biotin-avidin EIA 

(Cheung et al., Virology 176:546 (1990)); and direct labeled RIA. (Moldenhauer et al., Scand. J. 

Immunol. 32:77 (1990)). 
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As used herein, the terms "specific binding," "selective binding," "selectively binds," and 

"specifically binds," refer to antibody binding to an epitope on a predetermined antigen but not 

to other antigens. Typically, the antibody (i) binds with an equilibrium dissociation constant 
-7 -8 -9 -10 (KD) of approximately less than 10" M, such as approximately less than 10" M, 10" M or 10" 

M or even lower when determined by, e.g., surface plasmon resonance (SPR) technology in a 

BIACORE® 2000 surface plasmon resonance instrument using the predetermined antigen, e.g., 

recombinant human CD73, as the analyte and the antibody as the ligand, or Scatchard analysis of 

binding of the antibody to antigen positive cells, and (ii) binds to the predetermined antigen with 

an affinity that is at least two-fold greater than its affinity for binding to a non-specific antigen 

(e.g., BSA, casein) other than the predetermined antigen or a closely-related antigen. 

Accordingly, unless otherwise indicated, an antibody that "specifically binds to human CD73" 
_n 

refers to an antibody that binds to soluble or cell bound human CD73 with a KD of 10" M or 

less, such as approximately less than 10 "8 M, 10"9 M or 10"10 M or even lower. An antibody that 

"cross-reacts with cynomolgus CD73" refers to an antibody that binds to cynomolgus CD73 with 
-7 _0 _Q -10 a KD of 10" M or less, such as less than 10" M, 10" M or 10" M or even lower. In certain 

embodiments, antibodies that do not cross-react with CD73 from a non-human species exhibit 

essentially undetectable binding against these proteins in standard binding assays. 

The term "kassoc" or "ka", as used herein, is intended to refer to the association rate 

constant of a particular antibody-antigen interaction, whereas the term "k,jjs" or "kd," as used 

herein, is intended to refer to the dissociation rate constant of a particular antibody-antigen 

interaction. The term "KD", as used herein, is intended to refer to the equilibrium dissociation 

constant, which is obtained from the ratio of kd to ka {i.e.. kd/ka) and is expressed as a molar 

concentration (M). KD values for antibodies can be determined using methods well established 

in the art. A preferred method for determining the KD of an antibody is by using surface plasmon 

resonance, preferably using a biosensor system such as a Biacore® surface plasmon resonance 

system or flow cytometry and Scatchard analysis. 

The term "EC50" in the context of an in vitro or in vivo assay using an antibody or 

antigen binding fragment thereof, refers to the concentration of an antibody or an antigen-

binding portion thereof that induces a response that is 50% of the maximal response, i.e., 

halfway between the maximal response and the baseline. 
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A "rate of internalization" of an antibody or of a receptor, e.g., CD73, as mediated by the 

antibody, e.g., an anti-CD73 antibody, may be represented, e.g., by Tm of internalization, e.g., as 

shown in the Examples. A rate of internalization of an anti-CD73 antibody may be enhanced or 

increased by at least 10%, 30%, 50%, 75%, 2 fold, 3 fold, 5 fold or more, resulting in a reduction 

of the Ti/2by at least 10%, 30%, 50%, 75%, 2 fold, 3 fold, 5 fold or more by changing the heavy 

chain constant region of the antibody to a modified heavy chain constant region, e.g., one that 

contains an IgG2 hinge and IgG2 CHI domain. For example, instead of having a TI/2 of 10 

minutes, a modified heavy chain constant region may increase the rate of internalization and 

thereby reduce the T1/2 to 5 minutes (i.e., a two fold increase in rate of internalization or a two­

fold decrease in T1/2). "T1/2" is defined as the time at which half of the maximal internalization is 

achieved, as measured from the time the antibody is added to the cells. The maximal level of 

internalization can be the level of internalization at the plateau of a graph representing the 

internalization plotted against antibody concentrations. A modified heavy chain constant region 

may increase the maximal level of internalization of an antibody by at least 10%, 30%, 50%, 

75%, 2 fold, 3 fold, 5 fold or more. Another way of comparing internalization efficacies of 

different antibodies, such as an antibody with, and the same antibody without, a modified heavy 

chain constant region, is by comparing their level of internalization at a given antibody 

concentration (e.g., 100 nM) or at a given time (e.g., 2 minutes, 5 minutes, 10 minutes or 30 

minutes). Comparing levels of internalization can also be done by comparing the EC50 levels of 

internatlization. The level of internalization of one antibody can be defined relative to that of a 

given (reference) antibody, e.g., an antibody described herein, e.g., 11F11 or CD73.4-IgG2CS-

IgGl or CD73.4-IgG2CS-IgGl.lf, and, can be indicated as a percentage of the value obtained 

with the given (reference) antibody. The extent of internalization may be enhanced by at least 

10%, 30%, 50%, 75%, 2 fold, 3 fold, 5 fold or more, as compared by any one of these methods. 

The term "naturally-occurring" as used herein as applied to an object refers to the fact 

that an object can be found in nature. For example, a polypeptide or polynucleotide sequence 

that is present in an organism (including viruses) that can be isolated from a source in nature and 

which has not been intentionally modified by man in the laboratory is naturally-occurring. 

A "polypeptide" refers to a chain comprising at least two consecutively linked amino acid 

residues, with no upper limit on the length of the chain. One or more amino acid residues in the 
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protein may contain a modification such as, but not limited to, glycosylation, phosphorylation or 

a disulfide bond. A "protein" may comprise one or more polypeptides. 

The term "nucleic acid molecule," as used herein, is intended to include DNA molecules 

and RNA molecules. A nucleic acid molecule may be single-stranded or double-stranded, and 

may be cDNA. 

Also provided are "conservative sequence modifications" of the sequences set forth in 

SEQ ID NOs described herein, i.e., nucleotide and amino acid sequence modifications which do 

not abrogate the binding of the antibody encoded by the nucleotide sequence or containing the 

amino acid sequence, to the antigen. Such conservative sequence modifications include 

conservative nucleotide and amino acid substitutions, as well as, nucleotide and amino acid 

additions and deletions. For example, modifications can be introduced into SEQ ID NOs 

described herein by standard techniques known in the art, such as site-directed mutagenesis and 

PCR-mediated mutagenesis. Conservative sequence modifications include conservative amino 

acid substitutions, in which the amino acid residue is replaced with an amino acid residue having 

a similar side chain. Families of amino acid residues having similar side chains have been 

defined in the art. These families include amino acids with basic side chains (e.g., lysine, 

arginine, histidine), acidic side chains (e.g., aspartic acid, glutamic acid), uncharged polar side 

chains (e.g., glycine, asparagine, glutamine, serine, threonine, tyrosine, cysteine, tryptophan), 

nonpolar side chains (e.g., alanine, valine, leucine, isoleucine, proline, phenylalanine, 

methionine), beta-branched side chains (e.g., threonine, valine, isoleucine) and aromatic side 

chains (e.g., tyrosine, phenylalanine, tryptophan, histidine). Thus, a predicted nonessential 

amino acid residue in an anti-CD73 antibody is preferably replaced with another amino acid 

residue from the same side chain family. Methods of identifying nucleotide and amino acid 

conservative substitutions that do not eliminate antigen binding are well-known in the art (see, 

e.g., Brummell et al., Biochem. 32:1180-1187 (1993); Kobayashi et al. Protein Eng. 12(10):879-

884 (1999); and Burks et al. Proc. Natl. Acad. Sci. USA 94:412-417 (1997)). 

Alternatively, in another embodiment, mutations can be introduced randomly along all or 

part of an anti-CD73 antibody coding sequence, such as by saturation mutagenesis, and the 

resulting modified anti-CD73 antibodies can be screened for improved binding activity. 

For nucleic acids, the term "substantial homology" indicates that two nucleic acids, or 

designated sequences thereof, when optimally aligned and compared, are identical, with 
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appropriate nucleotide insertions or deletions, in at least about 80% of the nucleotides, usually at 

least about 90% to 95%, and more preferably at least about 98% to 99.5% of the nucleotides. 

Alternatively, substantial homology exists when the segments will hybridize under selective 

hybridization conditions, to the complement of the strand. 

For polypeptides, the term "substantial homology" indicates that two polypeptides, or 

designated sequences thereof, when optimally aligned and compared, are identical, with 

appropriate amino acid insertions or deletions, in at least about 80% of the amino acids, usually 

at least about 90% to 95%, and more preferably at least about 98% to 99.5% of the amino acids. 

The percent identity between two sequences is a function of the number of identical 

positions shared by the sequences when the sequences are optimally aligned (i.e., % homology = 

# of identical positions/total # of positions x 100), with optimal alignment determined 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 comparison of sequences and determination of percent 

identity between two sequences can be accomplished using a mathematical algorithm, as 

described in the non-limiting examples below. 

The percent identity between two nucleotide sequences can be determined using the GAP 

program in the GCG software package (available at http://www.gcg.com), using a 

NWSgapdna.CMP matrix and a gap weight of 40, 50, 60, 70, or 80 and a length weight of 1, 2, 3, 

4, 5, or 6. The percent identity between two nucleotide or amino acid sequences can also be 

determined using the algorithm of E. Meyers and W. Miller (CABIOS, 4:11-17 (1989)) 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 can be determined using the Needleman and Wunsch (J. Mol. Biol. 

(48):444-453 (1970)) algorithm which has been incorporated into the GAP program in the GCG 

software package (available at http://www.gcg.com), using either a Blossum 62 matrix or a 

PAM250 matrix, and a gap weight of 16, 14, 12, 10, 8, 6, or 4 and a length weight of 1, 2, 3, 4, 5, 

or 6. 

The nucleic acid and protein sequences described herein can further be used as a "query 

sequence" to perform a search against public databases to, for example, identify related 

sequences. Such searches can be performed using the NBLAST and XBLAST programs 

(version 2.0) of Altschul, et al. (1990)./. Mol. Biol. 215:403-10. BLAST nucleotide searches can 
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be performed with the NBLAST program, score = 100, wordlength = 12 to obtain nucleotide 

sequences homologous to the nucleic acid molecules described herein. BLAST protein searches 

can be performed with the XBLAST program, score = 50, wordlength = 3 to obtain amino acid 

sequences homologous to the protein molecules described herein. To obtain gapped alignments 

for comparison purposes, Gapped BLAST can be utilized as described in Altschul et al., (1997) 

Nucleic Acids Res. 25(17):3389-3402. When utilizing BLAST and Gapped BLAST programs, 

the default parameters of the respective programs (e.g., XBLAST and NBLAST) can be used. 

See www.ncbi.nlm.nih.gov. 

The nucleic acids may be present in whole cells, in a cell lysate, or in a partially purified 

or substantially pure form. A nucleic acid is "isolated" or "rendered substantially pure" when 

purified away from other cellular components or other contaminants, e.g., other cellular nucleic 

acids (e.g., the other parts of the chromosome) or proteins, by standard techniques, including 

alkaline/SDS treatment, CsCl banding, column chromatography, agarose gel electrophoresis and 

others well known in the art. See, F. Ausubel, et al., ed. Current Protocols in Molecular Biology, 

Greene Publishing and Wiley Interscience, New York (1987). 

Nucleic acids, e.g., cDNA, may be mutated, in accordance with standard techniques to 

provide gene sequences. For coding sequences, these mutations may affect amino acid sequence 

as desired. In particular, DNA sequences substantially homologous to or derived from native V, 

D, J, constant, switches and other such sequences described herein are contemplated. 

The term "vector," as used herein, is intended to refer to a nucleic acid molecule capable 

of transporting another nucleic acid to which it has been linked. One type of vector is a 

"plasmid," which refers to a circular double stranded DNA loop into which additional DNA 

segments may be ligated. Another type of vector is a viral vector, wherein additional DNA 

segments may be ligated into the viral genome. Certain vectors are capable of autonomous 

replication in a host cell into which they are introduced (e.g., bacterial vectors having a bacterial 

origin of replication and episomal mammalian vectors). Other vectors (e.g., non-episomal 

mammalian vectors) can be integrated into the genome of a host cell upon introduction into the 

host cell, and thereby are replicated along with the host genome. Moreover, certain vectors are 

capable of directing the expression of genes to which they are operatively linked. Such vectors 

are referred to herein as "recombinant expression vectors" (or simply, "expression vectors") In 

general, expression vectors of utility in recombinant DNA techniques are often in the form of 
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plasmids. In the present specification, "plasmid" and "vector" may be used interchangeably as 

the plasmid is the most commonly used form of vector. However, also included are other forms 

of expression vectors, such as viral vectors (e.g., replication defective retroviruses, adenoviruses 

and adeno-associated viruses), which serve equivalent functions. 

The term "recombinant host cell" (or simply "host cell"), as used herein, is intended to 

refer to a cell that comprises a nucleic acid that is not naturally present in the cell, and maybe a 

cell into which a recombinant expression vector has been introduced. It should be understood 

that such terms are intended to refer not only to the particular subject cell but to the progeny of 

such a cell. Because certain modifications may occur in succeeding generations due to either 

mutation or environmental influences, such progeny may not, in fact, be identical to the parent 

cell, but are still included within the scope of the term "host cell" as used herein. 

As used herein, the term "antigen" refers to any natural or synthetic immunogenic 

substance, such as a protein, peptide, or hapten. An antigen may be CD73 or a fragment thereof. 

An "immune response" refers to a biological response within a vertebrate against foreign 

agents, which response protects the organism against these agents and diseases caused by them. 

An immune response is mediated by the action of a cell of the immune system (for example, a T 

lymphocyte, B lymphocyte, natural killer (NK) cell, macrophage, eosinophil, mast cell, dendritic 

cell or neutrophil) and soluble macromolecules produced by any of these cells or the liver 

(including antibodies, cytokines, and complement) that results in selective targeting, binding to, 

damage to, destruction of, and/or elimination from the vertebrate's body of invading pathogens, 

cells or tissues infected with pathogens, cancerous or other abnormal cells, or, in cases of 

autoimmunity or pathological inflammation, normal human cells or tissues. An immune 

response or reaction includes, e.g., activation or inhibition of a T cell, e.g., an effector T cell or a 

Th cell, such as a CD4+ or CD8+ T cell, or the inhibition of a Treg cell. 

An "immunomodulator" or "immunoregulator" refers to an agent, e.g., a component of a 

signaling pathway, which may be involved in modulating, regulating, or modifying an immune 

response. "Modulating," "regulating," or "modifying" an immune response refers to any 

alteration in a cell of the immune system or in the activity of such cell (e.g., an effector T cell). 

Such modulation includes stimulation or suppression of the immune system which may be 

manifested by an increase or decrease in the number of various cell types, an increase or 

decrease in the activity of these cells, or any other changes which can occur within the immune 
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system. Both inhibitory and stimulatory immunomodulators have been identified, some of which 

may have enhanced function in a tumor microenvironment. The immunomodulator may be 

located on the surface of a T cell. An "immunomodulatory target" or "immunoregulatory target" 

is an immunomodulator that is targeted for binding by, and whose activity is altered by the 

binding of, a substance, agent, moiety, compound or molecule. Immunomodulatory targets 

include, for example, receptors on the surface of a cell ("immunomodulatory receptors") and 

receptor ligands ("immunomodulatory ligands"). 

An increased ability to stimulate an immune response, or the immune system, can result 

from an enhanced agonist activity of T cell costimulatory receptors and/or an enhanced 

antagonist activity of inhibitory receptors. An increased ability to stimulate an immune response 

or the immune system may be reflected by a fold increase of the EC50 or maximal level of 

activity in an assay that measures an immune response, e.g., an assay that measures changes in 

cytokine or chemokine release, cytolytic activity (determined directly on target cells or indirectly 

via detecting CD 107a or granzymes) and proliferation. The ability to stimulate an immune 

response or the immune system activity may be enhanced by at least 10%, 30%, 50%, 75%, 2 

fold, 3 fold, 5 fold or more. 

"Immunotherapy" refers to the treatment of a subject afflicted with, or at risk of 

contracting or suffering a recurrence of, a disease by a method comprising inducing, enhancing, 

suppressing or otherwise modifying an immune response. 

"Immunostimulating therapy" or "immunostimulatory therapy" refers to a therapy that 

results in increasing (inducing or enhancing) an immune response in a subject for, e.g., treating 

cancer. 

"Potentiating an endogenous immune response" means increasing the effectiveness or 

potency of an existing immune response in a subject. This increase in effectiveness and potency 

may be achieved, for example, by overcoming mechanisms that suppress the endogenous host 

immune response or by stimulating mechanisms that enhance the endogenous host immune 

response. 

"T effector" ("Teff") cells refers to T cells (e.g., CD4+ and CD8+ T cells) with cytolytic 

activities as well as T helper (Th) cells, which secrete cytokines and activate and direct other 

immune cells, but does not include regulatory T cells (Treg cells). 
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As used herein, the term "linked" refers to the association of two or more molecules. The 

linkage can be covalent or non-covalent. The linkage also can be genetic (i.e., recombinantly 

fused). Such linkages can be achieved using a wide variety of art recognized techniques, such as 

chemical conjugation and recombinant protein production. 

As used herein, "administering" refers to the physical introduction of a composition 

comprising a therapeutic agent to a subject, using any of the various methods and delivery 

systems known to those skilled in the art. Preferred routes of administration for antibodies 

described herein include intravenous, intraperitoneal, intramuscular, subcutaneous, spinal or 

other parenteral routes of administration, for example by injection or infusion. The phrase 

"parenteral administration" as used herein means modes of administration other than enteral and 

topical administration, usually by injection, and includes, without limitation, intravenous, 

intraperitoneal, intramuscular, intraarterial, intrathecal, intralymphatic, intralesional, 

intracapsular, intraorbital, intracardiac, intradermal, transtracheal, subcutaneous, subcuticular, 

intraarticular, subcapsular, subarachnoid, intraspinal, epidural and intrasternal injection and 

infusion, as well as in vivo electroporation. Alternatively, an antibody described herein can be 

administered via a non-parenteral route, such as a topical, epidermal or mucosal route of 

administration, for example, intranasally, orally, vaginally, rectally, sublingually or topically. 

Administering can also be performed, for example, once, a plurality of times, and/or over one or 

more extended periods. 

As used herein, the term "T cell-mediated response" refers to a response mediated by T 

cells, including effector T cells (e.g., CD8+ cells) and helper T cells (e.g., CD4+ cells). T cell 

mediated responses include, for example, T cell cytotoxicity and proliferation. 

As used herein, the term "cytotoxic T lymphocyte (CTL) response" refers to an immune 

response induced by cytotoxic T cells. CTL responses are mediated primarily by CD8+ T cells. 

As used herein, the terms "inhibits" or "blocks" (e.g., referring to inhibition/blocking of 

CD73 binding or activity) are used interchangeably and encompass both partial and complete 

inhibition/blocking. 

As used herein, "cancer" refers a broad group of diseases characterized by the 

uncontrolled growth of abnormal cells in the body. Unregulated cell division may result in the 

formation of malignant tumors or cells that invade neighboring tissues and may metastasize to 

distant parts of the body through the lymphatic system or bloodstream. 
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The terms "treat," "treating," and "treatment," as used herein, refer to any type of 

intervention or process performed on, or administering an active agent to, the subject with the 

objective of reversing, alleviating, ameliorating, inhibiting, or slowing down or preventing the 

progression, development, severity or recurrence of a symptom, complication, condition or 

biochemical indicia associated with a disease. Prophylaxis refers to administration to a subject 

who does not have a disease, to prevent the disease from occurring or minimize its effects if it 

does. 

A "hematological malignancy" includes a lymphoma, leukemia, myeloma or a lymphoid 

malignancy, as well as a cancer of the spleen and the lymph nodes. Exemplary lymphomas 

include both B cell lymphomas and T cell lymphomas. B-cell lymphomas include both 

Hodgkin's lymphomas and most non-Hodgkin's lymphomas. Non-limiting examples of B cell 

lymphomas include diffuse large B-cell lymphoma, follicular lymphoma, mucosa-associated 

lymphatic tissue lymphoma, small cell lymphocytic lymphoma (overlaps with chronic 

lymphocytic leukemia), mantle cell lymphoma (MCL), Burkitt's lymphoma, mediastinal large B 

cell lymphoma, Waldenstrom macroglobulinemia, nodal marginal zone B cell lymphoma, 

splenic marginal zone lymphoma, intravascular large B-cell lymphoma, primary effusion 

lymphoma, lymphomatoid granulomatosis. Non-limiting examples of T cell lymphomas include 

extranodal T cell lymphoma, cutaneous T cell lymphomas, anaplastic large cell lymphoma, and 

angioimmunoblastic T cell lymphoma. Hematological malignancies also include leukemia, such 

as, but not limited to, secondary leukemia, chronic lymphocytic leukemia, acute myelogenous 

leukemia, chronic myelogenous leukemia, and acute lymphoblastic leukemia. Hematological 

malignancies further include myelomas, such as, but not limited to, multiple myeloma and 

smoldering multiple myeloma. Other hematological and/or B cell- or T-cell-associated cancers 

are encompassed by the term hematological malignancy. 

The term "effective dose" or "effective dosage" is defined as an amount sufficient to 

achieve or at least partially achieve a desired effect. A "therapeutically effective amount" or 

"therapeutically effective dosage" of a drug or therapeutic agent is any amount of the drug that, 

when used alone or in combination with another therapeutic agent, promotes disease regression 

evidenced by a decrease in severity of disease symptoms, an increase in frequency and duration 

of disease symptom-free periods, or a prevention of impairment or disability due to the disease 

affliction. A "prophylactically effective amount" or a "prophylactically effective dosage" of a 
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drug is an amount of the drug that, when administered alone or in combination with another 

therapeutic agent to a subject at risk of developing a disease or of suffering a recurrence of 

disease, inhibits the development or recurrence of the disease. The ability of a therapeutic or 

prophylactic agent to promote disease regression or inhibit the development or recurrence of the 

disease can be evaluated using a variety of methods known to the skilled practitioner, such as in 

human subjects during clinical trials, in animal model systems predictive of efficacy in humans, 

or by assaying the activity of the agent in in vitro assays. 

By way of example, an anti-cancer agent is a drug that slows cancer progression or 

promotes cancer regression in a subject. In preferred embodiments, a therapeutically effective 

amount of the drug promotes cancer regression to the point of eliminating the cancer. "Promoting 

cancer regression" means that administering an effective amount of the drug, alone or in 

combination with an anti-neoplastic agent, results in a reduction in tumor growth or size, 

necrosis of the tumor, a decrease in severity of at least one disease symptom, an increase in 

frequency and duration of disease symptom-free periods, a prevention of impairment or 

disability due to the disease affliction, or otherwise amelioration of disease symptoms in the 

patient. Pharmacological effectiveness refers to the ability of the drug to promote cancer 

regression in the patient. Physiological safety refers to an acceptably low level of toxicity, or 

other adverse physiological effects at the cellular, organ and/or organism level (adverse effects) 

resulting from administration of the drug. 

By way of example for the treatment of tumors, a therapeutically effective amount or 

dosage of the drug preferably inhibits cell growth or tumor growth by at least about 20%, more 

preferably by at least about 40%, even more preferably by at least about 60%, and still more 

preferably by at least about 80% relative to untreated subjects. In the most preferred 

embodiments, a therapeutically effective amount or dosage of the drug completely inhibits cell 

growth or tumor growth, i.e., preferably inhibits cell growth or tumor growth by 100%. The 

ability of a compound to inhibit tumor growth can be evaluated using the assays described infra. 

Alternatively, this property of a composition can be evaluated by examining the ability of the 

compound to inhibit cell growth, such inhibition can be measured in vitro by assays known to the 

skilled practitioner. In other preferred embodiments described herein, tumor regression may be 

observed and may continue for a period of at least about 20 days, more preferably at least about 

40 days, or even more preferably at least about 60 days. 
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The terms "patient" and "subject" refer to any human or non-human animal that receives 

either prophylactic or therapeutic treatment. For example, the methods and compositions 

described herein can be used to treat a subject having cancer. The term "non-human animal" 

includes all vertebrates, e.g., mammals and non-mammals, such as non-human primates, sheep, 

dog, cow, chickens, amphibians, reptiles, etc. 

Various aspects described herein are described in further detail in the following 

subsections. 

I. Anti-CD73 antibodies 

Described herein are antibodies, e.g., fully human antibodies, which are characterized by 

particular functional features or properties. For example, the antibodies specifically bind human 

CD73. Additionally, antibodies may cross react with CD73 from one or more non-human 

primates, such as cynomolgus CD73. 

In addition to binding specifically to soluble and/or membrane bound human CD73, the 

antibodies described herein exhibit one or more of the following functional properties: 

(a) inhibition of CD73 enzymatic activity, resulting in a reduction of adenosine produced; 

(b) binding to cyno CD73; 

(c) antibody mediated CD73 internalization into cells, e.g., tumor cells; and 

(d) binding to a conformational epitope comprising amino acids 65-83 and 157-172 of 

human CD73. 

Preferably, anti-CD73 antibodies bind to human CD73 (monomeric or dimeric; isoform 1 
-7 -8 -9 or 2) with high affinity, for example, with a KD of 10" M or less, 10" M or less, 10" M or less, 

10"10 M or less, 10"11 M or less, 10"12 M or less, 10"12 M to 10"7 M, 10"11 M to 10"7 M, 10"10 M to 

10"7 M, 10"9 M to 10"7 M, or 10"10 M to 10"8 M. In certain embodiments, an anti-CD73 antibody 

binds to soluble human CD73, e.g, as determined by BIACORE® SPR analysis, with a KD of 10"7 

M or less, 10"8 M or less, 10"9 M (1 nM) or less, 10"10 M or less, 10"12 M to 10"7 M, 10"11 M to 10" 
7 M, 10"10 M to 10"7 M, 10"9 M to 10"7 M, 10"8 M to 10"7 M or 10"10 M to 10"8 M. In certain 

embodiments, an anti-CD73 antibody binds to bound (e.g., cell membrane bound, e.g., Calu6 

cells) human CD73, e.g., as determined as further described herein, with an EC50 of less than 1 

nM. In certain embodiments, an anti-CD73 antibody binds to bound human CD73, e.g., cell 

membrane bound human CD73, e.g., as determined by flow cytometry and Scatchard plot, with a 
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KD of 10"7 M or less, 10"8 M or less, 10"9 M (1 nM) or less, 10"10 M or less, 10"12 M to 10"7 M, 10" 
11 M to 10"8 M, 10"10 M to 10"8 M, 10"9 M to 10"8 M, 10"11 M to 10"9 M, 10"10 M to 10"8 M, or 10"10 

M to 10"9 M. In certain embodiments, an anti-CD73 antibody binds to soluble human CD73 with 

a KD of 10"7 M or less, 10"8 M or less, 10"9 M (1 nM) or less, 10"10 M or less, 10"12 M to 10"7 M, 

10"11 M to 10"7 M, 10"10 M to 10"7 M, 10"9 M to 10"7 M, 10"10 M to 10"8 M, or 10"8 M to 10"7 M, 
JJ and to bound human CD73, e.g., cell membrane bound human CD73, with a KD or EC50 of 10" 

M or less, 10"8 M or less, 10"9 M (1 nM) or less, 10"10 M or less, 10"12 M to 10"7 M, 10"11 M to 10" 
8 M, 10"10 M to 10"8 M, 10"9 M to 10"8 M, 10"11 M to 10"9 M, or 10"10 M to 10"9 M. 

In certain embodiments, an anti-CD73 antibody binds to cyno CD73 with high affinity, 

e.g., it binds to a CHO cell expressing cyno CD73 with an EC50 of 0.1 nM to 10 nM, such as an 

EC50 of less than InM, as determined, e.g,. as further described herein. 

In certain embodiments, anti-CD73 antibodies described herein also bind to cynomolgus 

CD73, e.g., bind to membrane bound cynomolgus CD73, e.g, to a CHO cell expressing cyno 

CD73 with an EC50 of 100 nM or less, 10 nM or less, 1 nM or less, 100 nM to 0.01 nM, 100 nM 

to 0.1 nM, 100 nM to 1 nM, or 10 nM to 0.1 nM, as measured, e.g., in the Examples. 

In certain embodiments, anti-CD73 antibodies are at least 90%, 95%, 98%, or 99% 

monomelic, as determined, e.g., by SEC. Anti-CD73 antibodies may also have biophysical 

characteristics that are similar to, or within the range of, those of the antibodies described herein. 

In certain embodiments, anti-CD73 antibodies inhibit the enzymatic activity of human 

and/or cyno CD73, e.g., as determined in CD73 bead bound assays, or as determined in cells, 

e.g., Calu6, SKMEL24 or H292 cells, or as determined in an in vivo assay, e.g., a xenograft 

tumor model, e.g., as further described in the Examples. Anti-CD73 antibodies may have 

inhibitory activities that are at least similar to, or within the range of, those of the antibodies 

described herein. For example, anti-CD73 antibodies may inhibit human CD73 (e.g., CD73 

bound to a solid) enzymatic activity (adenosine production) with an EC50 of less than 10 nM or 

less than 5 nM or in the range of 1 to 10 nM or 5 to 10 nM. Anti-CD73 antibodies may inhibit 

the activity of human CD73 on cells, e.g., Calu6 cells with an EC50 of less than 10 nM or less 

than 1 nM or in the range of 0.1 to 10 nM, 0.1 to 1 nM or 0.1 to 0.5 nM. 

In certain embodiments, anti-CD73 antibodies are internalized (and mediate CD73 

internalization) by a cell to which it binds as determined, e.g., in a high content internalization 

assay or by FACS or flow cytometry, as further described in the Examples. Anti-CD73 
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antibodies may have internalization characteristics (EC50, T\a and Ymax), and time to plateau 

that are at least similar to, or within the range of, those of the antibodies described in the 

Examples. In certain embodiments, an anti-CD73 antibody has a Ti/2 of internalization that is 

less than 1 hour, such as less than 30 minutes, less than 15 minutes, less than 12 minutes, less 

than 10 minutes, less than 7 minutes or even less than 5 minutes in one or more cell lines, e.g, 

those set forth in the Examples, as determined, e.g., in a high content internalization assay 

(described in Example 6A). In certain embodiments, an anti-CD73 antibody reaches maximal 

anti-CD73 antibody mediated internalization within 10 hours or less, 6 hours or less, 5 hours or 

less, 4 hours or less, 3 hours or less, 2 hours or less, 1 hour or less, e.g., in the range of 10 

minutes to 10 hours, 10 minutes to 6 hours, 1 hour to 10 hours or 1 hour to 6 hours, as 

determined, e.g., using a high content internalization assay, as described, e.g., in Example 6A, or 

using flow cytometry, as described, e.g., in Example 6B. The maximal level of anti-CD73 

antibody mediated internalization of CD73 may be at least 50%, at least 60%, at least 70%, at 

least 80%, at least 90% or more, depending on the cell type. For example, the EC50 of anti-CD73 

antibody mediated internalization of CD73 in Calu6 cells, as measured in the high content 

internalization assay described in the Examples, may be less than 10 nM, e.g., from 0.1 to 10 nM 

or 1 to 10 nM or 1 to 5 nM and a Ymax of at least 90% or at least 95%. 

Anti-CD73 antibodies, e.g., antibodies having an IgG2 hinge, IgG2 CHI domain, or IgG2 

hinge and IgG2 CHI domain, may mediate the following CD73 internalization characteristics as 

measured in a high content internalization assay, e.g., as described in Example 6A: 

EC50 of 10 nM or less, 5 nM or less, InM or less, or 0.1 to 10 nM or 0.1 to 1 nM; a Ymax 
(maximal percentage of internalization) of at least 90%, 95% or 98% in Calu6 cells and a TI/2 of 
less than 30 minutes or less than 10 minutes in Calu6 cells; 
A Tl/2 of less than 30 minutes or less than 10 minutes in human cells, e.g., Calu6 cells, HCC44 
cells, H2030 cells, H2228 cells, HCC15 cells, SKLU1 cells, SKMES1 cells or SW900 cells. 

Anti-CD73 antibodies, e.g., antibodies having an IgG2 hinge, IgG2 CHI domain, or IgG2 

hinge and IgG2 CHI domain, may mediate the following CD73 internalization characteristics as 

measured by flow cytometry, e.g., as described in Example 6B: 

A T1/2 of 1 hour or less and a Ymax of at least 70% in Calu6 cells; 

A T1/2 of 30 minutes or less and a Ymax of at least 70% in NCI-H292 cells; 

A T1/2 of 2 hours or less and a Ymax of at least 30% in SNUC1 cells; and/or 
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A T1/2 of 30 minutes or less and a Ymax of at least 60% in NCI-H1437 cells. 

In certain embodiments, an anti-CD73 antibody is a binl antibody, i.e., it competes for 

binding to human CD73 with 11F11, but not with 4C3. 

In certain embodiments, anti-CD73 antibodies bind to an epitope, e.g., a conformational 

epitope in the N-terminal portion of human CD73, e.g., an epitope located within amino acids 

65-83 of human CD73 (SEQ ID NO:96), as determined, e.g., by HDX-MS, as further described 

in the Examples. In certain embodiments, anti-CD73 antibodies bind to amino acids 157-172 of 

human CD73 (SEQ ID NO: 97), or to an epitope located within amino acids 157-172, of human 

CD73 (SEQ ID NO: 97), as determined, e.g., by HDX-MS. Alternatively, anti-CD73 antibodies 

bind to an epitope, e.g., a discontinuous epitope in the N-terminal portion of human CD73, as 

determined, e.g., by HDX-MS. 

In certain embodiments, anti-CD73 antibodies bind to amino acids 65 to 83 and amino 

acids 157-172 of human CD73, or to an epitope within amino acids 65 to 83 and amino acids 

157-172, of human CD73 isoform 1 or 2, i.e., amino acid sequences 

FTKV QQIRRAEPNVLLLD A (SEQ ID NO: 96) and LYLPYKVLPVGDEVVG (SEQ ID NO: 

97), as determined by, e.g., HDX-MS. In certain embodiments, the anti-CD73 antibodies bind to 

all or a portion of amino acids 65 to 83 and amino acids 157-172 of human CD73, as determined 

by, e.g., HDX-MS. In certain embodiments, anti-CD73 antibodies bind to both glycosylated and 

unglycosylated human CD73. In certain embodiments, anti-CD73 antibodies bind only to 

glycosylated CD73 and not to unglycosylated CD73. 

Anti-CD73 antibodies may compete for binding to CD73 with (or inhibit binding of) anti-

CD73 antibodies comprising CDRs or variable regions described herein, e.g., those of CD73.4-1, 

CD73.4-2, CD73.3, 11F11-1, 11F11-2, 4C3-1, 4C3-2, 4C3-3, 4D4, 10D2-1, 10D2-2, 11A6, 

24H2, 5F8-1, 5F8-2, 6E11 and/or 7A11. In certain embodiments, anti-CD73 antibodies inhibit 

binding of CD73.4-1, CD73.4-2, CD73.3, 11F11, 4C3, 4D4, 10D2, 11A6, 24H2, 5F8, 6E11 

and/or 7A11 to human CD73 by at least 10%, 20%, 30%, 40%, 50%, 60%, 70%, 80%, 90% or 

by 100%. In certain embodiments, CD73.4-1, CD73.4-2, CD73.3, 11F11-1, 11F11-2, 4C3-1, 

4C3-2, 4C3-3, 4D4, 10D2-1, 10D2-2, 11A6, 24H2, 5F8-1, 5F8-2, 6E11 and/or 7A11 inhibit 

binding of anti-CD73 antibodies to human CD73 by at least 10%, 20%, 30%, 40%, 50%, 60%, 

70%, 80%, 90% or by 100%. In certain embodiments, anti-CD73 antibodies inhibit binding of 

CD73.4-1, CD73.4-2, CD73.3, 11F11-1, 11F11-2, 4C3-1, 4C3-2, 4C3-3, 4D4, 10D2-1, 10D2-2, 
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11A6, 24H2, 5F8-1, 5F8-2, 6E11 and/or 7A11 to human CD73 by at least 10%, 20%, 30%, 40%, 

50%, 60%, 70%, 80%, 90% or by 100% andCD73.4-l, CD73.4-2, CD73.3, 11F11-1, 11F11-2, 

4C3-1, 4C3-2, 4C3-3, 4D4, 10D2-1, 10D2-2, 11A6, 24H2, 5F8-1, 5F8-2, 6E11 and/or 7A11 

inhibit binding of the anti-CD73 antibodies to human CD73 by at least 10%, 20%, 30%, 40%, 

50%, 60%, 70%, 80%, 90% or by 100% (e.g., compete in both directions). Competition 

experiments may be performed, e.g., as further described herein, e.g., in the Examples. 

In certain embodiments, anti-CD73 antibodies inhibit CD73 enzymatic activity and/or are 

internalized in cells without requiring multivalent cross-linking, as determined, e.g., by the lack 

of requirement of FcR binding. 

In certain embodiments, anti-CD73 antibodies have 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, or 11 of 

the features listed in Table 3. 

Table 3: Potential features of anti-CD73 antibodies 

(1) binding to human CD73, e.g., bead bound human monomelic and dimeric human 

CD73 isoform 1 and 2, e.g., with a KD of 10 nM or less (e.g., 0.01 nM to 10 nM), e.g., as 

measured by BIACORE® SPR analysis; 

(2) binding to membrane bound human CD73, e.g., with an EC50 of 1 nM or less (e.g., 

0.01 nM to 1 nM); 

(3) binding to cynomolgus CD73, e.g., binding to membrane bound cynomolgus CD73, 

e.g, with an EC50 of 10 nM or less (e.g., 0.01 nM to 10 nM); 

(4) inhibition of human CD73 enzymatic activity, e.g., with an EC50 of 10 nM or less; 

(5) inhibition of cyno CD73 enzymatic activity, e.g., with an EC50 of 10 nM or less; 

(6) inhibition of endogenous (cellular) human CD73 enzymatic activity in Calu6 cells 

with an EC50 of 10 nM or less; 

(7) inhibition of human CD73 enzymatic activity in vivo; 

(8) internalization, e.g., antibody mediated (or dependent) CD73 internalization, into 

cells, e.g., with a TI/2 of less thanl hour, 30 minutes or 10 minutes and/or a Ymax of at 

least 70%, 80% or 90%; 

(9) binding to a conformational epitope on human CD73, e.g., a discontinuous epitope 

within the amino acid sequence (SEQ ID NO: 1) which includes all or a portion of amino 
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acid residues FTKV QQIRRAEPNVLLLD A (SEQ ID NO: 96) and/or 

LYLPYKVLPVGDEVVG (SEQ ID NO: 97); 

(10) competing in either direction or both directions for binding to human CD73 with 

CD73.4-1, CD73.4-2, CD73.3, 11F11-1, 11F11-2, 4C3-1, 4C3-2, 4C3-3, 4D4, 10D2-1, 

10D2-2, 11A6, 24H2, 5F8-1, 5F8-2, 6E11 and/or 7A11; and 

(11) interacting with human CD73 in a similar pattern as CD73.4, as determined by X-ray 

crystallography. 

An antibody activity that exhibits one or more of these functional properties (e.g., 

biochemical, immunochemical, cellular, physiological or other biological activities, or the like) 

as determined according to methodologies known to the art and described herein, will be 

understood to relate to a statistically significant difference in the particular activity relative to 

that seen in the absence of the antibody (e.g., or when a control antibody of irrelevant specificity 

is present). In certain embodiments, an anti-CD73 antibody disclosed herein decreases a 

measured parameter (e.g., tumor volume, tumor metastasis, adenosine levels, cAMP levels) by at 

least 10% of the measured parameter, more preferably by at least 20%, 30%, 40%, 50%, 60%, 

70%, 80% or 90%, and in certain preferred embodiments, by greater than 92%, 94%, 95%, 97%, 

98% or 99%. Conversely, an anti-CD73 antibody disclosed herein increases a measured 

parameter by at least 10%, such as by at least 20%, 30%, 40%, 50%, 60%, 70%, 80%, 90%, 

95%, 100% (i.e. 2 fold), 3 fold, 5 fold, or 10 fold. 

Standard assays to evaluate the binding ability of the antibodies toward CD73 of various 

species are known in the art, including for example, ELISAs, Western blots, and RIAs. Suitable 

assays are described in detail in the Examples. The binding kinetics (e.g., binding affinity) of the 

antibodies also can be assessed by standard assays known in the art, such as by BIACORE® SPR 

analysis. Assays to evaluate the effects of the antibodies on functional properties of CD73 (e.g., 

adenosine production, tumor growth and metastasis, T cell inhibition) are described in further 

detail infra and in the Examples. 

In certain embodiments, anti-CD73 antibodies are not native antibodies or are not 

naturally-occurring antibodies. For example, anti-CD73 antibodies have post-translational 

modifications that are different from those of antibodies that are naturally occurring, such as by 

having more, less or a different type of post-translational modification. 
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In certain embodiments, anti-CD73 antibodies stimulate Teff (T effector) function and/or 

reduce Treg function, e.g., by removing CD73 from the T cell surface and/or by inhibiting its 

enzymatic activity. 

In certain embodiments, anti-CD3 antibodies comprise at least an IgG2 hinge, and 

optionally also an IgG2 CHI domain or fragment or derivative of the hinge and/or CHI domain 

and the antibody form A (see, e.g., Allen et al. (2009) Biochemistry 48:3755). In certain 

embodiments, anti-CD3 antibodies comprise at least an IgG2 hinge, and optionally also an IgG2 

CHI domain or fragment or derivative of the hinge and/or CHI domain and the antibody has 

adopted form B (see, e.g., Allen et al. (2009) Biochemistry 48:3755). In certain embodiments a 

composition comprises a mixture of anti-CD73 antibodies with form A and anti-CD73 antibodies 

with form B. 

Provided herein are anti-human CD73 antibodies that (i) comprise a variable region that 

binds to a region on human CD73 that is similar to that bound by 11F11, but does not bind to a 

region that is similar to that bound by 4C3 (i.e., is a binl antibody); (ii) bind to monomeric and 

dimeric human CD73 with a Kd of 10 nM or less; (iii) inhibit the enzymatic activity (conversion 

of AMP to adenosine) of human CD73, e.g., on cells, e.g., Calu6 cells, with an EC50 of less than 

10 nM; and (iv) mediate antibody dependent CD73 internalization in cells, e.g., with a Tl/2 of 1 

hour or less (or 30 minutes or less, or 10 minutes or less), a Ymax of 50% or more (or 60% or 

more, 70% or more, 80% or more or 90% or more) in human cells, e.g., Calu6 cells, H2228 cells, 

HCC15 cells H2030 cells, SNUC1 cells. In certain embodiments, the antibodies comprise an 

IgG2 hinge or an IgG2 hinge and IgG2 CHI domain. Provided herein are anti-human CD73 

antibodies that (i) comprise a variable region that binds to a region on human CD73 that is 

similar to that bound by 11F11, but does not bind to a region that is similar to that bound by 4C3 

(i.e., is a binl antibody); (ii) bind to monomeric and dimeric human CD73 with a Kd of 10 nM or 

less, as determined by SPR (Biacore); (iii) inhibit the enzymatic activity (conversion of AMP to 

adenosine) of human CD73, e.g., on cells, e.g., Calu6 cells, with an EC50 of less than 10 nM; and 

(iv) mediate antibody dependent CD73 internalization in cells, e.g., with a Tl/2 of 30 minutes or 

less, a Ymax of 80% or more in human Calu6, H2228, HCC15 or H2030 cells, as determined 

using the high content internalization assay described in Example 6A. 

In preferred embodiments, an anti-CD73 antibody described herein is not significantly 

toxic. For example, an anti-CD73 antibody is not significantly toxic to an organ of a human, 
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e.g., one or more of the liver, kidney, brain, lungs, and heart, as determined, e.g., in clinical 

trials. In certain embodiments, an anti-CD73 antibody does not significantly trigger an 

undesirable immune response, e.g., autoimmunity or inflammation. 

II. Exemplary anti-CD73 antibodies 

Variable regions of anti-CD73 antibodies 

Particular antibodies described herein are antibodies, e.g., monoclonal antibodies, having 

the CDR and/or variable region sequences of antibodies 11F11-1, 11F11-2, 4C3-1, 4C3-2, 4C3-3, 

4D4, 10D2-1, 10D2-2, 11A6, 24H2, 5F8-1, 5F8-2, 6E11, 7A11, CD73.3-1, -2 or-3, CD73.4-1 

and -2, CD73.4-2, CD73.5-1 and -2, CD73.6-1 and -2, CD73.7-1 and -2, CD73.8-1 and -2, 

CD73.9-1 and -2, CD73.10-1 and -2 and CD73.11, as well as antibodies having at least 80% 

identity (e.g., at least 85%, at least 90%, at least 95%, or at least 99% identity) to their variable 

region or CDR sequences. Table 4 sets forth the SEQ ID NOs of the CDRs of the VH and VL 

regions of each antibody, as well as that of the VH and VL regions. As further described in the 

Examples, certain heavy chains can exist with more than one light chain, and the SEQ ID NOs 

of the alternate light chains are also provided in the Table below. 

Table 4: 
VH VL 

CDR1 CDR2 CDR3 VH CDR1 CDR2 CDR3 VL 
11F11-1 5 6 7 4 9 10 11 8 
11F11-2 5 6 7 4 13 14 15 12 
4C3-1 17 18 19 16 21 22 23 20 
4C3-2 17 18 19 16 25 26 27 24 
4C3-3 17 18 19 16 29 30 31 28 
4D4-1 33 34 35 32 37 38 39 36 
10D2-1 41 42 43 40 45 46 47 44 
10D2-2 41 42 43 40 49 50 51 48 
11A6-1 53 54 55 52 57 58 59 56 
24H2-1 61 62 63 60 65 66 67 64 
5F8-1 69 70 71 68 73 74 75 72 
5F8-2 69 70 71 68 77 78 79 76 
5F8-3 69 70 71 68 239 240 241 238 
6E11-1 81 82 83 80 85 86 87 84 
7A11-1 89 90 91 88 93 94 95 92 
73.3 17 18 19 170 21 22 23 20 
73.4-1 5 6 7 135 9 10 11 8 
73.4-2 5 6 7 135 13 14 15 12 
73.5-1 5 6 7 171 9 10 11 8 
73.5-2 5 6 7 171 13 14 15 12 
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73.6-1 5 6 7 172 9 10 11 8 
73.6-2 5 6 7 172 13 14 15 12 
73.7-1 5 6 7 173 9 10 11 8 
73.7-2 5 6 7 173 13 14 15 12 
73.8-1 5 6 7 174 9 10 11 8 
73.8-2 5 6 7 174 13 14 15 12 
73.9-1 5 6 7 175 9 10 11 8 
73.9-2 5 6 7 175 13 14 15 12 
73.10-1 5 6 7 176 9 10 11 8 
73.10-2 5 6 7 176 13 14 15 12 
73.11 33 34 35 177 37 38 39 36 

Provided herein are isolated antibodies, or antigen binding portion thereof, comprising 

heavy and light chain variable regions, wherein the heavy chain variable region comprises an 

amino acid sequence selected from the group consisting of SEQ ID NOs: 4, 16, 32, 40, 52, 60, 

68, 80, 88, 135, and 170-177. 

Also provided are isolated antibodies, or antigen binding portions thereof, comprising 

heavy and light chain variable regions, wherein the light chain variable region comprises an 

amino acid sequence selected from the group consisting of SEQ ID NOs: 8, 12, 20, 24, 28, 36, 44, 

48, 56, 64, 72, 76, 84, 92 and 238. 

Provided herein are isolated antibodies, or antigen-binding portion thereof, comprising: 

(a) heavy and light chain variable region sequences comprising SEQ ID NOs: 135 and 8, 

respectively; 

(b) heavy and light chain variable region sequences comprising SEQ ID NOs: 135 and 

12, respectively; 

(c) heavy and light chain variable region sequences comprising SEQ ID NOs: 4 and 8, 

respectively; 

(d) heavy and light chain variable region sequences comprising SEQ ID NOs: 4 and 12, 

respectively; 

(e) heavy and light chain variable region sequences comprising SEQ ID NOs: 16 and 20, 

respectively; 

(f) heavy and light chain variable region sequences comprising SEQ ID NOs: 16 and 24, 

respectively; 

(g) heavy and light chain variable region sequences comprising SEQ ID NOs: 16 and 

28, respectively; 
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(h) heavy and light chain variable region sequences comprising SEQ ID NOs: 32 and 36, 

respectively; 

(i) heavy and light chain variable region sequences comprising SEQ ID NOs: 40 and 44, 

respectively; 

(j) heavy and light chain variable region sequences comprising SEQ ID NOs: 40 and 48, 

respectively; 

(k) heavy and light chain variable region sequences comprising SEQ ID NOs: 52 and 56, 

respectively; 

(1) heavy and light chain variable region sequences comprising SEQ ID NOs: 60 and 64, 

respectively; 

(m) heavy and light chain variable region sequences comprising SEQ ID NOs: 68 and 

72, respectively; 

(n) heavy and light chain variable region sequences comprising SEQ ID NOs: 68 and 76, 

respectively; 

(o) heavy and light chain variable region sequences comprising SEQ ID NOs: 68 and 

238, respectively; 

(p) heavy and light chain variable region sequences comprising SEQ ID NOs: 80 and 84, 

respectively; 

(q) heavy and light chain variable region sequences comprising SEQ ID NOs: 88 and 92, 

respectively; 

(r) heavy and light chain variable region sequences comprising SEQ ID NOs: 170 and 

20, respectively; 

(s) heavy and light chain variable region sequences comprising SEQ ID NOs: 170 and 

24, respectively; 

(t) heavy and light chain variable region sequences comprising SEQ ID NOs: 170 and 

28, respectively; 

(u) heavy and light chain variable region sequences comprising SEQ ID NOs: 171 and 8, 

respectively; 

(v) heavy and light chain variable region sequences comprising SEQ ID NOs: 171 and 

12, respectively; 
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(w) heavy and light chain variable region sequences comprising SEQ ID NOs: 172 and 

8, respectively; 

(x) heavy and light chain variable region sequences comprising SEQ ID NOs: 172 and 

12, respectively; 

(y) heavy and light chain variable region sequences comprising SEQ ID NOs: 173 and 8, 

respectively; 

(z) heavy and light chain variable region sequences comprising SEQ ID NOs: 173 and 

12, respectively; 

(a2) heavy and light chain variable region sequences comprising SEQ ID NOs: 174 and 

8, respectively; 

(b2) heavy and light chain variable region sequences comprising SEQ ID NOs: 174 and 

12, respectively; 

(c2) heavy and light chain variable region sequences comprising SEQ ID NOs: 175 and 

8, respectively; 

(d2) heavy and light chain variable region sequences comprising SEQ ID NOs: 175 and 

12, respectively; 

(e2) heavy and light chain variable region sequences comprising SEQ ID NOs: 176 and 

8, respectively; 

(f2) heavy and light chain variable region sequences comprising SEQ ID NOs: 176 and 

12, respectively; or 

(g2) heavy and light chain variable region sequences comprising SEQ ID NOs: 177 and 

36, respectively. 

Anti-CD73 antibodies may comprise the heavy and light chain CDRls, CDR2s and 

CDR3s of anti-CD73 antibodies described herein, e.g., CD73.4-1, CD73.4-2, CD73.3, 11F11-1, 

11F11-2, 11F11, 4C3-1, 4C3-2, 4C3-3, 4D4, 10D2-1, 10D2-2, 11A6, 24H2, 5F8-1, 5F8-2, 5F8-3, 

6E11 and 7A11, or combinations thereof. 

Given that each of these antibodies binds to CD73 and that antigen-binding specificity is 

provided primarily by the CDR1, 2 and 3 regions, the VH CDR1, 2 and 3 sequences and VL 

CDR1, 2 and 3 sequences can be "mixed and matched" (i.e., CDRs from different antibodies can 

be mixed and match, although each antibody must contain a VH CDR1, 2 and 3 and a VL CDR1, 

2 and 3) to create other anti-CD73 binding molecules described herein. CD73 binding of such 
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"mixed and matched" antibodies can be tested using the binding assays described above and in 

the Examples (e.g., ELISAs). Preferably, when VH CDR sequences are mixed and matched, the 

CDR1, CDR2 and/or CDR3 sequence from a particular VH sequence is replaced with a 

structurally similar CDR sequence(s). Likewise, when VL CDR sequences are mixed and 

matched, the CDR1, CDR2 and/or CDR3 sequence from a particular VL sequence preferably is 

replaced with a structurally similar CDR sequence(s). It will be readily apparent to the ordinarily 

skilled artisan that novel VH and VL sequences can be created by substituting one or more VH 

and/or VL CDR region sequences with structurally similar sequences from the CDR sequences 

disclosed herein for monoclonal antibodies CD73.4-1, CD73.4-2, 11F11-1, 11F11-2, 4C3-1, 

4C3-2, 4C3-3, 4D4, 10D2-1, 10D2-2, 11A6, 24H2, 5F8-1, 5F8-2, 6E11 and/or 7A11. "Mixed 

and matched" antibodies having binding affinity, bioactivity and/or other properties equivalent or 

superior to the specific antibodies disclosed herein may be selected for use in the methods of the 

present invention. 

Provided herein are isolated antibodies, or antigen binding portion thereof comprising: 

(a) a heavy chain variable region CDR1 comprising an amino acid sequence selected 

from the group consisting of SEQ ID NOs: 5, 17, 33, 41, 53, 61, 69, 81, and 89; 

(b) a heavy chain variable region CDR2 comprising an amino acid sequence selected 

from the group consisting of SEQ ID NOs: 6, 18, 34, 42, 54, 62, 70, 82, and 90; 

(c) a heavy chain variable region CDR3 comprising an amino acid sequence selected 

from the group consisting of SEQ ID NOs: , 7, 19, 35, 43, 55, 63, 71, 83, and 91; 

(d) a light chain variable region CDR1 comprising an amino acid sequence selected from 

the group consisting of SEQ ID NOs: 9, 13, 21, 25, 29, 37, 45, 49, 57, 65, 73, 77, 85, and 93; 

(e) a light chain variable region CDR2 comprising an amino acid sequence selected from 

the group consisting of SEQ ID NOs: 10, 14, 22, 26, 30, 38, 46, 50, 58, 66, 74, 78, 86, and 94; 

and 

(f) a light chain variable region CDR3 comprising an amino acid sequence selected from 

the group consisting of SEQ ID NOs: 11, 15, 23, 27, 31, 39, 47, 51, 59, 67, 75, 79, 87, and 95; 

wherein the antibody specifically binds to human CD73. 

In certain embodiments, the antibody comprises heavy and light chain variable regions, 

wherein the heavy chain variable region CDR1, CDR2, and CDR3 regions comprise SEQ ID 

NOs: 5-7; 17-19; 33-35; 41-43; 53-55; 61-63; 69-71; 81-83; or 89-91; 
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wherein the antibody specifically binds to human CD73. 

In certain embodiments, the antibody comprises heavy and light chain variable regions, 

wherein the light chain variable region CDR1, CDR2, and CDR3 regions comprise: 

(a) SEQ ID NOs: 9-11; 13-15; 21-23; 25-27; 29-31; 37-39; 45-47; 49-51; 57-59; 65-67; 

73-75; 77-79; 85-87; or 93-95; 

wherein the antibody specifically binds to human CD73. 

In certain embodiments, the antibody comprises heavy and light chain variable regions, 

wherein: 

(a) the heavy chain variable region CDR1, CDR2, and CDR3 comprises SEQ ID NOs: 5-

7, respectively, and the light chain variable region CDR1, CDR2, and CDR3 comprises SEQ ID 

NOs: 9-11, respectively; 

(b) the heavy chain variable region CDR1, CDR2, and CDR3 comprises SEQ ID NOs: 

5-7, respectively, and the light chain variable region CDR1, CDR2, and CDR3 comprises SEQ 

ID NOs: 13-15, respectively; 

(c) the heavy chain variable region CDR1, CDR2, and CDR3 comprises SEQ ID NOs: 

17-19, respectively, and the light chain variable region CDR1, CDR2, and CDR3 comprises SEQ 

ID NOs: 21-23, respectively; 

(d) the heavy chain variable region CDR1, CDR2, and CDR3 comprises SEQ ID NOs: 

17-19, respectively, and the light chain variable region CDR1, CDR2, and CDR3 comprises SEQ 

ID NOs: 25-27, respectively; 

(e) the heavy chain variable region CDR1, CDR2, and CDR3 comprises SEQ ID NOs: 

17-19, respectively, and the light chain variable region CDR1, CDR2, and CDR3 comprises SEQ 

ID NOs: 29-31, respectively; 

(f) the heavy chain variable region CDR1, CDR2, and CDR3 comprises SEQ ID NOs: 

33-35, respectively, and the light chain variable region CDR1, CDR2, and CDR3 comprises SEQ 

ID NOs: 37-39, respectively; 

(g) the heavy chain variable region CDR1, CDR2, and CDR3 comprises SEQ ID NOs: 

41-43, respectively, and the light chain variable region CDR1, CDR2, and CDR3 comprises SEQ 

ID NOs: 45-47, respectively; 
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(h) the heavy chain variable region CDR1, CDR2, and CDR3 comprises SEQ ID NOs: 

41-43, respectively, and the light chain variable region CDR1, CDR2, and CDR3 comprises SEQ 

ID NOs: 49-51, respectively; 

(i) the heavy chain variable region CDR1, CDR2, and CDR3 comprises SEQ ID NOs: 

53-55, respectively, and the light chain variable region CDR1, CDR2, and CDR3 comprises SEQ 

ID NOs: 57-59, respectively; 

(j) the heavy chain variable region CDR1, CDR2, and CDR3 comprises SEQ ID NOs: 

61-63, respectively, and the light chain variable region CDR1, CDR2, and CDR3 comprises SEQ 

ID NOs: 65-67, respectively; 

(k) the heavy chain variable region CDR1, CDR2, and CDR3 comprises SEQ ID NOs: 

69-71, respectively, and the light chain variable region CDR1, CDR2, and CDR3 comprises SEQ 

ID NOs: 73-75, respectively; 

(1) the heavy chain variable region CDR1, CDR2, and CDR3 comprises SEQ ID NOs: 

69-71, respectively, and the light chain variable region CDR1, CDR2, and CDR3 comprises SEQ 

ID NOs: 77-79, respectively; 

(m) the heavy chain variable region CDR1, CDR2, and CDR3 comprises SEQ ID NOs: 

81-83, respectively, and the light chain variable region CDR1, CDR2, and CDR3 comprises SEQ 

ID NOs: 85-87, respectively; or 

(n) the heavy chain variable region CDR1, CDR2, and CDR3 comprises SEQ ID NOs: 

89-91, respectively, and the light chain variable region CDR1, CDR2, and CDR3 comprises SEQ 

ID NOs: 93-95, respectively; 

wherein the antibody specifically binds to human CD73, and optionally has one or more 

of the characteristics listed in Table 3, e.g., the ability to inhibit dephosphorylation of AMP and 

to mediate receptor dependent CD73 internalization. 

In certain embodiments, the antibody comprises heavy and light chain variable regions, 

wherein: 

(a) the heavy chain variable region CDR1, CDR2, and CDR3 consist of SEQ ID NOs: 5-

7, respectively, and the light chain variable region CDR1, CDR2, and CDR3 consist of SEQ ID 

NOs: 9-11, respectively; 
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(b) the heavy chain variable region CDR1, CDR2, and CDR3 consist of SEQ ID NOs: 5-

7, respectively, and the light chain variable region CDR1, CDR2, and CDR3 consist of SEQ ID 

NOs: 13-15, respectively; 

(c) the heavy chain variable region CDR1, CDR2, and CDR3 consist of SEQ ID NOs: 

17-19, respectively, and the light chain variable region CDR1, CDR2, and CDR3 consist of SEQ 

ID NOs: 21-23, respectively; 

(d) the heavy chain variable region CDR1, CDR2, and CDR3 consist of SEQ ID NOs: 

17-19, respectively, and the light chain variable region CDR1, CDR2, and CDR3 consist of SEQ 

ID NOs: 25-27, respectively; 

(e) the heavy chain variable region CDR1, CDR2, and CDR3 consist of SEQ ID NOs: 

17-19, respectively, and the light chain variable region CDR1, CDR2, and CDR3 consist of SEQ 

ID NOs: 29-31, respectively; 

(f) the heavy chain variable region CDR1, CDR2, and CDR3 consist of SEQ ID NOs: 

33-35, respectively, and the light chain variable region CDR1, CDR2, and CDR3 consist of SEQ 

ID NOs: 37-39, respectively; 

(g) the heavy chain variable region CDR1, CDR2, and CDR3 consist of SEQ ID NOs: 

41-43, respectively, and the light chain variable region CDR1, CDR2, and CDR3 consist of SEQ 

ID NOs: 45-47, respectively; 

(h) the heavy chain variable region CDR1, CDR2, and CDR3 consist of SEQ ID NOs: 

41-43, respectively, and the light chain variable region CDR1, CDR2, and CDR3 consist of SEQ 

ID NOs: 49-51, respectively; 

(i) the heavy chain variable region CDR1, CDR2, and CDR3 consist of SEQ ID NOs: 

53-55, respectively, and the light chain variable region CDR1, CDR2, and CDR3 consist of SEQ 

ID NOs: 57-59, respectively; 

(j) the heavy chain variable region CDR1, CDR2, and CDR3 consist of SEQ ID NOs: 

61-63, respectively, and the light chain variable region CDR1, CDR2, and CDR3 consist of SEQ 

ID NOs: 65-67, respectively; 

(k) the heavy chain variable region CDR1, CDR2, and CDR3 consist of SEQ ID NOs: 

69-71, respectively, and the light chain variable region CDR1, CDR2, and CDR3 consist of SEQ 

ID NOs: 73-75, respectively; 
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(1) the heavy chain variable region CDR1, CDR2, and CDR3 consist of SEQ ID NOs: 

69-71, respectively, and the light chain variable region CDR1, CDR2, and CDR3 consist of SEQ 

ID NOs: 77-79, respectively; 

(m) the heavy chain variable region CDR1, CDR2, and CDR3 consist of SEQ ID NOs: 

81-83, respectively, and the light chain variable region CDR1, CDR2, and CDR3 consist of SEQ 

ID NOs: 85-87, respectively; or 

(n) the heavy chain variable region CDR1, CDR2, and CDR3 consist of SEQ ID NOs: 

89-91, respectively, and the light chain variable region CDR1, CDR2, and CDR3 consist of SEQ 

ID NOs: 93-95, respectively; 

wherein the antibody specifically binds to human CD73, and optionally has one or more 

of the characteristics listed in Table 3, e.g., the ability to inhibit dephosphorylation of AMP and 

to mediate receptor dependent CD73 internalization. 

Heavy chain constant domains of anti-CD73 antibodies 

The heavy chain constant region of anti-CD73 antibodies described herein may be of any 

isotype, e.g., IgGl, IgG2, IgG3 and IgG4, or combinations thereof and/or modifications thereof. 

An anti-CD73 antibody may have effector function or may have reduced or no effector function. 

In certain embodiments, anti-CD73 antibodies described herein comprise a modified heavy chain 

constant region that provides enhanced properties to the antibody. As shown in the Examples, 

anti-CD73 antibodies having an IgG2 hinge and optionally an IgG2 CHI domain, such as those 

having the variable regions of the 11F11 antibody, are better and faster internalized relative to 

antibodies having the same variable region but with a non-IgG2 hinge or CHI, e.g., relative to 

antibodies having an IgGl hinge or an IgGl hinge and IgGl CHI. For example an antibody 

comprising the variable regions of the 11F11 antibody and comprising an IgG2 hinge and 

optionally an IgG2 CHI and an IgGl CH2 and IgGl CH3 domains, and whether with or without 

effector function, is more efficiently internalized into cells upon binding to CD73 on the cell 

membrane relative to the same antibody, but with an IgGl hinge or an IgGl hinge and IgGl CHI 

domain. As further shown herein, a CD73 antibody having an IgG2 hinge and the remainder of 

the antibody of an IgGl isotype internalizes more efficiently than the same antibody wherein the 

hinge is of an IgGl isotype. An antibody having, in addition to an IgG2 hinge, an IgG2 CHI 

domain internalizes even more efficiently than the same antibody in which the CHI domain is an 
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IgGl CHI domain. As further shown herein, anti-CD73 antibodies with an IgG2 hinge and 

optionally IgG2 CHI also form larger antibody/antigen complexes than antibodies having an 

IgGl hinge or IgGl hinge and IgGl CHI. Increased internalization appears to correlate with 

increased antibody/antigen complex size. As further described in the Examples, enhanced 

internalization does not appear to be associated with a higher or lower affinity of the antibody. 

Accordingly, provided herein are anti-CD73 antibodies having a modified heavy chain constant 

region that mediates antibody mediated CD73 internalization, and wherein the antibody with the 

modified heavy chain constant region binds to CD73 with a similar affinity as the same antibody, 

but with a different heavy chain constant region. 

In certain embodiments, a CD73 antibody comprises a modified heavy chain constant 

region that comprises a hinge of the IgG2 isotype (an "IgG2 hinge") and a CHI, CH2 and CH3 

domain. In certain embodiments, a modified heavy chain constant region comprises an IgG2 

hinge and a CHI, CH2 and CH3 domain, wherein at least one of the CHI, CH2 and CH3 

domains is not of the IgG2 isotype. In certain embodiments, a modified heavy chain constant 

region comprises a hinge of the IgG2 isotype, a CHI of the IgG2 isotype, wherein at least one of 

the CH2 and CH3 domains is not of the IgG2 isotype. The IgG2 hinge may be a wildtype IgG2 

hinge, e.g., a wildtype human IgG2 hinge (e.g., having SEQ ID NO: 136) or a variant thereof, 

provided that the IgG2 hinge retains the ability to confer to the antibody an enhanced activity 

(e.g., increased internalization by a cell; enhanced inhibition of enzymatic activity; increased 

antagonist or blocking activity; the ability to form large antibody/antigen cross-linked 

complexes; increased ability to stimulate or enhance an immune response; and/or increased anti­

proliferative or anti-tumor effect) relative to that of the same antibody that comprises a non-IgG2 

hinge and optionally a non-IgG2 CHI domain. In certain embodiments, an IgG2 hinge variant 

retains similar rigidity or stiffness to that of a wildtype IgG2 hinge. The rigidity of a hinge or an 

antibody can be determined, e.g., by computer modeling, electron microscopy, spectroscopy 

such as Nuclear Magnetic Resonance (NMR), X-ray crystallography (B-factors), or 

Sedimentation Velocity Analytical ultracentrifugation (AUC) to measure or compare the radius 

of gyration of antibodies comprising the hinge. A hinge or antibody may have similar or higher 

rigidity relative to another hinge if an antibody comprising the hinge has a value obtained from 

one of the tests described in the previous sentence that differs from the value of the same 

antibody with a different hinge, e.g., an IgGl hinge, in less than 5%, 10%, 25%, 50%, 75%, or 
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100%. A person of skill in the art would be able to determine from the tests whether a hinge or 

an antibody has at least similar rigidity to that of another hinge or antibody, respectively, by 

interpreting the results of these tests. An exemplary human IgG2 hinge variant is an IgG2 hinge 

that comprises a substitution of one or more of the four cysteine residues (i.e., C219, C220, C226 

and C229) with another amino acid. A cysteine may be replaced by a serine. An exemplary 

IgG2 hinge is a human IgG2 hinge comprising a C219X mutation or a C220X mutation, wherein 

X is any amino acid except serine. In a certain embodiments, an IgG2 hinge does not comprise 

both a C219X and a C220X substitution. In certain embodiments, an IgG2 hinge comprises 

C219S or C220S, but not both C219S and C220S. Other IgG2 hinge variants that may be used 

include human IgG2 hinges comprising a C220, C226 and/or C229 substitution, e.g., a C220S, 

C226S or C229S mutation (which may be combined with a C219S mutation). An IgG2 hinge 

may also be an IgG2 hinge in which a portion of the hinge is that of another isotype (i.e., it is a 

chimeric or hybrid hinge), provided that the rigidity of the chimeric hinge is at least similar to 

that of a wildtype IgG2 hinge. For example, an IgG2 hinge may be an IgG2 hinge in which the 

lower hinge (as defined in Table 2) is of an IgGl isotype, and is, e.g., a wildtype IgGl lower 

hinge. 

A "hybrid" or "chimeric" hinge is referred to as being of a specific isotype if more than 

half of the consecutive amino acids of the hinge are from that isotype. For example, a hinge 

having an upper and middle hinge of IgG2 and the lower hinge of IgGl is considered to be an 

IgG2 hybrid hinge. 

In certain embodiments, a CD73 antibody comprises a modified heavy chain constant 

region that comprises an IgG2 hinge comprising one of the following hinges: 

ERKCCVECPPCPAPPVAG (SEQ ID NO: 348); 
ERKSCVECPPCPAPPVAG (SEQ ID NO: 349); 
ERKCSVECPPCPAPPVAG (SEQ ID NO: 350); 
ERKXC VECPPCPAPPV AG (SEQ ID NO: 351); 
ERKCXVECPPCPAPPVAG (SEQ ID NO: 352); 
ERKCCVECPPCPAPPVAGX (SEQ ID NO: 353); 
ERKSCVECPPCPAPPVAGX (SEQ ID NO: 354); 
ERKCSVECPPCPAPPVAGX (SEQ ID NO: 355); 
ERKXC VECPPCPAPPV AGX (SEQ ID NO: 356); 
ERKCXVECPPCPAPPVAGX (SEQ ID NO: 357); 
ERKCCVECPPCPAPELLGG (SEQ ID NO: 358); 
ERKSCVECPPCPAPELLGG (SEQ ID NO: 359); 
ERKCCSVECPPCPAPELLGG (SEQ ID NO: 360); 
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ERKXCVECPPCPAPELLGG (SEQ ID NO: 361); 
ERKCXVECPPCPAPELLGG (SEQ ID NO: 362); 
ERKCCVECPPCPAPELLG (SEQ ID NO: 363); 
ERKSCVECPPCPAPELLG (SEQ ID NO: 364); 
ERKCCSVECPPCPAPELLG (SEQ ID NO: 365); 
ERKXCVECPPCPAPELLG (SEQ ID NO: 366); 
ERKCXVECPPCPAPELLG (SEQ ID NO: 367); 
ERKCCVECPPCPAP (SEQ ID NO: 368); 
ERKSCVECPPCPAP (SEQ ID NO: 369); 
ERKCSVECPPCPAP (SEQ ID NO: 370); 
ERKXCVECPPCPAP (SEQ ID NO: 371); or 
ERKCXVECPPCPAP (SEQ ID NO: 372), 

wherein X is any amino acid, except a cysteine, 

or any of the above sequences, in which 1-5, 1-3, 1-2 or 1 amino acid is inserted between 

amino acid residues CVE and CPP. In certain embodiments, THT or GGG is inserted. 

In certain embodiments, the hinge comprises SEQ ID NO: 348, 349, 350, 351, or 352, 

wherein 1, 2, 3 or all 4 amino acids P233,V234, A235 and G237 (corresponding to the C-

terminal 4 amino acids "PVAG" (SEQ ID NO: 373) are deleted or substituted with another 

amino acid, e.g., the amino acids of the C-terminus of the IgGl hinge (ELLG (SEQ ID NO: 374) 

or ELLGG (SEQ ID NO: 375). In certain embodiments, the hinge comprises SEQ ID NO: 348, 

349, 350, 351, or 352, wherein V234, A235 and G237 are deleted or substituted with another 

amino acid. In certain embodiments, the hinge comprises SEQ ID NO: 348, 349, 350, 351, or 

352, wherein A235 and G237 are deleted or substituted with another amino acid. In certain 

embodiments, the hinge comprises SEQ ID NO: 348, 349, 350, 351, or 352, wherein G237 is 

deleted or substituted with another amino acid. In certain embodiments, the hinge comprises 

SEQ ID NO: 348, 349, 350, 351, or 352, wherein V234 and A235 are deleted or substituted with 

another amino acid. Substitution of PVAG (SEQ ID NO: 373) in an IgG2 with the 

corresponding amino acids of an IgGl hinge, i.e., (ELLG (SEQ ID NO: 374) or ELLGG (SEQ 

ID NO: 375)) to obtain a hybrid hinge, e.g., shown above, provides a hinge having the 

advantages of an IgG2 hinge and the effector function of IgGl hinges. 

In certain embodiments, a modified heavy chain constant region comprises a hinge that 

consists of or consists essentially of one of the sequences shown above, e.g., any one of SEQ ID 

NOs: 348-372, and e.g., does not comprise additional hinge amino acid residues. 
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In certain embodiments, 1 or 1-2 or 1-3 amino acids are inserted between the hinge and 

CH2 domain, e.g., an additional glycine may be added. 

In certain embodiments an anti-CD73 antibody comprises a modified heavy chain 

constant region comprising an IgGl or IgG2 constant region, wherein the hinge comprises a 

deletion of 1-10 amino acids. As shown in the Examples, an IgGl antibody lacking amino acid 

residues SCDKTHT (S219, C220, D221, K222, T223, H224 and T225; SEQ ID NO: 376) 

conferred antibody mediated CD73 internalization more effectively than the same antibody 

having a wildtype IgGl constant region. Similarly, in the context of an IgG2 antibody, an IgG2 

antibody lacking amino acid residues CCVE (C219, C220, V222, and E224; SEQ ID NO: 377) 

conferred antibody mediated CD73 internalization more effectively than the same antibody 

having a wildtype IgGl constant region. Accordingly, provided herein are modified heavy chain 

constant region in which the hinge comprises a deletion of 1, 2, 3, 4, 5, 6, or 7 amino acid 

residues, selected from residues S219, C220, D221, K222, T223, H224 and T225 for an IgGl 

antibody, and residues C219, C220, V222, and E224 for an IgG2 antibody. 

In certain embodiments, a modified heavy chain constant region comprises a CHI 

domain that is a wildtype CHI domain of the IgGl or IgG2 isotype ("IgGl CHI domain" or 

"IgG2 CHI domain," respectively). CHI domains of the isotypes IgG3 and IgG4 ("IgG3 CHI 

domain and "IgG2 CHI domain," respectively) may also be used. A CHI domain may also be a 

variant of a wildtype CHI domain, e.g., a variant of a wildtype IgGl, IgG2, IgG3 or IgG4 CHI 

domain. Exemplary variants of CHI domains include A114C, T173C and/or C131, e.g., C131S. 

A CHI domain, e.g., an IgG2 CHI domain, may comprise the substitution C131S, which 

substitution confers onto an IgG2 antibody or antibody having an IgG2 CHI and hinge the B 

form (or conformation). 

In certain embodiments, a modified heavy chain constant region comprises a CHI 

domain that is of the IgG2 isotype. In certain embodiments, the CHI domain is wildtype IgG2 

CHI domain, e.g., having the amino acid sequence: 

ASTKGPSVFPLAPCSRSTSESTAALGCLVKDYFPEPVTVSWNSGALTSGVHTFPAVLQSS 

GLYSLSSVVTVPSSMl'GTQTYTCNVDHKPSNTKVDKTV (SEQ ID NO: 378). In certain 

embodiments, the CHI domain is a variant of SEQ ID NO: 378 and comprises 1-10, 1-5, 1-2 or 1 

amino acid substitutions or deletions relative to SEQ ID NO: 378. As further described in the 

Examples, it has been shown herein that an IgG2 CHI domain or variants thereof confer 
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enhanced or altered internalization properties to anti-CD73 antibodies relative to IgGl antibodies 

and even more enhanced or atered internalization when the antibodies also comprise an IgG2 

hinge. In certain embodiments, IgG2 CHI variants do not comprise an amino acid substitution 

or deletion at one or more of the following amino acid residues: C131, R133, E137 and S138, 

which amino acid residues are shown in bold and underlined in SEQ ID NO: 378 shown above. 

For example, a modified heavy chain constant region may comprise an IgG2 CHI domain in 

which neither of R133, E137 and S138 are substituted with another amino acid or are deteled or 

in which neither of C131, R133, E137 and S138 are substituted with another amino acid or are 

deteled. In certain embodiments, C131 is substituted with another amino acid, e.g., C131S, 

which substitution triggers the antibody to adopt conformation B. Both conformation A and 

conformation B antibodies having modified heavy chain constant regions have been shown 

herein to have enhanced activities relative to the same antibody with an IgGl constant region. 

In certain embodiments, N192 and/or F193 (shown as italicized and underlined residues 

in SEQ ID NO: 378 shown above) are substituted with another amino acid, e.g., with the 

corresponding amino acids in IgGl, i.e., N192S and/or F193L. 

In certain embodiments, one or more amino acid residues of an IgG2 CHI domain are 

substituted with the corresponding amino acid residues in IgG4. For example, N192 may be 

N192S; F193 may be F193L; C131 may be C131K; and/or T214 may be T214R. 

An antibody may comprise a modified heavy chain constant region comprising an IgG2 

CHI domain or variant thereof and IgG2 hinge or variant thereof. The hinge and CHI domain 

may be a combination of any IgG2 hinge and IgG2 CHI domain described herein. In certain 

embodiments, the IgG2 CHI and hinge comprise the following amino acid sequence 

ASTKGPSVFPLAPCSRSTSESTAALGCLVKDYFPEPVTVSWNSGALTSGVHTFPAVLQSS 

GLYSLSSVVTVPSSiVFGTQTYTCNVDHKPSNTKVDKTVERKCCVECPPCPAPPYAG 

(SEQ ID NO: 379), or an amino acid sequence that differs therefrom in at most 1-10 amino 

acids. The amino acid variants are as described for the hinge and CHI domains above. 

In certain embodiments, antibodies comprise at least an IgG2 hinge, and optionally also 

an IgG2 CHI domain or fragment or derivative of the hinge and/or CHI domain and the 

antibody has adopted form (of conformation) A (see, e.g., Allen et al. (2009) Biochemistry 

48:3755). In certain embodiments, anti-CD73 antibodies comprise at least an IgG2 hinge, and 
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optionally also an IgG2 CHI domain or fragment or derivative of the hinge and/or CHI domain 

and the antibody has adopted form B (see, e.g., Allen et al. (2009) Biochemistry 48:3755). 

In certain embodiments, a modified heavy chain constant region comprises a CH2 

domain that is a wildtype CH2 domain of the IgGl, IgG2, IgG3 or IgG4 isotype ("IgGl CH2 

domain," "IgG2 CH2 domain," "IgG3 CH2 domain," or "IgG4 CH2 domain," respectively). A 

CH2 domain may also be a variant of a wildtype CH2 domain, e.g., a variant of a wildtype IgGl, 

IgG2, IgG3 or IgG4 CH2 domain. Exemplary variants of CH2 domains include variants that 

modulate a biological activity of the Fc region of an antibody, such as ADCC or CDC or 

modulate the half-life of the antibody or its stability. In one embodiment, the CH2 domain is a 

human IgGl CH2 domain with an A330S and P331S mutation, wherein the CH2 domain has 

reduced effector function relative to the same CH2 mutation without the mutations. A CH2 

domain may have enhanced effector function. CH2 domains may comprise one or more of the 

following mutations: SE (S267E), SELF (S267E/L328F), SDIE (S239D/I332E), SEFF and 

GASDALIE (G236A/S239D/A330L/I332E) and/or one or more mutations at the following 

amino acids: E233, G237, P238, H268, P271, L328 and A330. Other mutations are further set 

forth herein elsewhere. 

In certain embodiments, a modified heavy chain constant region comprises a CH3 

domain that is a wildtype CH3 domain of the IgGl, IgG2, IgG3 or IgG4 isotype ("IgGl CH3 

domain," "IgG2 CH3 domain," "IgG3 CH3 domain," or "IgG4 CH3 domain," respectively. A 

CH3 domain may also be a variant of a wildtype CH3 domain, e.g., a variant of a wildtype IgGl, 

IgG2, IgG3 or IgG4 CH3 domain. Exemplary variants of CH3 domains include variants that 

modulate a biological activity of the Fc region of an antibody, such as ADCC or CDC or 

modulate the half-life of the antibody or its stability. 

In certain embodiments, a modified heavy chain constant region comprises a hinge of the 

IgG2 isotype and a CHI region of the IgG2 isotype. The IgG2 hinge and CHI may be wild type 

IgG2 hinge and CHI or variants thereof, provided that they have the desired biological activity. 

In certain embodiments, a modified heavy chain constant region comprises an IgG2 hinge 

comprising the C219S mutation, and an IgG2 CHI, which may be wild type or comprise at most 

1-10, 1-5, 1-3, 1-2 or 1 amino acid substitution, deletion or addition. The modified heavy chain 

constant region may further comprise a wild type or mutated CH2 and CH3 domains. For 

example, a CD73 antibody may comprise a heavy chain constant domain comprising an IgG2 
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CHI domain, an IgG2 hinge, which may comprise C219S, and an IgGl CH2 and CH3 domain, 

wherein the CH2 and CH3 domain may be effectorless, such as comprising mutations A330S 

and P331S. 

Generally, variants of the CHI, hinge, CH2 or CH3 domains may comprise 1, 2, 3, 4, 5, 

6, 7, 8, 9, 10 or more mutations, and/or at most 10, 9, 8, 7, 6, 5, 4, 3, 2 or 1 mutation, or 1-10 or 

1-5 mutations, or comprise an amino acid sequence that is at least about 75%, 80%, 85%, 90%, 

95%, 96%, 97%, 98%, or 99% identical to that of the corresponding wildtype domain (CHI, 

hinge, CH2, or CH3 domain, respectively), provided that the heavy chain constant region 

comprising the specific variant retains the necessary biological activity. 

Table 5 sets forth exemplary human heavy chain constant regions comprising a human 

CHI, hinge, CH2 and/or CH3 domains, wherein each domain is either a wildtype domain or a 

variant thereof that provides the desired biological activity to the heavy chain constant region. 

An unfilled cell in Table 5 indicates that the domain is present or not, and if present can be of 

any isotype, e.g., IgGl, IgG2, IgG3 or IgG4. For example, an antibody comprising the heavy 

chain constant region 1 in Table 5 is an antibody that comprises a heavy chain constant region 

comprising at least an IgG2 hinge, and which may also comprise a CHI, CH2 and/or CH3 

domain, and if present, which CHI, CH2 and/or CH3 domain is of an IgGl, IgG2, IgG3 or IgG4 

isotype. As another example for understanding Table 5, an antibody comprising a heavy chain 

constant region 8 is an antibody comprising a heavy chain constant region comprising an IgGl 

CHI domain, and IgG2 hinge, an IgGl CH2 domain, and which may or may not also comprise a 

CH3 domain, which is present, may be of an IgGl, IgG2, IgG3 or IgG4 isotype. 

Table 5: 
MHCCR* CHI Hinge CH2 CH3 

1 IgG2 

2 IgGl IgG2 

3 IgG2 IgG2 

4 IgG2 IgGl 

5 IgG2 IgG2 

6 IgG2 IgGl 

7 IgG2 IgG2 

8 IgGl IgG2 IgGl 
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9 IgGl IgG2 IgG2 

10 IgG2 IgG2 IgGl 

11 IgG2 IgG2 IgG2 

12 IgGl IgG2 IgGl 

13 IgGl IgG2 IgG2 

14 IgG2 IgG2 IgGl 

15 IgG2 IgG2 IgG2 

16 IgG2 IgGl IgGl 

17 IgG2 IgGl IgG2 

18 IgG2 IgG2 IgGl 

19 IgG2 IgG2 IgG2 

20 IgGl IgG2 IgGl IgGl 

21 IgGl IgG2 IgGl IgG2 

22 IgGl IgG2 IgG2 IgGl 

23 IgGl IgG2 IgG2 IgG2 

24 IgG2 IgG2 IgGl IgGl 

25 IgG2 IgG2 IgGl IgG2 

26 IgG2 IgG2 IgG2 IgGl 

27 IgG2 IgG2 IgG2 IgG2 

* Modified heavy chain constant region 

In certain embodiments, an antibody comprising a heavy chain constant region shown in 

Table 5 has an enhanced biological activity relative to the same antibody comprising a heavy 

chain constant region that does not comprise that specific heavy chain constant region or relative 

to the same antibody that comprises an IgGl constant region. 

In certain embodiments, a method for improving the biological activity of a CD73 

antibody that comprises a non-IgG2 hinge and/or non-IgG2 CHI domain comprises providing an 

anti-CD73 antibody that comprises a non-IgG2 hinge and/or a non-IgG2 CHI domain, and 

replacing the non-IgG2 hinge and the non-IgG2 CHI domain with an IgG2 hinge and an IgG2 

CHI domain, respectively. A method for improving the biological activity of a CD73 antibody 

that does not comprise a modified heavy chain constant region, may comprise providing an anti-

CD73 antibody that does not comprise a modified heavy chain constant region, and replacing its 

heavy chain constant region with a modified heavy chain constant region. 
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Exemplary modified heavy chain constant regions that may be linked to anti-CD73 

variable regions, e.g., those described herein, are provided in Table 6, which sets forth the 

identity of each of the domains. 

Table 6: 
Modified heavy 
chain constant 
region 

CHI Hinge CH2 CH3 SEQ ID NO 
of whole 
MHCCR 

IgGl-IgG2-
IgGlf 

IgGl wildtype 
SEQ ID NO:98 

IgG2/IgGl 
SEQ ID NO: 178 

IgGl wildtype 
SEQ ID NO: 137 

IgGl wildtype 
SEQ ID NO: 138 

SEQ ID 
NO: 180 

IgGl-IgG2-
IgGlf2 

IgGl wildtype 
SEQ ID NO:98 

IgG2 wildtype 
SEQ ID NO: 136 

IgGl wildtype 
SEQ ID NO: 137 

IgGl wildtype 
SEQ ID NO: 138 

SEQ ID 
NO: 162 

IgGl-IgG2CS-
IgGlf 

IgGl wildtype 
SEQ ID NO:98 

IgG2C219S/IgGl 
SEQ ID NO: 179 

IgGl wildtype 
SEQ ID NO: 137 

IgGl wildtype 
SEQ ID NO: 138 

SEQ ID 
NO:181 

IgGl-IgG2CS-
IgGlf2 

IgGl wildtype 
SEQ ID NO:98 

IgG2 C219S 
SEQ ID NO: 123 

IgGl wildtype 
SEQ ID NO: 137 

IgGl wildtype 
SEQ ID NO: 138 

SEQ ID 
NO: 163 

IgG2-IgGlf IgG2 wildtype 
SEQ ID NO: 124 

IgG2/IgGl 
SEQ ID NO: 178 

IgGl wildtype 
SEQ ID NO: 137 

IgGl wildtype 
SEQ ID NO: 138 

SEQ ID 
NO: 182 

IgG2-IgGlf2 IgG2 wildtype 
SEQ ID NO: 124 

IgG2 wildtype 
SEQ ID NO: 136 

IgGl wildtype 
SEQ ID NO: 137 

IgGl wildtype 
SEQ ID NO: 138 

SEQ ID 
NO: 164 

IgG2CS-IgGlf IgG2 wildtype 
SEQ ID NO: 124 

IgG2C219S/IgGl 
SEQ ID NO: 179 

IgGl wildtype 
SEQ ID NO: 137 

IgGl wildtype 
SEQ ID NO: 138 

SEQ ID 
NO:183 

IgG2CS-IgGlf2 IgG2 wildtype 
SEQ ID NO: 124 

IgG2 C219S 
SEQ ID NO: 123 

IgGl wildtype 
SEQ ID NO: 137 

IgGl wildtype 
SEQ ID NO: 138 

SEQ ID 
NO: 165 

IgGl-IgG2-
IgGl.lf 

IgGl wildtype 
SEQ ID NO:98 

IgG2 wildtype 
SEQ ID NO: 136 

IgGl 
A330S/P331S 
SEQ ID NO: 125 

IgGl wildtype 
SEQ ID NO: 138 

SEQ ID 
NO: 166 

IgGl-IgG2CS-
IgGl.lf 

IgGl wildtype 
SEQ ID NO:98 

IgG2 C219S 
SEQ ID NO: 123 

IgGl 
A330S/P331S 
SEQ ID NO: 125 

IgGl wildtype 
SEQ ID NO: 138 

SEQ ID 
NO: 167 

IgG2-IgGl.lf IgG2 wildtype 
SEQ ID NO: 124 

IgG2 wildtype 
SEQ ID NO: 136 

IgGl 
A330S/P331S 
SEQ ID NO: 125 

IgGl wildtype 
SEQ ID NO: 138 

SEQ ID 
NO: 168 

IgG2CS-IgGl.lf IgG2 wildtype 
SEQ ID NO: 124 

IgG2 C219S 
SEQ ID NO: 123 

IgGl 
A330S/P331S 
SEQ ID NO: 125 

IgGl wildtype 
SEQ ID NO: 138 

SEQ ID 
NO: 169 

In certain embodiments, an antibody comprises a modified heavy chain constant region 

comprising an IgG2 hinge comprising SEQ ID NO: 123, 136, 178, 179, or 348-372 or a variant 

thereof, such as an IgG2 hinge comprising an amino acid sequence that (i) differs from SEQ ID 
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NO: 123, 136, 178, 179, or 348-372 in 1, 2, 3, 4 or 5 amino acids substitutions, additions or 

deletions; (ii) differs from SEQ ID NO: 123, 136, 178, 179, or 348-372 in at most 5, 4, 3, 2, or 1 

amino acids substitutions, additions or deletions; (iii) differs from SEQ ID NO: 123, 136, 178, 

179, or 348-372 in 1-5, 1-3, 1-2, 2-5 or 3-5 amino acids substitutions, additions or deletions 

and/or (iv) comprises an amino acid sequence that is at least about 75%, 80%, 85%, 90%, 95%, 

96%, 97%, 98% or 99% identical to SEQ ID NO: 123, 136, 178, 179, or 348-372, wherein in any 

of (i)-(iv), an amino acid substitution may be a conservative amino acid substitution or a non-

conservative amino acid substitution; and wherein the modified heavy chain constant region has 

an enhanced biological activity relative to that of another heavy chain constant region, e.g., a 

heavy chain constant region that comprises a non-IgG2 hinge or relative to the same modified 

heavy chain constant region that comprises a non-IgG2 hinge. For example, the hinge may be 

wildtype, or comprise a C219S, C220S or C219S and C220S substitutions. 

In certain embodiments, an antibody comprises a modified heavy chain constant region 

comprising an IgGl CHI domain comprising SEQ ID NO: 98 or an IgG2 CHI domain 

comprising SEQ ID NO: 124, or a variant of SEQ ID NO: 98 or 124, which variant (i) differs 

from SEQ ID NO: 98 or 124 in 1, 2, 3, 4 or 5 amino acids substitutions, additions or deletions; 

(ii) differs from SEQ ID NO: 98 or 124 in at most 5, 4, 3, 2, or 1 amino acids substitutions, 

additions or deletions; (iii) differs from SEQ ID NO: 98 or 124 in 1-5, 1-3, 1-2, 2-5 or 3-5 amino 

acids substitutions, additions or deletions and/or (iv) comprises an amino acid sequence that is at 

least about 75%, 80%, 85%, 90%, 95%, 96%, 97%, 98% or 99% identical to SEQ ID NO: 98 or 

124, wherein in any of (i)-(iv), an amino acid substitution may be a conservative amino acid 

substitution or a non-conservative amino acid substitution; and wherein the modified heavy chain 

constant region has an enhanced biological activity relative to that of another heavy chain 

constant region, e.g., a heavy chain constant region that comprises a non-IgG2 hinge or non-

IgG2 hinge and CHI domain or relative to the same modified heavy chain constant region that 

comprises a non-IgG2 hinge or non-IgG2 hinge and CHI domain. An IgG2 CHI domain may 

comprise C13IS or other mutations that causes an IgG2 hinge and CHI containing antibody to 

adopt either an A or a B form. 

In certain embodiments, an antibody comprises a modified heavy chain constant region 

comprising an IgGl CH2 domain comprising SEQ ID NO: 137 or 125, or a variant of SEQ ID 

NO: 137 or 125, which variant (i) differs from SEQ ID NO: 137 or 125 in 1, 2, 3, 4 or 5 amino 

66 



WO 2016/081748 PCT/US2015/061639 

acids substitutions, additions or deletions; (ii) differs from SEQ ID NO: 137 or 125 in at most 5, 

4, 3, 2, or 1 amino acids substitutions, additions or deletions; (iii) differs from SEQ ID NO: 137 

or 125 in 1-5, 1-3, 1-2, 2-5 or 3-5 amino acids substitutions, additions or deletions and/or (iv) 

comprises an amino acid sequence that is at least about 75%, 80%, 85%, 90%, 95%, 96%, 97%, 

98% or 99% identical to SEQ ID NO: 137 or 125, wherein in any of (i)-(iv), an amino acid 

substitution may be a conservative amino acid substitution or a non-conservative amino acid 

substitution; and wherein the modified heavy chain constant region has an enhanced biological 

activity relative to that of another heavy chain constant region, e.g., a heavy chain constant 

region that comprises a non-IgG2 hinge or relative to the same modified heavy chain constant 

region that comprises a non-IgG2 hinge. 

In certain embodiments, an antibody comprises a modified heavy chain constant region 

comprising an IgGl CH3 domain comprising SEQ ID NO: 138, or a variant of SEQ ID NO: 138, 

which variant (i) differs from SEQ ID NO: 138 in 1, 2, 3, 4 or 5 amino acids substitutions, 

additions or deletions; (ii) differs from SEQ ID NO: 138 in at most 5, 4, 3, 2, or 1 amino acids 

substitutions, additions or deletions; (iii) differs from SEQ ID NO: 138 in 1-5, 1-3, 1-2, 2-5 or 3-

5 amino acids substitutions, additions or deletions and/or (iv) comprises an amino acid sequence 

that is at least about 75%, 80%, 85%, 90%, 95%, 96%, 97%, 98% or 99% identical to SEQ ID 

NO: 138, wherein in any of (i)-(iv), an amino acid substitution may be a conservative amino acid 

substitution or a non-conservative amino acid substitution; and wherein the modified heavy chain 

constant region has an enhanced biological activity relative to that of another heavy chain 

constant region, e.g., a heavy chain constant region that comprises a non-IgG2 hinge or relative 

to the same modified heavy chain constant region that comprises a non-IgG2 hinge. 

Modified heavy chain constant regions may also comprise a combination of the CHI, 

hinge, CH2 and CH3 domains described above. 

In certain embodiments, a CD73 antibody comprises a modified heavy chain constant 

region comprising any one of SEQ ID NOs: 162-169, 180-183, 267-282, and 300-347, or a 

variant of any one of SEQ ID NOs: 162-169, 180-183, 267-282, and 300-347, which variant (i) 

differs from SEQ ID NOs: 162-169, 180-183, 267-282, and 300-347 in 1, 2, 3, 4, 5, 6, 7, 8, 9, 10 

or more amino acids substitutions, additions or deletions; (ii) differs from SEQ ID NOs: 162-169, 

180-183, 267-282, and 300-347 in at most 10, 9, 8, 7, 6,5, 4, 3, 2, or 1 amino acids substitutions, 

additions or deletions; (iii) differs from SEQ ID NOs: 162-169, 180-183, 267-282, and 300-
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347in 1-5, 1-3, 1-2, 2-5, 3-5, 1-10, or 5-10 amino acids substitutions, additions or deletions 

and/or (iv) comprises an amino acid sequence that is at least about 75%, 80%, 85%, 90%, 95%, 

96%, 97%, 98% or 99% identical to any one of SEQ ID NOs: 162-169, 180-183, 267-282, and 

300-347, wherein in any of (i)-(iv), an amino acid substitution may be a conservative amino acid 

substitution or a non-conservative amino acid substitution; and wherein the modified heavy chain 

constant region has an enhanced biological activity relative to that of another heavy chain 

constant region, e.g., a heavy chain constant region that comprises a non-IgG2 hinge or non-

IgG2 CHI domain or relative to the same modified heavy chain constant region that comprises a 

non-IgG2 hinge and/or a non-IgG2 CHI domain. 

Modified heavy chain constant regions may have (i) similar, reduced or increased 

effector function (e.g., binding to an FcyR, e.g., FcyRIIB) relative to a wildtype heavy chain 

constant region and or (ii) similar, reduced or increased half-life (or binding to the FcRn 

receptor) relative to a wildtype heavy chain constant region. 

The VH domain of an anti-CD73 antibody described herein may be linked to a heavy 

chain constant region described herein. For example, Figure 18 shows the amino acid sequence 

of antibody CD73.4 linked to the heavy chain constant region IgG2CS-IgGl.lf (SEQ ID 

NO: 133 or 169). Also encompassed herein are antibodies comprising a heavy chain comprising 

an amino acid sequence that differs from that of CD73.4-IgG2CS-IgGl.lf (SEQ ID NO: 133 or 

189) in at most 1-30, 1-25, 1-20, 1-15, 1-10, 1-5, 1-4, 1-3, 1-2 or 1 amino acid (by substitution, 

addition or deletion) and/or that are at least 80%, 85%, 90%, 95%, 96%, 97%, 98% or 99% 

identical to the amino acid sequence of the heavy chain of CD73.4-IgG2CS-IgGl.lf (SEQ ID 

NO: 133 or 189). For example, encompassed herein are antibodies comprising the heavy chain of 

CD73.4-IgG2CS-IgGl.lf (SEQ ID NO: 133 or 189), and wherein the C-terminal K or GK or 

PGK are deleted or are present. Other variants of CD73.4-IgG2CS-IgGl.lf (SEQ ID NO: 133 or 

189) include those having a heavy chain that is of a different allotype, and wherein, e.g., amino 

acids 356 and 358 are D and L, respectively. Variants include those having an additional 

cysteine mutated in the IgG2 hinge, e.g., C220 (or have C220S instead of C219S), and those that 

do not have the mutations A330S and/or P331S. Variants of CD73.4-IgG2CS-IgGl.lf (SEQ ID 

NO: 133 or 189) preferably have at least similar biochemical properties and/or biological 

activities, e.g., efficiency of internalization, inhibition of CD73 enzymatic activity, affinity for 
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human CD73, and binding to the same or similar epitope, relative to CD73.4-IgG2CS-IgGl.lf 

(SEQ ID NO: 133 or 189). 

In certain embodiments, the anti-CD73 antibodies, or antigen binding portions thereof, 

comprise any one of the constant regions described herein, e.g., constant regions comprising the 

amino acid sequences set forth in SEQ ID NOs: 126, 127, 129, 130, 162-169, 180-183, 267-282, 

and 300-347. 

A light chain of an anti-CD73 antibody may comprise a light chain constant region 

comprising SEQ ID NO: 131, or a variant of SEQ ID NO: 131, which variant (i) differs from 

SEQ ID NO: 131 in 1, 2, 3, 4, 5, 6, 7, 8, 9, 10 or more amino acids substitutions, additions or 

deletions; (ii) differs from SEQ ID NO: 131 in at most 10, 9, 8, 7, 6,5, 4, 3, 2, or 1 amino acids 

substitutions, additions or deletions; (iii) differs from SEQ ID NO: 131 in 1-5, 1-3, 1-2, 2-5, 3-5, 

1-10, or 5-10 amino acids substitutions, additions or deletions and/or (iv) comprises an amino 

acid sequence that is at least about 75%, 80%, 85%, 90%, 95%, 96%, 97%, 98% or 99% 

identical to SEQ ID NO: 131, wherein in any of (i)-(iv), an amino acid substitution maybe a 

conservative amino acid substitution or a non-conservative amino acid substitution. An 

exemplary CL mutation includes C124S. 

Heavy and light chains comprising an amino acid sequence that is at least 99%, 98%, 

97%, 96%, 95%, 90%, 85%, 80%, 75% or 70% identical to any of the heavy or light chains set 

forth in Table 35, as detailed herein (or their variable regions), may be used for forming anti-

human CD73 antibodies having the desired characteristics, e.g., those further described herein. 

Exemplary variants are those comprising an allotypic variation, e.g., in the constant domain. 

Heavy and light chains comprising an amino acid sequence that differs in at most 1-30, 1-25, 1-

20, 1-15, 1-10, 1-5, 1-4, 1-3, 1-2 or 1 amino acid (by substitution, addition or deletion) from any 

of the heavy or light chains set forth in Table 35, as described herein (or their variable regions), 

may be used for forming anti-human CD73 antibodies having the desired characteristics, e.g., 

those further described herein. 

In various embodiments, the antibodies described above exhibit one or more, two or 

more, three or more, four or more, five or more, six or more, seven or more, eight or more, nine 

or more, ten, or all of the functional properties listed in Table 3. 

Such antibodies include, for example, human antibodies, humanized antibodies, or 

chimeric antibodies. 
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In one embodiment, the anti-CD73 antibodies described herein bind to both glycosylated 

(e.g., N-linked or O-linked glycosylation) and unglycosylated human CD73. Certain anti-CD73 

antibodies may bind to glycosylated, but not unglycosylated CD73 or to unglycosylated but not 

glycosylated CD73. 

In one embodiment, the anti-CD73 antibodies described herein bind to a conformational 

epitope. 

In one embodiment, the anti-CD73 antibodies described herein bind to amino acid 

residues within the following region of human CD73: 

FTKV QQIRRAEPNVLLLD A (SEQ ID NO: 96) and 

corresponding to amino acid residues 65-83 of human CD73 (SEQ ID NO: 1 or 2), as determined 

by, e.g., HDX-MS. 

In one embodiment, the anti-CD73 antibodies described herein bind to all or a portion of 

the following amino acid residues in human CD73: FTKVQQIRRAEPNVLLLDA (SEQ ID NO: 

96), which corresponds to amino acid residues 65-83 of human CD73 (SEQ ID NO: 1 or 2), as 

determined by, e.g., HDX-MS. 

In one embodiment, the anti-CD73 antibody described herein binds to amino acid 

residues within the following region of human CD73: 

LYLPYKVLPVGDEVVG (SEQ ID NO: 97), 

corresponding to amino acid residues 157-172 of human CD73 (SEQ ID NO: 1 or 2), as 

determined by, e.g., HDX-MS. 

In one embodiment, the anti-CD73 antibody described herein binds to all or a portion of 

the following amino acid residues within human CD73: LYLPYKVLPVGDEVVG (SEQ ID 

NO: 97), which corresponds to amino acid residues 157-172 of human CD73 (SEQ ID NO: 1 or 

2), as determined by, e.g., HDX-MS. 

In one embodiment, the anti-CD73 antibody described herein binds to discontinuous 

amino acid residues within the following regions of human CD73 (SEQ ID NO: 1 or 2): 

FTKVQQIRRAEPNVLLLDA (SEQ ID NO: 96) and LYLPYKVLPVGDEVVG (SEQ 

ID NO: 97). 

In one embodiment, the anti-CD73 antibody described herein binds to all or a portion of 

the discontinuous amino acid residues within the following regions of human CD73 (SEQ ID 

NO: 1 or 2): FTKVQQIRRAEPNVLLLDA (SEQ ID NO: 96) and LYLPYKVLPVGDEVVG 
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(SEQ ID NO: 97), which correspond to amino acid residues 65-83 and 157-172 of human CD73 

(SEQ ID NO: 1 or 2), as determined by, e.g., HDX-MS. 

In certain embodiments, anti-CD73 antibodies have interactions with human CD73 that 

correspond to those shown in Table 30, as determined by X-ray crystallography. An antibody 

may share at least 50%, 60%, 70%, 80%, 90%, 95% or 99% of the interactions with human 

CD73 that are shown in Table 30. 

III. Antibodies Having Particular Germline Sequences 

In certain embodiments, an anti-CD73 antibody comprises a heavy chain variable region 

from a particular germline heavy chain immunoglobulin gene and/or a light chain variable region 

from a particular germline light chain immunoglobulin gene. 

As demonstrated herein, human antibodies specific for CD73 have been prepared that 

comprise a heavy chain variable region that is the product of or derived from a human germline 

VH 3-33 gene, VH 3-10 gene, VH 3-15 gene, VH 3-16, JH6b gene, VH 6-19 gene, VH 4-34 

gene, and/or JH3b gene. Accordingly, provided herein are isolated monoclonal antibodies 

specific for human CD73, or antigen-binding portions thereof, comprising a heavy chain variable 

region that is the product of or derived from a human VH germline gene selected from the group 

consisting of: VH 3-33, VH 3-10, VH 3-15, VH 3-16, VH 6-19, and VH 4-34. 

Human antibodies specific for CD73 have been prepared that comprise a light chain 

variable region that is the product of or derived from a human germline VK L6 gene, VK LI8 

gene, VK LI5 gene, VK L20 gene, VK A27 gene, JK5 gene, JK4 gene, JK2 gene, and JK1 gene. 

Accordingly, provided herein are isolated monoclonal antibodies specific for human CD73, or 

antigen-binding portions thereof, comprising a light chain variable region that is the product of 

or derived from a human VK germline gene selected from the group consisting of: VK L6, VK 

L18, VK L15, VK L20, and VK A27. 

Preferred antibodies described herein are those comprising a heavy chain variable region 

that is the product of or derived from one of the above-listed human germline VH genes and also 

comprising a light chain variable region that is the product of or derived from one of the above-

listed human germline VK genes. 

As used herein, a human antibody comprises heavy or light chain variable regions that 

are "the product of' or "derived from" a particular germline sequence if the variable regions of 
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the antibody are obtained from a system that uses human germline immunoglobulin genes. Such 

systems include immunizing a transgenic mouse carrying human immunoglobulin genes with the 

antigen of interest or screening a human immunoglobulin gene library displayed on phage with 

the antigen of interest. A human antibody that is "the product of' or "derived from" a human 

germline immunoglobulin sequence can be identified as such by comparing the amino acid 

sequence of the human antibody to the amino acid sequences of human germline 

immunoglobulins and selecting the human germline immunoglobulin sequence that is closest in 

sequence (i.e., greatest % identity) to the sequence of the human antibody. A human antibody 

that is "the product of' or "derived from" a particular human germline immunoglobulin sequence 

may contain amino acid differences as compared to the germline sequence, due to, for example, 

naturally-occurring somatic mutations or intentional introduction of site-directed mutation. 

However, a selected human antibody typically is at least 90% identical in amino acids sequence 

to an amino acid sequence encoded by a human germline immunoglobulin gene and contains 

amino acid residues that identify the human antibody as being human when compared to the 

germline immunoglobulin amino acid sequences of other species (e.g., murine germline 

sequences). In certain cases, a human antibody may be at least 95%, or even at least 96%, 97%, 

98%, or 99% identical in amino acid sequence to the amino acid sequence encoded by the 

germline immunoglobulin gene. Typically, a human antibody derived from a particular human 

germline sequence will display no more than 10 amino acid differences from the amino acid 

sequence encoded by the human germline immunoglobulin gene. In certain cases, the human 

antibody may display no more than 5, or even no more than 4, 3, 2, or 1 amino acid difference 

from the amino acid sequence encoded by the germline immunoglobulin gene. 

IV. Homologous Antibodies 

Encompassed herein are antibodies having heavy and light chain variable regions 

comprising amino acid sequences that are homologous to the amino acid sequences of the 

preferred antibodies described herein, and wherein the antibodies retain the desired functional 

properties of the anti-CD73 antibodies described herein. 

For example, an isolated anti-CD73 antibody, or antigen binding portion thereof, may 

comprise a heavy chain variable region and a light chain variable region, wherein: 
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(a) the heavy chain variable region comprises an amino acid sequence that is at least 

80%, 85%, 90%, 95%, 96%, 97%, 98% or 99% identical to an amino acid sequence selected 

from the group consisting of SEQ ID NOs: 4, 16, 32, 40, 52, 60, 68, 80, 88, 135, and 170-177, or 

comprises 1, 2, 3, 4, 5, 1-2, 1-3, 1-4, 1-5, 1-10, 1-15, 1-20, 1-25, or 1-50 amino acid changes 

(i.e., amino acid substitutions, additions or deletions) relative to an amino acid sequence selected 

from the group consisting of SEQ ID NOs: 4, 16, 32, 40, 52, 60, 68, 80, 88, 135, and 170-177, 

respectively; 

(b) the light chain variable region comprises an amino acid sequence that is at least 

80%, 85%, 90%, 95%, 96%, 97%, 98% or 99% identical to an amino acid sequence selected 

from the group consisting of SEQ ID NOs: 8, 12, 20, 24, 28, 36, 44, 48, 56, 64, 72, 76, 84, 92, 

and 138, or comprises 1, 2, 3, 4, 5, 1-2, 1-3, 1-4, 1-5, 1-10, 1-15, 1-20, 1-25, or 1-50 amino acid 

changes (i.e., amino acid substitutions, additions or deletions) relative to an amino acid sequence 

selected from the group consisting of SEQ ID NOs: 8, 12, 20, 24, 28, 36, 44, 48, 56, 64, 72, 76, 

84, 92, and 238, respectively; 

(c) the antibody specifically binds to CD73, and 

(d) the antibody exhibits 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, or all of the functional 

properties listed in Table 3. 

In certain embodiments, the anti-CD73 antibodies comprise heavy and light chain 

variable regions with the percent identities and/or amino acid changes and functions discussed 

above (i.e., (a)-(d)), wherein the CDR3 of the heavy chain variable region comprises an amino 

acid sequence selected from the group consisting of SEQ ID NOs: 7, 19, 35, 43, 55, 63, 71, 83, 

and 91, and optionally the CDR1 of the heavy chain variable region comprises an amino acid 

sequence selected from the group consisting of SEQ ID NOs: 5, 17, 33, 41, 53, 61, 69, 81, and 

89, and optionally the CDR2 of the heavy chain variable region comprises an amino acid 

sequence selected from the group consisting of SEQ ID NOs: 6, 18, 34, 42, 54, 62, 70, 82, and 

90. 

In certain embodiments, the anti-CD73 antibodies comprise heavy and light chain 

variable regions with the percent identities and/or amino acid changes and functions discussed 

above (i.e., (a)-(d)), wherein the CDR3 of the light chain variable region comprises an amino 

acid sequence selected from the group consisting of SEQ ID NOs: 11, 15, 23, 27, 31, 39, 47, 51, 
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59, 67, 75, 79, 87, 95, and 241, and optionally the CDR1 of the light chain variable region 

comprises an amino acid sequence selected from the group consisting of SEQ ID NOs: 9, 13, 21, 

25, 29, 37, 45, 49, 57, 65, 73, 77, 85, 93, and 239, and optionally the CDR2 of the light chain 

variable region comprises an amino acid sequence selected from the group consisting of SEQ ID 

NOs: 10, 14, 22, 26, 30, 38, 46, 50, 58, 66, 74, 78, 86, 94, and 240. 

In certain embodiments, the anti-CD73 antibodies comprise heavy and light chain 

variable regions with the percent identities and/or amino acid changes and functions discussed 

above (i.e., (a)-(d)), wherein the CDR3 of the heavy chain variable region comprises an amino 

acid sequence selected from the group consisting of SEQ ID NOs: 7, 19, 35, 43, 55, 63, 71, 83, 

and 91, and optionally the CDR1 of the heavy chain variable region comprises an amino acid 

sequence selected from the group consisting of SEQ ID NOs: 5, 17, 33, 41, 53, 61, 69, 81, and 

89, and optionally the CDR2 of the heavy chain variable region comprises an amino acid 

sequence selected from the group consisting of SEQ ID NOs: 6, 18, 34, 42, 54, 62, 70, 82, and 

90, and wherein the CDR3 of the light chain variable region comprises an amino acid sequence 

selected from the group consisting of SEQ ID NOs: 11, 15, 23, 27, 31, 39, 47, 51, 59, 67, 75, 79, 

87, 95, and 241, and optionally the CDR1 of the light chain variable region comprises an amino 

acid sequence selected from the group consisting of SEQ ID NOs: 9, 13, 21, 25, 29, 37, 45, 49, 

57, 65, 73, 77, 85, 93, and 239, and optionally the CDR2 of the light chain variable region 

comprises an amino acid sequence selected from the group consisting of SEQ ID NOs: 10, 14, 

22, 26, 30, 38, 46, 50, 58, 66, 74, 78, 86, 94, and 240. 

In various embodiments, the antibody can be, for example, a human antibody, a 

humanized antibody or a chimeric antibody. 

An isolated anti-CD73 antibody, or antigen binding portion thereof, may comprise a 

heavy chain and a light chain, wherein: 

(a) the heavy chain comprises an amino acid sequence that is at least 80%, 85%, 

90%, 95%, 96%, 97%, 98% or 99% identical to an amino acid sequence selected from the group 

consisting of SEQ ID NOs: 100, 103, 107, 109, 112, 114, 116, 119, 121, 133, 184-210 or 

comprises 1, 2, 3, 4, 5, 1-2, 1-3, 1-4, 1-5, 1-10, 1-15, 1-20, 1-25, or 1-50 amino acid changes 

(i.e., amino acid substitutions, additions or deletions) relative to an amino acid sequence selected 

from the group consisting of SEQ ID NOs: 100, 103, 107, 109, 112, 114, 116, 119, 121, 133, and 

184-210, respectively; 
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(b) the light chain comprises an amino acid sequence that is at least 80%, 85%, 90%, 

95%, 96%, 97%, 98% or 99% identical to an amino acid sequence selected from the group 

consisting of SEQ ID NOs: 101, 102, 104, 105, 106, 108, 110, 111, 113, 115, 117, 118, 120 and 

122 or comprises 1, 2, 3, 4, 5, 1-2, 1-3, 1-4, 1-5, 1-10, 1-15, 1-20, 1-25, or 1-50 amino acid 

changes (i.e., amino acid substitutions, additions or deletions) relative to an amino acid sequence 

selected from the group consisting of SEQ ID NOs: 101, 102, 104, 105, 106, 108, 110, 111, 113, 

115, 117, 118, 120 and 122, respectively; 

(c) the antibody specifically binds to CD73, and 

(d) the antibody exhibits 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, or all of the functional 

properties listed in Table 3. 

In certain embodiments, the anti-CD73 antibodies comprise heavy and light chains with 

the percent identities and/or amino acid changes and functions discussed above (i.e., (a)-(d)), 

wherein the CDR3 of the heavy chain variable region comprises an amino acid sequence selected 

from the group consisting of SEQ ID NOs: 7, 19, 35, 43, 55, 63, 71, 83, and 91, and optionally 

the CDR1 of the heavy chain variable region comprises an amino acid sequence selected from 

the group consisting of SEQ ID NOs: 5, 17, 33, 41, 53, 61, 69, 81, and 89, and optionally the 

CDR2 of the heavy chain variable region comprises an amino acid sequence selected from the 

group consisting of SEQ ID NOs: 6, 18, 34, 42, 54, 62, 70, 82, and 90. 

In certain embodiments, the anti-CD73 antibodies comprise heavy and light chains with 

the percent identities and/or amino acid changes and functions discussed above (i.e., (a)-(d)), 

wherein the CDR3 of the light chain variable region comprises an amino acid sequence selected 

from the group consisting of SEQ ID NOs: 11, 15, 23, 27, 31, 39, 47, 51, 59, 67, 75, 79, 87, 95, 

and 241, and optionally the CDR1 of the light chain variable region comprises an amino acid 

sequence selected from the group consisting of SEQ ID NOs: 9, 13, 21, 25, 29, 37, 45, 49, 57, 

65, 73, 77, 85, 93, and 239, and optionally the CDR2 of the light chain variable region comprises 

an amino acid sequence selected from the group consisting of SEQ ID NOs: 10, 14, 22, 26, 30, 

38, 46, 50, 58, 66, 74, 78, 86, 94, and 240. 

In certain embodiments, the anti-CD73 antibodies comprise heavy and light chains with 

the percent identities and/or amino acid changes and functions discussed above (i.e., (a)-(d)), 

wherein the CDR3 of the heavy chain variable region comprises an amino acid sequence selected 
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from the group consisting of SEQ ID NOs: 7, 19, 35, 43, 55, 63, 71, 83, and 91, and optionally 

the CDR1 of the heavy chain variable region comprises an amino acid sequence selected from 

the group consisting of SEQ ID NOs: 5, 17, 33, 41, 53, 61, 69, 81, and 89, and optionally the 

CDR2 of the heavy chain variable region comprises an amino acid sequence selected from the 

group consisting of SEQ ID NOs: 6, 18, 34, 42, 54, 62, 70, 82, and 90, and wherein the CDR3 of 

the light chain variable region comprises an amino acid sequence selected from the group 

consisting of SEQ ID NOs: 11, 15, 23, 27, 31, 39, 47, 51, 59, 67, 75, 79, 87, 95, and 241, and 

optionally the CDR1 of the light chain variable region comprises an amino acid sequence 

selected from the group consisting of SEQ ID NOs: 9, 13, 21, 25, 29, 37, 45, 49, 57, 65, 73, 77, 

85, 93, and 239, and optionally the CDR2 of the light chain variable region comprises an amino 

acid sequence selected from the group consisting of SEQ ID NOs: 10, 14, 22, 26, 30, 38, 46, 50, 

58, 66, 74, 78, 86, 94, and 240. 

Also provided are anti-CD73 antibodies comprising a VHCDR1, VHCDR2, VHCDR3, 

VLCDR1, VLCDR2, and/or VLCDR3 that differs from the corresponding CDRs of CD73.4-1, 

CD73.4-2, CD73.3, 11F11-1, 11F11-2, 4C3-1, 4C3-2, 4C3-3, 4D4, 10D2-1, 10D2-2, 11A6, 

24H2, 5F8-1, 5F8-2, 6E11 and/or 7A11, in 1, 2, 3, 4, 5, 1-2, 1-3, 1-4, or 1-5 amino acid changes 

(i.e., amino acid substitutions, additions or deletions). In certain embodiments, an anti-CD73 

antibody comprises 1-5 amino acid changes in each of 1, 2, 3, 4, 5 or 6 of the CDRs relative to 

the corresponding sequences in CD73.4-1, CD73.4-2, CD73.3, 11F11-1, 11F11-2, 11F11,4C3-1, 

4C3-2, 4C3-3, 4D4, 10D2-1, 10D2-2, 11A6, 24H2, 5F8-1, 5F8-2, 6E11 and/or 7A11. In certain 

embodiments, an anti-CD73 antibody comprises at total of 1-5 amino acid changes across all 

CDRs relative to the CDRs in CD73.4-1, CD73.4-2, CD73.3, 11F11-1, 11F11-2, 4C3-1, 4C3-2, 

4C3-3, 4D4, 10D2-1, 10D2-2, 11A6, 24H2, 5F8-1, 5F8-2, 6E11 and/or 7A11. 

In certain embodiments, an anti-CD73 antibody comprises VH and VL CDRs consisting 

of those of CD73.4-1 or CD73.4-2, wherein one or more of the amino acids in one or more 

CDRs are those of one of the other anti-CD73 antibodies disclosed herein. 

Mutations (e.g., substitutions, additions, deletions) that can be made in the variable 

region sequences of the anti-CD73 antibodies can be determined based on the following: (i) the 

mutations that were introduced into the antibodies, as described in the Examples; and (ii) the 

comparison of the amino acid residues at each position in the variable domains of the anti-CD73 

antibodies described herein (see Table 35 and Figure 35): a different amino acid at a certain 
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position in anti-CD73 antibodies may indicate that the amino acid residue at this position may be 

changed to another amino acid residue without significantly affecting the activities of the 

antibody; whereas if the same amino acid residue is found in the same position in several or all 

anti-CD73 antibodies, this may indicate that this particular amino acid should be preserved and 

not changed to another residue. Exemplary embodiments are provided below. 

In certain embodiments, a framework substitution can be introduced at position 25 

(.. .RLSCATSGFTF... in 11F11) of the heavy chain variable region (e.g., a conservative 

substitution, e.g., to S or A) of the anti-CD73 antibodies described herein. For example, if the 

amino acid at this position is T, a substitution to A or S can be introduced; if the amino acid at 

this position is A, a substitution to S or T can be introduced; and if the amino acid at this position 

is S, a substitution to T or A can be introduced. Antibodies 24H2, 4D4, 10D2, 6E11, 7A11, 

11A6, and 4C3 have an A at this position, 11F11 has a T at this position, and 73.5, 73.7, and 73.9 

have an S at this position. 

Similarly, in certain embodiments, a framework substitution can be introduced at amino 

acid position 94 (.. .AEDTAVYYCAR... in 11F11) of the heavy chain variable region (e.g., V to 

L or L to V). For example, antibodies 11F11, 73.3-73.10, 24H2, 4D4, 5F8, and 10D2 have a V 

at this position, and 6E11, 7A11, 11A6, and 4C3 have an L at this position. 

In certain embodiments, amino acid substitutions can be made to the heavy chain variable 

region CDR2 of the anti-CD73 antibodies disclosed herein. For example, the amino acid at 

position 52 (.. .WVAVILYDGSN... in 11F11) can be substituted with W, or if the amino acid at 

this position is W, then the amino acid can be substituted with L (antibodies 11F11 and 73.4-73.7 

have an L at this position, and antibodies 73.8-73.10, 24H2, and 4D4 have a W at this position). 

Similarly, in certain embodiments, the amino acid at position 54 (... VILYDGSNKYY... 

in 11F11) can be substituted with S or E, or if the amino acid at this position is S, then the amino 

acid can be substituted with E. Antibodies 11F11, 73.4, 73.5, 24H2, 10D2, and 5F8 have a G at 

this position, antibodies 73.6-73.9, 6E11, 7A11, 4C3, and 73.3 have a S at this position, and 

antibodies 73.10 and 4D4 have an E at this position. 

Other permissible substitutions in the variable region can be determined based on the 

alignment of the heavy and light chain variable region sequences in Figure 35 using a similar 

rationale as described above. 
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Antibodies having sequences with homology to those of CD73.3, CD73.4, CD73.5, 

CD73.6 , CD73.7, CD73.8, CD73.9, CD73.10, CD73.11, 11F11, 4C3, 4D4, 10D2, 11A6, 24H2, 

5F8, 6E11 and/or 7A11, e.g., the VH and VL regions of SEQ ID NOs: 4, 16, 32, 40, 52, 60, 68, 

80, 88, 135, 170-177, and SEQ ID NOs: 8, 12, 20, 24, 28, 36, 44, 48, 56, 64, 72, 76, 84, 92, 

respectively, or heavy and light chains of SEQ ID NOs: 100, 103, 107, 109, 112, 114, 116, 119, 

121, 133, and 184-210, and SEQ ID NOs: 101, 102, 104, 105, 106, 108, 110, 111, 113, 115, 117, 

118, 120 and 122, respectively, or CDRs can be obtained by mutagenesis (e.g., site-directed or 

PCR-mediated mutagenesis) of nucleic acid molecules, e.g., SEQ ID NOs: 139, 142, 146, 148, 

151, 153, 155, 158, 160, 237 and/or SEQ ID NOs: 140, 141, 143, 144, 145, 147, 149, 150, 152, 

154, 156, 157, 159, 161 or SEQ ID NOs: 134, 243, 246, 250, 252, 255, 257, 259, 262, 264, 

and/or SEQ ID NOs: 244, 245, 247, 248, 249, 251, 253, 254, 256, 258, 260, 261, 263, 265, 266 

followed by testing of the encoded altered antibody for retained function using the functional 

assays described herein. 

V. Antibodies with Conservative Modifications 

Anti-CD73 antibodies may comprise a heavy chain variable region comprising CDR1, 

CDR2 and CDR3 sequences and a light chain variable region comprising CDR1, CDR2 and 

CDR3 sequences, wherein one or more of these CDR sequences comprise specified amino acid 

sequences based on the preferred antibodies described herein e.g., of CD73.4-1, CD73.4-2, 

CD73.3, 11F11-1, 11F11-2, 4C3-1, 4C3-2, 4C3-3, 4D4, 10D2-1, 10D2-2, 11A6, 24H2, 5F8-1, 

5F8-2, 6E11 and/or 7A11, or conservative modifications thereof, and wherein the antibodies 

retain the desired functional properties of the anti-CD73 antibodies described herein. 

Accordingly, an isolated anti-CD73 antibody, or antigen binding portion thereof, may comprise a 

heavy chain variable region comprising CDR1, CDR2, and CDR3 sequences and a light chain 

variable region comprising CDR1, CDR2, and CDR3 sequences, wherein: 

(a) the heavy chain variable region CDR3 sequence comprises an amino acid 

sequence selected from the group consisting of amino acid sequences of SEQ ID NOs: 7, 19, 35, 

43, 55, 63, 71, 83, and 91, and conservative modifications thereof, e.g., 1, 2, 3, 4, 5, 1-2, 1-3, 1-4 

or 1-5 conservative amino acid substitutions; 

(b) the light chain variable region CDR3 sequence comprises an amino acid 

sequence selected from the group consisting of amino acid sequence of SEQ ID NOs: 11, 15, 23, 
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27, 31, 39, 47, 51, 59, 67, 75, 79, 87, and 95, and conservative modifications thereof, e.g., 1, 2, 3, 

4, 5, 1-2, 1-3, 1-4 or 1-5 conservative amino acid substitutions; 

(c) the antibody specifically binds to CD73, and 

(d) the antibody exhibits 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, or all of the functional 

properties listed in Table 3. 

In a preferred embodiment, the heavy chain variable region CDR2 sequence comprises an 

amino acid sequence selected from the group consisting of amino acid sequences of SEQ ID 

NOs: 6, 18, 34, 42, 54, 62, 70, 82, and 90, and conservative modifications thereof, e.g., 1, 2, 3, 4, 

5, 1-2, 1-3, 1-4 or 1-5 conservative amino acid substitutions; and the light chain variable region 

CDR2 sequence comprises an amino acid sequence selected from the group consisting of amino 

acid sequences of SEQ ID NOs: 10, 14, 22, 26, 30, 38, 46, 50, 58, 66, 74, 78, 86, and 94, and 

conservative modifications thereof, e.g., 1, 2, 3, 4, 5, 1-2, 1-3, 1-4 or 1-5 conservative amino acid 

substitutions. In another preferred embodiment, the heavy chain variable region CDR1 sequence 

comprises an amino acid sequence selected from the group consisting of amino acid sequences of 

SEQ ID NOs: 5, 17, 33, 41, 53, 61, 69, 81, and 89, and conservative modifications thereof, e.g., 

1, 2, 3, 4, 5, 1-2, 1-3, 1-4 or 1-5 conservative amino acid substitutions; and the light chain 

variable region CDR1 sequence comprises an amino acid sequence selected from the group 

consisting of amino acid sequences of SEQ ID NOs: 9, 13, 21, 25, 29, 37, 45, 49, 57, 65, 73, 77, 

85, and 93, and conservative modifications thereof, e.g., 1, 2, 3, 4, 5, 1-2, 1-3, 1-4 or 1-5 

conservative amino acid substitutions. 

In various embodiments, the antibodies can be, for example, human antibodies, 

humanized antibodies or chimeric antibodies. 

Conservative amino acid substitutions may also be made in portions of the antibodies 

other than, or in addition to, the CDRs. For example, conservative amino acid modifications 

may be made in a framework region or in the constant region, e.g., Fc region. Any of the 

substitutions described herein may be a conservative substitution. A variable region or a heavy 

or light chain may comprise 1, 2, 3, 4, 5, 1-2, 1-3, 1-4, 1-5, 1-10, 1-15, 1-20, 1-25, or 1-50 

conservative amino acid substitutions relative to the anti-CD73 antibody sequences provided 

herein. In certain embodiments, an anti-CD73 antibody comprises a combination of conservative 

and non-conservative amino acid modification. 
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VI. Antibodies that bind the same epitope on CD73 as or compete for binding to CD73 

with the antibodies described herein 

Also provided are antibodies that compete for binding to CD73 with the particular anti-

CD73 antibodies described herein (e.g., antibodies CD73.4, CD73.3, 11F11, 4C3, 4D4, 10D2, 

11A6, 24H2, 5F8, 6E11 and 7A11). Such competing antibodies can be identified based on their 

ability to competitively inhibit binding to CD73 of one or more of monoclonal antibodies 11F11-

1, 11F11-2, 4C3-1, 4C3-2, 4C3-3, 4D4, 10D2-1, 10D2-2, 11A6, 24H2, 5F8-1, 5F8-2, 6E11 

7A11 and/or CD73.3 or CD73.4 (with any constant regions and light chains described herein for 

these antibodies) in standard CD73 binding assays. For example, standard ELISA assays or 

competitive ELISA assays can be used in which a recombinant human CD73 protein is 

immobilized on the plate, various concentrations of unlabeled first antibody are added, the plate 

is washed, labeled second antibody is added, washed, and the amount of bound label is 

measured. If the increasing concentration of the unlabeled (first) antibody (also referred to as the 

"blocking antibody") inhibits the binding of the labeled (second) antibody, the first antibody is 

said to inhibit the binding of the second antibody to the target on the plate, or is said to compete 

with the binding of the second antibody. Additionally or alternatively, BIACORE® SPR 

analysis can be used to assess the ability of the antibodies to compete. The ability of a test 

antibody to inhibit the binding of an anti-CD73 antibody described herein to CD73 demonstrates 

that the test antibody can compete with the antibody for binding to CD73. 

Also provided herein are anti-CD73 antibodies that inhibit the binding of anti-CD73 

antibodies described herein to CD73 on cells, e.g., tumor cells, by at least 10%, 20%, 30%, 40%, 

50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 

98%, 99%, or 100% and/or whose binding to CD73 on cells, e.g., tumor cells, is inhibited by at 

least 10%, 20%, 30%, 40%, 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, 91%, 92%, 

93%, 94%, 95%, 96%, 97%, 98%, 99%, or 100% , e.g., as measured by ELISA or FACS, 

such as by using the assay described in the preceding paragraph. 

Antibodies that compete for binding with the anti-CD73 antibodies described herein may 

be identified by using art-known methods. For example, mice may be immunized with human 

CD73 as described herein, hybridomas produced, and the resulting monoclonal antibodies 

screened for the ability to compete with an antibody described herein for binding to CD73. Mice 

can also be immunized with a smaller fragment of CD73 containing the epitope to which the 
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antibody binds. The epitope or region comprising the epitope can be identified by, e.g., screening 

for binding to a series of overlapping peptides spanning CD73. Alternatively, the method of 

Jespers et al., Biotechnology 12:899, 1994 may be used to guide the selection of antibodies 

having the same epitope and therefore similar properties to the an anti-CD73 antibody described 

herein. Using phage display, first the heavy chain of the anti-CD73 antibody is paired with a 

repertoire of (preferably human) light chains to select a CD73-binding antibody, and then the 

new light chain is paired with a repertoire of (preferably human) heavy chains to select a 

(preferably human) CD73-binding antibody having the same epitope or epitope region as an anti-

CD73 antibody described herein. Alternatively variants of an antibody described herein can be 

obtained by mutagenesis of cDNA encoding the heavy and light chains of the antibody. 

Techniques for determining antibodies that bind to the "same epitope on CD73" with the 

antibodies described herein include, for example, epitope mapping methods, such as x-ray 

analyses of crystals of antigen: antibody complexes, which provides atomic resolution of the 

epitope. Other methods monitor the binding of the antibody to antigen fragments or mutated 

variations of the antigen where loss of binding due to a modification of an amino acid residue 

within the antigen sequence is often considered an indication of an epitope component. In 

addition, computational combinatorial methods for epitope mapping can also be used. Methods 

may also rely on the ability of an antibody of interest to affinity isolate specific short peptides 

(either in native three dimensional form or in denatured form) from combinatorial phage display 

peptide libraries. The peptides are then regarded as leads for the definition of the epitope 

corresponding to the antibody used to screen the peptide library. For epitope mapping, 

computational algorithms have also been developed which have been shown to map 

conformational discontinuous epitopes. 

Alanine scanning mutagenesis, as described by Cunningham and Wells (1989) Science 

244: 1081-1085, or some other form of point mutagenesis of amino acid residues in CD73 may 

also be used to determine the functional epitope for an anti-CD73 antibody. Mutagenesis 

studies, however, may also reveal amino acid residues that are crucial to the overall three-

dimensional structure of CD73 but that are not directly involved in antibody-antigen contacts, 

and thus other methods may be necessary to confirm a functional epitope determined using this 

method. 
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The epitope or epitope region (an "epitope region" is a region comprising the epitope or 

overlapping with the epitope) bound by a specific antibody may also be determined by assessing 

binding of the antibody to peptides comprising fragments of CD73, e.g., non-denatured or 

denatured fragments. A series of overlapping peptides encompassing the sequence of CD73 (e.g., 

human CD73) may be synthesized and screened for binding, e.g. in a direct ELISA, a 

competitive ELISA (where the peptide is assessed for its ability to prevent binding of an 

antibody to CD73 bound to a well of a micro titer plate), or on a chip. Such peptide screening 

methods may not be capable of detecting some discontinuous functional epitopes, i.e. functional 

epitopes that involve amino acid residues that are not contiguous along the primary sequence of 

the CD73 polypeptide chain. 

An epitope may also be identified by MS-based protein footprinting, such as 

Hydrogen/deuterium exchange mass spectrometry (HDX-MS) and Fast Photochemical Oxidation 

of Proteins (FPOP). HDX-MS may be conducted, e.g., as further described in the Examples and 

in Wei et al. (2014) Drug Discovery Today 19:95, the methods of which are specifically 

incorporated by reference herein. FPOP may be conducted as described, e.g., in Hambley and 

Gross (2005) J. American Soc. Mass Spectrometry 16:2057, the methods of which are 

specifically incorporated by reference herein. 

The epitope bound by anti-CD73 antibodies may also be determined by structural 

methods, such as X-ray crystal structure determination (e.g., W02005/044853), molecular 

modeling and nuclear magnetic resonance (NMR) spectroscopy, including NMR determination 

of the H-D exchange rates of labile amide hydrogens in CD73 when free and when bound in a 

complex with an antibody of interest (Zinn-Justin et al. (1992) Biochemistry 31, 11335-11347; 

Zinn-Justin et al. (1993) Biochemistry 32, 6884-6891). 

With regard to X-ray crystallography, crystallization may be accomplished using any of 

the known methods in the art (e.g. Giege et al. (1994) Acta Crystallogr. D50:339-350; 

McPherson (1990) Eur. J. Biochem. 189:1-23), including microbatch (e.g. Chayen (1997) 

Structure 5:1269-1274), hanging-drop vapor diffusion (e.g. McPherson (1976) J. Biol. Chem. 

251:6300-6303), seeding and dialysis. It is desirable to use a protein preparation having a 

concentration of at least about 1 mg/mL and preferably about 10 mg/mL to about 20 mg/mL. 

Crystallization may be best achieved in a precipitant solution containing polyethylene glycol 

1000-20,000 (PEG; average molecular weight ranging from about 1000 to about 20,000 Da), 
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preferably about 5000 to about 7000 Da, more preferably about 6000 Da, with concentrations 

ranging from about 10% to about 30% (w/v). It may also be desirable to include a protein 

stabilizing agent, e.g. glycerol at a concentration ranging from about 0.5% to about 20%. A 

suitable salt, such as sodium chloride, lithium chloride or sodium citrate may also be desirable in 

the precipitant solution, preferably in a concentration ranging from about 1 mM to about 1000 

mM. The precipitant is preferably buffered to a pH of from about 3.0 to about 5.0, preferably 

about 4.0. Specific buffers useful in the precipitant solution may vary and are well-known in the 

art (Scopes, Protein Purification: Principles and Practice, Third ed., (1994) Springer-Verlag, New 

York). Examples of useful buffers include, but are not limited to, HEPES, Tris, MES and 

acetate. Crystals may be grow at a wide range of temperatures, including 2° C, 4° C, 8° C and 
26° C. 

Antibody:antigen crystals may be studied using well-known X-ray diffraction techniques 

and may be refined using computer software such as X-PLOR (Yale University, 1992, 

distributed by Molecular Simulations, Inc.; see e.g. Blundell & Johnson (1985) Meth. Enzymol. 

114 & 115, H. W. Wyckoff et al., eds., Academic Press; U.S. Patent Application Publication No. 

2004/0014194), and BUSTER (Bricogne (1993) Acta Cryst. D49:37-60; Bricogne (1997) Meth. 

Enzymol. 276A:361-423, Carter & Sweet, eds.; Roversi et al. (2000) Acta Cryst. D56:1313-

1323), the disclosures of which are hereby incorporated by reference in their entireties. 

Anti-CD73 antibodies may bind to the same epitope as any of the anti-CD73 antibodies 

having amino acid sequences described herein, as determined by an epitope mapping technique, 

such as a technique described herein. Anti-CD73 antibodies may also have similar interactions 

with human CD73, e.g., they may have at least about 50%, 60%, 70%, 80%, 90%, 95% or more 

of the interactions shown in Table 30, as determined by X-ray crystallography. 

VII. Engineered and Modified Antibodies 

VH and VL regions 

Also provided are engineered and modified antibodies that can be prepared using an 

antibody having one or more of the VH and/or VL sequences disclosed herein as starting material 

to engineer a modified antibody, which modified antibody may have altered properties from the 

starting antibody. An antibody can be engineered by modifying one or more residues within one 

or both variable regions (i.e., VH and/or VL), for example within one or more CDR regions 
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and/or within one or more framework regions. Additionally or alternatively, an antibody can be 

engineered by modifying residues within the constant region(s), for example to alter the effector 

function(s) of the antibody. 

One type of variable region engineering that can be performed is CDR grafting. 

Antibodies interact with target antigens predominantly through amino acid residues that are 

located in the six heavy and light chain complementarity determining regions (CDRs). For this 

reason, the amino acid sequences within CDRs are more diverse between individual antibodies 

than sequences outside of CDRs. Because CDR sequences are responsible for most antibody-

antigen interactions, it is possible to express recombinant antibodies that mimic the properties of 

specific reference antibodies by constructing expression vectors that include CDR sequences 

from the specific reference antibody grafted onto framework sequences from a different antibody 

with different properties (see, e.g., Riechmann, L. et al. (1998) Nature 332:323-327; Jones, P. et 

al. (1986) Nature 321:522-525; Queen, C. et al. (1989) Proc. Natl. Acad. See. U.S.A. 86:10029-

10033; U.S. Patent No. 5,225,539 to Winter, and U.S. Patent Nos. 5,530,101; 5,585,089; 

5,693,762 and 6,180,370 to Queen et al.) 

Accordingly, another embodiment described herein pertains to an isolated monoclonal 

antibody, or antigen binding portion thereof, comprising a heavy chain variable region 

comprising CDR1, CDR2, and CDR3 sequences comprising an amino acid sequence selected 

from the group consisting of SEQ ID NOs: 5, 17, 33, 41, 53, 61, 69, 81, and 89, SEQ ID NOs: 6, 

18, 34, 42, 54, 62, 70, 82, and 90, and SEQ ID NOs: 7, 19, 35, 43, 55, 63, 71, 83, and 91, 

respectively, and a light chain variable region comprising CDR1, CDR2, and CDR3 sequences 

comprising an amino acid sequence selected from the group consisting of SEQ ID NOs: 9, 13, 

21, 25, 29, 37, 45, 49, 57, 65, 73, 77, 85, and 93, SEQ ID NOs: 10, 14, 22, 26, 30, 38, 46, 50, 58, 

66, 74, 78, 86, and 94, and SEQ ID NOs:ll, 15, 23, 27, 31, 39, 47, 51, 59, 67, 75, 79, 87, and 95, 

respectively. Thus, such antibodies contain the VH and VL CDR sequences of monoclonal 

antibodies CD73.4-1, CD73.4-2, 11F11-1, 11F11-2, 4C3-1, 4C3-2, 4C3-3, 4D4, 10D2-1, 10D2-2, 

11A6, 24H2, 5F8-1, 5F8-2, 6E11 and 7A11, yet may contain different framework sequences 

from these antibodies. 

Such framework sequences can be obtained from public DNA databases or published 

references that include germline antibody gene sequences. For example, germline DNA 

sequences for human heavy and light chain variable region genes can be found in the "VBase" 
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human germline sequence database (available on the Internet at www.mrc-cpe.cam.ac.uk/vbase), 

as well as in Kabat, E. A., et al. (1991) Sequences of Proteins of Immunological Interest, Fifth 

Edition, U.S. Department of Health and Human Services, NIH Publication No. 91-3242; 

Tomlinson, I. M., et al. (1992) "The Repertoire of Human Germline VH Sequences Reveals 

about Fifty Groups of VH Segments with Different Hypervariable Loops"./. Mol. Biol. 227:776-

798; and Cox, J. P. L. et al. (1994) "A Directory of Human Germ-line VH Segments Reveals a 

Strong Bias in their Usage" Eur. J. Immunol. 24:827-836; the contents of each of which are 

expressly incorporated herein by reference. 

Preferred framework sequences for use in the antibodies described herein are those that 

are structurally similar to the framework sequences used by antibodies described herein. The VH 

CDR1, 2 and 3 sequences, and the VL CDR1, 2 and 3 sequences, can be grafted onto framework 

regions that have the identical sequence as that found in the germline immunoglobulin gene from 

which the framework sequence derive, or the CDR sequences can be grafted onto framework 

regions that contain up to 20, preferably conservative, amino acid substitutions as compared to 

the germline sequences. For example, it has been found that in certain instances it is beneficial 

to mutate residues within the framework regions to maintain or enhance the antigen binding 

ability of the antibody (see e.g., U.S. Patent Nos. 5,530,101; 5,585,089; 5,693,762 and 6,180,370 

to Queen et al). 

Engineered antibodies described herein include those in which modifications have been 

made to framework residues within VH and/or VL, e.g. to improve the properties of the antibody. 

Typically such framework modifications are made to decrease the immunogenicity of the 

antibody. For example, one approach is to "backmutate" one or more framework residues to the 

corresponding germline sequence. More specifically, an antibody that has undergone somatic 

mutation may contain framework residues that differ from the germline sequence from which the 

antibody is derived. Such residues can be identified by comparing the antibody framework 

sequences to the germline sequences from which the antibody is derived. To return the 

framework region sequences to their germline configuration, the somatic mutations can be 

"backmutated" to the germline sequence by, for example, site-directed mutagenesis or PCR-

mediated mutagenesis. Such "backmutated" antibodies are also intended to be encompassed. 

Another type of framework modification involves mutating one or more residues within the 

framework region, or even within one or more CDR regions, to remove T cell epitopes to thereby 
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reduce the potential immunogenicity of the antibody. This approach is also referred to as 

"deimmunization" and is described in further detail in U.S. Patent Publication No. 20030153043 

by Carr et al. 

Another type of variable region modification is to mutate amino acid residues within the 

CDR regions to improve one or more binding properties (e.g., affinity) of the antibody of 

interest. Site-directed mutagenesis or PCR-mediated mutagenesis can be performed to introduce 

the mutation(s) and the effect on antibody binding, or other functional property of interest, can 

be evaluated in in vitro or in vivo assays as described herein and provided in the Examples. 

Preferably conservative modifications (as discussed above) are introduced. The mutations may 

be amino acid additions, deletions, or preferably substitutions. Moreover, typically no more than 

one, two, three, four or five residues within a CDR region are altered. 

Accordingly, also provided are isolated anti-CD73 monoclonal antibodies, or antigen 

binding portions thereof, comprising a heavy chain variable region comprising: (a) a VH CDR1 

region comprising an amino acid sequence selected from the group consisting of SEQ ID NOs: 5, 

17, 33, 41, 53, 61, 69, 81, and 89, or an amino acid sequence having one, two, three, four or five 

amino acid substitutions, deletions or additions as compared to SEQ ID NOs: 5, 17, 33, 41, 53, 

61, 69, 81, and 89; (b) a VH CDR2 region comprising an amino acid sequence selected from the 

group consisting of SEQ ID NOs: 6, 18, 34, 42, 54, 62, 70, 82, and 90, or an amino acid 

sequence having one, two, three, four or five amino acid substitutions, deletions or additions as 

compared to SEQ ID NOs: 6, 18, 34, 42, 54, 62, 70, 82, and 90; (c) a VH CDR3 region 

comprising an amino acid sequence selected from the group consisting of SEQ ID NOs:7, 19, 35, 

43, 55, 63, 71, 83, and 91, or an amino acid sequence having one, two, three, four or five amino 

acid substitutions, deletions or additions as compared to SEQ ID NOs: 7, 19, 35, 43, 55, 63, 71, 

83, and 91; (d) a VL CDR1 region comprising an amino acid sequence selected from the group 

consisting of SEQ ID NOs: 9, 13, 21, 25, 29, 37, 45, 49, 57, 65, 73, 77, 85, and 93, or an amino 

acid sequence having one, two, three, four or five amino acid substitutions, deletions or additions 

as compared to SEQ ID NOs: 9, 13, 21, 25, 29, 37, 45, 49, 57, 65, 73, 77, 85, and 93; (e) a VL 

CDR2 region comprising an amino acid sequence selected from the group consisting of SEQ ID 

NOs: 10, 14, 22, 26, 30, 38, 46, 50, 58, 66, 74, 78, 86, and 94, or an amino acid sequence having 

one, two, three, four or five amino acid substitutions, deletions or additions as compared to SEQ 

ID NOs: 10, 14, 22, 26, 30, 38, 46, 50, 58, 66, 74, 78, 86, and 94; and (f) a VL CDR3 region 
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comprising an amino acid sequence selected from the group consisting of SEQ ID NOs: 11, 15, 

23, 27, 31, 39, 47, 51, 59, 67, 75, 79, 87, and 95, or an amino acid sequence having one, two, 

three, four or five amino acid substitutions, deletions or additions as compared to SEQ ID NOs: 

11, 15, 23, 27, 31, 39, 47, 51, 59, 67, 75, 79, 87, and 95. 

Methionine residues in CDRs of antibodies can be oxidized, resulting in potential 

chemical degradation and consequent reduction in potency of the antibody. Accordingly, also 

provided are anti-CD73 antibodies that have one or more methionine residues in the heavy 

and/or light chain CDRs replaced with amino acid residues that do not undergo oxidative 

degradation. 

Similarly, deamidation sites may be removed from anti-CD73 antibodies, particularly in 

the CDRs. 

Potential glycosylation sites within the antigen binding domain are preferably eliminated 

to prevent glycosylation that may interfere with antigen binding. See, e.g., U.S. Patent No. 

5,714,350. 

Targeted antigen binding 

In various embodiments, the antibody of the present invention is modified to selectively 

block antigen binding in tissues and environments where antigen binding would be detrimental, 

but allow antigen binding where it would be beneficial. In one embodiment, a blocking peptide 

"mask" is generated that specifically binds to the antigen binding surface of the antibody and 

interferes with antigen binding, which mask is linked to each of the binding arms of the antibody 

by a peptidase cleavable linker. See, e.g., U.S. Pat. No. 8,518,404 to CytomX. Such constructs 

are useful for treatment of cancers in which protease levels are greatly increased in the tumor 

microenvironment compared with non-tumor tissues. Selective cleavage of the cleavable linker 

in the tumor microenvironment allows disassociation of the masking/blocking peptide, enabling 

antigen binding selectively in the tumor, rather than in peripheral tissues in which antigen 

binding might cause unwanted side effects. 

Alternatively, in a related embodiment, a bivalent binding compound ("masking ligand") 

comprising two antigen binding domains is developed that binds to both antigen binding surfaces 

of the (bivalent) antibody and interfere with antigen binding, in which the two binding domains 

masks are linked to each other (but not the antibody) by a cleavable linker, for example cleavable 
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by a peptidase. See, e.g., Int'l Pat. App. Pub. No. WO 2010/077643 to Tegopharm Corp. 

Masking ligands may comprise, or be derived from, the antigen to which the antibody is intended 

to bind, or may be independently generated. Such masking ligands are useful for treatment of 

cancers in which protease levels are greatly increased in the tumor microenvironment compared 

with non-tumor tissues. Selective cleavage of the cleavable linker in the tumor 

microenvironment allows disassociation of the two binding domains from each other, reducing 

the avidity for the antigen-binding surfaces of the antibody. The resulting dissociation of the 

masking ligand from the antibody enables antigen binding selectively in the tumor, rather than in 

peripheral tissues in which antigen binding might cause unwanted side effects. 

Fes and modified Fes 

In addition to the activity of a therapeutic antibody arising from binding of the antigen 

binding domain to the antigen (e.g. blocking of a cognate ligand or receptor protein in the case of 

antagonist antibodies, or induced signaling in the case of agonist antibodies), the Fc portion of 

the antibody interact with the immune system generally in complex ways to elicit any number of 

biological effects. Effector functions, such as The Fc region of an immunoglobulin is 

responsible for many important antibody functions, such as antigen-dependent cellular 

cytotoxicity (ADCC), complement dependent cytotoxicity (CDC), and antibody-dependent cell-

mediated phagocytosis (ADCP), result in killing of target cells, albeit by different mechanisms. . 

Anti-CD73 antibodies may comprise the variable domains of the antibodies described 

herein with constant domains comprising different Fc regions, selected based on the biological 

activities (if any) of the antibody for the intended use. Salfeld (2007) Nat. Biotechnol. 25:1369. 

Human IgGs, for example, can be classified into four subclasses, IgGl, IgG2, IgG3, and IgG4, 

and each these of these comprises an Fc region having a unique profile for binding to one or 

more of Fey receptors (activating receptors FcyRI (CD64), FcyRIIA, FcyRIIC (CD32); FcyRIIIA 

and FcyRIIIB (CD16) and inhibiting receptor FcyRIIB), and for the first component of 

complement (Clq). Human IgGl and IgG3 bind to all Fey receptors; IgG2 binds to FcyRIIAHi3i, 

and with lower affinity to FcyRIIARi3i FcyRIIIAVi58; IgG4 binds to FcyRI, FcyRIIA, FcyRIIB, 

FcyRIIC, and FcyRIIIAviss; and the inhibitory receptor FcyRIIB has a lower affinity for IgGl, 

IgG2 and IgG3 than all other Fey receptors. Bruhns et al. (2009) Blood 113:3716. Studies have 

shown that FcyRI does not bind to IgG2, and FcyRIIIB does not bind to IgG2 or IgG4. Id. In 
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general, with regard to ADCC activity, human IgGl = IgG3 > IgG4 ^ IgG2. As a 

consequence, for example, an IgGl constant domain, rather than an IgG2 or IgG4, might be 

chosen for use in a drug where ADCC is desired; IgG3 might be chosen if activation of 

FcyRIIIA-expressing NK cells, monocytes of macrophages; and IgG4 might be chosen if the 

antibody is to be used to desensitize allergy patients. IgG4 may also be selected if it is desired 

that the antibody lack all effector function. 

Accordingly, anti-CD73 variable regions described herein may be linked (e.g., covalently 

linked or fused) to an Fc, e.g., an IgGl, IgG2, IgG3 or IgG4 Fc, which may be of any allotype or 

isoallotype, e.g., for IgGl: Glm, Glml(a), Glm2(x), Glm3(f), Glml7(z); for IgG2: G2m, 

G2m23(n); for IgG3: G3m, G3m21(gl), G3m28(g5), G3mll(b0), G3m5(bl), G3ml3(b3), 

G3ml4(b4), G3ml0(b5), G3ml5(s), G3ml6(t), G3m6(c3), G3m24(c5), G3m26(u), G3m27(v); . 

See, e.g., Jefferis et al. (2009) mAbs 1:1). Selection of allotype may be influenced by the 

potential immunogenicity concerns, e.g. to minimize the formation of anti-drug antibodies. 

Variable regions described herein may be linked to an Fc comprising one or more 

modifications, typically to alter one or more functional properties of the antibody, such as serum 

half-life, complement fixation, Fc receptor binding, and/or antigen-dependent cellular 

cytotoxicity. Furthermore, an antibody described herein may be chemically modified (e.g., one 

or more chemical moieties can be attached to the antibody) or it may be modified to alter its 

glycosylation, to alter one or more functional properties of the antibody. Each of these 

embodiments is described in further detail below. The numbering of residues in the Fc region is 

that of the EU index of Kabat. Sequence variants disclosed herein are provided with reference to 

the residue number followed by the amino acid that is substituted in place of the naturally 

occurring amino acid, optionally preceded by the naturally occurring residue at that position. 

Where multiple amino acids may be present at a given position, e.g. if sequences differ between 

naturally occurring isotypes, or if multiple mutations may be substituted at the position, they are 

separated by slashes (e.g. "X/Y/Z"). 

For example, one may make modifications in the Fc region in order to generate an Fc 

variant with (a) increased or decreased antibody-dependent cell-mediated cytotoxicity (ADCC), 

(b) increased or decreased complement mediated cytotoxicity (CDC), (c) increased or decreased 

affinity for Clq and/or (d) increased or decreased affinity for a Fc receptor relative to the parent 

Fc. Such Fc region variants will generally comprise at least one amino acid modification in the 
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Fc region, Combining amino acid modifications is thought to be particularly desirable, For 

example, the variant. Fc region may include two, three, four, five, etc substitutions therein, e.g, of 

the specific Fc region positions identified herein. Exemplary Fc sequence variants are disclosed 

herein, and are also provided at U.S. Pat. Nos, 5,624,821; 6,277,375; 6,737,056; 6,194,551; 

7,317,091; 8,101,720; PCX Patent Publications WO 00/42072; WO 01/58957; WO 04/016750; 

WO 04/029207; WO 04/035752; WO 04/074455; WO 04/099249; WO 04/063351; WO 

05/070963; WO 05/040217, WO 05/092925 and WO 06/020114. 

Reducing Effector Function 

ADCC activity may be reduced by modifying the Fc region. In certain embodiments, 

sites that affect, binding to Fc receptors may be removed, preferably sites other than salvage 

receptor binding sites. In other embodiments, an Fc region may be modified to remove an 

ADCC site. ADCC sites are known in the art; see, for example, Sarmay et al. (1992) Molec. 

Immunol. 29 (5): 633-9 with regard to ADCC sites in IgGl. In one embodiment, the G236R and 

L328R variant of human IgGl effetively eliminates FcyR binding. Horton et al. (2011)./. 

Immunol. 186:4223 and Chu et al. (2008) Mol. Immunol. 45:3926. In other embodiments, the Fc 

having reduced binding to FcyRs comprised the amino acid substitutions L234A, L235E and 

G237A. Gross et al. (2001) Immunity 15:289. 

CDC activity may also be reduced by modifying the Fc region. Mutations at IgGl 

positions D270, K322, P329 and P331, specifically alanine mutations D270A, K322A, P329A 

and P331A, significantly reduce the ability of the corresponding antibody to bind Clq and 

activate complement. Idusogie et al. (2000) /. Immunol. 164:4178; WO 99/51642. Modification 

of position 331 of IgGl (e.g. P331S) has been shown to reduce complement binding. Tao et al. 

(1993) J. Exp. Med. 178:661 and Canfield & Morrison (1991) J. Exp. Med. 173:1483. In another 

example, one or more amino acid residues within amino acid positions 231 to 239 are altered to 

thereby reduce the ability of the antibody to fix complement. WO 94/29351. 

In some embodiments, the Fc with reduced complement fixation has the amino acid 

substitutions A330S and P331S. Gross et al. (2001) Immunity 15:289. 

For uses where effector function is to be avoided altogether, e.g. when antigen binding 

alone is sufficient to generate the desired therapeutic benefit, and effector function only leads to 

(or increases the risk of) undesired side effects, IgG4 antibodies may be used, or antibodies or 
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fragments lacking the Fc region or a substantial portion thereof can be devised, or the Fc may be 

mutated to eliminate glycosylation altogether (e.g. N297A). Alternatively, a hybrid construct of 

human IgG2 (CHI domain and hinge region) and human IgG4 (CH2 and CH3 domains) has been 

generated that is devoid of effector function, lacking the ability to bind the FcyRs (like IgG2) and 

unable to activate complement (like IgG4). Rother et al. (2007) Nat. Biotechnol. 25:1256. See 

also Mueller et al. (1997) Mol. Immunol. 34:441; Labrijn et al. (2008) Curr. Op. Immunol. 

20:479 (discussing Fc modifications to reduce effector function generally). 

In other embodiments, the Fc region is altered by replacing at least one amino acid 

residue with a different amino acid residue to reduce all effector function(s) of the antibody. For 

example, one or more amino acids selected from amino acid residues 234, 235, 236, 237, 297, 

318, 320 and 322 can be replaced with a different amino acid residue such that the antibody has 

decreased affinity for an effector ligand but retains the antigen-binding ability of the parent 

antibody. The effector ligand to which affinity is altered can be, for example, an Fc receptor 

(residues 234, 235, 236, 237, 297) or the CI component of complement (residues 297, 318, 320, 

322). U.S. Patent Nos. 5,624,821 and 5,648,260, both by Winter et al. 

WO 88/007089 proposed modifications in the IgG Fc region to decrease binding to FcyRI 

to decrease ADCC (234A; 235E; 236A; G237A) or block binding to complement component 

Clq to eliminate CDC (E318A or V/K320A and K322A/Q). See also Duncan & Winter (1988) 

Nature 332:563; Chappel et al. (1991) Proc. Nat'lAcad. Sci. (USA) 88:9036; and Sondermann et 

al. (2000) Nature 406:267 (discussing the effects of these mutations on FcyRIII binding). 

Fc modifications reducing effector function also include substitutions, insertions, and 

deletions at positions 234, 235, 236, 237, 267, 269, 325, and 328, such as 234G, 235G, 236R, 

237K, 267R, 269R, 325L, and 328R. An Fc variant may comprise 236R/328R. Other 

modifications for reducing FcyR and complement interactions include substitutions 297A, 234A, 

235A, 237A, 318A, 228P, 236E, 268Q, 309L, 330S, 331 S, 220S, 226S, 229S, 238S, 233P, and 

234V. These and other modifications are reviewed in Strohl (2009) Current Opinion in 

Biotechnology 20:685-691. Effector functions (both ADCC and complement activation) can be 

reduced, while maintaining neonatal FcR binding (maintaining half-life), by mutating IgG 

residues at one or more of positions 233 - 236 and 327 - 331, such as E233P, L234V, L235A, 

optionally G236A, A327G, A330S and P331S in IgGl; E233P, F234V, L235A, optionally 

G236A in IgG4; and A330S and P331S in IgG2. See Armour et al. (1999) Eur. J. Immunol. 
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29:2613; WO 99/58572. Other mutations that reduce effector function include L234A and 

L235A in IgGl (Alegre et al. (1994) Transplantation 57:1537); V234A and G237A in IgG2 

(Cole et al. (1997) J. Immunol. 159:3613; see also U.S. Pat. No. 5,834,597); and S228P and 

L235E for IgG4 (Reddy et al. (2000)./. Immunol. 164:1925). Another combination of mutations 

for reducing effector function in a human IgGl include L234F, L235E and P331S. Oganesyan et 

al. (2008) Acta Crystallogr. D. Biol. Crystallogr. 64:700. See generally Labrijn et gal. (2008) 

Curr. Op. Immunol. 20:479. Additional mutations found to decrease effector function in the 

context of an Fc (IgGl) fusion protein (abatacept) are C226S, C229S and P238S (EU residue 

numbering). Davis et al. (2007)./. Immunol. 34:2204. 

Other Fc variants having reduced ADCC and/or CDC are disclosed at Glaesner et al. 

(2010) Diabetes Metab. Res. Rev. 26:287 (F234A and L235A to decrease ADCC and ADCP in 

an IgG4); Hutchins et al. (1995) Proc. Nat'l Acad. Sci. (USA) 92:11980 (F234A, G237A and 

E318A in an IgG4); An et al. (2009) MAbs 1:572 and U.S. Pat. App. Pub. 2007/0148167 

(H268Q, V309L, A330S andP331S in an IgG2); McEarchern et al. (2007) Blood 109:1185 

(C226S, C229S, E233P, L234V, L235A in an IgGl); Vafa et al. (2014) Methods 65:114 

(V234V, G237A, P238S, H268A, V309L, A330S, P331S in an IgG2). 

In certain embodiments, an Fc is chosen that has essentially no effector function, i.e., it 

has reduced binding to FcyRs and reduced complement fixation. An exemplary Fc, e.g., IgGl 

Fc, that is effectorless comprises the following five mutations: L234A, L235E, G237A, A330S 

and P331S. Gross et al. (2001) Immunity 15:289. Exemplary heavy chains comprising these 

mutations are set forth in the Sequence Listing, as detailed at Table 35. These five substitutions 

may be combined with N297A to eliminate glycosylation as well. 

Enhancing Effector Function 

Alternatively, ADCC activity may be increased by modifying the Fc region. With regard 

to ADCC activity, human IgGl = IgG3 > IgG4 =^IgG2, so an IgGl constant domain, rather 

than an IgG2 or IgG4, might be chosen for use in a drug where ADCC is desired. Alternatively, 

the Fc region may be modified to increase antibody dependent cellular cytotoxicity (ADCC) 

and/or to increase the affinity for an Fey receptor by modifying one or more amino acids at the 

following positions: 234, 235, 236, 238, 239, 240, 241, 243, 244, 245, 247, 248, 249, 252, 254, 

255, 256, 258, 262, 263, 264, 265, 267, 268, 269, 270, 272, 276, 278, 280, 283, 285, 286, 289, 
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290, 292, 293, 294, 295, 296, 298, 299, 301, 303, 305, 307, 309, 312, 313, 315, 320, 322, 324, 

325, 326, 327, 329, 330, 331, 332, 333, 334, 335, 337, 338, 340, 360, 373, 376, 378, 382, 388, 

389, 398, 414, 416, 419, 430, 433, 434, 435, 436, 437, 438 or 439. See WO 2012/142515; ,v<r 

also WO 00/42072. Exemplary substitutions include 236A, 239D, 239E, 268D, 267E, 268E, 

2681-'', 324T, 332D, and 332E. Exemplary variants include 239D/332E, 236A/332E, 

236A/239D/332E, 268F/324T, 267E/268F, 267E/324T, and 267E/268F/324T. For example, 

human IgGlFcs comprising the G236A variant, which can optionally be combined with 1332E, 

have been shown to increase the FcyllA / FcyllB binding affinity ratio approximately 15-fold, 

Richards et al. (2008) Mol. Cancer Therap. 7:2517; Moore et al. (2010) mAbs 2:181. Other 

modifications for enhancing FcyR and complement interactions include but are not limited to 

substitutions 298A, 333A, 334A, 326A, 2471, 339D, 339Q, 280H, 290S, 298D, 298V", 243L, 

292P, 300L, 396L, 3051, and 396L. These and other modifications are reviewed in Strohl (2009) 

Current Opinion in Biotechnology 20:685-691. Specifically, both ADCC and CDC may be 

enhanced by changes at position E333 of IgGl, e.g. E333A. Shields el al. (2001)./. Biol. Chem. 

276:6591. The use of P247I and A339D/Q mutations to enhance effector function in an IgGl is 

disclosed at WO 2006/020114, and D28QH, K290S ± S298D/V is disclosed at 

WO 2004/074455. The K326A/W and E333A/S variants have been shown to increase effector 

function in human IgGl, andE333S in IgG2. Idusogie et al. (2001) J. Immunol. 166:2571. 

Specifically, the binding sites on human IgGl for FcyRI, FcyRII, FcyRIII and FcRn have 

been mapped, and variants with improved binding have been described. Shields et al. (2001)./. 

Biol. Chem. 276:6591-6604. Specific mutations at positions 256, 290, 298, 333, 334 and 339 

were shown to improve binding to FcyRIII, including the combination mutants T256A/S298A, 

S298A/E333A, S298A/K224A and S298A/E333A/K334A (having enhanced FcyRIIIa binding 

and ADCC activity). Other IgGl variants with strongly enhanced binding to FcyRIIIa have been 

identified, including variants with S239D/I332E and S239D/I332E/A330L mutations which 

showed the greatest increase in affinity for FcyRIIIa, a decrease in FcyRIIb binding, and strong 

cytotoxic activity in cynomolgus monkeys. Lazar et al.(2006) Proc. Nat'l Acad Sci. (USA) 

103:4005; Awan et al. (2010) Blood 115:1204; Desjarlais & Lazar (2011) Exp. Cell Res. 

317:1278. Introduction of the triple mutations into antibodies such as alemtuzumab (CD52-

specific), trastuzumab (HER2/neu-specific), rituximab (CD20-specific), and cetuximab (EGFR-

specific) translated into greatly enhanced ADCC activity in vitro, and the S239D/I332E variant 
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showed an enhanced capacity to deplete B cells in monkeys. Lazar et al.(2006) Proc. Nat'lAcad 

Sci. (USA) 103:4005. In addition, IgGl mutants containing L235V, F243L, R292P, Y300L, 

V305I and P396L mutations which exhibited enhanced binding to FcyRIIIa and concomitantly 

enhanced ADCC activity in transgenic mice expressing human FcyRIIIa in models of B cell 

malignancies and breast cancer have been identified. Stavenhagen et al. (2007) Cancer Res. 

67:8882; U.S. Pat. No. 8,652,466; Nordstrom et al. (2011) Breast Cancer Res. 13:R123. 

Different IgG isotypes also exhibit differential CDC activity (IgG3>IgGl»IgG2~IgG4). 

Dangl et al. (1988) EMBO J. 7:1989. For uses in which enhanced CDC is desired, it is also 

possible to introduce mutations that increase binding to Clq. The ability to recruit complement 

(CDC) may be enhanced by mutations at K326 and/or E333 in an IgG2, such as K326W (which 

reduces ADCC activity) and E333S, to increase binding to Clq, the first component of the 

complement cascade. Idusogie et al. (2001) J. Immunol. 166:2571. Introduction of S267E / 

H268F / S324T (alone or in any combination) into human IgGl enhances Clq binding. Moore et 

al. (2010) mAbs 2:181. The Fc region of the IgGl/IgG3 hybrid isotype antibody "113F" of 

Natsume et al. (2008) Cancer Res. 68:3863 (figure 1 therein) also confers enhanced CDC. See 

also Michaelsen et al. (2009) Scand. J. Immunol. 70:553 andRedpath et al. (1998) Immunology 

93:595. 

Additional mutations that can increase or decrease effector function are disclosed at 

DalFAcqua et al (2006) J. Immunol. 177:1129. See also Carter (2006) Nat. Rev. Immunol. 

6:343; Presta (2008) Curr. Op. Immunol 20:460. 

Fc variants that enhance affinity for the inhibitory receptor FcyRIIb may also be used, 

e.g. to enhance apoptosis-inducing or adjuvant activity. Li & Ravetch (2011) Science 333:1030; 

Li & Ravetch (2012) Proc. Nat'l Acad. Sci (USA) 109:10966; U.S. Pat. App. Pub. 

2014/0010812. Such variants may provide an antibody with immunomodulatory activities 

related to FcyRlUy cells, including for example B cells and monocytes. In one embodiment, the 

Fc variants provide selectively enhanced affinity to FcyRIIb relative to one or more activating 

receptors. Modifications for altering binding to FcyRIIb include one or more modifications at a 

position selected from the group consisting of 234, 235, 236, 237, 239, 266, 267, 268, 325, 326, 

327, 328, and 332, according to the EU index. Exemplary substitutions for enhancing FcyRIIb 

affinity include but are not limited to 234D, 234E, 234F, 234W, 235D, 235F, 235R, 235Y, 236D, 

236N, 237D, 237N, 239D, 239E, 266M, 267D, 267E, 268D, 268E, 327D, 327E, 328F, 328W, 
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328Y, and 332E, Exemplary substitutions include 235Y, 236D, 239D, 266M, 267E, 268D, 268E, 

328F, 328W, and 328Y, Other Fc variants for enhancing binding to FcyRIIb include 235Y/267E, 

236D/267E, 239D/268D, 239D/267E, 267E/268D, 267E/268E, and 267E/328F. Specifically, the 

S267E, G236D, S239D, L328F and I332E variants, including the S267E + L328F double 

variant, of human IgGl are of particular value in specifically enhancing affinity for the inhibitory 

FcyRIIb receptor. Chu et al. (2008) Mol. Immunol. 45:3926; U.S. Pat. App. Pub. 2006/024298; 

WO 2012/087928. Enhanced specificity for FcyRIIb (as distinguished from FcyRIIaR131) may be 

obtained by adding the P238D substitution. Mimoto et al. (2013) Protein. Eng. Des. & Selection 

26:589; WO 2012/115241. 

In certain embodiments, the antibody is modified to increase its biological half-life. 

Various approaches are possible. For example, this may be done by increasing the binding 

affinity of the Fc region for FcRn. In one embodiment, the antibody is altered within the CHI or 

CL region to contain a salvage receptor binding epitope taken from two loops of a CH2 domain 

of an Fc region of an IgG, as described in U.S. Patent Nos. 5,869,046 and 6,121,022 by Presta et 

al. Other exemplary Fc variants that increase binding to FcRn and/or improve pharmacokinetic 

properties include substitutions at positions 259, 308, and 434, including for example 2591, 308F, 

428L, 428M, 434S, 434H, 434F, 434Y, and 434M. Other variants that increase Fc binding to 

FcRn include: 250E, 250Q, 428L, 428F, 250Q/428L (Hinton et. al., 2004, J. Biol. Chem. 279(8): 

6213-6216, Hinton et al, 2006 journal of Immunology 176:346-356), 256A, 272A, 305A, 307A, 

31 1A, 312A, 378Q, 380A, 382A, 434A (Shields et al. Journal of Biological Chemistry, 2001, 

276(9):6591-6604), 252F, 252Y, 252W, 254T, 256Q, 256E, 256D, 433R, 434F, 434Y, 

252Y/254T/256E, 433K/434F/436H (Ball Acqua et al. Journal of Immunology, 2002, 169:5171-

5180, DairAcqua et al., 2006, Journal of Biological Chemistry 281:23514-23524). See U.S. Pat. 

No. 8,367,805. 

Modification of certain conserved residues in IgG Fc (I253/H310/Q311/H433/N434), 

such as the N434A variant (Yeung et al. (2009) J. Immunol. 182:7663), has been proposed as a 

way to increase FcRn affinity, thus increasing the half-life of the antibody in circulation. 

WO 98/023289. The combination Fc variant comprising M428L and N434S has been shown to 

increase FcRn binding and increase serum half-life up to five-fold. Zalevsky et al. (2010) Nat. 

Biotechnol. 28:157. The combination Fc variant comprising T307A, E380A and N434A 

modifications also extends half-life of IgGl antibodies. Petkovs et al. (2006) Int. Immunol. 
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18:1759. In addition, combination Fc variants comprising M252Y/M428L, M428L/N434H, 

M428L/N434F, M428L/N434Y, M428L/N434A, M428L/N434M, and M428L/N434S variants 

have also been shown to extend half-life. WO 2009/086320. 

Further, a combination Fc variant comprising M252Y, S254T and T256E , increases half-

life-nearly 4-fold, Dall' Acqua et al, (2006) J. Bio!. Chem. 281:23514. A related IgGl 

modification providing increased FcRn affinity but reduced pH dependence (M252Y / S254T / 

T256E / H433K / N434F) has been used to create an IgGl construct ("MST-HN Abdeg") for use 

as a competitor to prevent binding of other antibodies to FcRn, resulting in increased clearance 

of that other antibody, either endogenous IgG (e.g, in an autoimmune setting) or another 

exogenous (therapeutic) mAb. Vaccaro et al. (2005) Nat. Biotechnol. 23:1283; WO 

2006/130834. 

Other modifications for increasing FcRn binding are described in Yeung et al. (2010) J. 

Immunol. 182:7663-7671; 6,277,375; 6,821,505; WO 97/34631; WO 2002/060919. 

In certain embodiments, hybrid IgG isotypes may be used to increase FcRn binding, and 

potentially increase half-life. For example, an IgGl/IgG3 hybrid variant may be constructed by 

substituting IgGl positions in the CH2 and/or CH3 region with the amino acids from IgG3 at 

positions where the two isotypes differ. Thus a hybrid variant IgG antibody may be constructed 

that comprises one or more substitutions, e.g., 274Q, 276K, 300F, 339T, 356E, 358M, 384S, 

392N, 397M, 4221, 435R, and 436F, In other embodiments described herein, an IgGl/IgG2 

hybrid variant may be constructed by substituting IgG2 positions in the CH2 and/or CH3 region 

with amino acids from IgGl at positions where the two isotypes differ. Thus a hybrid variant IgG 

antibody may be constructed that comprises one or more substitutions, e.g., one or more of the 

following amino acid substitutions: 233E, 234L, 235L, -236G (referring to an insertion of a 

glycine at position 236), and 327A. See U.S. Pat. No. 8,629,113. A hybrid of IgGl/IgG2/IgG4 

sequences has been generated that purportedly increases serum half-life and improves 

expression. U.S. Pat, No. 7,867,491 (sequence number 18 therein). 

The serum half-life of the antibodies of the present invention can also be increased by 

pegylation. An antibody can be pegylated to, for example, increase the biological (e.g., serum) 

half-life of the antibody. To pegylate an antibody, the antibody, or fragment thereof, typically is 

reacted with a polyethylene glycol (PEG) reagent, such as a reactive ester or aldehyde derivative 

of PEG, under conditions in which one or more PEG groups become attached to the antibody or 
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antibody fragment. Preferably, the pegylation is carried out via an acylation reaction or an 

alkylation reaction with a reactive PEG molecule (or an analogous reactive water-soluble 

polymer). As used herein, the term "polyethylene glycol" is intended to encompass any of the 

forms of PEG that have been used to derivatize other proteins, such as mono (CI-CIO) alkoxy-

or aryloxy-polyethylene glycol or polyethylene glycol-maleimide. In certain embodiments, the 

antibody to be pegylated is an aglycosylated antibody. Methods for pegylating proteins are 

known in the art and can be applied to the antibodies described herein. See for example, 

EP 0154316 by Nishimura et al. and EP 0401384 by Ishikawa et al. 

Alternatively, under some circumstances it may be desirable to decrease the half-life of 

an antibody of the present invention, rather than increase it. Modifications such as I253A 

(Hornick et al. (2000) J. Nucl. Med. 41:355) and H435A/R I253A or H310A (Kim et al. (2000) 

Eur. J. Immunol. 29:2819) in Fc of human IgGl can decrease FcRn binding, thus decreasing 

half-life (increasing clearance) for use in situations where rapid clearance is preferred, such a 

medical imaging. See also Kenanova et al. (2005) Cancer Res. 65:622. Other means to enhance 

clearance include formatting the antigen binding domains of the present invention as antibody 

fragments lacking the ability to bind FcRn, such as Fab fragments. Such modification can 

reduce the circulating half-life of an antibody from a couple of weeks to a matter of hours. 

Selective PEGylation of antibody fragments can then be used to fine-tune (increase) the half-life 

of the antibody fragments if necessary. Chapman et al. (1999) Nat. Biotechnol. 17:780. 

Antibody fragments may also be fused to human serum albumin, e.g. in a fusion protein 

construct, to increase half-life. Yeh et al. (1992) Proc. Nat'lAcad. Sci. 89:1904. Alternatively, 

a bispecific antibody may be constructed with a first antigen binding domain of the present 

invention and a second antigen binding domain that binds to human serum albumin (HSA). See 

Int'l Pat. Appl. Pub. WO 2009/127691 and patent references cited therein. Alternatively, 

specialized polypeptide sequences can be added to antibody fragments to increase half-life, e.g. 

"XTEN" polypeptide sequences. Schellenberger et al. (2009) Nat. Biotechnol. 27:1186; Int'l 

Pat. Appl. Pub. WO 2010/091122. Additional Fc Variants 

When using an IgG4 constant domain, it is usually preferable to include the substitution 

S228P, which mimics the hinge sequence in IgGl and thereby stabilizes IgG4 molecules, e.g. 

reducing Fab-arm exchange between the therapeutic antibody and endogenous IgG4 in the 
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patient being treated. Labrijn et al. (2009) Nat. Biotechnol. 27:767; Reddy et al. (2000)./. 

Immunol. 164:1925. 

A potential protease cleavage site in the hinge of IgGl constructs can be eliminated by 

D221G and K222S modifications, increasing the stability of the antibody. WO 2014/043344. 

The affinities and binding properties of an Fc variant for its ligands (Fc receptors) may be 

determined by a variety of in vitro assay methods (biochemical or immunological based assays) 

known in the art including but not limited to, equilibrium methods (e.g., enzyme-linked 

immunoabsorbent assay (ELISA), or radioimmunoassay (RIA)), or kinetics (e.g., BIACORE® 

SPR analysis), and other methods such as indirect binding assays, competitive inhibition assays, 

fluorescence resonance energy transfer (FRET), gel electrophoresis and chromatography (e.g., 

gel filtration). These and other methods may utilize a label on one or more of the components 

being examined and/or employ a variety of detection methods including but not limited to 

chromogenic, fluorescent, luminescent, or isotopic labels. A detailed description of binding 

affinities and kinetics can be found in Paul, W, E,, ed., Fundamental Immunology, 4th Ed., 

Lippincott-Raven, Philadelphia (1999), which focuses on antibody-immunogen interactions. 

In still other embodiments, the glycosylation of an antibody is modified to increase or 

decrease effector function. For example, an aglycoslated antibody can be made that lacks all 

effector function by mutating the conserved asparagine residue at position 297 (e.g. N297A), 

thus abolishing complement and FcyRI binding. Bolt et al. (1993) Eur. J. Immunol. 23:403. See 

also Tao & Morrison (1989) J. Immunol. 143:2595 (using N297Q in IgGl to eliminate 

glycosylation at position 297). 

Although aglycosylated antibodies generally lack effector function, mutations can be 

introduced to restore that function. Aglycosylated antibodies, e.g. those resulting from 

N297A/C/D/or H mutations or produced in systems (e.g. E. coli) that do not glycosylate proteins, 

can be further mutated to restore FcyR binding, e.g. S298G and/or T299A/G/or H 

(WO 2009/079242), or E382V and M428I (Jung et al. (2010) Proc. Nat'lAcad. Sci (USA) 

107:604). 

Additionally, an antibody with enhanced ADCC can be made by altering the 

glycosylation. For example, removal of fucose from heavy chain Asn297-linked 

oligosaccharides has been shown to enhance ADCC, based on improved binding to FcyRIIIa. 

Shields et al. (2002) JBC 277:26733; Niwa et al. (2005) J. Immunol. Methods 306: 151; 
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Cardarelli et al. (2009) Clin. Cancer Res. 15:3376 (MDX-1401); Cardarelli et al. (2010) Cancer 

Immunol. Immunotherap. 59:257 (MDX-1342). Such low fucose antibodies may be produced, 

e.g., in knockout Chinese hamster ovary (CHO) cells lacking fucosyltransferase (FUT8) 

(Yamane-Ohnuki et al. (2004) Biotechnol. Bioeng. 87:614), or in other cells that generate 

afucosylated antibodies. See, e.g., Zhang et al. (2011) mAbs 3:289 and Li et al. (2006) Nat. 

Biotechnol. 24:210 (both describing antibody production in glycoengineered Pichia pastoris.); 

Mossner et al. (2010) Blood 115:4393; Shields et al. (2002) J. Biol. Chem. 277:26733; Shinkawa 

et al. (2003) J. Biol. Chem. 278:3466; EP 1176195B1. ADCC can also be enhanced as described 

in PCT Publication WO 03/035835, which discloses use of a variant CHO cell line, Lecl3, with 

reduced ability to attach fucose to Asn(297)-linked carbohydrates, also resulting in 

hypofucosylation of antibodies expressed in that host cell (see also Shields, R.L. et al. (2002)./. 

Biol. Chem. 277:26733-26740). Alternatively, fucose analogs may be added to culture medium 

during antibody production to inhibit incorporation of fucose into the carbohydrate on the 

antibody. WO 2009/135181. 

Increasing bisecting GlcNac structures in antibody-linked oligosaccharides also enhances 

ADCC. PCT Publication WO 99/54342 by Umana et al. describes cell lines engineered to 

express glycoprotein-modifying glycosyl transferases (e.g., beta(l,4)-N-

acetylglucosaminyltransferase III (GnTIII)) such that antibodies expressed in the engineered cell 

lines exhibit increased bisecting GlcNac structures which results in increased ADCC activity of 

the antibodies (see also Umana et al. (1999) Nat. Biotech. 17:176-180). 

Additional glycosylation variants have been developed that are devoid of galactose, sialic 

acid, fucose and xylose residues (so-called GNGN glycoforms), which exhibit enhanced ADCC 

and ADCP but decreased CDC, as well as others that are devoid of sialic acid, fucose and xylose 

(so-called G1/G2 glycoforms), which exhibit enhanced ADCC, ADCP and CDC. U.S. Pat. App. 

Pub. No. 2013/0149300. Antibodies having these glycosylation patterns are optionally produced 

in genetically modified N. benthamiana plants in which the endogenous xylosyl and fucosyl 

transferase genes have been knocked-out. 

Glycoengineering can also be used to modify the anti-inflammatory properties of an IgG 

construct by changing the a2,6 sialyl content of the carbohydrate chains attached at Asn297 of 

the Fc regions, wherein an increased proportion of a2,6 sialylated forms results in enhanced anti­

inflammatory effects. See Nimmerjahn et al. (2008) Ann. Rev. Immunol. 26:513. Conversely, 
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reduction in the proportion of antibodies having a2,6 sialylated carbohydrates may be useful in 

cases where anti-inflammatory properties are not wanted. Methods of modifying a2,6 sialylation 

content of antibodies, for example by selective purification of a2,6 sialylated forms or by 

enzymatic modification, are provided at U.S. Pat. Appl. Pub. No. 2008/0206246. In other 

embodiments, the amino acid sequence of the Fc region may be modified to mimic the effect of 

a2,6 sialylation, for example by inclusion of an F241A modification. WO 2013/095966. 

VIII. Antibody Physical Properties 

Antibodies described herein can contain one or more glycosylation sites in either the light 

or heavy chain variable region. Such glycosylation sites may result in increased immunogenicity 

of the antibody or an alteration of the pK of the antibody due to altered antigen binding 

(Marshall et al (1972) Annu Rev Biochem 41:673-702; Gala and Morrison (2004) J. Immunol 

172:5489-94; Wallick et al (1988) J Exp Med 168:1099-109; Spiro (2002) Glycobiology 12:43R-

56R; Parekh et al (1985) Nature 316:452-7; Mimura et al. (2000) Mol Immunol 37:697-706). 

Glycosylation has been known to occur at motifs containing an N-X-S/T sequence. In some 

instances, it is preferred to have an anti-CD73 antibody that does not contain variable region 

glycosylation. This can be achieved either by selecting antibodies that do not contain the 

glycosylation motif in the variable region or by mutating residues within the glycosylation region. 

In certain embodiments, the antibodies described herein do not contain asparagine 

isomerism sites. The deamidation of asparagine may occur on N-G or D-G sequences and may 

result in the creation of an isoaspartic acid residue that may introduce a kink into the polypeptide 

chain and may decrease its stability (isoaspartic acid effect). For instance, if the amino acid 

sequence Asp-Gly is present in the heavy and/or light chain CDR sequences of the antibody, the 

sequence is substituted with an amino acid sequence that does not undergo isomerization. In one 

embodiment, the antibody comprises the heavy chain variable region CDR2 sequence set forth in 

SEQ ID NO: 6, but wherein the Asp or Gly in the Asp-Gly sequence 

(VILYDGSNKYYPDSVKG; SEQ ID NO: 6) is replaced with an amino acid sequence that does 

not undergo isomerization, for example, an Asp-Ser or a Ser-Gly sequence. 

Each antibody will have a unique isoelectric point (pi), which generally falls in the pH 

range between 6 and 9.5. The pi for an IgGl antibody typically falls within the pH range of 7-9.5 

and the pi for an IgG4 antibody typically falls within the pH range of 6-8. There is speculation 
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that antibodies with a pi outside the normal range may have some unfolding and instability under 

in vivo conditions. Thus, it is preferred to have an anti-CD73 antibody that contains a pi value 

that falls in the normal range. This can be achieved either by selecting antibodies with a pi in the 

normal range or by mutating charged surface residues. 

Each antibody will have a characteristic melting temperature, with a higher melting 

temperature indicating greater overall stability in vivo (Krishnamurthy R and Manning M C 

(2002) Curr Pharm Biotechnol 3:361-71). Generally, it is preferred that the TMI (the temperature 

of initial unfolding) be greater than 60° C, preferably greater than 65° C, even more preferably 

greater than 70° C. The melting point of an antibody can be measured using differential scanning 

calorimetry (Chen et al (2003) Pharm Res 20:1952-60; Ghirlando et al (1999) Immunol Lett 

68:47-52) or circular dichroism (Murray et al. (2002) J. Chromatogr Sci 40:343-9). 

In a preferred embodiment, antibodies are selected that do not degrade rapidly. Degradation of an 

antibody can be measured using capillary electrophoresis (CE) and MALDI-MS (Alexander A J 

and Hughes D E (1995) Anal Chem 67:3626-32). 

In another preferred embodiment, antibodies are selected that have minimal aggregation 

effects, which can lead to the triggering of an unwanted immune response and/or altered or 

unfavorable pharmacokinetic properties. Generally, antibodies are acceptable with aggregation 

of 25% or less, preferably 20% or less, even more preferably 15% or less, even more preferably 

10% or less and even more preferably 5% or less. Aggregation can be measured by several 

techniques, including size-exclusion column (SEC), high performance liquid chromatography 

(HPLC), and light scattering. 

IX. Methods of engineering antibodies 

As discussed above, the anti-CD73 antibodies having VH and VL sequences disclosed 

herein can be used to create new anti-CD73 antibodies by modifying the VH and/or VL 

sequences, or the constant region(s) attached thereto. Thus, in another aspect described herein, 

the structural features of an anti-CD73 antibody described herein, e.g. CD73.4, 11F11, 4C3, 4D4, 

10D2, 11A6, 24H2, 5F8, 6E11 and/or 7A11, are used to create structurally related anti-CD73 

antibodies that retain at least one functional property of the antibodies described herein, such as 

binding to human CD73 and cynomolgus CD73. For example, one or more CDR regions of 

11F11, 4C3, 4D4, 10D2, 11A6, 24H2, 5F8, 6E11 and/or 7A11, or mutations thereof, can be 
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combined recombinantly with known framework regions and/or other CDRs to create additional, 

recombinantly-engineered, anti-CD73 antibodies described herein, as discussed above. Other 

types of modifications include those described in the previous section. The starting material for 

the engineering method is one or more of the VH and/or VL sequences provided herein, or one or 

more CDR regions thereof. To create the engineered antibody, it is not necessary to actually 

prepare (i.e., express as a protein) an antibody having one or more of the VH and/or VL sequences 

provided herein, or one or more CDR regions thereof. Rather, the information contained in the 

sequence(s) is used as the starting material to create a "second generation" sequence(s) derived 

from the original sequence(s) and then the "second generation" sequence(s) is prepared and 

expressed as a protein. 

Accordingly, provided herein are methods for preparing an anti-CD73 antibody 

comprising: 

(a) providing: (i) a heavy chain variable region antibody sequence comprising a CDR1 

sequence selected from the group consisting of SEQ ID NOs: 5, 17, 33, 41, 53, 61, 69, 81, and 

89, a CDR2 sequence selected from the group consisting of SEQ ID NOs: 6, 18, 34, 42, 54, 62, 

70, 82, and 90, and/or a CDR3 sequence selected from the group consisting of SEQ ID NOs: 7, 

19, 35, 43, 55, 63, 71, 83, and 91; and (ii) a light chain variable region antibody sequence 

comprising a CDR1 sequence selected from the group consisting of SEQ ID NOs: 9, 13, 21, 25, 

29, 37, 45, 49, 57, 65, 73, 77, 85, and 93, a CDR2 sequence selected from the group consisting of 

SEQ ID NOs: 10, 14, 22, 26, 30, 38, 46, 50, 58, 66, 74, 78, 86, and 94, and/or a CDR3 sequence 

selected from the group consisting of SEQ ID NOs: 11, 15, 23, 27, 31, 39, 47, 51, 59, 67, 75, 79, 

87, and 95; 

(b) altering at least one amino acid residue within the heavy chain variable region 

antibody sequence and/or the light chain variable region antibody sequence to create at least one 

altered antibody sequence; and 

(c) expressing the altered antibody sequence as a protein. 

Standard molecular biology techniques can be used to prepare and express the altered 

antibody sequence. 

Preferably, the antibody encoded by the altered antibody sequence(s) is one that retains 

one, some or all of the functional properties of the anti-CD73 antibodies described herein, which 

include those listed in Table 3. 
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The altered antibody may exhibit one or more, two or more, three or more, four or more, 

five or more, six or more, seven or more, eight or more, nine or more, ten, or all of the functional 

properties using the functional assays described herein. The functional properties of the altered 

antibodies can be assessed using standard assays available in the art and/or described herein, 

such as those set forth in the Examples (e.g., ELISAs, FACS). 

In certain embodiments of the methods of engineering antibodies described herein, 

mutations can be introduced randomly or selectively along all or part of an anti-CD73 antibody 

coding sequence and the resulting modified anti-CD73 antibodies can be screened for binding 

activity and/or other functional properties as described herein. Mutational methods have been 

described in the art. For example, PCT Publication WO 02/092780 by Short describes methods 

for creating and screening antibody mutations using saturation mutagenesis, synthetic ligation 

assembly, or a combination thereof. Alternatively, PCT Publication WO 03/074679 by Lazar et 

al. describes methods of using computational screening methods to optimize physiochemical 

properties of antibodies. 

X. Nucleic Acid Molecules 

Another aspect described herein pertains to nucleic acid molecules that encode the 

antibodies described herein. The nucleic acids may be present in whole cells, in a cell lysate, or 

in a partially purified or substantially pure form. A nucleic acid is "isolated" or "rendered 

substantially pure" when purified away from other cellular components or other contaminants, 

e.g., other cellular nucleic acids (e.g., other chromosomal DNA, e.g., the chromosomal DNA that 

is linked to the isolated DNA in nature) or proteins, by standard techniques, including 

alkaline/SDS treatment, CsCl banding, column chromatography, restriction enzymes, agarose gel 

electrophoresis and others well known in the art. See, F. Ausubel, et al., ed. (1987) Current 

Protocols in Molecular Biology, Greene Publishing and Wiley Interscience, New York. A 

nucleic acid described herein can be, for example, DNA or RNA and may or may not contain 

intronic sequences. In a certain embodiments, the nucleic acid is a cDNA molecule. 

Nucleic acids described herein can be obtained using standard molecular biology 

techniques. For antibodies expressed by hybridomas (e.g., hybridomas prepared from transgenic 

mice carrying human immunoglobulin genes as described further below), cDNAs encoding the 

light and heavy chains of the antibody made by the hybridoma can be obtained by standard PCR 
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amplification or cDNA cloning techniques. For antibodies obtained from an immunoglobulin 

gene library (e.g., using phage display techniques), nucleic acid encoding the antibody can be 

recovered from the library. 

Preferred nucleic acids molecules described herein are those encoding the VH and VL 

sequences of the anti-CD73 antibodies described herein, e.g.,CD73.4 11F11-1, 11F11-2, 4C3-1, 

4C3-2, 4C3-3, 4D4, 10D2-1, 10D2-2, 11A6, 24H2, 5F8-1, 5F8-2, 6E11, 7A11, CD73.3 and/or 

CD73.4 monoclonal antibodies. DNA sequences encoding the VH sequences of CD73.4 

(CD73.4-1 and CD73.4-2) 11F11 (11F11-1 and 11F11-2), 4C3 (4C3-1, 4C3-2 and4C3-3), 4D4, 

10D2 (10D2-1 and 10D2-2), 11A6, 24H2, 5F8 (5F8-1 and 5F8-2), 6E11, 7A11, CD73.3 and 

CD73.4 are set forth in SEQ ID NOs: 4, 16, 32, 40, 52, 60, 68, 80, 88, 135, and 170, 

respectively. DNA sequences encoding the VL sequences of 11F11-1, 11F11-2, 4C3-1, 4C3-2, 

4C3-3, 4D4, 10D2-1, 10D2-2, 11A6, 24H2, 5F8-1, 5F8-2, 6E11 7A11, CD73.3 and/or CD73.4 

are set forth in SEQ ID NOs: 8, 12, 20, 24, 28, 36, 44, 48, 56, 64, 72, 76, 84, and 92, 

respectively. 

Once DNA fragments encoding VH and VL segments are obtained, these DNA 

fragments can be further manipulated by standard recombinant DNA techniques, for example to 

convert the variable region genes to full-length antibody chain genes, to Fab fragment genes or to 

a scFv gene. In these manipulations, a VL- or VH-encoding DNA fragment is operatively linked 

to another DNA fragment encoding another protein, such as an antibody constant region or a 

flexible linker. The term "operatively linked", as used in this context, is intended to mean that the 

two DNA fragments are joined such that the amino acid sequences encoded by the two DNA 

fragments remain in-frame. 

The isolated DNA encoding the VH region can be converted to a full-length heavy chain 

gene by operatively linking the VH-encoding DNA to another DNA molecule encoding heavy 

chain constant regions (hinge, CHI, CH2 and/or CH3). The sequences of human heavy chain 

constant region genes are known in the art (see e.g., Kabat, E. A., el al. (1991) Sequences of 

Proteins of Immunological Interest, Fifth Edition, U.S. Department of Health and Human 

Services, NIH Publication No. 91-3242) and DNA fragments encompassing these regions can be 

obtained by standard PCR amplification. The heavy chain constant region can be an IgGl, IgG2, 

IgG3, IgG4, IgA, IgE, IgM or IgD constant region, for example, an IgGl region. For a Fab 
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fragment heavy chain gene, the VH-encoding DNA can be operatively linked to another DNA 

molecule encoding only the heavy chain CHI constant region. 

The isolated DNA encoding the VL region can be converted to a full-length light chain 

gene (as well as a Fab light chain gene) by operatively linking the VL-encoding DNA to another 

DNA molecule encoding the light chain constant region, CL. The sequences of human light 

chain constant region genes are known in the art (see e.g., Kabat, E. A., et al. (1991) Sequences 

of Proteins of Immunological Interest, Fifth Edition, U.S. Department of Health and Human 

Services, NIH Publication No. 91-3242) and DNA fragments encompassing these regions can be 

obtained by standard PCR amplification. The light chain constant region can be a kappa or 

lambda constant region. 

To create a scFv gene, the VH- and VL-encoding DNA fragments are operatively linked 

to another fragment encoding a flexible linker, e.g., encoding the amino acid sequence (Gly4 -

Ser)3, such that the VH and VL sequences can be expressed as a contiguous single-chain protein, 

with the VL and VH regions joined by the flexible linker (see e.g., Bird et al. (1988) Science 

242:423-426; Huston et al. (1988) Proc. Natl. Acad. Sci. USA 85:5879-5883; McCafferty et al., 

(1990) Nature 348:552-554). 

Also provided herein are nucleic acid molecules encoding VH and VL sequences or full 

length heavy and light chains that are homologous to those of antibodies described herein, e.g., 

the 11F11-1, 11F11-2, 4C3-1, 4C3-2, 4C3-3, 4D4, 10D2-1, 10D2-2, 11A6, 24H2, 5F8-1, 5F8-2, 

6E11 7A11, CD73.3 and/or CD73.4 monoclonal antibodies. Exemplary nucleic acid molecules 

encode VH and VL sequences that are at least 70% identical, for example, at least 75%, at least 

80%, at least 85%, at least 90%, at least 95%, or at least 99% identical, to nucleic acid molecules 

encoding the VH and VL sequences or the full length heavy and light chains of the 11F11-1, 

11F11-2, 4C3-1, 4C3-2, 4C3-3, 4D4, 10D2-1, 10D2-2, 11A6, 24H2, 5F8-1, 5F8-2, 6E11 7A11, 

CD73.3 and/or CD73.4 monoclonal antibodies, e.g., the sequences set forth in Table 35. For 

example, provided herein are anti-CD73 antibodies comprising a VH chain and a VL chain that 

are encoded by nucleotides sequences that are at least 80%, 85%, 90%, 95%, 96%, 97%, 98%, 

99% or 100% identical to SEQ ID NO: 139 and SEQ ID NO: 140 or 141; SEQ ID NO: 237 and 

SEQ ID NO: 140 or 141; SEQ ID NO: 142 and SEQ ID NO: 143, 144 or 145; SEQ ID NO: 146 

and SEQ ID NO: 147; SEQ ID NO: 148 and SEQ ID NO: 149 or 150; SEQ ID NO: 151 and SEQ 

ID NO: 152; SEQ ID NO: 153 and SEQ ID NO: 154; SEQ ID NO: 155 and SEQ ID NO: 156 or 
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157 or 242; SEQ ID NO: 158 and SEQ ID NO: 159; SEQ ID NO: 160 and SEQ ID NO: 161. 

Also provided are anti-CD73 antibodies comprising a heavy chain and a light chain that are 

encoded by nucleotides sequences that are at least 80%, 85%, 90%, 95%, 96%, 97%, 98%, 99% 

or 100% identical to SEQ ID NOs: 134, 214, 215, 216, 217, 218, 219, 220, 221, 222, 223, 224, 

225, 226, 227, 228, 229, 230, 231, 232, 233, 234, 243, 266 (heavy chain) and SEQ ID NO: 244 

or 245 (light chain); SEQ ID NO: 211, 212, 213 or 246 and SEQ ID NO: 247, 248 or 249; SEQ 

ID NO: 235, 236 or 250 and 251; SEQ ID NO: 252 and SEQ ID NO: 253 or 254; SEQ ID NO: 

255 and SEQ ID NO: 256; SEQ ID NO: 257 and SEQ ID NO: 258; SEQ ID NO: 259 and SEQ 

ID NO: 260 or 261; SEQ ID NO: 262 and SEQ ID NO: 263; SEQ ID NO: 264 and SEQ ID NO: 

265. Also provided herein are nucleic acid molecules with silent mutations (i.e., base changes 

that do not alter the resulting amino acid sequence upon translation of nucleic acid molecule), 

e.g., for codon optimization. 

XI. Antibody Generation 

Various antibodies of the present invention, e.g. those that compete with or bind to the 

same epitope as the anti-human CD73 antibodies disclosed herein, can be produced using a 

variety of known techniques, such as the standard somatic cell hybridization technique described 

by Kohler and Milstein, Nature 256: 495 (1975). Although somatic cell hybridization 

procedures are preferred, in principle, other techniques for producing monoclonal antibodies also 

can be employed, e.g., viral or oncogenic transformation of B lymphocytes, phage display 

technique using libraries of human antibody genes. 

The preferred animal system for preparing hybridomas is the murine system. Hybridoma 

production in the mouse is a very well-established procedure. Immunization protocols and 

techniques for isolation of immunized splenocytes for fusion are known in the art. Fusion 

partners (e.g., murine myeloma cells) and fusion procedures are also known. 

Chimeric or humanized antibodies described herein can be prepared based on the 

sequence of a murine monoclonal antibody prepared as described above. DNA encoding the 

heavy and light chain immunoglobulins can be obtained from the murine hybridoma of interest 

and engineered to contain non-murine (e.g.,. human) immunoglobulin sequences using standard 

molecular biology techniques. For example, to create a chimeric antibody, the murine variable 

regions can be linked to human constant regions using methods known in the art (see e.g., U.S. 
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Patent No. 4,816,567 to Cabilly et al.). To create a humanized antibody, the murine CDR 

regions can be inserted into a human framework using methods known in the art (see e.g., U.S. 

Patent No. 5,225,539 to Winter, and U.S. Patent Nos. 5,530,101; 5,585,089; 5,693,762 and 

6,180,370 to Queen et al.). 

In one embodiment, the antibodies described herein are human monoclonal antibodies. 

Such human monoclonal antibodies directed against CD73 can be generated using transgenic or 

transchromosomic mice carrying parts of the human immune system rather than the mouse 

system. These transgenic and transchromosomic mice include mice referred to herein as 

HuMAb mice and KM mice, respectively, and are collectively referred to herein as "human Ig 

mice." 

The HuMAb mouse® (Medarex, Inc.) contains human immunoglobulin gene miniloci 

that encode unrearranged human heavy (|u and y) and K light chain immunoglobulin sequences, 

together with targeted mutations that inactivate the endogenous |_i and K chain loci (see e.g., 

Lonberg, et al. (1994) Nature 368(6474): 856-859). Accordingly, the mice exhibit reduced 

expression of mouse IgM or K, and in response to immunization, the introduced human heavy 

and light chain transgenes undergo class switching and somatic mutation to generate high 

affinity human IgGK monoclonal (Lonberg, N. et al. (1994), supra; reviewed in Lonberg, N. 

(1994) Handbook of Experimental Pharmacology 113:49-101; Lonberg, N. and Huszar, D. 

(1995) Intern. Rev. Immunol. 13: 65-93, and Harding, F. and Lonberg, N. (1995) Ann. N.Y. Acad. 

Sci. 764:536-546). The preparation and use of HuMab mice, and the genomic modifications 

carried by such mice, is further described in Taylor, L. et al. (1992) Nucleic Acids Research 

20:6287-6295; Chen, J. et al. (1993) International Immunology 5: 647-656; Tuaillon et al. 

(1993) Proc. Natl. Acad. Sci. USA 90:3720-3724; Choi et al. (1993) Nature Genetics 4:117-123; 

Chen, J. etal. (1993) EMBOJ. 12: 821-830; Tuaillon et al. (1994) J. Immunol. 152:2912-2920: 

Taylor, L. et al. (1994) International Immunology 6: 579-591; and Fishwild, D. et al. (1996) 

Nature Biotechnology 14: 845-851, the contents of all of which are hereby specifically 

incorporated by reference in their entirety. See further, U.S. Patent Nos. 5,545,806; 5,569,825; 

5,625,126; 5,633,425; 5,789,650; 5,877,397; 5,661,016; 5,814,318; 5,874,299; and 5,770,429; all 

to Lonberg and Kay; U.S. Patent No. 5,545,807 to Surani et al.; PCT Publication Nos. WO 

92/03918, WO 93/12227, WO 94/25585, WO 97/13852, WO 98/24884 and WO 99/45962, all to 

Lonberg and Kay; and PCT Publication No. WO 01/14424 to Korman et al. 
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In certain embodiments, antibodies described herein are raised using a mouse that carries 

human immunoglobulin sequences on transgenes and transchromosomes, such as a mouse that 

carries a human heavy chain transgene and a human light chain transchromosome. Such mice, 

referred to herein as "KM mice", are described in detail in PCT Publication WO 02/43478 to 

Ishida et al. 

Still further, alternative transgenic animal systems expressing human immunoglobulin 

genes are available in the art and can be used to raise anti-CD73 antibodies described herein. For 

example, an alternative transgenic system referred to as the Xenomouse (Abgenix, Inc.) can be 

used; such mice are described in, for example, U.S. Patent Nos. 5,939,598; 6,075,181; 6,114,598; 

6, 150,584 and 6,162,963 to Kucherlapati et al. 

Moreover, alternative transchromosomic animal systems expressing human 

immunoglobulin genes are available in the art and can be used to raise anti-CD73 antibodies 

described herein. For example, mice carrying both a human heavy chain transchromosome and a 

human light chain transchromosome, referred to as "TC mice" can be used; such mice are 

described in Tomizuka et al. (2000) Proc. Natl. Acad. Sci. USA 97:722-727. Furthermore, cows 

carrying human heavy and light chain transchromosomes have been described in the art 

(Kuroiwa et al. (2002) Nature Biotechnology 20:889-894) and can be used to raise anti-CD73 

antibodies described herein. 

Additional mouse systems described in the art for raising human antibodies, e.g., human 

anti-CD73 antibodies, include (i) the Veloclmmune® mouse (Regeneron Pharmaceuticals, Inc.), 

in which the endogenous mouse heavy and light chain variable regions have been replaced, via 

homologous recombination, with human heavy and light chain variable regions, operatively 

linked to the endogenous mouse constant regions, such that chimeric antibodies (human 

V/mouse C) are raised in the mice, and then subsequently converted to fully human antibodies 

using standard recombinant DNA techniques; and (ii) the MeMo® mouse (Merus 

Biopharmaceuticals, Inc.), in which the mouse contains unrearranged human heavy chain 

variable regions but a single rearranged human common light chain variable region. Such mice, 

and use thereof to raise antibodies, are described in, for example, WO 2009/15777, US 

2010/0069614, WO 2011/072204, WO 2011/097603, WO 2011/163311, WO 2011/163314, WO 

2012/148873, US 2012/0070861 and US 2012/0073004. 
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Human monoclonal antibodies described herein can also be prepared using phage display 

methods for screening libraries of human immunoglobulin genes. Such phage display methods 

for isolating human antibodies are established in the art. See for example: U.S. Patent Nos. 

5,223,409; 5,403,484; and 5,571,698 to Ladner et al; U.S. Patent Nos. 5,427,908 and 5,580,717 

to Dower et al.; U.S. Patent Nos. 5,969,108 and 6,172,197 to McCafferty et al.; and U.S. Patent 

Nos. 5,885,793; 6,521,404; 6,544,731; 6,555,313; 6,582,915 and 6,593,081 to Griffiths et al. 

Human monoclonal antibodies described herein can also be prepared using SCID mice 

into which human immune cells have been reconstituted such that a human antibody response 

can be generated upon immunization. Such mice are described in, for example, U.S. Patent Nos. 

5,476,996 and 5,698,767 to Wilson et al. 

Immunizations 

To generate fully human antibodies to CD73, transgenic or transchromosomal mice 

containing human immunoglobulin genes (e.g., HCol2, HCo7 or KM mice) can be immunized 

with a purified or enriched preparation of the CD73 antigen and/or cells expressing CD73, as 

described for other antigens, for example, by Lonberg et al. (1994) Nature 368(6474): 856-859; 

Fishwild et al. (1996) Nature Biotechnology 14: 845-851 and WO 98/24884. Alternatively, mice 

can be immunized with DNA encoding human CD73. Preferably, the mice will be 6-16 weeks 

of age upon the first infusion. For example, a purified or enriched preparation (5-50 |ag) of the 

recombinant CD73 antigen can be used to immunize the HuMAb mice intraperitoneally. In the 

event that immunizations using a purified or enriched preparation of the CD73antigen do not 

result in antibodies, mice can also be immunized with cells expressing CD73, e.g., a cell line, to 

promote immune responses. Exemplary cell lines include CD73-overexpressing stable CHO and 

Raji cell lines. 

Cumulative experience with various antigens has shown that the HuMAb transgenic mice 

respond best when initially immunized intraperitoneally (IP) or subcutaneously (SC) with 

antigen in Ribi's adjuvant, followed by every other week IP/SC immunizations (up to a total of 

10) with antigen in Ribi's adjuvant. The immune response can be monitored over the course of 

the immunization protocol with plasma samples being obtained by retroorbital bleeds. The 

plasma can be screened by ELISA and FACS (as described below), and mice with sufficient 

titers of anti-CD73 human immunoglobulin can be used for fusions. Mice can be boosted 
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intravenously with antigen 3 days before sacrifice and removal of the spleen and lymph nodes. It 

is expected that 2-3 fusions for each immunization may need to be performed. Between 6 and 24 

mice are typically immunized for each antigen. Usually, HCo7, HCol2, and KM strains are used. 

In addition, both HCo7 and HCol2 transgene can be bred together into a single mouse having 

two different human heavy chain transgenes (HCo7/HCol2). 

Generation of Hybridomas Producing Monoclonal Antibodies to CD73 

To generate hybridomas producing human monoclonal antibodies described herein, 

splenocytes and/or lymph node cells from immunized mice can be isolated and fused to an 

appropriate immortalized cell line, such as a mouse myeloma cell line. The resulting hybridomas 

can be screened for the production of antigen-specific antibodies. For example, single cell 

suspensions of splenic lymphocytes from immunized mice can be fused to Sp2/0 nonsecreting 

mouse myeloma cells (ATCC, CRL 1581) with 50% PEG. Cells are plated at approximately 2 x 

105 in flat bottom microtiter plate, followed by a two week incubation in selective medium 

containing 10% fetal Clone Serum, 18% "653" conditioned media, 5% origen (IGEN), 4 mM L-

glutamine, 1 mM sodium pyruvate, 5mM HEPES, 0.055 mM 2-mercaptoethanol, 50 units/ml 

penicillin, 50 mg/ml streptomycin, 50 mg/ml gentamycin and IX HAT (Sigma). After 

approximately two weeks, cells can be cultured in medium in which the HAT is replaced with 

HT. Individual wells can then be screened by ELISA for human monoclonal IgM and IgG 

antibodies. Once extensive hybridoma growth occurs, medium can be observed usually after 10-

14 days. The antibody secreting hybridomas can be replated, screened again, and if still positive 

for human IgG, the monoclonal antibodies can be subcloned at least twice by limiting dilution. 

The stable subclones can then be cultured in vitro to generate small amounts of antibody in tissue 

culture medium for characterization. 

To purify human monoclonal antibodies, selected hybridomas can be grown in two-liter 

spinner-flasks for monoclonal antibody purification. Supernatants can be filtered and 

concentrated before affinity chromatography with protein A-sepharose (Pharmacia, Piscataway, 

N.J.). Eluted IgG can be checked by gel electrophoresis and high performance liquid 

chromatography to ensure purity. The buffer solution can be exchanged into PBS, and the 

concentration can be determined by OD280 using 1.43 extinction coefficient. The monoclonal 

antibodies can be aliquoted and stored at -80° C. 
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XII. Antibody Manufacture 

Generation of Transfectomas Producing Monoclonal Antibodies to CD73 

Antibodies of the present invention, including both specific antibodies for which 

sequences are provided and other, related anti-CD73 antibodies, can be produced in a host cell 

transfectoma using, for example, a combination of recombinant DNA techniques and gene 

transfection methods as is well known in the art (Morrison, S. (1985) Science 229:1202). 

For example, to express antibodies, or antibody fragments thereof, DNAs encoding 

partial or full-length light and heavy chains, can be obtained by standard molecular biology 

techniques (e.g., PCR amplification or cDNA cloning using a hybridoma that expresses the 

antibody of interest) and the DNAs can be inserted into expression vectors such that the genes 

are operatively linked to transcriptional and translational control sequences. In this context, the 

term "operatively linked" is intended to mean that an antibody gene is ligated into a vector such 

that transcriptional and translational control sequences within the vector serve their intended 

function of regulating the transcription and translation of the antibody gene. The expression 

vector and expression control sequences are chosen to be compatible with the expression host 

cell used. The antibody light chain gene and the antibody heavy chain gene can be inserted into 

separate vector or both genes are inserted into the same expression vector. The antibody genes 

are inserted into the expression vector(s) by standard methods (e.g., ligation of complementary 

restriction sites on the antibody gene fragment and vector, or blunt end ligation if no restriction 

sites are present). The light and heavy chain variable regions of the antibodies described herein 

can be used to create full-length antibody genes of any antibody isotype by inserting them into 

expression vectors already encoding heavy chain constant and light chain constant regions of the 

desired isotype such that the VH segment is operatively linked to the CH segment(s) within the 

vector and the VL segment is operatively linked to the CL segment within the vector. 

Additionally or alternatively, the recombinant expression vector can encode a signal peptide that 

facilitates secretion of the antibody chain from a host cell. The antibody chain gene can be 

cloned into the vector such that the signal peptide is linked in-frame to the amino terminus of the 

antibody chain gene. The signal peptide can be an immunoglobulin signal peptide or a 

heterologous signal peptide (i.e., a signal peptide from a non-immunoglobulin protein). 

In addition to the antibody chain genes, recombinant expression vectors may carry 

regulatory sequences that control the expression of the antibody chain genes in a host cell. The 
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term "regulatory sequence" is intended to include promoters, enhancers and other expression 

control elements (e.g., polyadenylation signals) that control the transcription or translation of the 

antibody chain genes. Such regulatory sequences are described, for example, in Goeddel (Gene 

Expression Technology. Methods in Enzymology 185, Academic Press, San Diego, CA (1990)). 

It will be appreciated by those skilled in the art that the design of the expression vector, including 

the selection of regulatory sequences, may depend on such factors as the choice of the host cell 

to be transformed, the level of expression of protein desired, etc. Preferred regulatory sequences 

for mammalian host cell expression include viral elements that direct high levels of protein 

expression in mammalian cells, such as promoters and/or enhancers derived from 

cytomegalovirus (CMV), Simian Virus 40 (SV40), adenovirus, (e.g., the adenovirus major late 

promoter (AdMLP) and polyoma. Alternatively, nonviral regulatory sequences may be used, 

such as the ubiquitin promoter or |3-globin promoter. Still further, regulatory elements composed 

of sequences from different sources, such as the SRa promoter system, which contains sequences 

from the SV40 early promoter and the long terminal repeat of human T cell leukemia virus type 

1 (Takebe, Y. et al. (1988) Mol. Cell. Biol. 8:466-472). 

In addition to the antibody chain genes and regulatory sequences, recombinant expression 

vectors may carry additional sequences, such as sequences that regulate replication of the vector 

in host cells (e.g., origins of replication) and selectable marker genes. The selectable marker 

gene facilitates selection of host cells into which the vector has been introduced (see, e.g., U.S. 

Pat. Nos. 4,399,216, 4,634,665 and 5,179,017, all by Axel et al.). For example, typically the 

selectable marker gene confers resistance to drugs, such as G418, hygromycin or methotrexate, 

on a host cell into which the vector has been introduced. Preferred selectable marker genes 

include the dihydrofolate reductase (DHFR) gene (for use in dhfr- host cells with methotrexate 

selection/amplification) and the neo gene (for G418 selection). 

For expression of the light and heavy chains, the expression vector(s) encoding the heavy 

and light chains is transfected into a host cell by standard techniques. The various forms of the 

term "transfection" are intended to encompass a wide variety of techniques commonly used for 

the introduction of exogenous DNA into a prokaryotic or eukaryotic host cell, e.g., 

electroporation, calcium-phosphate precipitation, DEAE-dextran transfection and the like. 

Although it is theoretically possible to express the antibodies described herein in either 

prokaryotic or eukaryotic host cells, expression of antibodies in eukaryotic cells, and most 
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preferably mammalian host cells, is the most preferred because such eukaryotic cells, and in 

particular mammalian cells, are more likely than prokaryotic cells to assemble and secrete a 

properly folded and immunologically active antibody. Prokaryotic expression of antibody genes 

has been reported to be ineffective for production of high yields of active antibody (Boss, M. A. 

and Wood, C. R. (1985) Immunology Today 6:12-13). Antibodies of the present invention can 

also be produced in glycoengineered strains of the yeast Pichia pastoris. Li et al. (2006) Nat. 

Biotechnol. 24:210. 

Preferred mammalian host cells for expressing the recombinant antibodies described 

herein include Chinese Hamster Ovary (CHO cells) (including dhfr- CHO cells, described in 

Urlaub and Chasin, (1980) Proc. Natl. Acad. Sci. USA 77:4216-4220, used with a DHFR 

selectable marker, e.g., as described in R. J. Kaufman and P. A. Sharp (1982) Mol. Biol. 

159\601-621), NSO myeloma cells, COS cells and SP2 cells. In particular, for use with NSO 

myeloma cells, another preferred expression system is the GS gene expression system disclosed 

in WO 87/04462, WO 89/01036 and EP 338,841. When recombinant expression vectors 

encoding antibody genes are introduced into mammalian host cells, the antibodies are produced 

by culturing the host cells for a period of time sufficient to allow for expression of the antibody 

in the host cells or, more preferably, secretion of the antibody into the culture medium in which 

the host cells are grown. Antibodies can be recovered from the culture medium using standard 

protein purification methods. 

The N- and C-termini of antibody polypeptide chains of the present invention may 

differ from the expected sequence due to commonly observed post-translational modifications. 

For example, C-terminal lysine residues are often missing from antibody heavy chains. Dick et 

al. (2008) Biotechnol. Bioeng. 100:1132. N-terminal glutamine residues, and to a lesser extent 

glutamate residues, are frequently converted to pyroglutamate residues on both light and heavy 

chains of therapeutic antibodies. Dick et al. (2007) Biotechnol. Bioeng. 97:544; Liu et al. (2011) 

JBC 28611211; Liu et al. (2011) J. Biol. Chem. 286:11211. 

XIII. Assays 

Antibodies described herein can be tested for binding to CD73 by, for example, standard 

ELISA. Briefly, microtiter plates are coated with purified CD73 at 1-2 |-ig/ml in PBS, and then 

blocked with 5% bovine serum albumin in PBS. Dilutions of antibody (e.g., dilutions of plasma 
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from CD73-immunized mice) are added to each well and incubated for 1-2 hours at 37°C. The 

plates are washed with PBS/Tween and then incubated with secondary reagent (e.g., for human 

antibodies, a goat-anti-human IgG Fc-specific polyclonal reagent) conjugated to horseradish 

peroxidase (HRP) for 1 hour at 37°C. After washing, the plates are developed with ABTS 

substrate (Moss Inc, product: ABTS-1000) and analyzed by a spectrophotometer at OD 415-495. 

Sera from immunized mice are then further screened by flow cytometry for binding to a cell line 

expressing human CD73, but not to a control cell line that does not express CD73. Briefly, the 

binding of anti-CD73 antibodies is assessed by incubating CD73 expressing CHO cells with the 

anti-CD73 antibody at 1:20 dilution. The cells are washed and binding is detected with a PE-

labeled anti-human IgG Ab. Flow cytometric analyses are performed using a FACScan flow 

cytometry (Becton Dickinson, San Jose, CA). Preferably, mice which develop the highest titers 

will be used for fusions. 

An ELISA assay as described above can be used to screen for antibodies and, thus, 

hybridomas that produce antibodies that show positive reactivity with the CD73 immunogen. 

Hybridomas that produce antibodies that bind, preferably with high affinity, to CD73 can then be 

subcloned and further characterized. One clone from each hybridoma, which retains the 

reactivity of the parent cells (by ELISA), can then be chosen for making a cell bank, and for 

antibody purification. 

To purify anti-CD73 antibodies, selected hybridomas can be grown in two-liter spinner-

flasks for monoclonal antibody purification. Supernatants can be filtered and concentrated 

before affinity chromatography with protein A-sepharose (Pharmacia, Piscataway, NJ). Eluted 

IgG can be checked by gel electrophoresis and high performance liquid chromatography to 

ensure purity. The buffer solution can be exchanged into PBS, and the concentration can be 

determined by OD28o using 1.43 extinction coefficient. The monoclonal antibodies can be 

aliquoted and stored at -80 °C. 

To determine if the selected anti-CD73 monoclonal antibodies bind to unique epitopes, 

each antibody can be biotinylated using commercially available reagents (Pierce, Rockford, IL). 

Biotinylated mAb binding can be detected with a streptavidin labeled probe. Competition 

studies using unlabeled monoclonal antibodies and biotinylated monoclonal antibodies can be 

performed using CD73 coated-ELISA plates as described above. 
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To determine the isotype of purified antibodies, isotype ELISAs can be performed using 

reagents specific for antibodies of a particular isotype. For example, to determine the isotype of 

a human monoclonal antibody, wells of microtiter plates can be coated with 1 |-ig/ml of anti-

human immunoglobulin overnight at 4° C. After blocking with 1% BSA, the plates are reacted 

with 1 |ag /ml or less of test monoclonal antibodies or purified isotype controls, at ambient 

temperature for one to two hours. The wells can then be reacted with either human IgGl or 

human IgM-specific alkaline phosphatase-conjugated probes. Plates are developed and analyzed 

as described above. 

To test the binding of monoclonal antibodies to live cells expressing CD73, flow 

cytometry can be used, as described in the Examples. Briefly, cell lines expressing membrane-

bound CD73 (grown under standard growth conditions) are mixed with various concentrations of 

monoclonal antibodies in PBS containing 0.1% BSA at 4°C for 1 hour. After washing, the cells 

are reacted with Fluorescein-labeled anti- IgG antibody under the same conditions as the primary 

antibody staining. The samples can be analyzed by FACScan instrument using light and side 

scatter properties to gate on single cells and binding of the labeled antibodies is determined. An 

alternative assay using fluorescence microscopy may be used (in addition to or instead of) the 

flow cytometry assay. Cells can be stained exactly as described above and examined by 

fluorescence microscopy. This method allows visualization of individual cells, but may have 

diminished sensitivity depending on the density of the antigen. 

Anti-CD73 antibodies can be further tested for reactivity with the CD73 antigen by 

Western blotting. Briefly, cell extracts from cells expressing CD73 can be prepared and 

subjected to sodium dodecyl sulfate polyacrylamide gel electrophoresis. After electrophoresis, 

the separated antigens will be transferred to nitrocellulose membranes, blocked with 20% mouse 

serum, and probed with the monoclonal antibodies to be tested. IgG binding can be detected 

using anti-IgG alkaline phosphatase and developed with BCIP/NBT substrate tablets (Sigma 

Chem. Co., St. Louis, MO). 

Methods for analyzing binding affinity, cross-reactivity, and binding kinetics of various 

anti-CD73 antibodies include standard assays known in the art, for example, BIACORE® surface 

plasmon resonance (SPR) analysis using a BIACORE® 2000 SPR instrument (Biacore AB, 

Uppsala, Sweden). 
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XIV. Immunoconjugates and Antibody Derivatives 

Antibodies described herein can be used for diagnostic purposes, including sample testing 

and in vivo imaging, and for this purpose the antibody (or binding fragment thereof) can be 

conjugated to an appropriate detectable agent, to form an immunoconjugate. For diagnostic 

purposes, appropriate agents are detectable labels that include radioisotopes, for whole body 

imaging, and radioisotopes, enzymes, fluorescent labels and other suitable antibody tags for 

sample testing. 

The detectable labels can be any of the various types used currently in the field of in vitro 

diagnostics, including particulate labels including metal sols such as colloidal gold, isotopes such 

as I125 or Tc" presented for instance with a peptidic chelating agent of the N2S2, N3S or N4 type, 

chromophores including fluorescent markers, biotin, luminescent markers, phosphorescent 

markers and the like, as well as enzyme labels that convert a given substrate to a detectable 

marker, and polynucleotide tags that are revealed following amplification such as by polymerase 

chain reaction. A biotinylated antibody would then be detectable by avidin or streptavidin 

binding. Suitable enzyme labels include horseradish peroxidase, alkaline phosphatase and the 

like. For instance, the label can be the enzyme alkaline phosphatase, detected by measuring the 

presence or formation of chemiluminescence following conversion of 1,2 dioxetane substrates 

such as adamantyl methoxy phosphoryloxy phenyl dioxetane (AMPPD), disodium 3-(4-

(methoxyspiro{ l,2-dioxetane-3,2'-(5'-chloro)tricyclo{3.3.1.1 3,7}decan}-4-yl) phenyl phosphate 

(CSPD), as well as CDP and CDP-star® or other luminescent substrates well-known to those in 

the art, for example the chelates of suitable lanthanides such as Terbium(III) and Europium(III). 

The detection means is determined by the chosen label. Appearance of the label or its reaction 

products can be achieved using the naked eye, in the case where the label is particulate and 

accumulates at appropriate levels, or using instruments such as a spectrophotometer, a 

luminometer, a fluorimeter, and the like, all in accordance with standard practice. 

Preferably, conjugation methods result in linkages which are substantially (or nearly) 

non-immunogenic, e.g., peptide- (i.e. amide-), sulfide-, (sterically hindered), disulfide-, 

hydrazone-, and ether linkages. These linkages are nearly non-immunogenic and show 

reasonable stability within serum (see e.g. Senter, P. D., Curr. Opin. Chem. Biol. 13 (2009) 235-

244; WO 2009/059278; WO 95/17886). 
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Depending on the biochemical nature of the moiety and the antibody, different 

conjugation strategies can be employed. In case the moiety is naturally occurring or recombinant 

polypeptide of between 50 to 500 amino acids, there are standard procedures in text books 

describing the chemistry for synthesis of protein conjugates, which can be easily followed by the 

skilled artisan (see e.g. Hackenberger, C. P. R., and Schwarzer, D., Angew. Chem. Int. Ed. Engl. 

47 (2008) 10030-10074). In one embodiment the reaction of a maleinimido moiety with a 

cysteine residue within the antibody or the moiety is used. This is an especially suitable 

coupling chemistry in case e.g. a Fab or Fab'-fragment of an antibody is used. Alternatively in 

one embodiment coupling to the C-terminal end of the antibody or moiety is performed. C-

terminal modification of a protein, e.g. of a Fab-fragment can be performed as described 

(Sunbul, M. and Yin, J., Org. Biomol. Chem. 7 (2009) 3361-3371). 

In general site specific reaction and covalent coupling is based on transforming a natural 

amino acid into an amino acid with a reactivity which is orthogonal to the reactivity of the other 

functional groups present. For example, a specific cysteine within a rare sequence context can 

be enzymatically converted in an aldehyde (see Frese, M. A., and Dierks, T., ChemBioChem. 10 

(2009) 425-427). It is also possible to obtain a desired amino acid modification by utilizing the 

specific enzymatic reactivity of certain enzymes with a natural amino acid in a given sequence 

context (see, e.g., Taki, M. et al., Prot. Eng. Des. Sel. 17 (2004) 119-126; Gautier, A. et al. 

Chem. Biol. 15 (2008) 128-136. Protease-catalyzed formation of C—N bonds is described at 

Bordusa, F., Highlights in Bioorganic Chemistry (2004) 389-403. 

Site specific reaction and covalent coupling can also be achieved by the selective reaction 

of terminal amino acids with appropriate modifying reagents. The reactivity of an N-terminal 

cysteine with benzonitrils (see Ren, H. et al., Angew. Chem. Int. Ed. Engl. 48 (2009) 9658-9662) 

can be used to achieve a site-specific covalent coupling. Native chemical ligation can also rely 

on C-terminal cysteine residues (Taylor, E. Vogel; Imperiali, B, Nucleic Acids and Molecular 

Biology (2009), 22 (Protein Engineering), 65-96). EP 1 074 563 describes a conjugation 

method which is based on the faster reaction of a cysteine within a stretch of negatively charged 

amino acids than a cysteine located in a stretch of positively charged amino acids. 

The moiety may also be a synthetic peptide or peptide mimic. In case a polypeptide is 

chemically synthesized, amino acids with orthogonal chemical reactivity can be incorporated 

during such synthesis (see e.g. de Graaf, A. J. et al., Bioconjug. Chem. 20 (2009) 1281-1295). 
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Since a great variety of orthogonal functional groups is at stake and can be introduced into a 

synthetic peptide, conjugation of such peptide to a linker is standard chemistry. 

In order to obtain a mono-labeled polypeptide the conjugate with 1:1 stoichiometry may 

be separated by chromatography from other conjugation side-products. This procedure can be 

facilitated by using a dye labeled binding pair member and a charged linker. By using this kind 

of labeled and highly negatively charged binding pair member, mono conjugated polypeptides 

are easily separated from non-labeled polypeptides and polypeptides which carry more than one 

linker, since the difference in charge and molecular weight can be used for separation. The 

fluorescent dye can be useful for purifying the complex from un-bound components, like a 

labeled monovalent binder. 

In one embodiment the moiety attached to an anti-CD73 antibody is selected from the 

group consisting of a binding moiety, a labeling moiety, and a biologically active moiety. 

Antibodies described herein may also be conjugated to a therapeutic agent to form an 

immunoconjugate such as an antibody-drug conjugate (ADC). Suitable therapeutic agents 

include antimetabolites, alkylating agents, DNA minor groove binders, DNA intercalators, DNA 

crosslinkers, histone deacetylase inhibitors, nuclear export inhibitors, proteasome inhibitors, 

topoisomerase I or II inhibitors, heat shock protein inhibitors, tyrosine kinase inhibitors, 

antibiotics, and anti-mitotic agents. In the ADC, the antibody and therapeutic agent preferably 

are conjugated via a linker cleavable such as a peptidyl, disulfide, or hydrazone linker. More 

preferably, the linker is a peptidyl linker such as Val-Cit, Ala-Val, Val-Ala-Val, Lys-Lys, Pro-

Val-Gly-Val-Val (SEQ ID NO: 219), Ala-Asn-Val, Val-Leu-Lys, Ala-Ala-Asn, Cit-Cit, Val-Lys, 

Lys, Cit, Ser, or Glu. The ADCs can be prepared as described in U.S. Pat. Nos. 7,087,600; 

6,989,452; and 7,129,261; PCT Publications WO 02/096910; WO 07/038658; WO 07/051081; 

WO 07/059404; WO 08/083312; and WO 08/103693; U.S. Patent Publications 20060024317; 

20060004081; and 20060247295; the disclosures of which are incorporated herein by reference. 

Other uses for anti-CD73 antibodies, e.g., as monotherapy, are provided elsewhere herein, e.g., 

in the section pertaining to combination treatments. 

More specifically, in an ADC, the antibody is conjugated to a drug, with the antibody 

functioning as a targeting agent for directing the ADC to a target cell expressing its antigen, such 

as a cancer cell. Preferably, the antigen is a tumor associated antigen, i.e., one that is uniquely 

expressed or overexpressed by the cancer cell. Once there, the drug is released, either inside the 
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target cell or in its vicinity, to act as a therapeutic agent. For a review on the mechanism of 

action and use of ADCs in cancer therapy, see Schrama et al., Nature Rev. Drug Disc. 2006, 5, 

147. 

For cancer treatment, the drug preferably is a cytotoxic drug that causes death of the 

targeted cancer cell. Cytotoxic drugs that can be used in ADCs include the following types of 

compounds and their analogs and derivatives: 

(a) enediynes such as calicheamicin (see, e.g., Lee et al., J. Am. Chem. Soc. 1987, 109, 3464 

and 3466) and uncialamycin (see, e.g., Davies et al., WO 2007/038868 A2 (2007) and 

Chowdari etal., US 8,709,431 B2 (2012)); 

(b) tubulysins (see, e.g., Domling et al., US 7,778,814 B2 (2010); Cheng et al., US 8,394,922 

B2 (2013); and Cong etal., US 2014/0227295 Al; 

(c) CC-1065 and duocarmycin (see, e.g., Boger, US 6,5458,530 B1 (2003); Sufi et al., US 

8,461,117 B2 (2013); and Zhang etal., US 2012/0301490 Al (2012)); 

(d) epothilones (see, e.g., Vite et al., US 2007/0275904 Al (2007) and US RE42930 E 

(2011)); 

(e) auristatins (see, e.g., Senter et al., US 6,844,869 B2 (2005) and Doronina et al., US 

7,498,298 B2 (2009)); 

(f) pyrrolobezodiazepine (PBD) dimers (see, e.g., Howard et al., US 2013/0059800 

Al(2013); US 2013/0028919 Al (2013); and WO 2013/041606 Al (2013)); and 

(g) maytansinoids such as DM1 and DM4 (see, e.g., Chari et al., US 5,208,020 (1993) and 

Amphlett et al., US 7,374,'762 B2 (2008)). 

XV. Bispecific Molecules 

Antibodies described herein may be used for forming bispecific molecules. An anti-

CD73 antibody, or antigen-binding portions thereof, can be derivatized or linked to another 

functional molecule, e.g., another peptide or protein (e.g., another antibody or ligand for a 

receptor) to generate a bispecific molecule that binds to at least two different binding sites or 

target molecules. The antibody described herein may in fact be derivatized or linked to more 

than one other functional molecule to generate multispecific molecules that bind to more than 

two different binding sites and/or target molecules; such multispecific molecules are also 
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intended to be encompassed by the term "bispecific molecule" as used herein. To create a 

bispecific molecule described herein, an antibody described herein can be functionally linked 

(e.g., by chemical coupling, genetic fusion, noncovalent association or otherwise) to one or more 

other binding molecules, such as another antibody, antibody fragment, peptide or binding 

mimetic, such that a bispecific molecule results. 

Accordingly, provided herein are bispecific molecules comprising at least one first 

binding specificity for CD73 and a second binding specificity for a second target epitope. In an 

embodiment described herein in which the bispecific molecule is multispecific, the molecule can 

further include a third binding specificity. 

In one embodiment, the bispecific molecules described herein comprise as a binding 

specificity at least one antibody, or an antibody fragment thereof, including, e.g., an Fab, Fab', 

F(ab')2, Fv, or a single chain Fv. The antibody may also be a light chain or heavy chain dimer, 

or any minimal fragment thereof such as a Fv or a single chain construct as described in Ladner 

et al. U.S. Patent No. 4,946,778, the contents of which is expressly incorporated by reference. 

Binding of the bispecific molecules to their specific targets can be confirmed using art-

recognized methods, such as enzyme-linked immunosorbent assay (ELISA), radioimmunoassay 

(RIA), FACS analysis, bioassay (e.g., growth inhibition), or Western Blot assay. Each of these 

assays generally detects the presence of protein-antibody complexes of particular interest by 

employing a labeled reagent (e.g., an antibody) specific for the complex of interest. 

XVI. Compositions 

Further provided are compositions, e.g., a pharmaceutical compositions, containing one 

or a combination of anti-CD73 antibodies, or antigen-binding portion(s) thereof, described 

herein, formulated together with a pharmaceutically acceptable carrier. Such compositions may 

include one or a combination of (e.g., two or more different) antibodies, or immunoconjugates or 

bispecific molecules described herein. For example, a pharmaceutical composition described 

herein can comprise a combination of antibodies (or immunoconjugates or bispecifics) that bind 

to different epitopes on the target antigen or that have complementary activities. 

In certain embodiments, a composition comprises an anti-CD73 antibody at a 

concentration of at least 1 mg/ml, 5 mg/ml, 10 mg/ml, 50 mg/ml, 100 mg/ml, 150 mg/ml, 200 

mg/ml, 1-300 mg/ml, or 100-300 mg/ml. 
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Pharmaceutical compositions described herein also can be administered in combination 

therapy, i.e., combined with other agents. For example, the combination therapy can include an 

anti-CD73 antibody described herein combined with at least one other anti-cancer and/or T-cell 

stimulating (e.g., activating) agent. Examples of therapeutic agents that can be used in 

combination therapy are described in greater detail below in the section on uses of the antibodies 

described herein. 

In some embodiments, therapeutic compositions disclosed herein can include other 

compounds, drugs, and/or agents used for the treatment of cancer. Such compounds, drugs, 

and/or agents can include, for example, chemotherapy drugs, small molecule drugs or antibodies 

that stimulate the immune response to a given cancer. In some instances, therapeutic 

compositions can include, for example, one or more of the agents listed in the section on 

combination therapies. 

As used herein, "pharmaceutically acceptable carrier" includes any and all solvents, 

dispersion media, coatings, antibacterial and antifungal agents, isotonic and absorption delaying 

agents, and the like that are physiologically compatible. Preferably, the carrier is suitable for 

intravenous, intramuscular, subcutaneous, parenteral, spinal or epidermal administration (e.g., by 

injection or infusion). Depending on the route of administration, the active compound, i.e., 

antibody, immunoconjugate, or bispecific molecule, may be coated in a material to protect the 

compound from the action of acids and other natural conditions that may inactivate the 

compound. 

The pharmaceutical compounds described herein may include one or more 

pharmaceutically acceptable salts. A "pharmaceutically acceptable salt" refers to a salt that 

retains the desired biological activity of the parent compound and does not impart any undesired 

toxicological effects (see e.g., Berge, S.M., et al. (1977) J. Pharm. Sci. 66:1-19). Examples of 

such salts include acid addition salts and base addition salts. Acid addition salts include those 

derived from nontoxic inorganic acids, such as hydrochloric, nitric, phosphoric, sulfuric, 

hydrobromic, hydroiodic, phosphorous and the like, as well as from nontoxic organic acids such 

as aliphatic mono- and dicarboxylic acids, phenyl-substituted alkanoic acids, hydroxy alkanoic 

acids, aromatic acids, aliphatic and aromatic sulfonic acids and the like. Base addition salts 

include those derived from alkaline earth metals, such as sodium, potassium, magnesium, 

calcium and the like, as well as from nontoxic organic amines, such as N,N'-
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dibenzylethylenediamine, N-methylglucamine, chloroprocaine, choline, diethanolamine, 

ethylenediamine, procaine and the like. 

A pharmaceutical composition described herein also may include a pharmaceutically 

acceptable anti-oxidant. Examples of pharmaceutically acceptable antioxidants include: (1) 

water soluble antioxidants, such as ascorbic acid, cysteine hydrochloride, sodium bisulfate, 

sodium metabisulfite, sodium sulfite and the like; (2) oil-soluble antioxidants, such as ascorbyl 

palmitate, butylated hydroxyanisole (BHA), butylated hydroxytoluene (BHT), lecithin, propyl 

gallate, alpha-tocopherol, and the like; and (3) metal chelating agents, such as citric acid, 

ethylenediamine tetraacetic acid (EDTA), sorbitol, tartaric acid, phosphoric acid, and the like. 

Examples of suitable aqueous and nonaqueous carriers that may be employed in the 

pharmaceutical compositions described herein include water, ethanol, polyols (such as glycerol, 

propylene glycol, polyethylene glycol, and the like), and suitable mixtures thereof, vegetable 

oils, such as olive oil, and injectable organic esters, such as ethyl oleate. Proper fluidity can be 

maintained, for example, by the use of coating materials, such as lecithin, by the maintenance of 

the required particle size in the case of dispersions, and by the use of surfactants. 

These compositions may also contain adjuvants such as preservatives, wetting agents, 

emulsifying agents and dispersing agents. Prevention of presence of microorganisms may be 

ensured both by sterilization procedures, supra, and by the inclusion of various antibacterial and 

antifungal agents, for example, paraben, chlorobutanol, phenol sorbic acid, and the like. It may 

also be desirable to include isotonic agents, such as sugars, sodium chloride, and the like into the 

compositions. In addition, prolonged absorption of the injectable pharmaceutical form may be 

brought about by the inclusion of agents which delay absorption such as aluminum monostearate 

and gelatin. 

Pharmaceutically acceptable carriers include sterile aqueous solutions or dispersions and 

sterile powders for the extemporaneous preparation of sterile injectable solutions or dispersion. 

The use of such media and agents for pharmaceutically active substances is known in the art. 

Except insofar as any conventional media or agent is incompatible with the active compound, 

use thereof in the pharmaceutical compositions described herein is contemplated. 

Supplementary active compounds can also be incorporated into the compositions. 

Therapeutic compositions typically must be sterile and stable under the conditions of 

manufacture and storage. The composition can be formulated as a solution, microemulsion, 
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liposome, or other ordered structure suitable to high drug concentration. The carrier can be a 

solvent or dispersion medium containing, for example, water, ethanol, polyol (for example, 

glycerol, propylene glycol, and liquid polyethylene glycol, and the like), and suitable mixtures 

thereof. The proper fluidity can be maintained, for example, by the use of a coating such as 

lecithin, by the maintenance of the required particle size in the case of dispersion and by the use 

of surfactants. In many cases, it will be preferable to include isotonic agents, for example, sugars, 

polyalcohols such as mannitol, sorbitol, or sodium chloride in the composition. Prolonged 

absorption of the injectable compositions can be brought about by including in the composition 

an agent that delays absorption, for example, monostearate salts and gelatin. 

Sterile injectable solutions can be prepared by incorporating the active compound in the 

required amount in an appropriate solvent with one or a combination of ingredients enumerated 

above, as required, followed by sterilization microfiltration. Generally, dispersions are prepared 

by incorporating the active compound into a sterile vehicle that contains a basic dispersion 

medium and the required other ingredients from those enumerated above. In the case of sterile 

powders for the preparation of sterile injectable solutions, the preferred methods of preparation 

are vacuum drying and freeze-drying (lyophilization) that yield a powder of the active ingredient 

plus any additional desired ingredient from a previously sterile-filtered solution thereof. 

The amount of active ingredient which can be combined with a carrier material to 

produce a single dosage form will vary depending upon the subject being treated, and the 

particular mode of administration. The amount of active ingredient which can be combined with 

a carrier material to produce a single dosage form will generally be that amount of the 

composition which produces a therapeutic effect. Generally, out of one hundred per cent, this 

amount will range from about 0.01 per cent to about ninety-nine percent of active ingredient, 

preferably from about 0.1 per cent to about 70 per cent, most preferably from about 1 per cent to 

about 30 per cent of active ingredient in combination with a pharmaceutically acceptable carrier. 

Dosage regimens are adjusted to provide the optimum desired response (e.g., a 

therapeutic response). For example, a single bolus may be administered, several divided doses 

may be administered over time or the dose may be proportionally reduced or increased as 

indicated by the exigencies of the therapeutic situation. It is especially advantageous to 

formulate parenteral compositions in dosage unit form for ease of administration and uniformity 

of dosage. Dosage unit form as used herein refers to physically discrete units suited as unitary 
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dosages for the subjects to be treated; each unit contains a predetermined quantity of active 

compound calculated to produce the desired therapeutic effect in association with the required 

pharmaceutical carrier. The specification for the dosage unit forms described herein are dictated 

by and directly dependent on (a) the unique characteristics of the active compound and the 

particular therapeutic effect to be achieved, and (b) the limitations inherent in the art of 

compounding such an active compound for the treatment of sensitivity in individuals. 

For administration of the antibody, the dosage ranges from about 0.0001 to 100 mg/kg, 

and more usually 0.01 to 5 mg/kg, of the host body weight. For example dosages can be 0.3 

mg/kg body weight, 1 mg/kg body weight, 3 mg/kg body weight, 5 mg/kg body weight or 10 

mg/kg body weight or within the range of 1-10 mg/kg. An exemplary treatment regime entails 

administration once per week, once every two weeks, once every three weeks, once every four 

weeks, once a month, once every 3 months or once every three to 6 months. 

In some methods, two or more monoclonal antibodies with different binding specificities 

are administered simultaneously, in which case the dosage of each antibody administered falls 

within the ranges indicated. Antibody is usually administered on multiple occasions. Intervals 

between single dosages can be, for example, weekly, monthly, every three months or yearly. 

Intervals can also be irregular as indicated by measuring blood levels of antibody to the target 

antigen in the patient. In some methods, dosage is adjusted to achieve a plasma antibody 

concentration of about 1-1000 |ig/ml and in some methods about 25-300 |ag/ml. 

An antibody can be administered as a sustained release formulation, in which case less 

frequent administration is required. Dosage and frequency vary depending on the half-life of the 

antibody in the patient. In general, human antibodies show the longest half-life, followed by 

humanized antibodies, chimeric antibodies, and nonhuman antibodies. The dosage and 

frequency of administration can vary depending on whether the treatment is prophylactic or 

therapeutic. In prophylactic applications, a relatively low dosage is administered at relatively 

infrequent intervals over a long period of time. Some patients continue to receive treatment for 

the rest of their lives. In therapeutic applications, a relatively high dosage at relatively short 

intervals is sometimes required until progression of the disease is reduced or terminated, and 

preferably until the patient shows partial or complete amelioration of symptoms of disease. 

Thereafter, the patient can be administered a prophylactic regime. 
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Actual dosage levels of the active ingredients in the pharmaceutical compositions 

described herein may be varied so as to obtain an amount of the active ingredient which is 

effective to achieve the desired therapeutic response for a particular patient, composition, and 

mode of administration, without being toxic to the patient. The selected dosage level will 

depend upon a variety of pharmacokinetic factors including the activity of the particular 

compositions described herein employed, or the ester, salt or amide thereof, the route of 

administration, the time of administration, the rate of excretion of the particular compound being 

employed, the duration of the treatment, other drugs, compounds and/or materials used in 

combination with the particular compositions employed, the age, sex, weight, condition, general 

health and prior medical history of the patient being treated, and like factors well known in the 

medical arts. 

A "therapeutically effective dosage" of an anti-CD73 antibody described herein 

preferably results in a decrease in severity of disease symptoms, an increase in frequency and 

duration of disease symptom-free periods, or a prevention of impairment or disability due to the 

disease affliction. In the context of cancer, a therapeutically effective dose preferably prevents 

further deterioration of physical symptoms associated with cancer. Symptoms of cancer are 

well-known in the art and include, for example, unusual mole features, a change in the 

appearance of a mole, including asymmetry, border, color and/or diameter, a newly pigmented 

skin area, an abnormal mole, darkened area under nail, breast lumps, nipple changes, breast 

cysts, breast pain, death, weight loss, weakness, excessive fatigue, difficulty eating, loss of 

appetite, chronic cough, worsening breathlessness, coughing up blood, blood in the urine, blood 

in stool, nausea, vomiting, liver metastases, lung metastases, bone metastases, abdominal 

fullness, bloating, fluid in peritoneal cavity, vaginal bleeding, constipation, abdominal distension, 

perforation of colon, acute peritonitis (infection, fever, pain), pain, vomiting blood, heavy 

sweating, fever, high blood pressure, anemia, diarrhea, jaundice, dizziness, chills, muscle 

spasms, colon metastases, lung metastases, bladder metastases, liver metastases, bone 

metastases, kidney metastases, and pancreatic metastases, difficulty swallowing, and the like. 

A therapeutically effective dose may prevent or delay onset of cancer, such as may be 

desired when early or preliminary signs of the disease are present. Laboratory tests utilized in 

the diagnosis of cancer include chemistries (including the measurement of CD73 levels), 

hematology, serology and radiology. Accordingly, any clinical or biochemical assay that 
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monitors any of the foregoing may be used to determine whether a particular treatment is a 

therapeutically effective dose for treating cancer. One of ordinary skill in the art would be able 

to determine such amounts based on such factors as the subject's size, the severity of the subject's 

symptoms, and the particular composition or route of administration selected. 

A composition described herein can be administered via one or more routes of 

administration using one or more of a variety of methods known in the art. As will be 

appreciated by the skilled artisan, the route and/or mode of administration will vary depending 

upon the desired results. Preferred routes of administration for antibodies described herein 

include intravenous, intramuscular, intradermal, intraperitoneal, subcutaneous, spinal or other 

parenteral routes of administration, for example by injection or infusion. The phrase "parenteral 

administration" as used herein means modes of administration other than enteral and topical 

administration, usually by injection, and includes, without limitation, intravenous, intramuscular, 

intraarterial, intrathecal, intracapsular, intraorbital, intracardiac, intradermal, intraperitoneal, 

transtracheal, subcutaneous, subcuticular, intraarticular, subcapsular, subarachnoid, intraspinal, 

epidural and intrasternal injection and infusion. 

Alternatively, an antibody described herein can be administered via a non-parenteral 

route, such as a topical, epidermal or mucosal route of administration, for example, intranasally, 

orally, vaginally, rectally, sublingually or topically. 

The active compounds can be prepared with carriers that will protect the compound 

against rapid release, such as a controlled release formulation, including implants, transdermal 

patches, and microencapsulated delivery systems. Biodegradable, biocompatible polymers can 

be used, such as ethylene vinyl acetate, polyanhydrides, polyglycolic acid, collagen, 

polyorthoesters, and polylactic acid. Many methods for the preparation of such formulations are 

patented or generally known to those skilled in the art. See, e.g., Sustained and Controlled 

Release Drug Delivery Systems, J.R. Robinson, ed., Marcel Dekker, Inc., New York, 1978. 

Therapeutic compositions can be administered with medical devices known in the art. 

For example, in a preferred embodiment, a therapeutic composition described herein can be 

administered with a needleless hypodermic injection device, such as the devices disclosed in 

U.S. Patent Nos. 5,399,163; 5,383,851; 5,312,335; 5,064,413; 4,941,880; 4,790,824; or 

4,596,556. Examples of well-known implants and modules for use with anti-CD73 antibodies 

described herein include: U.S. Patent No. 4,487,603, which discloses an implantable micro-
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infusion pump for dispensing medication at a controlled rate; U.S. Patent No. 4,486,194, which 

discloses a therapeutic device for administering medicants through the skin; U.S. Patent 

No. 4,447,233, which discloses a medication infusion pump for delivering medication at a 

precise infusion rate; U.S. Patent No. 4,447,224, which discloses a variable flow implantable 

infusion apparatus for continuous drug delivery; U.S. Patent No. 4,439,196, which discloses an 

osmotic drug delivery system having multi-chamber compartments; and U.S. Patent 

No. 4,475,196, which discloses an osmotic drug delivery system. These patents are incorporated 

herein by reference. Many other such implants, delivery systems, and modules are known to 

those skilled in the art. 

In certain embodiments, the anti-CD73 antibodies described herein can be formulated to 

ensure proper distribution in vivo. For example, the blood-brain barrier (BBB) excludes many 

highly hydrophilic compounds. To ensure that the therapeutic compounds described herein cross 

the BBB (if desired), they can be formulated, for example, in liposomes. For methods of 

manufacturing liposomes, see, e.g., U.S. Patents 4,522,811; 5,374,548; and 5,399,331. The 

liposomes may comprise one or more moieties which are selectively transported into specific 

cells or organs, thus enhance targeted drug delivery (see, e.g., V.V. Ranade (1989)./. Clin. 

Pharmacol. 29:685). Exemplary targeting moieties include folate or biotin (see, e.g., U.S. Patent 

5,416,016 to Low et al.)', mannosides (Umezawa et al., (1988) Biochem. Biophys. Res. Commun. 

153:1038); antibodies (P.G. Bloeman et al. (1995) FEBS Lett. 357:140; M. Owais et al. (1995) 

Antimicrob. Agents Chemother. 39:180); surfactant protein A receptor (Briscoe et al. (1995) Am. 

J. Physiol. 1233:134); pl20 (Schreier et al. (1994) J. Biol. Chem. 269:9090); see also K. 

Keinanen; M.L. Laukkanen (1994) FEBS Lett. 346:123; J.J. Killion; I.J. Fidler (1994) 

Immunomethods 4:273. 

XVII. Uses and Methods 

The antibodies, antibody compositions and methods described herein have numerous in 

vitro and in vivo applications, e.g., inhibiting tumor growth, inhibiting tumor metastasis, 

enhancing of immune response by, e.g., reducing adenosine signaling, or detection of CD73. In 

a preferred embodiment, the antibodies described herein are human antibodies. For example, 

anti-CD73 antibodies described herein can be administered to cells in culture, in vitro or ex vivo, 

or to human subjects, e.g., in vivo, to inhibit tumor cell proliferation. Accordingly, provided 

127 



WO 2016/081748 PCT/US2015/061639 

herein are methods of modifying tumor growth in a subject comprising administering to the 

subject an antibody, or antigen-binding portion thereof, described herein such that the tumor 

growth in the subject is reduced. 

In a particular embodiment, the methods are particularly suitable for treatment of cancer 

in vivo. To achieve antigen-specific inhibition of tumor growth, anti-CD73 antibodies described 

herein can be administered together with an antigen of interest or the antigen may already be 

present in the subject to be treated (e.g., a tumor-bearing subject). When antibodies to CD73 are 

administered together with another agent, the two can be administered separately or 

simultaneously. 

Also encompassed are methods for detecting the presence of human CD73 antigen in a 

sample, or measuring the amount of human CD73 antigen, comprising contacting the sample, 

and a control sample, with a human monoclonal antibody, or an antigen binding portion thereof, 

which specifically binds to human CD73, under conditions that allow for formation of a complex 

between the antibody or portion thereof and human CD73. The formation of a complex is then 

detected, wherein a difference complex formation between the sample compared to the control 

sample is indicative the presence of human CD73 antigen in the sample. Moreover, the anti-

CD73 antibodies described herein can be used to purify human CD73 via immunoaffinity 

purification. 

Further encompassed are methods of stimulating an immune response (e.g., an antigen-

specific T cell response) in a subject comprising administering an anti-CD73 antibody described 

herein to the subject such that an immune response (e.g., an antigen-specific T cell response) in 

the subject is stimulated. In a preferred embodiment, the subject is a tumor-bearing subject and 

an immune response against the tumor is stimulated. A tumor may be a solid tumor or a liquid 

tumor, e.g., a hematological malignancy. In certain embodiments, a tumor is an immunogenic 

tumor. In certain embodiments, a tumor is non-immunogenic. 

These and other methods described herein are discussed in further detail below. 

Cancer 
Inhibition of CD73 by anti-CD73 antibodies can reduce tumor growth and metastasis in a 

patient. Inhibition of CD73 by anti-CD73 antibodies can also enhance the immune response to 

cancerous cells in the patient. Provided herein are methods for treating a subject having cancer, 

comprising administering to the subject an anti-CD73 antibody described herein, such that the 
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subject is treated, e.g., such that growth of cancerous tumors is inhibited or reduced and/or that 

the tumors regress. An anti-CD73 antibody can be used alone to inhibit the growth of cancerous 

tumors. Alternatively, an anti-CD73 antibody can be used in conjunction with another agent, e.g., 

other immunogenic agents, standard cancer treatments, or other antibodies, as described below. 

Accordingly, provided herein are methods of treating cancer, e.g., by inhibiting growth of 

tumor cells, in a subject, comprising administering to the subject a therapeutically effective 

amount of an anti-CD73 antibody described herein, or antigen-binding portion thereof. The 

antibody may be a human anti-CD73 antibody (such as any of the human anti-human CD73 

antibodies described herein). Additionally or alternatively, the antibody can be a chimeric or 

humanized anti-CD73 antibody, e.g., a chimeric or humanized anti-CD73 antibody comprising 

of an anti-CD73 antibody described herein, or antigen-binding portion thereof. 

Cancers whose growth may be inhibited using the antibodies of the invention include 

cancers typically responsive to immunotherapy. Non-limiting examples of cancers for treatment 

include squamous cell carcinoma, small-cell lung cancer, non-small cell lung cancer, squamous 

non-small cell lung cancer (NSCLC), non NSCLC, glioma, gastrointestinal cancer, renal cancer 

(e.g. clear cell carcinoma), ovarian cancer, liver cancer, colorectal cancer, endometrial cancer, 

kidney cancer (e.g., renal cell carcinoma (RCC)), prostate cancer (e.g. hormone refractory 

prostate adenocarcinoma), thyroid cancer, neuroblastoma, pancreatic cancer, glioblastoma 

(glioblastoma multiforme), cervical cancer, stomach cancer, bladder cancer, hepatoma, breast 

cancer, colon carcinoma, and head and neck cancer (or carcinoma), gastric cancer, germ cell 

tumor, pediatric sarcoma, sinonasal natural killer, melanoma (e.g., metastatic malignant 

melanoma, such as cutaneous or intraocular malignant melanoma), bone cancer, skin cancer, 

uterine cancer, cancer of the anal region, testicular cancer, carcinoma of the fallopian tubes, 

carcinoma of the endometrium, carcinoma of the cervix, carcinoma of the vagina, carcinoma of 

the vulva, cancer of the esophagus, cancer of the small intestine, cancer of the endocrine system, 

cancer of the parathyroid gland, cancer of the adrenal gland, sarcoma of soft tissue, cancer of the 

urethra, cancer of the penis, solid tumors of childhood, cancer of the ureter, carcinoma of the 

renal pelvis, neoplasm of the central nervous system (CNS), primary CNS lymphoma, tumor 

angiogenesis, spinal axis tumor, brain stem glioma, pituitary adenoma, Kaposi's sarcoma, 

epidermoid cancer, squamous cell cancer, T-cell lymphoma, environmentally-induced cancers 

including those induced by asbestos, virus-related cancers (e.g., human papilloma virus (HPV)-
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related tumor), and hematologic malignancies derived from either of the two major blood cell 

lineages, i.e., the myeloid cell line (which produces granulocytes, erythrocytes, thrombocytes, 

macrophages and mast cells) or lymphoid cell line (which produces B, T, NK and plasma cells), 

such as all types of luekemias, lymphomas, and myelomas, e.g., acute, chronic, lymphocytic 

and/or myelogenous leukemias, such as acute leukemia (ALL), acute myelogenous leukemia 

(AML), chronic lymphocytic leukemia (CLL), and chronic myelogenous leukemia (CML), 

undifferentiated AML (MO), myeloblastic leukemia (Ml), myeloblastic leukemia (M2; with cell 

maturation), promyelocytic leukemia (M3 or M3 variant [M3V]), myelomonocytic leukemia 

(M4 or M4 variant with eosinophilia [M4E]), monocytic leukemia (M5), erythroleukemia (M6), 

megakaryoblastic leukemia (M7), isolated granulocytic sarcoma, and chloroma; lymphomas, 

such as Hodgkin's lymphoma (HL), non-Hodgkin's lymphoma (NHL), B-cell lymphomas, T-cell 

lymphomas, lymphoplasmacytoid lymphoma, monocytoid B-cell lymphoma, mucosa-associated 

lymphoid tissue (MALT) lymphoma, anaplastic (e.g., Ki 1+) large-cell lymphoma, adult T-cell 

lymphoma/leukemia, mantle cell lymphoma, angio immunoblastic T-cell lymphoma, 

angiocentric lymphoma, intestinal T-cell lymphoma, primary mediastinal B-cell lymphoma, 

precursor T-lymphoblastic lymphoma, T-lymphoblastic; and lymphoma/leukaemia (T-Lbly/T-

ALL), peripheral T- cell lymphoma, lymphoblastic lymphoma, post-transplantation 

lymphoproliterative disorder, true histiocytic lymphoma, primary central nervous system 

lymphoma, primary effusion lymphoma, lymphoblastic lymphoma (LBL), hematopoietic tumors 

of lymphoid lineage, acute lymphoblastic leukemia, diffuse large B-cell lymphoma, Burkitt's 

lymphoma, follicular lymphoma, diffuse histiocytic lymphoma (DHL), immunoblastic large cell 

lymphoma, precursor B-lymphoblastic lymphoma, cutaneous T-cell lymphoma (CTLC) (also 

called mycosis fungoides or Sezary syndrome), and lymphoplasmacytoid lymphoma (LPL) with 

Waldenstrom's macroglobulinemia; myelomas, such as IgG myeloma, light chain myeloma, 

nonsecretory myeloma, smoldering myeloma (also called indolent myeloma), solitary 

plasmocytoma, and multiple myelomas, chronic lymphocytic leukemia (CLL), hairy cell 

lymphoma; hematopoietic tumors of myeloid lineage, tumors of mesenchymal origin, including 

fibrosarcoma and rhabdomyoscarcoma; seminoma, teratocarcinoma, tumors of the central and 

peripheral nervous, including astrocytoma, schwannomas; tumors of mesenchymal origin, 

including fibrosarcoma, rhabdomyoscaroma, and osteosarcoma; and other tumors, including 

melanoma, xeroderma pigmentosum, keratoacanthoma, seminoma, thyroid follicular cancer and 
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teratocarcinoma, hematopoietic tumors of lymphoid lineage, for example T-cell and B-cell 

tumors, including but not limited to T-cell disorders such as T-prolymphocytic leukemia (T-

PLL), including of the small cell and cerebriform cell type; large granular lymphocyte leukemia 

(LGL) preferably of the T-cell type; a/d T-NHL hepatosplenic lymphoma; peripheral/post-

thymic T cell lymphoma (pleomorphic and immunoblastic subtypes); angiocentric (nasal) T-cell 

lymphoma; cancer of the head or neck, renal cancer, rectal cancer, cancer of the thyroid gland; 

acute myeloid lymphoma, as well as any combinations of said cancers. The methods described 

herein may also be used for treatment of metastatic cancers, refractory cancers (e.g., cancers 

refractory to previous immunotherapy, e.g., with a blocking CTLA-4 or PD-1 or PD-L1 

antibody), and recurrent cancers. 

The methods may be used for treating tumors or cancers that are CD73 positive, or which 

express high levels of CD73. A method may comprise first determining the level of CD73 on 

tumors or tumor cells, and treating with an anti-CD73 antibody, e.g, described herein, if the 

tumors or cells express CD73, e.g., high levels of CD73. 

An anti-CD73 antibody can be administered as a monotherapy, or as the only 

immuno stimulating therapy. Antibodies to CD73, e.g., the anti-CD73 antibodies described 

herein, can also be combined with an immunogenic agent, such as cancerous cells, purified 

tumor antigens (including recombinant proteins, peptides, and carbohydrate molecules), cells, 

and cells transfected with genes encoding immune stimulating cytokines (He et al (2004) J. 

Immunol. 173:4919-28). Non-limiting examples of tumor vaccines that can be used include 

peptides of melanoma antigens, such as peptides of gplOO, MAGE antigens, Trp-2, MARTI 

and/or tyrosinase, or tumor cells transfected to express the cytokine GM-CSF (discussed further 

below). 

In humans, some tumors have been shown to be immunogenic such as melanomas. By 

lowereing the threshold of T cell activation via CD73 inhibition, the tumor responses in the host 

can be activated, allowing treatment of non-immunogenic tumors or those having limited 

immunogenicity. 

An anti-CD73 antibody, e.g., an anti-CD73 antibody described herein, may be combined 

with a vaccination protocol. Many experimental strategies for vaccination against tumors have 

been devised (see Rosenberg, S., 2000, Development of Cancer Vaccines, ASCO Educational 

Book Spring: 60-62; Logothetis, C., 2000, ASCO Educational Book Spring: 300-302; Khayat, D. 
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2000, ASCO Educational Book Spring: 414-428; Foon, K. 2000, ASCO Educational Book 

Spring: 730-738; see also Restifo, N. and Sznol, M., Cancer Vaccines, Ch. 61, pp. 3023-3043 in 

DeVita et al. (eds.), 1997, Cancer: Principles and Practice of Oncology, Fifth Edition). In one of 

these strategies, a vaccine is prepared using autologous or allogeneic tumor cells. These cellular 

vaccines have been shown to be most effective when the tumor cells are transduced to express 

GM-CSF. GM-CSF has been shown to be a potent activator of antigen presentation for tumor 

vaccination (Dranoff et al. (1993) Proc. Natl. Acad. Sci U.S.A. 90: 3539-43). 

The study of gene expression and large scale gene expression patterns in various tumors 

has led to the definition of so called tumor specific antigens (Rosenberg, S A (1999) Immunity 

10: 281-7). In many cases, these tumor specific antigens are differentiation antigens expressed in 

the tumors and in the cell from which the tumor arose, for example melanocyte antigens gplOO, 

MAGE antigens, and Trp-2. More importantly, many of these antigens can be shown to be the 

targets of tumor specific T cells found in the host. CD73 inhibition can be used in conjunction 

with a collection of recombinant proteins and/or peptides expressed in a tumor in order to 

generate an immune response to these proteins. These proteins are normally viewed by the 

immune system as self antigens and are therefore tolerant to them. The tumor antigen can include 

the protein telomerase, which is required for the synthesis of telomeres of chromosomes and 

which is expressed in more than 85% of human cancers and in only a limited number of somatic 

tissues (Kim et al. (1994) Science 266: 2011-2013). Tumor antigen can also be "neo-antigens" 

expressed in cancer cells because of somatic mutations that alter protein sequence or create 

fusion proteins between two unrelated sequences (i.e., bcr-abl in the Philadelphia chromosome), 

or idiotype from B cell tumors. 

Other tumor vaccines can include the proteins from viruses implicated in human cancers 

such a Human Papilloma Viruses (HPV), Hepatitis Viruses (HBV and HCV) and Kaposi's 

Herpes Sarcoma Virus (KHSV). Another form of tumor specific antigen which can be used in 

conjunction with CD73 inhibition is purified heat shock proteins (HSP) isolated from the tumor 

tissue itself. These heat shock proteins contain fragments of proteins from the tumor cells and 

these HSPs are highly efficient at delivery to antigen presenting cells for eliciting tumor 

immunity (Suot & Srivastava (1995) Science 269:1585-1588; Tamura et al. (1997) Science 

278:117-120). 
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Dendritic cells (DC) are potent antigen presenting cells that can be used to prime antigen-

specific responses. DC's can be produced ex vivo and loaded with various protein and peptide 

antigens as well as tumor cell extracts (Nestle et al. (1998) Nature Medicine 4: 328-332). DCs 

can also be transduced by genetic means to express these tumor antigens as well. DCs have also 

been fused directly to tumor cells for the purposes of immunization (Kugler et al. (2000) Nature 

Medicine 6:332-336). As a method of vaccination, DC immunization can be effectively 

combined with CD73 inhibition to activate more potent anti-tumor responses. 

CD73 inhibition can also be combined with standard cancer treatments (e.g., surgery, 

radiation, and chemotherapy). CD73 inhibition can be effectively combined with 

chemotherapeutic regimes. In these instances, it may be possible to reduce the dose of 

chemotherapeutic reagent administered (Mokyr et al. (1998) Cancer Research 58: 5301-5304). 

An example of such a combination is an anti-CD73 antibody in combination with decarbazine 

for the treatment of melanoma. Another example of such a combination is an anti-CD73 

antibody in combination with interleukin-2 (IL-2) for the treatment of melanoma. The scientific 

rationale behind the combined use of CD73 inhibition and chemotherapy is that cell death, that is 

a consequence of the cytotoxic action of most chemotherapeutic compounds, should result in 

increased levels of tumor antigen in the antigen presentation pathway. Other combination 

therapies that may result in synergy with CD73 inhibition through cell death are radiation, 

surgery, and hormone deprivation. Each of these protocols creates a source of tumor antigen in 

the host. Angiogenesis inhibitors can also be combined with CD73 inhibition. Inhibition of 

angiogenesis leads to tumor cell death which may feed tumor antigen into host antigen 

presentation pathways. 

Yet another example of such a combination is an anti-CD73 antibody in combination 

with an anti-CD39, anti-A2AR or chemical inhibitor, or antiA2BR antibody or chemical 

inhibitor. The scientific rational behind the combined use of CD73 inhibition and inhibition of 

CD39, A2AR, or A2BR is that these proteins are also linked to CD73 biological function and 

signaling. Specifically, CD39 catalyzes the conversion of ATP or ADP to AMP, thus providing 

the substrate (AMP) for CD73 enzymatic activity (i.e. the conversion of AMP to adenosine). 

Furthermore, adenosine is a ligand for four known receptors, including AIR, A2AR, A2BR, and 

A3. A2AR and A2BR have been shown to regulate tumor cell proliferation, growth, migration, 

and metastasis, as well as T-cell activation in the tumor environment through cAMP signaling. 
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The anti-CD73 antibodies described herein can also be used in combination with 

bispecific antibodies that target Fca or Fey receptor-expressing effectors cells to tumor cells (see, 

e.g., U.S. Pat. Nos. 5,922,845 and 5,837,243). Bispecific antibodies can be used to target two 

separate antigens. For example anti-Fc receptor/anti tumor antigen (e.g., Her-2/neu) bispecific 

antibodies have been used to target macrophages to sites of tumor. This targeting may more 

effectively activate tumor specific responses. Alternatively, antigen may be delivered directly to 

DCs by the use of bispecific antibodies which bind to tumor antigen and a dendritic cell specific 

cell surface marker. 

Tumors evade host immune surveillance by a large variety of mechanisms. Many of these 

mechanisms may be overcome by the inactivation of proteins which are expressed by the tumors 

and which are immunosuppressive. These include among others TGF-P (Kehrl et al. (1986)./. 

Exp. Med. 163: 1037-1050), IL-10 (Howard & O'Garra (1992) Immunology Today 13: 198-200), 

and Fas ligand (Hahne et al. (1996) Science 274: 1363-1365). Antibodies to each of these entities 

can be used in combination with anti-CD73 antibodies to counteract the effects of the 

immunosuppressive agent and favor tumor immune responses by the host. 

Other antibodies which activate host immune responsiveness can be used in combination 

with anti-CD73 antibodies. These include molecules on the surface of dendritic cells which 

activate DC function and antigen presentation. Anti-CD40 antibodies are able to substitute 

effectively for T cell helper activity (Ridge et al. (1998) Nature 393: 474-478) and can be used in 

conjunction with anti-CD73 antibodies. Activating antibodies to T cell costimulatory molecules 

such as OX-40 (Weinberg et al. (2000) Immunol 164: 2160-2169), 4-IBB (Melero et al. (1997) 

Nature Medicine 3: 682-685 (1997), and ICOS (Hutloff et al. (1999) Nature 397: 262-266) may 

also provide for increased levels of T cell activation. Inhibitors of PD1, PD-L1 or CTLA-4 (e.g., 

U.S. Pat. No. 5,811,097), may also be used in conjunction with an anti-CD73 antibody. 

Other methods described herein are used to treat patients that have been exposed to 

particular toxins or pathogens. Accordingly, another aspect described herein provides a method 

of treating an infectious disease in a subject comprising administering to the subject an anti-

CD73 antibody, or antigen-binding portion thereof, such that the subject is treated for the 

infectious disease. Additionally or alternatively, the antibody can be a chimeric or humanized 

antibody. 
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In all of the above methods, CD73 inhibition can be combined with other forms of 

immunotherapy such as cytokine treatment (e.g., interferons, GM-CSF, G-CSF, IL-2), or 

bispecific antibody therapy, which provides for enhanced presentation of tumor antigens (see, 

e.g., Holliger (1993) Proc. Natl. Acad. Sci. USA 90:6444-6448; Poljak (1994) Structure 2:1121-

1123). 

Combination Therapies 

In addition to the combinations therapies provided above, anti-CD73 antibodies described 

herein can also be used in combination therapy, e.g., for treating cancer, as described below. 

Further provided herein are methods of combination therapy in which an anti-CD73 

antibody is coadministered with one or more additional agents, e.g., antibodies, that are effective 

in stimulating immune responses to thereby further enhance, stimulate or upregulate immune 

responses in a subject. 

Generally, an anti-CD73 antibody described herein can be combined with (i) an agonist 

of a co-stimulatory receptor and/or (ii) an antagonist of an inhibitory signal on T cells, both of 

which result in amplifying antigen-specific T cell responses (immune checkpoint regulators). 

Most of the co-stimulatory and co-inhibitory molecules are members of the immunoglobulin 

super family (IgSF), and anti-CD73 antibodies described herein may be administered with an 

agent that targets a member of the IgSF family to increase an immune response. One important 

family of membrane-bound ligands that bind to co-stimulatory or co-inhibitory receptors is the 

B7 family, which includes B7-1, B7-2, B7-H1 (PD-L1), B7-DC (PD-L2), B7-H2 (ICOS-L), B7-

H3, B7-H4, B7-H5 (VISTA), and B7-H6. Another family of membrane bound ligands that bind 

to co-stimulatory or co-inhibitory receptors is the TNF family of molecules that bind to cognate 

TNF receptor family members, which include CD40 and CD40L, OX-40, OX-40L, CD70, 

CD27L, CD30, CD30L, 4-1BBL, CD137, GITR, TRAIL/Apo2-L, TRAILR1/DR4, 

TRAILR2/DR5, TRAILR3, TRAILR4, OPG, RANK, RANKL, TWEAKR/Fn 14, TWEAK, 

BAFFR, EDAR, XEDAR, TACI, APRIL, BCMA, LTpR, LIGHT, DcR3, HVEM, VEGI/TL1A, 

TRAMP/DR3, EDAR, EDA1, XEDAR, EDA2, TNFR1, Lymphotoxin a/TNFp, TNFR2, TNFa, 

LTPR, Lymphotoxin a ip2, FAS, FASL, RELT, DR6, TROY, NGFR (see, e.g., Tansey (2009) 

Drug Discovery Today 00:1). T cell activation is also regulated by soluble cytokines. Thus, 

anti-CD73 antibodies can be used in combination with (i) antagonists (or inhibitors or blocking 

135 



WO 2016/081748 PCT/US2015/061639 

agents) of proteins of the IgSF family or B7 family or the TNF family that inhibit T cell 

activation or antagonists of cytokines that inhibit T cell activation (e.g., IL-6, IL-10, TGF-B, 

VEGF; "immunosuppressive cytokines") and/or (ii) agonists of stimulatory receptors of the 

IgSF family, B7 family or the TNF family or of cytokines that stimulate T cell activation, for 

stimulating an immune response, e.g., for treating proliferative diseases, such as cancer. 

For example, T cell responses can be stimulated by a combination of anti-CD73 

antibodies described herein, e.g., CD73.4-IgG2CS-IgGl.lf, and one or more of the following 

agents: 

(1) An antagonist (inhibitor or blocking agent) of a protein that inhibits T cell 

activation (e.g., immune checkpoint inhibitors), such as CTLA-4, PD-1, PD-

Ll, PD-L2, and LAG-3, as described above, and any of the following proteins: 

TIM-3, Galectin 9, CEACAM-1, BTLA, CD69, Galectin-1, TIGIT, CD113, 

GPR56, VISTA, 2B4, CD48, GARP, CD73, PD1H, LAIR1, TIM-1 ,TIM-4, 

CD39. 

(2) An agonist of a protein that stimulates T cell activation, such as B7-1, B7-2, 

CD28, 4-IBB (CD137), 4-1BBL, GITR, GITRL, ICOS, ICOS-L, 0X40, 

OX40L, CD70, CD27, CD40, DR3 and CD28H. 

Exemplary agents that modulate one of the above proteins and may be combined with 

antagonist anti-CD73 antibodies, e.g., those described herein, for treating cancer, include: 

Yervoy™ (ipilimumab) or Tremelimumab (to CTLA-4), galiximab (to B7.1), BMS-936558 (to 

PD-1), CT-011 (to PD-1), MK-3475 (to PD-1), AMP224 (to B7DC), BMS-936559 (to B7-H1), 

MPDL3280A (to B7-H1), MEDI-570 (to ICOS), AMG557 (to B7H2), MGA271 (to B7H3), 

IMP321 (to LAG-3), BMS-663513 (to CD137), PF-05082566 (to CD137), CDX-1127 (to CD27), 

anti-OX4C) (Providence Health Services), huMAbOX4C)L (to OX40L), Atacicept (to TACI), CP-

870893 (to CD40), Lucatumumab (to CD40), Dacetuzumab (to CD40), Muromonab-CD3 (to 

CD3), Ipilumumab (to CTLA-4). 

Other molecules that can be combined with antagonist anti-CD73 antibodies for the 

treatment of cancer include antagonists of inhibitory receptors on NK cells or agonists of 

activating receptors on NK cells. For example, anti-CD73 antagonist antibodies can be 

combined with antagonists of KIR (e.g., lirilumab). 
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T cell activation is also regulated by soluble cytokines, and anti-CD73 antibodies may be 

administered to a subject, e.g., having cancer, with antagonists of cytokines that inhibit T cell 

activation or agonists of cytokines that stimulate T cell activation. 

In certain embodiments, anti-CD73 antibodies can be used in combination with (i) 

antagonists (or inhibitors or blocking agents) of proteins of the IgSF family or B7 family or the 

TNF family that inhibit T cell activation or antagonists of cytokines that inhibit T cell activation 

(e.g., IL-6, IL-10, TGF-B, VEGF; "immunosuppressive cytokines") and/or (ii) agonists of 

stimulatory receptors of the IgSF family, B7 family or the TNF family or of cytokines that 

stimulate T cell activation, for stimulating an immune response, e.g., for treating proliferative 

diseases, such as cancer. 

Yet other agents for combination therapies include agents that inhibit or deplete 

macrophages or monocytes, including but not limited to CSF-1R antagonists such as CSF-1R 

antagonist antibodies including RG7155 (WOl 1/70024, WOl 1/107553, WOl 1/131407, 

W013/87699, W013/119716, W013/132044) or FPA-008 (WOl 1/140249; W013169264; 

W014/036357). 

Anti-CD73 antibodies may also be administered with agents that inhibit TGF-P signaling. 

Additional agents that may be combined with an anti-CD73 antibody include agents that 

enhance tumor antigen presentation, e.g., dendritic cell vaccines, GM-CSF secreting cellular 

vaccines, CpG oligonucleotides, and imiquimod, or therapies that enhance the immunogenicity 

of tumor cells (e.g., anthracyclines). 

Yet other therapies that may be combined with an anti-CD73 antibody include therapies 

that deplete or block Treg cells, e.g., an agent that specifically binds to CD25. 

Another therapy that may be combined with an anti-CD73 antibody is a therapy that 

inhibits a metabolic enzyme such as indoleamine dioxigenase (IDO), dioxigenase, arginase, or 

nitric oxide synthetase. 

Another class of agents that may be used with an anti-CD73 antibody includes agents that 

inhibit the formation of adenosine or inhibit the adenosine A2A receptor. 

Other therapies that may be combined with an anti-CD73 antibody for treating cancer 

include therapies that reverse/prevent T cell anergy or exhaustion and therapies that trigger an 

innate immune activation and/or inflammation at a tumor site. 
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An anti-CD73 antibody may be combined with more than one immuno-oncology agent, 

and may be, e.g., combined with a combinatorial approach that targets multiple elements of the 

immune pathway, such as one or more of the following: a therapy that enhances tumor antigen 

presentation (e.g., dendritic cell vaccine, GM-CSF secreting cellular vaccines, CpG 

oligonucleotides, imiquimod); a therapy that inhibits negative immune regulation e.g., by 

inhibiting CTLA-4 and/or PD1/PD-L1/PD-L2 pathway and/or depleting or blocking Tregs or 

other immune suppressing cells; a therapy that stimulates positive immune regulation, e.g., with 

agonists that stimulate the CD-137, OX-4C), and/or GITR pathway and/or stimulate T cell 

effector function; a therapy that increases systemically the frequency of anti-tumor T cells; a 

therapy that depletes or inhibits Tregs, such as Tregs in the tumor, e.g., using an antagonist of 

CD25 (e.g., daclizumab) or by ex vivo anti-CD25 bead depletion; a therapy that impacts the 

function of suppressor myeloid cells in the tumor; a therapy that enhances immunogenicity of 

tumor cells (e.g., anthracyclines); adoptive T cell or NK cell transfer including genetically 

modified cells, e.g., cells modified by chimeric antigen receptors (CAR-T therapy); a therapy 

that inhibits a metabolic enzyme such as indoleamine dioxigenase (IDO), dioxigenase, arginase, 

or nitric oxide synthetase; a therapy that reverses/prevents T cell anergy or exhaustion; a therapy 

that triggers an innate immune activation and/or inflammation at a tumor site; administration of 

immune stimulatory cytokines; or blocking of immunorepressive cytokines. 

Generally, anti-CD73 antibodies described herein can be used together with one or more 

of agonistic agents that ligate positive costimulatory receptors, blocking agents that attenuate 

signaling through inhibitory receptors, antagonists, and one or more agents that increase 

systemically the frequency of anti-tumor T cells, agents that overcome distinct immune 

suppressive pathways within the tumor microenvironment (e.g., block inhibitory receptor 

engagement (e.g., PD-L1/PD-1 interactions), deplete or inhibit Tregs (e.g., using an anti-CD25 

monoclonal antibody (e.g., daclizumab) or by ex vivo anti-CD25 bead depletion), inhibit 

metabolic enzymes such as IDO, or reverse/prevent T cell anergy or exhaustion) and agents that 

trigger innate immune activation and/or inflammation at tumor sites. An increased 

internalization of inhibitory receptors may translate into a lower level of a potential inhibitor 

(assuming that signaling does not ensue). 

In certain embodiments, an anti-CD73 antibody is administered to a subject together with 

a BRAF inhibitor if the subject is BRAF V600 mutation positive. 
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Provided herein are methods for stimulating an immune response in a subject comprising 

administering to the subject an antagonist anti-CD73 molecule, e.g., an antibody, and one or 

more additional immuno stimulatory antibodies, such as an anti-PD-1 antagonist, e.g., antagonist 

antibody, an anti-PD-Ll antagonist, e.g., antagonist antibody, an antagonist anti-CTLA-4 

antagonist, e.g., antagonist antibody and/or an anti-LAG3 antagonist, e.g., an antagonist antibody, 

such that an immune response is stimulated in the subject, for example to inhibit tumor growth or 

to stimulate an anti-viral response. In one embodiment, the subject is administered an antagonist 

anti-CD73 antibody and an antagonist anti-PD-1 antibody. In one embodiment, the subject is 

administered an antagonist anti-CD73 antibody and an antagonist anti-PD-Ll antibody. In one 

embodiment, the subject is administered an antagonist anti-CD73 antibody and an antagonist 

anti-CTLA-4 antibody. In one embodiment, the anti-CD73 antibody is a human antibody, such 

as an antibody described herein. Alternatively, the anti-CD73 antibody can be, for example, a 

chimeric or humanized antibody (e.g., prepared from a mouse anti-CD73 mAb), such as those 

further described herein. In one embodiment, the at least one additional immuno stimulatory 

antibody (e.g., an antagonist anti-PD-1, an antagonist anti-PD-Ll, an antagonist anti-CTLA-4 

and/or an antagonist anti-LAG3 antibody) is a human antibody. Alternatively, the at least one 

additional immuno stimulatory antibody can be, for example, a chimeric or humanized antibody 

(e.g., prepared from a mouse anti-PD-1, anti-PD-Ll, anti-CTLA-4 and/or anti-LAG3 antibody). 

Provided herein are methods for treating a hyperproliferative disease (e.g., cancer), 

comprising administering an antagonist anti-CD73 antibody and an antagonist PD-1 antibody to 

a subject. In certain embodiments, the anti-CD73 antibody is administered at a subtherapeutic 

dose, the anti-PD-1 antibody is administered at a subtherapeutic dose, or both are administered at 

a subtherapeutic dose. Also provided herein are methods for altering an adverse event associated 

with treatment of a hyperproliferative disease with an immuno stimulatory agent, comprising 

administering an anti-CD73 antibody and a subtherapeutic dose of anti-PD-1 antibody to a 

subject. In certain embodiments, the subject is human. In certain embodiments, the anti-PD-1 

antibody is a human sequence monoclonal antibody and the anti-CD73 antibody is human 

sequence monoclonal antibody, such as an antibody comprising the CDRs or variable regions of 

11F11, 4C3, 4D4, 10D2, 11A6, 24H2, 5F8, 6E11, 7A11, CD73.3, CD73.4, CD73.5, CD73.6, 

CD73.7, CD73.8, CD73.9, CD73.10 or CD73.11 described herein or another antagonist anti-

CD73 antibody described herein. 
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Suitable PD-1 antagonists for use in the methods described herein, include, without 

limitation, ligands, antibodies (e.g., monoclonal antibodies and bispecific antibodies), and 

multivalent agents. In one embodiment, the PD-1 antagonist is a fusion protein, e.g., an Fc 

fusion protein, such as AMP-244. In one embodiment, the PD-1 antagonist is an anti-PD-1 or 

anti-PD-Ll antibody. 

An exemplary anti-PD-1 antibody is nivolumab (BMS-936558) or an antibody that 

comprises the CDRs or variable regions of one of antibodies 17D8, 2D3, 4H1, 5C4, 7D3, 5F4 

and 4A11 described in WO 2006/121168. In certain embodiments, an anti-PDl antibody is MK-

3475 (Lambrolizumab) described in W02012/145493; AMP-514 described in WO 2012/145493; 

and CT-011 (Pidilizumab; previously CT-AcTibody or BAT; see, e.g., Rosenblatt et al. (2011) J. 

Immunotherapy 34:409). Further known PD-1 antibodies and other PD-1 inhibitors include 

those described in WO 2009/014708, WO 03/099196, WO 2009/114335, WO 2011/066389, WO 

2011/161699, WO 2012/145493, U.S. Patent Nos. 7,635,757 and 8,217,149, and U.S. Patent 

Publication No. 2009/0317368. Any of the anti-PD-1 antibodies disclosed in W02013/173223 

may also be used. An anti-PD-1 antibody that competes for binding with, and/or binds to the 

same epitope on PD-1 as, as one of these antibodies may also be used in combination treatments. 

In certain embodiments, the anti-PD-1 antibody binds to human PD-1 with a KD of 

5x10~8 M or less, binds to human PD-1 with a KD of lxlO-8 M or less, binds to human PD-1 with 

a KDof 5x10~9 M or less, or binds to human PD-1 with a KD of between 1X10~8M and lxl0~loM 

or less. 

Provided herein are methods for treating a hyperproliferative disease (e.g., cancer), 

comprising administering an antagonist anti-CD73 antibody and an antagonist PD-L1 antibody 

to a subject. In certain embodiments, the anti-CD73 antibody is administered at a subtherapeutic 

dose, the anti-PD-Ll antibody is administered at a subtherapeutic dose, or both are administered 

at a subtherapeutic dose. Provided herein are methods for altering an adverse event associated 

with treatment of a hyperproliferative disease with an immuno stimulatory agent, comprising 

administering an anti-CD73 antibody and a subtherapeutic dose of anti-PD-Ll antibody to a 

subject. In certain embodiments, the subject is human. In certain embodiments, the anti-PD-Ll 

antibody is a human sequence monoclonal antibody and the anti-CD73 antibody is human 

sequence monoclonal antibody, such as an antibody comprising the CDRs or variable regions of 

11F11, 4C3, 4D4, 10D2, 11A6, 24H2, 5F8, 6E11, 7A11, CD73.3, CD73.4, CD73.5, CD73.6, 
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CD73.7, CD73.8, CD73.9, CD73.10 or CD73.11 described herein or another antagonist anti-

CD73 antibody described herein. 

In one embodiment, the anti-PD-Ll antibody is BMS-936559 (referred to as 12A4 in WO 

2007/005874 and US Patent No. 7,943,743), or an antibody that comprises the CDRs or variable 

regions of 3G10, 12A4, 10A5, 5F8, 10H10, 1B12, 7H1, 11E6, 12B7 and 13G4, which are 

described in PCT Publication WO 07/005874 and US Patent No. 7,943,743. In certain 

embodiment an anti-PD-Ll antibody is MEDI4736 (also known as Anti-B7-Hl) or MPDL3280A 

(also known as RG7446). Any of the anti-PD-Ll antibodies disclosed in W02013/173223, 

W02011/066389, W02012/145493, U.S. Patent Nos. 7,635,757 and 8,217,149 and U.S. 

Publication No. 2009/145493 may also be used. Anti-PD-Ll antibodies that compete with 

and/or bind to the same epitope as that of any of these antibodies may also be used in 

combination treatments. 

In certain embodiments, the anti-PD-Ll antibody binds to human PD-L1 with a KD of 

5xl0~8 M or less, binds to human PD-L1 with a KD of lxlO-8 M or less, binds to human PD-L1 

with a KD of 5x10~9 M or less, or binds to human PD-L1 with a KD of between lxlO-8 M and 

lxl0~loM or less. 

Provided herein are methods for treating a hyperproliferative disease (e.g., cancer), 

comprising administering an anti-CD73 antibody described herein and a CTLA-4 antagonist 

antibody to a subject. In certain embodiments, the anti-CD73 antibody is administered at a 

subtherapeutic dose, the anti-CTLA-4 antibody is administered at a subtherapeutic dose, or both 

are administered at a subtherapeutic dose. Provided herein are methods for altering an adverse 

event associated with treatment of a hyperproliferative disease with an immuno stimulatory agent, 

comprising administering an anti-CD73 antibody and a subtherapeutic dose of anti-CTLA-4 

antibody to a subject. In certain embodiments, the subject is human. In certain embodiments, the 

anti-CTLA-4 antibody is an antibody selected from the group of: Yervoy™ (ipilimumab or 

antibody 10D1, described in PCT Publication WO 01/14424), tremelimumab (formerly 

ticilimumab, CP-675,206), monoclonal or an anti-CTLA-4 antibody described in any of the 

following publications: WO 98/42752; WO 00/37504; U.S. Pat. No. 6,207,156; Hurwitz et al. 

(1998) Proc. Natl. Acad. Sci. USA 95(17):10067-10071; Camacho et al. (2004)./. Clin. Oncology 

22(145): Abstract No. 2505 (antibody CP-675206); and Mokyr et al. (1998) Cancer Res. 
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58:5301-5304. Any of the anti-CTLA-4 antibodies disclosed in W02013/173223 may also be 

used. 

In certain embodiments, the anti-CTLA-4 antibody binds to human CTLA-4 with a KD of 

5x10~8 M or less, binds to human CTLA-4 with a KD of lxlO-8 M or less, binds to human CTLA-

4 with a KD of 5x10~9 M or less, or binds to human CTLA-4 with a KD of between lxlO-8 M and 

lxlO~10M or less. 

Provided herein are methods for treating a hyperproliferative disease (e.g., cancer), 

comprising administering an anti-CD73 antibody and an anti-LAG-3 antibody to a subject. In 

further embodiments, the anti-CD73 antibody is administered at a subtherapeutic dose, the anti-

LAG-3 antibody is administered at a subtherapeutic dose, or both are administered at a 

subtherapeutic dose. Provide herein are methods for altering an adverse event associated with 

treatment of a hyperproliferative disease with an immuno stimulatory agent, comprising 

administering an anti-CD73 antibody and a subtherapeutic dose of anti-LAG-3 antibody to a 

subject. In certain embodiments, the subject is human. In certain embodiments, the anti-PD-Ll 

antibody is a human sequence monoclonal antibody and the anti-CD73 antibody is human 

sequence monoclonal antibody, such as an antibody comprising the CDRs or variable regions of 

11F11, 4C3, 4D4, 10D2, 11A6, 24H2, 5F8, 6E11, 7A11, CD73.3, CD73.4, CD73.5, CD73.6, 

CD73.7, CD73.8, CD73.9, CD73.10 or CD73.11 or another antagonist anti-CD73 antibody 

described herein. Examples of anti-LAG3 antibodies include antibodies comprising the CDRs or 

variable regions of antibodies 25F7, 26H10, 25E3, 8B7, 11F2 or 17E5, which are described in 

U.S. Patent Publication No. US2011/0150892 and W02014/008218. In one embodiment, an 

anti-LAG-3 antibody is BMS-986016. Other art recognized anti-LAG-3 antibodies that can be 

used include IMP731 described in US 2011/007023. IMP-321 may also be used. Anti-LAG-3 

antibodies that compete with and/or bind to the same epitope as that of any of these antibodies 

may also be used in combination treatments. 

In certain embodiments, the anti-LAG-3 antibody binds to human LAG-3 with a KD of 

5x10~8 M or less, binds to human LAG-3 with a KD of lxlO-8 M or less, binds to human LAG-3 

with a KD of 5x10~9 M or less, or binds to human LAG-3 with a KD of between lxlO-8 M and 

lxl0~loM or less. 

In certain embodiments, the anti-CD73 antibody is administered together with an anti-

GITR agonist antibody, e.g., an antibody having the CDR sequences of 6C8, e.g., a humanized 
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antibody having the CDRs of 6C8, as described, e.g., in W02006/105021; an antibody 

comprising the CDRs of an anti-GITR antibody described in W02011/028683; an antibody 

comprising the CDRs of an anti-GITR antibody described in JP2008278814; or an antibody 

comprising the CDRs of an anti-GITR antibody described in PCT/US2015/033991. 

Administration of anti-CD73 antibodies described herein and antagonists, e.g., antagonist 

antibodies, to one or more second target antigens such as LAG-3 and/or CTLA-4 and/or PD-1 

and/or PD-L1 can enhance the immune response to cancerous cells in the patient. Cancers whose 

growth may be inhibited using the antibodies of the instant disclosure include cancers typically 

responsive to immunotherapy. Representative examples of cancers for treatment with the 

combination therapy of the instant disclosure include those cancers specifically listed above in 

the discussion of monotherapy with anti-CD73 antibodies. 

In certain embodiments, the combination of therapeutic antibodies discussed herein can 

be administered concurrently as a single composition in a pharmaceutically acceptable carrier, or 

concurrently as separate compositions with each antibody in a pharmaceutically acceptable 

carrier. In another embodiment, the combination of therapeutic antibodies can be administered 

sequentially. For example, an anti-CTLA-4 antibody and an anti-CD73 antibody can be 

administered sequentially, such as anti-CTLA-4 antibody being administered first and anti-CD73 

antibody second, or anti-CD73 antibody being administered first and anti-CTLA-4 antibody 

second. Additionally or alternatively, an anti-PD-1 antibody and an anti-CD73 antibody can be 

administered sequentially, such as anti-PD-1 antibody being administered first and anti-CD73 

antibody second, or anti-CD73 antibody being administered first and anti-PD-1 antibody second. 

Additionally or alternatively, an anti-PD-Ll antibody and an anti-CD73 antibody can be 

administered sequentially, such as anti-PD-Ll antibody being administered first and anti-CD73 

antibody second, or anti-CD73 antibody being administered first and anti-PD-Ll antibody 

second. Additionally or alternatively, an anti-LAG-3 antibody and an anti-CD73 antibody can 

be administered sequentially, such as anti-LAG-3 antibody being administered first and anti-

CD73 antibody second, or anti-CD73 antibody being administered first and anti-LAG-3 antibody 

second. 

Furthermore, if more than one dose of the combination therapy is administered 

sequentially, the order of the sequential administration can be reversed or kept in the same order 

at each time point of administration, sequential administrations can be combined with concurrent 
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administrations, or any combination thereof. For example, the first administration of a 

combination anti-CTLA-4 antibody and anti-CD73 antibody can be concurrent, the second 

administration can be sequential with anti-CTLA-4 antibody first and anti-CD73 antibody 

second, and the third administration can be sequential with anti-CD73 antibody first and anti-

CTLA-4 antibody second, etc. Additionally or alternatively, the first administration of a 

combination anti-PD-1 antibody and anti-CD73 antibody can be concurrent, the second 

administration can be sequential with anti-PD-1 antibody first and anti-CD73 antibody second, 

and the third administration can be sequential with anti-CD73 antibody first and anti-PD-1 

antibody second, etc. Additionally or alternatively, the first administration of a combination anti-

PD-Ll antibody and anti-CD73 antibody can be concurrent, the second administration can be 

sequential with anti-PD-Ll antibody first and anti-CD73 antibody second, and the third 

administration can be sequential with anti-CD73 antibody first and anti-PD-Ll antibody second, 

etc. Additionally or alternatively, the first administration of a combination anti-LAG-3 antibody 

and anti-CD73 antibody can be concurrent, the second administration can be sequential with 

anti-LAG-3 antibody first and anti-CD73 antibody second, and the third administration can be 

sequential with anti-CD73 antibody first and anti-LAG-3 antibody second, etc. Another 

representative dosing scheme can involve a first administration that is sequential with anti-CD73 

first and anti-CTLA-4 antibody (and/or anti-PD-1 antibody and/or anti-PD-Ll antibody and/or 

anti-LAG-3 antibody) second, and subsequent administrations may be concurrent. 

In one embodiment, a subject having a disease that may benefit from stimulation of the 

immune system, e.g., cancer or an infectious disease, is treated by administration to the subject 

of an immune-oncology agent and an anti-CD73 antibody, wherein the immuno-oncology agent 

is a CD137 (4-1BB) agonist, such as an agonistic CD137 antibody. Suitable CD137 antibodies 

include, for example, urelumab or PF-05082566 (W012/32433). 

In one embodiment, a subject having a disease that may benefit from stimulation of the 

immune system, e.g., cancer or an infectious disease, is treated by administration to the subject 

of an immune-oncology agent and an anti-CD73 antibody, wherein the immuno-oncology agent 

is an 0X40 agonist, such as an agonistic 0X40 antibody. Suitable 0X40 antibodies include, for 

example, MEDI-6383, MEDI-6469 or MOXR0916 (RG7888; W006/029879). 

In one embodiment, a subject having a disease that may benefit from stimulation of the 

immune system, e.g., cancer or an infectious disease, is treated by administration to the subject 
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of an immune-oncology agent and an anti-CD73 antibody, wherein the immuno-oncology agent 

is a CD40 agonist, such as an agonistic CD40 antibody. In certain embodiments, the immuno-

oncology agent is a CD40 antagonist, such as an antagonistic CD40 antibody. Suitable CD40 

antibodies include, for example, lucatumumab (HCD122), dacetuzumab (SGN-40), CP-870,893 

or Chi Lob 7/4. 

In one embodiment, a subject having a disease that may benefit from stimulation of the 

immune system, e.g., cancer or an infectious disease, is treated by administration to the subject 

of an immune-oncology agent and an anti-CD73 antibody, wherein the immuno-oncology agent 

is a CD27 agonist, such as an agonistic CD27 antibody. Suitable CD27 antibodies include, for 

example, varlilumab (CDX-1127). 

In one embodiment, a subject having a disease that may benefit from stimulation of the 

immune system, e.g., cancer or an infectious disease, is treated by administration to the subject 

of an immune-oncology agent and an anti-CD73 antibody, wherein the immuno-oncology agent 

is MGA271 (to B7H3) (WOl 1/109400). 

In one embodiment, a subject having a disease that may benefit from stimulation of the 

immune system, e.g., cancer or an infectious disease, is treated by administration to the subject 

of an immune-oncology agent and an anti-CD73 antibody, wherein the immuno-oncology agent 

is a KIR antagonist, such as lirilumab. 

In one embodiment, a subject having a disease that may benefit from stimulation of the 

immune system, e.g., cancer or an infectious disease, is treated by administration to the subject 

of an immune-oncology agent and an anti-CD73 antibody, wherein the immuno-oncology agent 

is an IDO antagonist. Suitable IDO antagonists include, for example, INCB-024360 

(W02006/122150, W007/75598, W008/36653, W008/36642), indoximod, NLG-919 

(W009/73620, W009/1156652, WOl 1/56652, W012/142237) or F001287. 

In one embodiment, a subject having a disease that may benefit from stimulation of the 

immune system, e.g., cancer or an infectious disease, is treated by administration to the subject 

of an immune-oncology agent and an anti-CD73 antibody, wherein the immuno-oncology agent 

is a Toll-like receptor agonist, e.g., a TLR2/4 agonist (e.g., Bacillus Calmette-Guerin); a TLR7 

agonist (e.g., Hiltonol or Imiquimod); a TLR7/8 agonist (e.g., Resiquimod); or a TLR9 agonist 

(e.g., CpG7909). 
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In one embodiment, a subject having a disease that may benefit from stimulation of the 

immune system, e.g., cancer or an infectious disease, is treated by administration to the subject 

of an immune-oncology agent and an anti-CD73 antibody, wherein, the immuno-oncology agent 

is a TGF-P inhibitor, e.g., GC1008, LY2157299, TEW7197, or IMC-TR1. 

In one aspect, an anti-CD73 antibody is sequentially administered prior to administration 

of a second agent, e.g., an immuno-oncology agent. In one aspect, an anti-CD73 antibody is 

administered concurrently with the second agent, e.g., an immunology-oncology agent. In yet 

one aspect, an anti-CD73 antibody is sequentially administered after administration of the second 

agent. The administration of the two agents may start at times that are, e.g., 30 minutes, 60 

minutes, 90 minutes, 120 minutes, 3 hours, 6 hours, 12 hours, 24 hours, 36 hours, 48 hours, 3 

days, 5 days, 7 days, or one or more weeks apart, or administration of the second agent may start, 

e.g., 30 minutes, 60 minutes, 90 minutes, 120 minutes, 3 hours, 6 hours, 12 hours, 24 hours, 36 

hours, 48 hours, 3 days, 5 days, 7 days, or one or more weeks after the first agent has been 

administered. 

In certain aspects, an anti-CD73 antibody and a second agent, e.g., an immuno-oncology 

agent, are administered simultaneously, e.g., are infused simultaneously, e.g., over a period of 30 

or 60 minutes, to a patient. An anti-CD73 antibody may be co-formulated with a second agent, 

e.g., an immuno-oncology agent. 

Optionally, an anti-CD73 as sole immunotherapeutic agent, or the combination of an anti-

CD73 antibody and one or more additional immunotherapeutic antibodies (e.g., anti-CTLA-4 

and/or anti-PD-1 and/or anti-PD-Ll and/or anti-LAG-3 blockade) can be further combined with 

an immunogenic agent, such as cancerous cells, purified tumor antigens (including recombinant 

proteins, peptides, and carbohydrate molecules), cells, and cells transfected with genes encoding 

immune stimulating cytokines (He et al. (2004) J. Immunol. 173:4919-28). Non-limiting 

examples of tumor vaccines that can be used include peptides of melanoma antigens, such as 

peptides of gplOO, MAGE antigens, Trp-2, MARTI and/or tyrosinase, or tumor cells transfected 

to express the cytokine GM-CSF (discussed further below). A combined CD73 inhibition and 

one or more additional antibodies (e.g., CTLA-4 and/or PD-1 and/or PD-L1 and/or LAG-3 

blockade) can also be further combined with standard cancer treatments. For example, a 

combined CD73 inhibition and one or more additional antibodies (e.g., CTLA-4 and/or PD-1 

and/or PD-L1 and/or LAG-3 blockade) can be effectively combined with chemotherapeutic 
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regimes. In these instances, it is possible to reduce the dose of other chemotherapeutic reagent 

administered with the combination of the instant disclosure (Mokyr et al. (1998) Cancer 

Research 58: 5301-5304). An example of such a combination is a combination of anti-CD73 

antagonist antibody with or without and an additional antibody, such as anti-CTLA-4 antibodies 

and/or anti-PD-1 antibodies and/or anti-PD-Ll antibodies and/or anti-LAG-3 antibodies) further 

in combination with decarbazine for the treatment of melanoma. Another example is a 

combination of anti-CD73 antibody with or without and anti-CTLA-4 antibodies and/or anti-PD-

1 antibodies and/or anti-PD-Ll antibodies and/or LAG-3 antibodies further in combination with 

interleukin-2 (IL-2) for the treatment of melanoma. The scientific rationale behind the combined 

use of CD73 inhibition and CTLA-4 and/or PD-1 and/or PD-L1 and/or LAG-3 blockade with 

chemotherapy is that cell death, which is a consequence of the cytotoxic action of most 

chemotherapeutic compounds, should result in increased levels of tumor antigen in the antigen 

presentation pathway. Other combination therapies that may result in synergy with a combined 

CD73 inhibition with or without and CTLA-4 and/or PD-1 and/or PD-L1 and/or LAG-3 

blockade through cell death include radiation, surgery, or hormone deprivation. Each of these 

protocols creates a source of tumor antigen in the host. Angiogenesis inhibitors can also be 

combined with a combined CD73 inhibition and CTLA-4 and/or PD-1 and/or PD-L1 and/or 

LAG-3 blockade. Inhibition of angiogenesis leads to tumor cell death, which can be a source of 

tumor antigen fed into host antigen presentation pathways. 

An anti-CD73 antagonist antibody as sole immunotherapeutic agent, or a combination of 

CD73 antagonistic and CTLA-4 and/or PD-1 and/or PD-L1 and/or LAG-3 blocking antibodies 

can also be used in combination with bispecific antibodies that target Fca or Fey receptor-

expressing effector cells to tumor cells (see, e.g., U.S. Pat. Nos. 5,922,845 and 5,837,243). 

Bispecific antibodies can be used to target two separate antigens. The T cell arm of these 

responses would be augmented by the use of a combined CD73 inhibition and CTLA-4 and/or 

PD-1 and/or PD-L1 and/or LAG-3 blockade. 

In another example, an anti-CD73 antagonist antibody as sole immunotherapeutic agent 

or a combination of an anti-CD73 antibody and additional immuno stimulating agent, e.g., anti-

CTLA-4 antibody and/or anti-PD-1 antibody and/or anti-PD-Ll antibody and/or LAG-3 agent, 

e.g., antibody, can be used in conjunction with an anti-neoplastic antibody, such as Rituxan® 

(rituximab), Herceptin® (trastuzumab), Bexxar® (tositumomab), Zevalin® (ibritumomab), 
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Campath® (alemtuzumab), Lymphocide® (eprtuzumab), Avastin® (bevacizumab), and 

Tarceva® (erlotinib), and the like. By way of example and not wishing to be bound by theory, 

treatment with an anti-cancer antibody or an anti-cancer antibody conjugated to a toxin can lead 

to cancer cell death (e.g., tumor cells) which would potentiate an immune response mediated by 

the immuno stimulating agent, e.g., CD73, CTLA-4, PD-1, PD-L1 or LAG-3 agent, e.g., antibody. 

In an exemplary embodiment, a treatment of a hyperproliferative disease (e.g., a cancer tumor) 

can include an anti-cancer agent, e.g., antibody, in combination with anti-CD73 and optionally 

an additional immuno stimulating agent, e.g., anti-CTLA-4 and/or anti-PD-1 and/or anti-PD-Ll 

and/or anti-LAG-3 agent, e.g., antibody, concurrently or sequentially or any combination thereof, 

which can potentiate an anti-tumor immune responses by the host. 

Tumors evade host immune surveillance by a large variety of mechanisms. Many of these 

mechanisms may be overcome by the inactivation of proteins, which are expressed by the tumors 

and which are immunosuppressive. These include, among others, TGF-P (Kehrl et al. (1986)./. 

Exp. Med. 163: 1037-1050), IL-10 (Howard & O'Garra (1992) Immunology Today 13: 198-200), 

and Fas ligand (Hahne et al. (1996) Science 274: 1363-1365). Antibodies to each of these entities 

can be further combined with an anti-CD73 antibody with or without an additional 

immuno stimulating agent, e.g., an anti-CTLA-4 and/or anti-PD-1 and/or anti-PD-Ll and/or anti-

LAG-3 agent, such as antibody, to counteract the effects of immunosuppressive agents and favor 

anti-tumor immune responses by the host. 

Other agents, e.g., antibodies, that can be used to activate host immune responsiveness 

can be further used in combination with an anti-CD73 antibody with or without an additional 

immuno stimulating agent, such as anti-CTLA-4 and/or anti-PD-1 and/or anti-PD-Ll and/or anti-

LAG-3 antibody. These include molecules on the surface of dendritic cells that activate DC 

function and antigen presentation. Anti-CD40 antibodies (Ridge et al., supra) can be used in 

conjunction with an anti-CD73 antibody and optionally an additional immuno stimulating agent, 

e.g., an anti-CTLA-4 and/or anti-PD-1 and/or anti-PD-Ll and/or anti-LAG-3 agent, e.g., 

antibody. Other activating antibodies to T cell costimulatory molecules Weinberg et al., supra, 

Melero et al. supra, Hutloff et al., supra, may also provide for increased levels of T cell 

activation. 

As discussed above, bone marrow transplantation is currently being used to treat a variety 

of tumors of hematopoietic origin. Anti-CD73 immunotherapy alone or combined with CTLA-4 
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and/or PD-1 and/or PD-L1 and/or LAG-3 blockade can be used to increase the effectiveness of 

the donor engrafted tumor specific T cells. 

Several experimental treatment protocols involve ex vivo activation and expansion of 

antigen specific T cells and adoptive transfer of these cells into recipients in order to antigen-

specific T cells against tumor (Greenberg & Riddell, supra). These methods can also be used to 

activate T cell responses to infectious agents such as CMV. Ex vivo activation in the presence of 

anti-CD73 with or without an additional immuno stimulating therapy, e.g., anti-CTLA-4 and/or 

anti-PD-1 and/or anti-PD-Ll and/or anti-LAG-3 antibodies can be expected to increase the 

frequency and activity of the adoptively transferred T cells. 

Provided herein are methods for altering an adverse event associated with treatment of a 

hyperproliferative disease (e.g., cancer) with an immuno stimulatory agent, comprising 

administering an anti-CD73 antibody with or without and a subtherapeutic dose of anti-CTLA-4 

and/or anti-PD-1 and/or anti-PD-Ll and/or anti-LAG-3 agent, e.g., antibody, to a subject. For 

example, the methods described herein provide for a method of reducing the incidence of 

immuno stimulatory therapeutic antibody-induced colitis or diarrhea by administering a non­

absorbable steroid to the patient. As used herein, a "non-absorbable steroid" is a glucocorticoid 

that exhibits extensive first pass metabolism such that, following metabolism in the liver, the 

bioavailability of the steroid is low, i.e., less than about 20%. In one embodiment described 

herein, the non-absorbable steroid is budesonide. Budesonide is a locally-acting 

glucocorticosteroid, which is extensively metabolized, primarily by the liver, following oral 

administration. ENTOCORT EC® (Astra-Zeneca) is a pH- and time-dependent oral formulation 

of budesonide developed to optimize drug delivery to the ileum and throughout the colon. 

ENTOCORT EC® is approved in the U.S. for the treatment of mild to moderate Crohn's disease 

involving the ileum and/or ascending colon. The usual oral dosage of ENTOCORT EC® for the 

treatment of Crohn's disease is 6 to 9 mg/day. ENTOCORT EC® is released in the intestines 

before being absorbed and retained in the gut mucosa. Once it passes through the gut mucosa 

target tissue, ENTOCORT EC® is extensively metabolized by the cytochrome P450 system in 

the liver to metabolites with negligible glucocorticoid activity. Therefore, the bioavailability is 

low (about 10%). The low bioavailability of budesonide results in an improved therapeutic ratio 

compared to other glucocorticoids with less extensive first-pass metabolism. Budesonide results 

in fewer adverse effects, including less hypothalamic-pituitary suppression, than systemically-
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acting corticosteroids. However, chronic administration of ENTOCORT EC® can result in 

systemic glucocorticoid effects such as hypercorticism and adrenal suppression. See PDR 58th ed. 

2004; 608-610. 

In still further embodiments, a CD73 inhibition with or without CTLA-4 and/or PD-1 

and/or PD-L1 and/or LAG-3 blockade (i.e., immuno stimulatory therapeutic antibodies anti-

CD73 and optionally anti-CTLA-4 and/or anti-PD-1 and/or anti-PD-Ll and/or anti-LAG-3 

antibodies) in conjunction with a non-absorbable steroid can be further combined with a 

salicylate. Salicylates include 5-ASA agents such as, for example: sulfasalazine 

(AZULFIDINE®, Pharmacia & UpJohn); olsalazine (DIPENTUM®, Pharmacia & UpJohn); 

balsalazide (COLAZAL®, Salix Pharmaceuticals, Inc.); and mesalamine (ASACOL®, Procter & 

Gamble Pharmaceuticals; PENTASA®, Shire US; CANASA®, Axcan Scandipharm, Inc.; 

ROWASA®, Solvay). 

In accordance with the methods described herein, a salicylate administered in 

combination with anti-CD73 with or without anti-CTLA-4 and/or anti-PD-1 and/or anti-PD-Ll 

and/or LAG-3 antibodies and a non-absorbable steroid can includes any overlapping or 

sequential administration of the salicylate and the non-absorbable steroid for the purpose of 

decreasing the incidence of colitis induced by the immuno stimulatory antibodies. Thus, for 

example, methods for reducing the incidence of colitis induced by the immuno stimulatory 

antibodies described herein encompass administering a salicylate and a non-absorbable 

concurrently or sequentially (e.g., a salicylate is administered 6 hours after a non-absorbable 

steroid), or any combination thereof. Further, a salicylate and a non-absorbable steroid can be 

administered by the same route (e.g., both are administered orally) or by different routes (e.g., a 

salicylate is administered orally and a non-absorbable steroid is administered rectally), which 

may differ from the route(s) used to administer the anti-CD73 and anti-CTLA-4 and/or anti-PD-1 

and/or anti-PD-Ll and/or anti-LAG-3 antibodies. 

The anti-CD73 antibodies and combination antibody therapies described herein may also 

be used in conjunction with other well known therapies that are selected for their particular 

usefulness against the indication being treated (e.g., cancer). Combinations of the anti-CD73 

antibodies described herein may be used sequentially with known pharmaceutically acceptable 

agent(s). 
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For example, the anti-CD73 antibodies and combination antibody therapies described 

herein can be used in combination (e.g., simultaneously or separately) with an additional 

treatment, such as irradiation, chemotherapy (e.g., using camptothecin (CPT-11), 5-fluorouracil 

(5-FU), cisplatin, doxorubicin, irinotecan, paclitaxel, gemcitabine, cisplatin, paclitaxel, 

carboplatin-paclitaxel (Taxol), doxorubicin, 5-fu, or camptothecin + apo21/TRAIL (a 6X 

combo)), one or more proteasome inhibitors (e.g., bortezomib or MG132), one or more Bcl-2 

inhibitors (e.g., BH3I-2' (bcl-xl inhibitor), indoleamine dioxygenase-1 (IDOl) inhibitor (e.g., 

INCB24360), AT-101 (R-(-)-gossypol derivative), ABT-263 (small molecule), GX-15-070 

(obatoclax), or MCL-1 (myeloid leukemia cell differentiation protein-1) antagonists), iAP 

(inhibitor of apoptosis protein) antagonists (e.g., smac7, smac4, small molecule smac mimetic, 

synthetic smac peptides (see Fulda et al., Nat Med 2002;8:808-15), ISIS23722 (LY2181308), or 

AEG-35156 (GEM-640)), HDAC (histone deacetylase) inhibitors, anti-CD20 antibodies (e.g., 

rituximab), angiogenesis inhibitors (e.g., bevacizumab), anti-angiogenic agents targeting VEGF 

and VEGFR (e.g., Avastin), synthetic triterpenoids (see Hyer et al., Cancer Research 

2005;65:4799-808), c-FLIP (cellular FLICE-inhibitory protein) modulators (e.g., natural and 

synthetic ligands of PPARy (peroxisome proliferator-activated receptor y), 5809354 or 5569100), 

kinase inhibitors (e.g., Sorafenib), Trastuzumab, Cetuximab, Temsirolimus, mTOR inhibitors 

such as rapamycin and temsirolimus, Bortezomib, JAK2 inhibitors, HSP90 inhibitors, PI3K-

AKT inhibitors, Lenalildomide, GSK3P inhibitors, IAP inhibitors and/or genotoxic drugs. 

The anti-CD73 antibodies and combination antibody therapies described herein can 

further be used in combination with one or more anti-proliferative cytotoxic agents. Classes of 

compounds that may be used as anti-proliferative cytotoxic agents include, but are not limited to, 

the following: 

Alkylating agents (including, without limitation, nitrogen mustards, ethylenimine 

derivatives, alkyl sulfonates, nitrosoureas and triazenes): Uracil mustard, Chlormethine, 

Cyclophosphamide (CYTOXAN™) fosfamide, Melphalan, Chlorambucil, Pipobroman, 

Triethylenemelamine, Triethylenethiophosphoramine, Busulfan, Carmustine, Lomustine, 

Streptozocin, Dacarbazine, and Temozolomide. 

Antimetabolites (including, without limitation, folic acid antagonists, pyrimidine analogs, 

purine analogs and adenosine deaminase inhibitors): Methotrexate, 5-Fluorouracil, Floxuridine, 
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Cytarabine, 6-Mercaptopurine, 6-Thioguanine, Fludarabine phosphate, Pentostatine, and 

Gemcitabine. 

Suitable anti-proliferative agents for combining with antagonist anti-CD73 antibodies, 

without limitation, taxanes, paclitaxel (paclitaxel is commercially available as TAXOL™), 

docetaxel, discodermolide (DDM), dictyostatin (DCT), Peloruside A, epothilones, epothilone A, 

epothilone B, epothilone C, epothilone D, epothilone E, epothilone F, furanoepothilone D, 

desoxyepothilone Bl, [17]-dehydrodesoxyepothilone B, [18]dehydrodesoxyepothilones B, 

C12,13-cyclopropyl-epothilone A, C6-C8 bridged epothilone A, trans-9,10-dehydroepothilone 

D, cis-9,10-dehydroepothilone D, 16-desmethylepothilone B, epothilone BIO, discoderomolide, 

patupilone (EPO-906), KOS-862, KOS-1584, ZK-EPO, ABJ-789, XAA296A (Discodermolide), 

TZT-1027 (soblidotin), ILX-651 (tasidotin hydrochloride), Halichondrin B, Eribulin mesylate 

(E-7389), Hemiasterlin (HTI-286), E-7974, Cyrptophycins, LY-355703, Maytansinoid 

immunoconjugates (DM-1), MKC-1, ABT-751, Tl-38067, T-900607, SB-715992 (ispinesib), 

SB-743921, MK-0731, STA-5312, eleutherobin, 17beta-acetoxy-2-ethoxy-6-oxo-B-homo-estra-

l,3,5(10)-trien-3-ol, cyclostreptin, isolaulimalide, laulimalide, 4-epi-7-dehydroxy-14,16-

didemethyl-(+)-discodermolides, and cryptothilone 1, in addition to other microtubuline 

stabilizing agents known in the art. 

In cases where it is desirable to render aberrantly proliferative cells quiescent in 

conjunction with or prior to treatment with anti-CD73 antibodies described herein, hormones and 

steroids (including synthetic analogs), such as 17a-Ethinylestradiol, Diethylstilbestrol, 

Testosterone, Prednisone, Fluoxymesterone, Dromostanolone propionate, Testolactone, 

Megestrolacetate, Methylprednisolone, Methyl-testosterone, Prednisolone, Triamcinolone, 

Chlorotrianisene, Hydroxyprogesterone, Aminoglutethimide, Estramustine, 

Medroxyprogesteroneacetate, Leuprolide, Flutamide, Toremifene, ZOLADEX™, can also be 

administered to the patient. When employing the methods or compositions described herein, 

other agents used in the modulation of tumor growth or metastasis in a clinical setting, such as 

antimimetics, can also be administered as desired. 

Methods for the safe and effective administration of chemotherapeutic agents are known 

to those skilled in the art. In addition, their administration is described in the standard literature. 

For example, the administration of many of the chemotherapeutic agents is described in the 
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Physicians' Desk Reference (PDR), e.g., 1996 edition (Medical Economics Company, Montvale, 

N.J. 07645-1742, USA); the disclosure of which is incorporated herein by reference thereto. 

The chemotherapeutic agent(s) and/or radiation therapy can be administered according to 

therapeutic protocols well known in the art. It will be apparent to those skilled in the art that the 

administration of the chemotherapeutic agent(s) and/or radiation therapy can be varied 

depending on the disease being treated and the known effects of the chemotherapeutic agent(s) 

and/or radiation therapy on that disease. Also, in accordance with the knowledge of the skilled 

clinician, the therapeutic protocols (e.g., dosage amounts and times of administration) can be 

varied in view of the observed effects of the administered therapeutic agents on the patient, and 

in view of the observed responses of the disease to the administered therapeutic agents. 

EXEMPLARY EMBODIMENTS 

1. An isolated human antibody, or antigen binding portion thereof, which binds to human 

Cluster of Differentiation 73 (CD73) and exhibits one or more of the following properties: 

(a) inhibits CD73 enzymatic activity; 

(b) internalizes into tumor cells or 

(c) binds to a conformation epitope comprising amino acids 65-83 and 157-172 of human 

CD73. 

2. The antibody, or antigen binding portion thereof, of embodiment 1, wherein the antibody 

internalizes into tumor cells with a T1/2 of no more than lOmin as measured by Pulse Chase. 

3. The antibody, or antigen binding portion thereof, of embodiment 1 or 2, wherein the 

antibody binds to soluble human CD73 with a KD of about 0.1 to 10 nM or less as measured by 

BIACORE® SPR analysis. 

4. The antibody, or antigen binding portion thereof, of any one of the preceding 

embodiments, wherein the antibody binds to human CD73 with an EC50 of 0.1 to 10 nM or less 

as measured by FACS. 
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5. The antibody, or antigen binding portion thereof, of any one of the preceding 

embodiments, wherein the antibody binds to cynomolgus CD73 with an EC50 of 0.1 to 10 nM or 

less as measured by FACS. 

6. The antibody, or antigen binding portion thereof, of any one of the preceding 

embodiments, wherein the antibody binds to an epitope on human CD73 (SEQ ID NO: 1) which 

includes amino acid residues FTKVQQIRRAEPNVLLLDA (SEQ ID NO: 96) and/or 

LYLPYKVLPVGDEVVG (SEQ ID NO: 97). 

7. The antibody, or antigen binding portion thereof, of embodiment 6, wherein the epitope 

spans or overlaps with amino acid residues FTKVQQIRRAEPNVLLLDA (SEQ ID NO: 96) 

and/or LYLPYKVLPVGDEVVG (SEQ ID NO: 97). 

8. The antibody, or antigen binding portion thereof, of any one of the preceding 

embodiments, wherein the antibody is selected from the group consisting of an IgGl, an IgG2, 

an IgG3, an IgG4 or a variant thereof. 

9. An isolated monoclonal antibody, or antigen binding portion thereof, which binds to 

human CD73 and comprises three heavy chain variable region CDRs and three light chain 

variable region CDRs that are respectively in the heavy and light chain variable region pairs 

selected from the group consisting of: 

(a) SEQ ID NOs: 4 and 8 

(b) SEQ ID NOs: 4 and 12; 

(c) SEQ ID NOs: 16 and 20; 

(d) SEQ ID NOs: 16 and 24; 

(e) SEQ ID NOs: 16 and 28; 

(f) SEQ ID NOs: 32 and 36; 

(g) SEQ ID NOs: 40 and 44; 

(h) SEQ ID NOs: 40 and 48; 

(i) SEQ ID NOs: 52 and 56; 

G) SEQ ID NOs: 60 and 64; 
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(k) SEQ ID NOs: 68 and 72; 

(1) SEQ ID NOs: 68 and 76; 

(m) SEQ ID NOs: 80 and 84; 

(n) SEQ ID NOs: 88 and 92; 

(o) SEQ ID NOs: 135 and 8; and 

(p) SEQ ID NOs: 135 and 12. 

10. An isolated monoclonal antibody, or antigen binding portion thereof, which binds to 

human CD73, comprising: 

(a) heavy chain CDR1, CDR2, and CDR3 sequences comprising SEQ ID NOs: 5, 6, and 

7, respectively, and/or light chain CDR1, CDR2, and CDR3 sequences comprising SEQ ID NOs: 

9, 10, and 11, respectively; 

(b) heavy chain CDR1, CDR2, and CDR3 sequences comprising SEQ ID NOs: 5, 6, and 

7, respectively, and/or light chain CDR1, CDR2, and CDR3 sequences comprising SEQ ID NOs: 

13, 14, and 15, respectively; 

(c) heavy chain CDR1, CDR2, and CDR3 sequences comprising SEQ ID NOs: 17, 18, 

and 19, respectively, and/or light chain CDR1, CDR2, and CDR3 sequences comprising SEQ ID 

NOs: 21, 22, and 23, respectively; 

(d) heavy chain CDR1, CDR2, and CDR3 sequences comprising SEQ ID NOs: 17, 18, 

and 19, respectively, and/or light chain CDR1, CDR2, and CDR3 sequences comprising SEQ ID 

NOs: 25, 26, and 27, respectively; 

(e) heavy chain CDR1, CDR2, and CDR3 sequences comprising SEQ ID NOs: 17, 18, 

and 19, respectively, and/or light chain CDR1, CDR2, and CDR3 sequences comprising SEQ ID 

NOs: 29, 30, and 31, respectively; 

(f) heavy chain CDR1, CDR2, and CDR3 sequences comprising SEQ ID NOs: 33, 34, 

and 35, respectively, and/or light chain CDR1, CDR2, and CDR3 sequences comprising SEQ ID 

NOs: 37, 38, and 39, respectively; 

(g) heavy chain CDR1, CDR2, and CDR3 sequences comprising SEQ ID NOs: 41, 42, 

and 43, respectively, and/or light chain CDR1, CDR2, and CDR3 sequences comprising SEQ ID 

NOs: 45, 46, and 47, respectively; 
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(h) heavy chain CDR1, CDR2, and CDR3 sequences comprising SEQ ID NOs: 41, 42, 

and 43, respectively, and/or light chain CDR1, CDR2, and CDR3 sequences comprising SEQ ID 

NOs: 49, 50, and 51, respectively; 

(i) heavy chain CDR1, CDR2, and CDR3 sequences comprising SEQ ID NOs: 53, 54, 

and 55, respectively, and/or light chain CDR1, CDR2, and CDR3 sequences comprising SEQ ID 

NOs: 57, 58, and 59, respectively; 

(j) heavy chain CDR1, CDR2, and CDR3 sequences comprising SEQ ID NOs: 61, 62, 

and 63, respectively, and/or light chain CDR1, CDR2, and CDR3 sequences comprising SEQ ID 

NOs: 65, 66, and 67, respectively; 

(k) heavy chain CDR1, CDR2, and CDR3 sequences comprising SEQ ID NOs: 69, 70, 

and 71, respectively, and/or light chain CDR1, CDR2, and CDR3 sequences comprising SEQ ID 

NOs: 73, 74, and 75, respectively; 

(1) heavy chain CDR1, CDR2, and CDR3 sequences comprising SEQ ID NOs: 69, 70, 

and 71, respectively, and/or light chain CDR1, CDR2, and CDR3 sequences comprising SEQ ID 

NOs: 77, 78, and 79, respectively; 

(m) heavy chain CDR1, CDR2, and CDR3 sequences comprising SEQ ID NOs: 81, 82, 

and 83, respectively, and/or light chain CDR1, CDR2, and CDR3 sequences comprising SEQ ID 

NOs: 85, 86, and 87, respectively; or 

(n) heavy chain CDR1, CDR2, and CDR3 sequences comprising SEQ ID NOs: 89, 90, 

and 91, respectively, and/or light chain CDR1, CDR2, and CDR3 sequences comprising SEQ ID 

NOs: 93, 94, and 95, respectively. 

11. The antibody, or antigen binding portion thereof, of embodiment 10, wherein the 

antibody comprises heavy chain CDR1, CDR2, and CDR3 sequences comprising SEQ ID NOs: 

5, 6, and 7, respectively, and/or light chain CDR1, CDR2, and CDR3 sequences comprising SEQ 

ID NOs: 9, 10, and 11, respectively. 

12. The antibody, or antigen binding portion thereof, of embodiment 11, wherein the 

antibody comprises heavy chain CDR1, CDR2, and CDR3 sequences comprising SEQ ID NOs: 

5, 6, and 7, respectively, and/or light chain CDR1, CDR2, and CDR3 sequences comprising SEQ 

ID NOs: 13, 14, and 15, respectively. 
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13. An isolated monoclonal antibody, or antigen binding portion thereof, which binds to 

human CD73 and comprises heavy and light chain variable regions, wherein the heavy chain 

variable region comprises an amino acid sequence which is at least 90% identical to the amino 

acid sequence selected from the group consisting of SEQ ID NOs: 4, 16, 32, 40, 52, 60, 68, 80, 

88, and 135. 

14. An isolated monoclonal antibody, or antigen binding portion thereof, which binds to 

human CD73 and comprises heavy and light chain variable regions, wherein the light chain 

variable region comprises an amino acid sequence which is at least 90% identical to the amino 

acid sequence selected from the group consisting of SEQ ID NOs: 8, 12, 20, 24, 28, 36, 44, 48, 

56, 64, 72, 76, 84, and 92. 

15. An isolated monoclonal antibody, or antigen binding portion thereof, which binds to 

human CD73 and comprises heavy and light chain variable regions which are at least 85% 

identical to the heavy and light chain variable region amino acid sequences, respectively selected 

from the group consisting of: 

(a) SEQ ID NOs: 4 and 8 

(b) SEQ ID NOs: 4 and 12; 

(c) SEQ ID NOs: 16 and 20; 

(d) SEQ ID NOs: 16 and 24; 

(e) SEQ ID NOs: 16 and 28; 

(f) SEQ ID NOs: 32 and 36; 

(g) SEQ ID NOs: 40 and 44; 

(h) SEQ ID NOs: 40 and 48; 

(i) SEQ ID NOs: 52 and 56; 

G) SEQ ID NOs: 60 and 64; 

(k) SEQ ID NOs: 68 and 72; 

(1) SEQ ID NOs: 68 and 76; 

(m) SEQ ID NOs: 80 and 84; 

(n) SEQ ID NOs: 88 and 92; 
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(o) SEQ ID NOs: 135 and 8; and 

(p) SEQ ID NOs: 135 and 12. 

16. The antibody, or antigen binding portion thereof, of embodiment 15, wherein the heavy 

and light chain variable regions comprise an amino acid sequence at least 90% identical to the 

heavy and light chain variable regions, respectively, selected from the group consisting of (a)-

(P). 

17. The antibody, or antigen binding portion thereof, of embodiment 16, wherein the heavy 

and light chain variable regions comprise an amino acid sequence at least 95% identical to the 

heavy and light chain variable regions, respectively, selected from the group consisting of (a)-

(P). 

18. The antibody, or antigen binding portion thereof, of embodiment 17, wherein the heavy 

and light chain variable regions comprise the heavy and light chain variable regions, 

respectively, selected from the group consisting of (a)-(p). 

19. The antibody, or antigen binding portion thereof, of embodiment 18, wherein the 

antibody comprises a heavy chain variable region comprising the amino acid sequence set forth 

in SEQ ID NO: 135 and a light chain variable region comprising the amino acid sequence set 

forth in SEQ ID NO: 8. 

20. The antibody, or antigen binding portion thereof, of embodiment 18, wherein the 

antibody comprises a heavy chain variable region comprising the amino acid sequence set forth 

in SEQ ID NO: 135 and a light chain variable region comprising the amino acid sequence set 

forth in SEQ ID NO: 12. 

21. An isolated monoclonal antibody, or antigen binding portion thereof, which binds to the 

same epitope on CD73 as the antibody of any one of embodiments 1-20. 

158 



WO 2016/081748 PCT/US2015/061639 

22. The antibody, or antigen binding portion thereof, of any one of embodiments 9-21, 

wherein the antibody exhibits any one of the following properties: 

(1) binding to soluble human CD73, e.g., with a KD of 10 nM or less (e.g., 0.01 nM to 10 

nM), e.g., as measured by BIACORE® SPR analysis; 

(2) binding to membrane bound human CD73, e.g., with an EC50 of 1 nM or less (e.g., 

0.01 nM to 1 nM); 

(3) binding to cynomolgus CD73, e.g., bind to membrane bound cynomolgus CD73, e.g, 

with an EC50 of 10 nM or less (e.g., 0.01 nM to 10 nM); 

(4) inhibition of human CD73 enzymatic activity, e.g., with an EC50 of 10 nM or less; 

(5) inhibition of cyno CD73 enzymatic activity, e.g., with an EC50 of 10 nM or less; 

(6) inhibition of human CD73 enzymatic activity in vivo; 

inducing or enhancing T cell activation without requiring multivalent cross-linking; 

(7); internalization into cells, e.g., with a Tm of less than 10 minutes; 

(8) binding to a conformational epitope on human CD73, e.g., a discontinuous epitope 

within the amino acid sequence (SEQ ID NO: 1) which includes amino acid residues 

FTKVQQIRRAEPNVLLLDA (SEQ ID NO: 96) and/or LYLPYKVLPVGDEVVG (SEQ 

ID NO: 97) 

(9) binding to glycosylated but not unglycosylated human CD73; and 

(10) competing in either direction or both directions for binding to human CD73 with 

CD73.4-1, CD73.4-2, CD73.3, 11F11-1, 11F11-2, 4C3-1, 4C3-2, 4C3-3, 4D4, 10D2-1, 

10D2-2, 11A6, 24H2, 5F8-1, 5F8-2, 6E11 and/or 7A11. 

23. An isolated monoclonal antibody, or antigen binding portion thereof, which binds to 

CD73 and comprises heavy chain and light chain sequences which are at least 80%, 85%, 90%, 

95%, 96%, 97%, 98% or 99% identical to the amino acid sequences of the heavy and light chain 

sequences, respectively, selected from the group consisting of: 

(a) SEQ ID NOs: 100 and 101, respectively; 

(b) SEQ ID NOs: 100 and 102, respectively; 

(c) SEQ ID NOs: 103 and 104, respectively; 

(d) SEQ ID NOs: 103 and 105, respectively; 

(e) SEQ ID NOs: 103 and 106, respectively; 
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(f) SEQ ID NOs: 107 and 108, respectively; 

(g) SEQ ID NOs: 109 and 110, respectively; 

(h) SEQ ID NOs: 109 and 111, respectively; 

(i) SEQ ID NOs: 112 and 113, respectively; 

(j) SEQ ID NOs: 114 and 115, respectively; 

(k) SEQ ID NOs: 116 and 117, respectively; 

(1) SEQ ID NOs: 116 and 118, respectively; 

(m) SEQ ID NOs: 119 and 120, respectively; 

(n) SEQ ID NOs: 121 and 122, respectively; 

(o) SEQ ID NOs: 133 and 101, respectively; and 

(p) SEQ ID NOs: 133 and 102, respectively; 

24. The antibody, or antigen binding portion thereof, of embodiment 23, wherein the heavy 

and light chains comprise the heavy and light chains selected from the group consisting of (a)-

(P). 

25. The antibody, or antigen binding portion thereof, of embodiment 24, wherein the 

antibody comprises a heavy chain comprising the amino acid sequence set forth in SEQ ID NO: 

135 and a light chain comprising the amino acid sequence set forth in SEQ ID NO: 101. 

26. The antibody, or antigen binding portion thereof, of embodiment 24, wherein the 

antibody comprises a heavy chain comprising the amino acid sequence set forth in SEQ ID NO: 

135 and a light chain comprising the amino acid sequence set forth in SEQ ID NO: 102. 

27. The antibody, or antigen binding portion thereof, of any one of embodiments 23-26, 

wherein the antibody exhibits any one of the following properties: 

(a) inhibits CD73 enzymatic activity; 

(b) internalizes into tumor cells or 

(c) binds to a conformation epitope comprising amino acids 65-83 and 157-172 of human 

CD73. 
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28. The antibody, or antigen binding portion thereof, of any one of the preceding 

embodiments, wherein the antibody binds to cynomolgus CD73. 

29. The antibody, or antigen binding portion thereof, of embodiments 10-22, wherein the 

antibody comprises an effectorless Fc. 

30. The antibody, or antigen binding portion thereof, of embodiments 1-7 and 9-22, wherein 

the antibody comprises a modified heavy chain constant region, comprising a human CHI 

domain, a human hinge domain, a human CH2 domain, and a human CH3 domain in order from 

N- to C- terminus. 

31. The antibody, or antigen binding portion thereof, of embodiment 30, wherein the 

modified constant region comprises at least 2 domains of different isotypes selected from the 

group of isotypes consisting of IgGl, IgG2, IgG3, and IgG4. 

32. The antibody, or antigen binding portion thereof, of embodiment 30 or 31, wherein the 

modified constant region comprises a human IgG2 CHI domain and at least one of the CH2, 

CH3, and hinge domains is not an IgG2 isotype. 

33. The antibody, or antigen binding portion thereof, of embodiment 32, wherein the IgG2 

CHI domain comprises the amino acid sequence 

ASTKGPSVFPLAPCSRSTSESTAALGCLVKDYFPEPVTVSWNSGALTSGVHTFPAVLQSS 

GLYSLSSVVTVPSSNFGTQTYTCNVDHKPSNTKVDKTV (SEQ ID NO: 124). 

34. The antibody, or antigen binding portion thereof, of any one of embodiments 30-33, 

wherein the modified constant region comprises a human IgG2 hinge domain which reduces 

heterogeneity in the cysteine binding. 

35. The antibody, or antigen binding portion thereof, of embodiment 34, wherein the hinge 

domain comprises amino acid substitution C219, relative to a wildtype human IgG2 hinge 

domain (SEQ NO 136). 
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36. The antibody, or antigen binding portion thereof, of embodiment 35 wherein the hinge 

domain comprises the amino acid sequence ERKSC VECPPCPAPPVAG (SEQ ID NO: 123). 

37. The antibody, or antigen binding portion thereof, of any one of embodiments 30-36, 

wherein the modified constant region comprises a human IgGl CH2 domain which reduces or 

eliminates effector functions. 

38. The antibody, or antigen binding portion thereof, of embodiment 37, wherein the CH2 

domain comprises amino acid substitutions A330S and P331S, relative to a wildtype human 

IgGl CH2 domain (SEQ ID NO: 137). 

39. The antibody, or antigen binding portion thereof, of embodiment 38, wherein the CH2 

domain comprises the amino acid sequence 

APPVAGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVKFNWYVDGVEVHNAKT 

KPREEQYNSTYRVVSVLTVLHQDWLNGKEYKCKVSNKALPSSIEKTISKAK (SEQ ID 

NO: 125). 

40. The antibody, or antigen binding portion thereof, of any one of embodiments 30-39, 

wherein the modified constant region comprises a human IgGl CH3 domain. 

41. The antibody, or antigen binding portion thereof, of embodiment 40, wherein the CH3 

domain comprises the amino acid sequence 

GQPREPQVYTLPPSREEMTKNQVSLTCLVKGFYPSDIAVEWESNGQPENNYKTTPPVLD 

SDGSFFLYSKLTVDKSRWQQGNVFSCSVMHEALHNHYTQKSLSLSPGK (SEQ ID NO: 

128). 

42. The antibody, or antigen binding portion thereof, of any one of embodiments 9-29, 

wherein the antibody, or antigen binding portion thereof, is a human or humanized antibody. 
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43. The antibody, or antigen binding portion thereof, of embodiments 1-8, wherein 

methionine residues in the CDR regions are replaced with amino acid residues that do not 

undergo oxidation. 

44. A bispecific molecule comprising the antibody of any one of the preceding embodiments 

linked to a molecule having a second binding specificity. 

45. An immunoconjugate comprising the antibody according to any one of embodiments 1-

43, linked to a second different agent. 

46. An isolated nucleic acid molecule encoding the heavy and/or light chain variable region 

of the antibody, or antigen binding portion thereof, of any one of embodiments 1-43. 

47. An expression vector comprising the nucleic acid molecule of embodiment 46. 

48. A cell transformed with an expression vector of embodiment 47. 

49. A composition comprising the antibody, or antigen binding portion thereof, bispecific 

molecule or immunoconjugate, of any one of embodiments 1-45, and a carrier. 

50. A kit comprising the antibody, or antigen binding portion thereof, or bispecific molecule, 

or immunoconjugate of any one of embodiments 1-45, and instructions for use. 

51. A method of preparing an anti-CD73 antibody, or antigen binding portion thereof, 

comprising expressing the antibody, or antigen binding portion thereof, in the cell of 

embodiment 48 and isolating the antibody, or antigen binding portion thereof, from the cell. 

52. A method of decreasing adenosine levels in a tumor cell expressing CD73, comprising 

contacting the cell with the antibody, antigen binding portion thereof, bispecific molecule or 

immunoconjugate, of any one of embodiments 1-45, such that adenosine levels are decreased. 
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53. A method of stimulating a T cell response against a tumor cell expressing CD73 in a 

subject in need thereof, comprising administering an effective amount of an antibody, or antigen 

binding portion thereof, bispecific molecule or immunoconjugate, of any one of embodiments 1-

45, such that a T cell response is stimulated against the tumor cell. 

54. A method of stimulating an immune response in a subject comprising administering the 

antibody, or antigen binding portion thereof, bispecific molecule or immunoconjugate, of any 

one of embodiments 1-45 to the subject, such that an immune response in the subject is 

stimulated. 

55. The method of embodiment 54, wherein the subject has a tumor cell expressing CD73 

and an immune response against the tumor cell is stimulated. 

56. A method for inhibiting the growth of tumor cells expressing CD73 in a subject 

comprising administering to the subject the antibody, or antigen binding portion thereof, 

bispecific molecule or immunoconjugate, of any one of embodiments 1-45, such that growth of 

the tumor is inhibited in the subject. 

57. A method of treating cancer comprising administering to a subject in need thereof a 

therapeutically effective amount of the antibody, or antigen binding portion thereof, bispecific 

molecule or immunoconjugate, of any one of embodiments 1-45, to treat the cancer. 

58. The method of embodiment 57, wherein the cancer is selected from the group consisting 

of: bladder cancer, breast cancer, uterine/cervical cancer, ovarian cancer, prostate cancer, 

testicular cancer, esophageal cancer, gastrointestinal cancer, pancreatic cancer, colorectal cancer, 

colon cancer, kidney cancer, head and neck cancer, lung cancer, stomach cancer, germ cell 

cancer, bone cancer, liver cancer, thyroid cancer, skin cancer, neoplasm of the central nervous 

system, lymphoma, leukemia, myeloma, sarcoma, and virus-related cancer. 

59. The method of embodiment 57 or 58, wherein the cancer is a metastatic cancer, refractory 

cancer, or recurrent cancer. 
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60. The method of any one of embodiments 53-59, further comprising administering one or 

more additional therapeutic agents. 

61. The method of embodiment 60, wherein the additional therapeutic agent is an 

immunopotentiating molecule (e.g., a PD-1 antagonist, CTLA-4 antagonist, LAG-3 antagonist), 

an anti-CD39 antibody or anti-A2AR antibody. 

62. A method of detecting the presence of human CD73 in a sample comprising contacting 

the sample with the antibody, or antigen binding portion thereof, of any one of embodiments 1-

45, under conditions that allow for formation of a complex between the antibody, or antigen 

binding portion thereof, and CD73, and detecting the formation of a complex. 

The present disclosure is further illustrated by the following examples, which should not 

be construed as further limiting. The contents of all figures and all references, Genbank 

sequences, patents and published patent applications cited throughout this application are 

expressly incorporated herein by reference. In particular, the disclosures of PCT publications 

WO 09/045957, WO 09/073533, WO 09/073546, WO 09/054863 and PCT/US2013/072918, and 

U.S. Patent Publication No. 2011/0150892 are expressly incorporated herein by reference. 

EXAMPLES 

Example 1: Generation of human anti-CD73 Antibodies 

Human anti-human CD73 monoclonal antibodies were generated in Hco7, Hco27, Hco20, 

Hcol2, Hcol7, and Hc2 strains of HuMAb® transgenic mice ("HuMAb" is a Trade Mark of 

Medarex, Inc., Princeton, New Jersey) and KM mice (the KM Mouse® strain contains the SC20 

transchromosome as described in PCT Publication WO 02/43478). HC2/KCo27 HuMAb mice 

and KM mice were generated as described in U.S. Pat. Nos. 5,770,429 and 5,545,806, the entire 

disclosures of which are hereby incorporated by reference. 

Mice, including various genotypes of transgenic mice (such as, KM, Hco7, Hco27, 

Hco20, Hcol2, Hcol7 and Hc2), were immunized with different immunization strategies 

(different antigen, different dose, duration, routes of administration (footpad (fp), intraperitoneal 
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(ip) and subcutaneous (sc) and adjuvant (CFA/IFA, Ribi and antibody), etc). Fusions from the 

mice were performed and screened, and antibodies were identified from these fusions. Further 

characterization led to the isolation of antibodies of particular interest, including the antibodies 

designated as 11F11-1, 11F11-2, 4C3-1, 4C3-2, 4C3-3, 4D4-1, 10D2-1, 10D2-2, 11A6-1, 24H2-

1, 5F8-1, 5F8-2, 6E11-1, and 7A11-1. Table 7 (below) provides the IgG isotype and allotype of 

the heavy chains, as well as the type of light chain, for each antibody. Antibodies that differ only 

in the light chain are represented by a different digit after the dash. For example, 11F11-1 has 

the same heavy chain as 1 IF 11-2, but 11F11-1 has the light chain VK1, whereas 1 IF 11-2 has the 

light chain VK2. Unless specified otherwise, recombinant antibodies based on VH regions of the 

antibodies in the table were made with the predominant light chain. 

Table 7: 
Clone Isotype Predominant Light 

Chain 
Other Expressed Light 
Chains 

11F11 IgG2 VK2 VK1 
4C3 IgGlza VK1 VK2, VK3 
4D4 IgG2 VK1 
10D2 IgG4 VK2 VK1 
11A6 IgGlza VK1 
24H2 IgG4 VK1 
5F8 IgGlza VK1 VK2 
6E11 IgGlza VK1 
7A11 IgGlza VK1 

The amino acid and nucleotide sequences of the full length sequence of the heavy and light 

chains, the VH and VL domains and the CDRs of each antibody are provided in the Sequence 

Listing and in Table 35. The VH and VL amino acid sequences are also provided in Figures 1A 

through 17B, and an alignment of the VH and VL amino acid sequences of the various 

antibodies is provided in Figure 35 (CDR sequences are in bold). 

Example 2: Amino acid substitutions in variable regions and isotype variations 

The framework region of the VH region of antibody 11F11 was mutated by introducing 

one of more of the mutation at the following amino acid residues (surrounding amino acids are 

shown and the mutated amino acid is underlined): T25 (framework mutation; ... 

RLSCATSGFTF...), L52 (CDR2 mutation; .. .WVAVILYDGSN...), G54 (CDR2 mutation; 
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.. .VILYDGSNKYY...) and V94 (framework mutation; .. .AEDTAVYYCAR.. .)• The names of 

the constructs and the substitutions in each of them are set forth in Table 8: 

Table 8. 
Ab Name Originating Ab Substitution 
CD73.3 4C3 V94A 
CD73.4 11F11 T25A 
CD73.5 

11F11 
T25S 

CD73.6 

11F11 

T25A, G54S 
CD73.7 

11F11 

T25S,G54S 
CD73.8 

11F11 

T25A, L52W, G54S 
CD73.9 

11F11 

T25S, L52W, G54S 
CD73.10 

11F11 

T25A, L52W, G54E 
CD73.11* 4D4 A25, W52, E54 
* CD73.11 is 4D4 and contained these amino acid residues as isolated. 

Table for comparative purposes. 

The constant region of antibodies 11F11 and 4D4 was also modified, by switching it to 

an IgG2 constant region (CHI, hinge, CH2 and CH3) with a C219S substitution ("IgG2CS"; 

SEQ ID NO:267), an effectorless IgGl constant region with the substitutions L234A, L235E, 

G237A, A330S and P331S ("IgGl.If'; SEQ ID NO:268) or an effectorless IgGl/IgG2 hybrid 

constant region that contains a CHI and hinge from IgG2 (with C219S) and CH2 and CH3 of 

IgGl (with A330S/P331S) ("IgG2CS-IgGl.lf" or "IgG2C219S-IgGl.lf"; SEQ ID NO: 169). 

The constructs that were made are listed in Table 9. 

Table 9. 
Ab Name Originating 

Ab 
VH substitution Constant region Name of Ab 

CD73.4 11F11 T25A IgG2CS CD73.4-IgG2CS 
CD73.4 

11F11 
T25A IgG2CS-IgGl.lf CD73.4-IgG2CS IgGl.If 

CD73.6 

11F11 

T25A, G54S IgG2CS-IgGl.lf CD73.6-IgG2CS IgGl.If 
CD73.8 

11F11 

T25A, L52W, G54S IgG2CS-IgGl.lf CD73.8-IgG2CS IgGl.If 
CD73.10 

11F11 

T25A, L52W, G54E IgG2CS-IgGl.lf CD73.10-IgG2CS IgGl.If 
CD73.10 

11F11 

T25A, L52W, G54E IgGl. If CD73.10- IgGl.If 
CD73.10 

11F11 

T25A, L52W, G54E IgG2CS CD73.10-IgG2CS 
CD73.11 4D4 A25, W52, E54 IgG2CS CD73.11-IgG2CS 

The amino acid sequence of CD73.4-IgG2CS IgGl. If is shown in Figure 18 (SEQ ID NO: 189). 

Abs CD73.3-CD73.11 were made as follows. Light chain VK2 (SEQ ID NO: 102) was 

used for the antibodies deriving from 11F11 (CD73.4, CD73.6, CD73.8 and CD73.10). The 

heavy and light chains were expressed in HEK293-6E cells and culture media were harvested 5 

days after transfection. 
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Binding of the constructs to human FcyRs was measured via SPR. hCD64 and hCD32a-

H131 binding data for IgG 1.1 and IgG2 molecules were consistent with expected values for the 

different Fes. IgGl.If is the most inert Fc. IgG2 and IgG2-C219S showed typical FcR binding 

for IgG2. As expected, data for IgG2-C219S-Gl.lf suggests significantly weaker binding than 

wild type IgGl or IgG2, but increased binding compared to IgGl. If. IgG2-C219S-Gl. If had 

weak hCD32a-H131 binding (KD of 2.3|JM) and the binding affinity to all other FcyRs were less 

than 5|JM. Binding affinity of IgG2-C219S-Gl.lf to cyno FcyRs was more than 5|JM. SPR 

analysis of binding IgG2-C219S-Gl.lf to human FcRn showed pH-dependent binding (strong at 

pH6, and weak binding with fast dissociation at pH 7.4). 

The recombinant preparations were found to frequently lack the C-terminal Lys of the 

heavy chain. For example, 97% of the heavy chains of Ab CD73.4.IgG2-C219S-Gl.lf lacked 

the C-terminal lysine. Certain preparations had pyro-Q at the N-terminal Q (glutamine) of the 

heavy chain. For example, 94% of the N-terminal glutamine of the heavy chain of Ab 

CD73.4.IgG2-C219S-Gl. If was pyro-Q. 

Example 3: Binding characteristics of anti-CD73 antibodies 

A. Surface Plasmon Resonance (SPR) 

CD73 binding kinetics and affinity were studied by surface Plasmon Resonance (SPR) 

using a Biacore T100 instrument (GE Healthcare) at 25°C. 

One experimental format tested the binding of the N-terminal domain of hCD73 

(consisting of residues 26 - 336 of human CD73; termed N-hCD73) to antibodies that were 

captured on immobilized protein A surfaces. For these experiments, protein A (Pierce) was 

immobilized to a density of 3000 - 4000 RU on flow cells 1-4 of a CM5 sensor chip (GE 

Healthcare) using standard ethyl(dimethylaminopropyl) carbodiimide (EDC) / N-

hydroxysuccinimide (NHS) chemistry, with ethanolamine blocking, in a running buffer of 0.01 

M HEPES pH 7.4, 0.15 M NaCl, 3 mM EDTA, 0.005% v/v tween 20. Kinetic experiments were 

performed by first capturing antibodies (5-10ug/ml) on the protein A surfaces using a 30 s 

contact time at lOul/min, with binding of 600, 200, 66.7, 22.2, 7.4, and 2.5 nM N-hCD73-his, 

using a 180 s association time and 360 s dissociation time at a flow rate of 30 ul/min. The 

running buffer for the kinetic experiments was 10 mM sodium phosphate, 130 mM sodium 

chloride, 0.05% tween 20, pH 7.1. The surfaces were regenerated after each cycle using two 30 s 
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pulses of 10 mM glycine pH 1.5 at a flow rate of 30 |_il/min. Sensogram data was double-

referenced and then fitted to a 1:1 Langmuir model using Biacore T100 evaluation software 

v2.0.4, to determine the association rate constant (ka), the dissociation rate constant (kd), and the 

equilibrium dissociation constant (KD). 

The results are shown in Table 10. The table compiles data from different experiments. 

For antibodies for which two or more sets of numbers are shown, each set corresponds to data 

obtained in a separate experiment. 

Table 10. 

Kinetics of CD73 mAbs binding to N-hCD73-his (hCD73(26-336)His) at 25C° 

mAb Fc ka (1/Ms) kd (1/s) KD (nM) 
11F11 IgG2 2.6E+05 4.2E-04 1.6 

2.9 E+05 1.6E-04 0.56 
4C3 IgGl 2.2E+04 2.4E-03 110 

2.4 E+04 2.2 E-03 92 
4D4 IgG2 8.2E+04 7.7E-04 9.4 

7.9 E+04 4.9 E-04 6.2 
10D2 IgG4 6.1E+05 9.5E-04 1.6 
11A6 IgGl 5.5E+04 7.6E-03 140 
1H9 IgGl 3.3E+05 9.3E-04 2.8 

24H2 IgG4 2.3E+05 3.2E-03 14 
5F8 IgGl 1.5E+05 6.0E-03 41 

6E11 IgGl 5.7E+04 1.4E-03 25 
7A11 IgGl 8.8E+05 3.8E-04 0.43 

CD73.4 IgGl. If 4.2 E+05 3.9 E-04 0.92 
CD73.4 IgG2-C219S 2.9 E+05 1.6 E-04 0.55 

2.8 E+05 3.3 E-04 1.2 
2.9 E+05 3.7 E-04 1.3 
3.5 E+05 4.4 E-04 1.2 

CD73.4 IgG2-C219S-IgG 1.1 f 3.1 E+05 3.5 E-04 1.1 
3.3 E+05 1.4 E-04 0.43 
3.1 E+05 1.3 E-04 0.42 
3.2 E+05 1.5 E-04 0.47 
3.1 E+05 4.1 E-04 1.4 
2.7 E+05 3.8 E-04 1.4 
3.0 E+05 4.1 E-04 1.4 
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3.1 E+05 4.2 E-04 1.3 
3.2 E+05 4.3 E-04 1.3 
2.9 E+05 4.0 E-04 1.4 

CD73.10 IgGl. If 2.7 E+05 1.3E-03 4.7 
CD73.10 IgG2-C219S 2.2 E+05 1.4E-03 6.2 

2.2 E+05 1.8E-03 8.3 
CD73.10 IgG2-C219S-IgG 1.1 f 2.4 E+05 1.4E-03 5.7 

2.3 E+05 1.60E-03 6.8 
CD73.3 IgGl. If 1.6 E+04 3.6 E-03 220 
CD73.11 IgG2-C219S 8.0 E+04 2.8 E-04 3.5 

7.9 E+04 5.1 E-04 6.5 
CD73.6 IgGl. If 3.7 E+05 2.5 E-04 0.68 
CD73.6 IgG2-C219S-IgG 1.1 f 3.0 E+05 2.2 E-04 0.72 

The KD in the table is the monovalent KD, i.e., KD of binding of the antibodies to the N-

terminal portion of human CD73, which is monovalent. 

The G54S mutation is tolerated and appears to slightly increase affinity, while removing 

the predicted DG isomerization site. The L52W mutation appears to cause a decrease in affinity 

of approximately 10 fold. The 4D4 variants have unique CDR3 sequences and different kinetics 

(slower association compared to 11F11 molecules). 

The average KD from 10 experiments for CD73.4- IgG2-C219S-IgGl.lf is 1.1 ± 0.4 nM. 

The T25A mutation relative to 11F11 does not impact the affinity. 

The results show that all anti-CD73 antibodies bind to human CD73 with good affinity 

and have a slow dissociation rate. 

The results of the binding studies indicate that binding activity was maintained following 

introduction of mutations into 11F11, 4C3 or 4D4, or isotype switch, although some antibodies 

had reduced affinity relative to the original antibody (i.e., 11F11, 4C3 or 4D4). In particular, 

CD73.10 (T25A,L52W,G54E) has a faster dissociation rate than CD73.4 (T25A) or CD73.11 

(4D4). Comparison of all IgG2 molecules indicates that 11F11 and CD73.4 (11F11-T25A) have 

the highest monovalent CD73 affinity (KD = 1.1 nM ± 0.4 nM). CD73.10 (11F11-T25A, L52W, 

G54E) has ~10-fold lower CD73 affinity than 11F11 or CD73.4. This suggests either L52W or 

G54E or both mutations reduce CD73 affinity when in combination with other 11F11 sequences. 

4D4 and CD73.11 have affinity comparable to CD73.10 (KD ~5nM), but different kinetics. 4C3 
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epitope is believed to include regions of N- and C-domains of CD73, therefore the measured KD 

for an isolated N-domain is weak (KD = 100-200 nM). 

Binding of CD73.4-IgG2-C219S-IgGl.lf to cyno CD73 was also investigated. The 

specificity of CD73.4-IgG2-C219S-IgGl.lf for binding cynomolgus monkey CD73 was 

compared to that of binding to human CD73 by surface Plasmon resonance (SPR) using a 

Biacore T100 instrument (GE Healthcare) at 25°C. The full length extracellular domain of either 

human CD73 (consisting of residues 27 - 547 of human CD73 linked to a His tag, termed 

hCD73-his) or cynomolgus CD73 (consisting of residues 27 - 547 of cynomolgus CD73 linked 

to a His tag, termed cy-CD73-his) were tested for binding to antibodies that were captured on 

immobilized protein A surfaces. For these experiments, protein A (Pierce) was immobilized to a 

density of 3000 - 4000 RU on flow cells 1-4 of a CM5 sensor chip (GE Healthcare) using 

standard ethyl(dimethylaminopropyl) carbodiimide (EDC) / N-hydroxysuccinimide (NHS) 

chemistry, with ethanolamine blocking, in a running buffer of 0.01 M HEPES pH 7.4, 0.15 M 

NaCl, 3 mM EDTA, 0.005% v/v tween 20. Experiments were performed by first capturing 

antibodies (5-10ug/ml) on the protein A surfaces using a 30 s contact time at lOul/min, with 

binding of 600, 200, 66.7, 22.2, 7.4, and 2.5 nM hCD73-his or cyno-CD73-his, using a 180 s 

association time and 360 s dissociation time at a flow rate of 30 ul/min. The running buffer for 

these experiments was 10 mM sodium phosphate, 130 mM sodium chloride, 0.05% tween 20, pH 

7.1. The surfaces were regenerated after each cycle using two 30 s pulses of 10 mM glycine pH 

1.5 at a flow rate of 30 |al/min. 

The results, which are shown in Figure 19, indicate that CD73.4-IgG2-C219S-IgGl.lf 

binds with similar affinity and kinetics to cyno and human CD73. CD73.4-IgG2-C219S-IgGl.lf 

binds to full length human and cyno CD73 dimer with a KD of less than InM. No significant 

cross-reactivity of CD73.4-IgG2-C219S-IgGl.lf to mouse or rat CD73 was observed. 

The kinetics and affinity of an isolated Fab fragment from the 11F11 antibody was also 

evaluated by SPR. In these experiments, Fab domain from a murine anti-6xHis antibody was 

immobilized on a CM5 sensor chip using EDC/NHS to a density of -3000 RU. Full-length 

hCD73-his was captured to 10 RU density on Fc2 (lug/ml hCD73-his), 40 RU density on Fc3 

(5ug/ml hCD73-his) and 160 RU density on Fc4 (20ug/ml hCD73-his), using a 30 s contact time 

at 10 ul/min. Next, the 11F11 Fab fragment (purified from pepsin-cleaved L-cysteine-reduced 

11F11 antibody) was tested for binding at 400, 135,44.4, 14.8,4,9, 1.7,0.55 nM, using 180 s 
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association time, 600 s dissociation time at 30 ul/min, in a running buffer of 10 mM sodium 

phosphate, 130 mM sodium chloride, 0.05% tween 20, pH 7.1. The surfaces were regenerated 

after each cycle using two 15 s pulses of 10 mM glycine pH 2.0 at a flow rate of 30 |_il/min. 

Sensogram data was double-referenced and then fitted to a 1:1 Langmuir model using Biacore 

T100 evaluation software v2.0.4, to determine the association rate constant (ka), the dissociation 

rate constant (kd), and the equilibrium dissociation constant (KD). The results are shown in 

Table 11 below. 

Table 11. 
Kinetics of 11F11-Fab binding to hCD73-his surface at 25C° 

hCD73-his 
surface 

density (RU) 
ka 

(1/Ms) 
kd 

(1/s) 
KD 

(nM) 

10 1.2E+06 8.7E-
04 0.73 

40 1.2E+06 8.7E-
04 0.73 

160 1.1E+06 8.5E-
04 0.77 

Thus, the results show that the 11F11 Fab fragment has high affinity for hCD73 (KD 

~0.74nM). 

B. Binding of CD73 Antibodies to CD73 positive cells 

Titration binding curves were produced with CD73 antibodies on Calu6 (CD73 

endogenous expressors; human pulmonary adenocarcinoma cell line), DMS114 (CD73 negative; 

human small cell lung cancer cell line), CHO-cynoCD73 (cynoCD73-transfected) and CHO-K1 

(cynoCD73 negative), cells using Alexa Fluor® 647 Goat Anti-Human IgG (H+L) as a 

secondary antibody, Invitrogen Cat#A-21445, using the following method: 

100000 cells were plated in lOOuL PBS+2% FBS per well and blocked for 20min. Using a U-

bottom 96-deep well plate, volumes of antibody and PBS+2% FBS were combined as dictated by 

Table 12 below. 
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Table 12. 
Clone [Stock] (mg/mL) [Stain] 

(mg/ml) 

Vol Ab (uL) Vol TM 

(uL) 

11F11 3.70 0.020 2.92 537.1 

CD73.10-IgGl.lf 1.3 0.020 8.31 531.7 

CD73.10-IgG2 1 0.020 10.80 529.2 

CD73.10-IgG2CS -IgG 1.1 f 1 0.020 1-/80 529.2 

CD73.4-IgG2 2.3 0.020 4.70 535.3 

CD73.4-IgG2CS-IgGl.lf 2 0.020 5.40 534.6 

CD73.4-IgGl.lf 2.3 0.020 4.70 535.3 

An 8-point serial dilution was performed by diluting a sixth of the volume (90uL) into 

450jiL PBS+2% FBS. The cell plate was spun down for 5 minutes at 1500 rpm. IOOUL of 

diluted antibody was added per well of the plate. IOOuL PBS+2% FBS were added to all other 

wells. The plates were stained on ice for 45min, spun down at 1500rpm for 5min and washed 

twice in 200uL PBS + 2% FBS per well. Wells that had received unconjugated antibody, plus 

one unstained well per cell line, were resuspended in IOOuL APC anti-human secondary 

antibody (20ug/mL). IOOuL PBS+2% FBS was added to all other wells, and stained on ice for 

45min. The plates were spun down at 1500rpm for 5min and washed in 200uL PBS + 2% FBS 

per well. The plates were washed again, resuspended in 200uL 2% FBS in PBS per well and the 

samples were run. 

The results, which are shown in Figures 20A1, 20A2, 20B1, 20B2, 20C1, 20C2, 20D1, 

20D2, and Table 13, indicate that all the CD73 antibodies bind to cells that naturally express 

CD73 (Calu6 cells) and CHO cells transfected to express cyno CD73, but that the antibodies do 

not bind to cells that do not express CD73 (DMS114 and CHO-K1). The EC50 of binding 

obtained for each antibody are shown in Table 13. 

Table 13. 
Antibody EC50 nM 

Calu6 

EC50 nM 

CHO-cynoCD7 3 

11F11 0.78 0.58 

CD73.10-IgGl.lf 0.64 0.67 

CD73.10-IgG2 0.85 1.24 
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CD73.10-IgG2CS -IgG 1.1 f 0.85 1.27 

CD73.4-IgG2 0.49 0.34 

CD73.4-IgG2CS-IgGl.lf 0.53 0.51 

CD73.4-IgGl.lf 0.43 0.45 

The EC50 of binding of CD73.4-IgG2-IgGl. If to human tumor cell lines was 0.5nM 

(range of 0.3 to 0.67nM). The EC50 of binding of CD73.4-IgG2-IgGl. If to cyno CD73 

transfected CHO cells was 0.3nM (range 0.1 to 0.5nM). 

Binding of CD73.4 antibody to human B and T cells was also determined. Human blood 

from two donors, D316 and D329, was obtained from Immunsciences, BMS. Peripheral blood 

mononuclear cells (PBMC) were isolated with Lympholyte-H cell separation gradient media. 

PBMC were incubated with serially diluted FITC-labeled CD73.4-IgG2, CD73.4-IgG2-

IgGl.lf, or CD73.4-IgGl.lf antibodies, and T cells and B cells were identified with 

fluorochrome-labeled antibodies to CD3 and CD20. Cells from both donors were pooled for 

the unstained and FMO (Fluorescence minus one) control samples. The results, which are 

shown in Figures 20E and F and Table 14, indicate that the antibodies bind specifically to 

human B and T cells. 

Table 14: IC50 of binding of CD73 antibodies to B and T cells 

IC50 (nM) 
B cells 

IC50 (nM) 
T cells 

D316 mAb-CD73.4-lgG2CS-lgGl.lf 0.1648 0.1829 
D316 mAb-CD73.4-lgG2 0.1588 0.1799 
D316 mAb-CD73.4-lgGl.lf 0.0994 0.1263 
D329 mAb-CD73.4-lgG2CS-lgGl.lf 0.1454 0.2406 
D329 mAb-CD73.4-lgG2 0.07766 0.1348 
D329 mAb-CD73.4-lgGl.lf 0.1356 0.2248 

Example 4: Biophysical characteristics of anti-CD73 antibodies 

A. Size-Exclusion Chromatography coupled to an in-line Multi-Angle Light Scattering 

detector (SEC-MALS) 

The oligomeric state of CD73 mAbs were examined by size-exclusion chromatography 

coupled to an in-line multi-angle light scattering detector (SEC-MALS). Isocratic separations 
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were performed on a Shodex PROTEIN KW-803 column connected to an Prominence Shimadzu 

UFLC in buffer containing 200 mM K2HPO4, 150 mM NaCl, pH 6.8, containing 0.02% Na 

azide (0.1 (im filtered) running at 0.5 mL/min. Samples were injected onto the column using a 

SIL-20AC Prominence Shimadzu autosampler, and data were obtained from three online 

detectors connected in series: a Prominence SPD-20AD diode array UV/vis spectrophotometer 

followed by a Wyatt miniDAWN™ TREOS Multi-Angle Light Scattering Detector then a Wyatt 

Optilab T-rEX Refractive Index Detector. Data (as shown in Table 15 below) were collected and 

analyzed using Astra (Wyatt) and Labsolutions (Shimadzu) software. The results are shown in 

Table 15. 

B. Differential Scanning Calorimetry (DSC) 

The thermal stability of CD73 mAbs were determined using a MicroCal Capillary DSC 

instrument (GE Healthcare). Antibodies were analyzed at a concentrations of 0.5 - 0.75 mg/ml in 

PBS pH 7.1. To stabilize the DSC instrument baseline and obtain a consistent thermal history, 

multiple scans of buffer alone in both the sample and reference cell were recorded prior to 

sample analysis. Sample scans contained mAb in the sample cell and PBS pH 7.1 in the 

reference cell. All scans were run from 10-110°C at a scan rate of 60°/hr using a 5 minute pre-

cycle thermostat period and no post-cycle thermostat period. Data (as shown in Table 15 below) 

were analyzed using MicroCal Origin Cap DSC analysis software. The appropriate buffer-buffer 

blank scans were subtracted from the sample-buffer data, and the transition midpoint temperature 

(Tm) values were determined by fitting the data to a non-2-state model. The results are shown in 

Table 15. Tml, Tm2 and Tm3 are the Tms for different domains in the antibodies. 

Table 15. SEC-MALS and DSC 

mAb 

Fc 

SEC 
%HMW 

SEC 
% Monomer 

SEC 
%LMW 

MALS 
Mass 
(main 
peak / 

monomer) 

DSC 
Tonset 

(oC) 

DSC 
Tml 
(oC) 

DSC 
Tm2 
(oC) 

DSC 
Tm3 
(oC) 

MALS 
Mass 
(main 
peak / 

monomer) 
7A11 0.5 98.5 0.5 146.3 56.0 64.8 70.2 82.8 
6E11 2.1 97.6 0.1 145.2 55.0 62.3 72.0 83.3 
11F11 0.8 99.2 0.0 143.3 64.0 73.3 78.0 
5F8 2.3 97.7 0.0 143.8 59.0 68.7 82.7 
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4C3 0.9 94.4 4.5 142.7 60.0 66.9 71.2 82.7 
11A6 4.8 94.0 0.0 143.2 61.0 66.0 71.4 82.1 
10D2 1.1 98.8 0.0 141.4 61.0 67.7 77.1 
24H2 0.0 100.0 0.0 142.4 62.0 71.7 76.9 79.8 
4D4 3.2 96.8 0.0 144.2 62.0 71.7 77.0 79.9 

CD73.4 IgGl. If 98.2 1.8 140.4 59 65.5 81.2 
CD73.4 IgG2-C219S 60 72.9 77.5 

CD73.4 IgG2-C219S-
IgGl.lf 0.4 99.6 141.5 59 68.4 78.3 

CD73.10 IgGl. If 0.4 99.6 135.9 55 64.2 78.2 
CD73.10 IgG2-C219S 100 152 61 73.2 77.0 

CD73.10 IgG2-C219S-
IgGl.lf 100 139.5 61 70.4 76.5 84.1 

CD73.3 IgGl. If 0.6 99.4 146.1 56 64.8 75.0 83.4 
CD73.11 IgG2-C219S 61 73.4 77.9 
CD73.6 IgGl. If 0.2 99.7 0.0 142.0 58 64.2 79.7 

CD73.6 IgG2-C219S-
IgGl.lf 0.3 99.7 0.1 

142.3 60 70.1 77.4 84.6 

The results show that all antibodies are mostly monomeric and are stable. 

Example 5: Inhibition of enzymatic activity by anti-CD73 Abs 

A. Inhibition of bead-bound CD73 enzymatic activity 

To assess bead-bound CD73 enzyme activity inhibition by anti-CD73 antibodies, the 

following materials and methods were used: 

Materials 

TM buffer: 25mM Tris, 5mM MgCl2 in water 

0.5mM Sodium Phosphate buffer, pH8.0 

Wash buffer (lOmL 0.5mM Sodium phosphate, pH8.0; lOmL 5M NaCl; 34mL water; lOuL 

Tween-20) 

Adenosine 5'-monophosphate disodium salt, Sigma Cat#01930-%G, 300mM in TM buffer 

Adenosine 5'-triphosphate disodium salt hydrate, Sigma Cat#A6419-lG, lOOmM in TM buffer 

rhCD73, 0.781 mg/mL 

cyno CD73, Sino Biological Inc Cat#90192-C08H 

Magnet his-tag beads, Invitrogen Cat# 10103D 

CellTiter-Glo® Luminescent Cell Viability Assay, Promega Cat#G7572 
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mAbO, an unrelated antibody that does not bind CD73 

Methods 

A 6-point serial dilution of the anti-CD73 antibodies listed in Table 16 (max 

concentration lOug/mL) was conducted by combining volumes as dictated in Table 16, and 

diluting 3-fold (transferring 225uL into 450uL TM buffer). All antibodies with an IgG2 hinge 

contained the C219S mutation. 

Table 16. 

Clone [Stock] (mg/mL) [Stim] (mg/mL) Vol Ab (uL) Vol TM (uL) 
mAbO 5.38 0.010 1.25 673.7 
F3713.11F11.F3.A4 3.70 0.010 1.82 673.2 
mAb-CD73.10-Vh-hHC-lgGl.lf 1.3 0.010 5.19 669.8 
mAb-CD73.10-Vh-hHC-lgG2 1 0.010 6.75 668.3 
mAb-CD73.10-Vh-hHC-lgG2-lgGl.lf 1 0.010 6.75 668.3 
mAb-CD73.4-Vh-hHC-lgG2 2.3 0.010 2.93 672.1 
mAb-CD73.4-Vh-hHCIgG2-lgGl.lf 2 0.010 3.38 671.6 
mAb-CD73.4-Vh-lgGl.lf 2.3 0.010 2.93 672.1 

Magnet beads (2ul beads per sample) were washed in lmL Sodium phosphate buffer in a 

microcentrifuge tube. The beads were pulled down with the magnet and resuspended in 400uL 

TM buffer. For each species of CD73: In a separate tube, CD73 (75ng per sample) was 

combined with TM to bring the volume up to 400uL. A third tube was prepared for blank beads 

(no CD73). The bead suspension was combined with rhCD73 solution and mixed on a shaker 

for 5min at room temperature. The beads were pulled down with a magnet and the beads were 

washed in lmL wash buffer. The beads were pulled down with a magnet and resuspended in TM 

buffer (40uL per sample). The beads were transferred to PCR 96-well plates (40uL per well). 

200uL per well of serially diluted CD73 HuMab were added to plates and mixed well. The 

plates were incubated for 30 min at room temperature. 700uL each of 400uM ATP (8X) and 

1.2mM AMP (8X) were prepared. 650uL of each were combined to make a 4X AMP/ATP stock 

mix. The beads were pulled down and washed twice with 200uL TM buffer per well. The beads 

were pulled down again and resuspended in 30uL TM buffer. The 30uL beads were transferred 

to 96 well black plates. 10 uL of the 4x stock solution of AMP/ATP (final concentration 150uM 

AMP/50uM ATP) was added and mixed. Control wells (final concentration 150uM AMP and/or 

50uM ATP) in 40uL volume were added. The plates were incubated for 15 min at 37°C. 

The results are shown in Figures 21 Al, 21A2, 21B1, and 21B2, and Table 17. 
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Table 17: 

mAB Fc EC50 (nM) 
11F11 IgG2 3.98 
4C3 IgGl 3.63 
4D4 IgG2 5.31 
10D2 IgGl 6.94 
11A6 IgGl 3.12 
24H2 IgGl 4.18 
5F8 IgGl 5.76 
6E11 IgGl 3.71 
7A11 IgGl 2.86 
CD73.4 IgGl. If 3.25 
CD73.4 IgG2-C219S 2.72 
CD73.4 IgG2-C219S-IgG 1.1 f 2.97 
CD73.10 IgGl. If 4.69 
CD73.10 IgG2-C219S 7.54 
CD73.10 IgG2-C219S-IgG 1.1 f 4.84 

The results of enzymatic inhibition of cyno CD73 are set forth in Table 18. 

Table 18: 

mAB Fc EC50 (nM) 

CD73.4 IgGl. If 7.123 

CD73.4 IgG2-C219S 3.658 

CD73.4 IgG2-C219S-IgG 1.1 f 4.572 

CD73.10 IgGl. If 10.2 

CD73.10 IgG2-C219S 8.783 

CD73.10 IgG2-C219S-IgG 1.1 f 9.935 

The results show that the antibodies dose dependency inhibit the enzymatic activity of 

human CD73. CD73.4.IgG2-C219S-IgGl.lf has an EC50 of 2.97 (range 2.9 to 3.1nM) in the 

recombinant human CD73 enzyme inhibition assay. CD73.4.IgG2-C219S-IgGl.lf has an EC50 

of 3.7 (range 1.6 to 12.6 nM) in the recombinant cyno CD73 enzyme inhibition assay. Thus, all 

antibodies to CD73 tested inhibit bead bound human and cyno CD73 enzymatic activity. 
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B. Inhibition of CD73 enzymatic activity in Calu6 cells 

This example describes the assessment of Calu6 (CD73 positive) and DMS-114 (CD73 

negative) cells for CD73 dephosphorylation of AMP after treatment with anti-CD73 antibodies. 

Materials: 

CD73 antibodies; see table below 

MabO control antibody, 5.38mg/mL 

TM buffer: 25mM Tris, 5mM MgCl2 in water 

Adenosine 5'-monophosphate disodium salt, Sigma Cat#01930-5G, 300mM in TM buffer 

Adenosine 5'-triphosphate disodium salt hydrate, Sigma Cat#A6419-lG, lOOmM in TM buffer 

rhCD73, 0.781 mg/mL 

CellTiter-Glo® Luminescent Cell Viability Assay, Promega Cat#G7572 

Methods: 

The antibodies were serially diluted by combining volumes of purified antibodies and 

PBS as dictated by Table 19 below in a U-bottom 96-well plate. 6-point serial dilutions with the 

antibodies (max concentration 25ug/mL, 300uL), and 5-fold dilutions, transferring 60uL into 

240uL PBS, were performed. All antibodies with an IgG2 hinge contained the C219S mutation. 

Table 19. 

CI one Cone (mg/mL) Vol Ab (uL) Vol PBS (uL) 

mAbO 5.38 1.39 298.6 

F3713.11F11.F3.A4 3.70 2.03 298.0 

mAb-CD73.10-Vh-h HC-lgGl. If 1.3 5.77 294.2 

mAb-CD73.10-Vh-hHC-lgG2 1 7.50 292.5 

mAb-CD73.10-Vh-h HC-lgG2-lgGl. If 1 7.50 292.5 

mAb-CD73.4-Vh-hHC-lgG2 2.3 3.26 296.7 

mAb-CD73.4-Vh-hHC-lgG2-lgGl.lf 2 3.75 296.3 

mAb-CD73.4-Vh-h HC-lgGl. If 2.3 3.26 296.7 

Cells were harvested with Versene and counted. Plates were seeded, spun down at 

1500rpm for 5min, and resuspended in IOOuL serially diluted antibody. All other wells were 

resuspended in IOOuL PBS. Incubation was at 37°C for 20min. A 15mL 180uM stock of AMP 

was prepared in TM buffer. 
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Plates were spun down at 1500rpm for 5min and washed once with 200uL PBS/well. 

Plates were spun down again and resuspended in IOOuL AMP. All other wells were resuspended 

in IOOuL TM buffer. The cells were incubated with AMP for 60min at 37°C. A 7.5mL 60uM 

stock of ATP in TM buffer was prepared. Plates were spun down at 1500rpm for 5 min and 

50uL of the supernatant was transferred to a black 96-well plate. 50uL of ATP was added. 

rhCD73 was added to certain wells at 75ng per well as a positive control. Wells that did not 

receive rhCD73 were brought up to IOOuL with TM buffer. Final concentration was 90uM 

AMP: 30uM ATP. Incubation was at 37°C for 15 min. For the CellTiterGlo Assay (which 

detects ATP), IOOuL were added per well and the plate was read. 

The results, which are shown in Figures 22A1, 22A2, 22B1, 22B2, and Table 20, indicate 

that the anti-CD73 antibodies inhibit dephosphorylation of AMP (or reduce AMP processing) in 

the human CD73 positive Calu6 cells, but have no effect in CD73 negative DMS114 cells. The 

EC50 for blockade of endogenous cellular CD73 in the human tumor cell line Calu6 of CD73.4-

IgG2S-IgGl.lf antibody is 0.39nM (range 0.31 to 0.48nM). These experiments were repeated in 

NCI-H292 (mucoepidermoid carcinoma cell line) and SK-MEL-24 (human melanoma cell line) 

cells and the results were similar (Table 20). 

Table 20: 
Antibody EC50 

binding 

Calu6 1 

(nM) 

EC50 enz. 

inhibition 2 

(nM) 

EC50 Calu6 

inhibition 3 

(nM) 

EC50 

SKMEL24 

inhibition 3 

(nM) 

EC50 H292 

inhibition 3 

(nM) 

11F11 0.78 3.980 0.70 3.15 0.81 

4C3 2.00 3.63 3.43 13.29 4.48 

4D4 0.82 5.31 

11A6 1.93 3.12 2.21 

5F8 11.65 5.76 8.10 110.19 13.46 

7A11 0.35 2.86 0.95 3.72 1.31 

24H2 4.18 

10D2 6.94 

6E11 0.63 3.71 1.54 3.43 1.34 
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CD73.4-IgG2CS 0.49 2.72 0.34 

CD73.4-IgGl.lf 0.43 3.25 0.37 

CD7 3.4-IgG2S -IgG 1.1 f 0.53 2.97 0.39 

CD73.10- IgG2S-IgGl.lf 0.85 4.84 0.77 

CD73.10-IgGl.lf 0.64 4.69 0.77 

CD73.10- IgG2S 0.85 7.54 0.84 

1 Binding titration on Calu6 cells with endogenous CD73 expression. Antibodies were tested in 

2-6 independent experiments, and the average value is indicated. 

Data from section A of this Example. Antibodies were tested in 1-5 independent experiments, 

and the average value is indicated. 

Inhibition of cellular CD73 activity in indicated cell line. Antibodies were tested in 2-4 

independent experiments, and the average value is indicated. 

C. Inhibition of CD73 enzymatic activity in a dual cell line cAMP assay 

Homogenous Time Resolved Fluorescence (HTRF) cAMP assay 

CD73 antibodies were serial diluted with PBS buffer containing 0.2% BSA, and plated 5 

pl/weli in 384 well white bottom proxiplate (PerkinElmer, Waltham, MA). Calu-6 cells were 

harvested and resuspend in PBS containing 0.2% BSA, then 5 j.il of cells (300 cells/well) were 

added to the plate. The cells were incubated with antibodies for 10 minutes at 37°C 5% CO2 and 

95% humidity, followed by the addition of 5 fii/well 80rnM AMP. The cells were further 

incubated with AMP for 30 minutes at 37°C. During this time, HEK293/A2AR cells were 

harvested and diluted to 0.4 million/ml in PBS containing 0.2% BSA. They were added into the 

assay plate at 5 j.d/well and continued to incubate at 37°C for Ihr, HRTF assays were performed 

using the homogenous time-resolved fluorescence (HTRF) Hi Range cAMP detection kit (Cisbio, 

Bedford, MA) by adding 10 fii/well cAMP-conjugated d2 and 10 jxl/well europium cryptate 

conjugated anti-cAMP antibody in lysis buffer according to the manufacturer's instructions. 

Plates were incubated at room temperature for 60 minutes and Fluorescence Resonance Energy 

Transfer (FRET) signals (665 and 615 nM) were read using an EnVision plate reader 

(PerkinElmer, Waltham, MA). The FRET signal was calculated as the ratio of signal from the 

665 11m (acceptor) and 615 11111 (donor) channels and multiplied by 10,000. IC50 and Ymax were 
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measured. Ymax was determined by comparing to lOOnM dose of 11F11 as internal maximum. 

All calculations were determined as a percentage of inhibition compared to this control, which 

was set to 100%. 

The results, which are shown in Table 21, indicate that the anti-CD73 mAbs 

demonstrated different efficacies and potencies in this cAMP assay using a cell line co-culture 

system. All Abs showed some reduction in adenosine production, and the extent of inhibition 

was similar for most Abs screened. The greatest inhibition was seen for 11F11, 11A6, 4C3 and 

5F8. 

Table 21: 
Substance IC50 (nM) Ymax 

APCP 1.29 97 

11A6 4.87 84 

5F8 13.17 80 

4C3 9.02 80 

11F11 0.75 76 

7A11 0.95 45 

Enzymatic inhibition assays were also conducted with 11F11 Fab and F(ab')2. The 

results, which are shown in Figure 22C, indicated that enzymatic inhibition occurred with the 

F(ab')2 fragment, but not with the Fab fragment. Thus, the Fc region is not required for 11F11 

enzymatic inhibition, but bivalency is required. 

Enzymatic inhibition in Calu6 cells was also determined for CD73.4 antibodies 

comprising various heavy chain constant regions, which are shown in Table 26, using the cAMP 

assay described above. The results, in terms of EC50 and level of inhibition versus background 

("S:B") are provided in the last two columns of Table 28. The results indicate that all CD73.4 

antibodies inhibit human CD73 enzymatic activity in Calu6 cells. 

D. Time course of CD73 enzymatic activity inhibition 

Inhibition of enzyme activity was also evaluated in a time course by evaluating adenosine 

generation by LC/MS/MS. Calu6 cells were incubated with 11F11 or 4C3 for 30 minutes, 2 

hours or 4 hours, followed by addition of 50|JM AMP and evaluation of adenosine production by 

LC/MS/MS using standard methods. 
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Mass Spectrometry Conditions (Xevo TQ-S): 
Instrument: Xevo TQ-S (with Waters 2777C) 

Tune = CD73_adenosine_MRM_tune2.ipr 
Ionization: (+) ESI Desolvation Temp (°C): 500 
Capillary (kV): 0.9 Desolvation Gas (L/Hr): 1000 
Cone (V): see below Cone Gas (L/Hr): 150 
Source Offset V): 50 Nebuliser (Bar): 7.0 
LM Resolution 1: 2.81 HM Resolution 1: 15.00 
LM Resolution 2: 2.93 HM Resolution 2: 15.00 
Ion Energy 1: 0.4 Ion Energy 2: 0.9 
Collision Gas Flow (mL/min): 0.15 Collision: see below 
Sample diverted to waste for first 0.5 min 

Waters Xevo TQ-S Serial number: WAA021 

The results, which are shown in Figure 22D, indicate that incubation time does make a 

difference at the 30 min time point and that inhibition by 11F11 occurs faster than that by 4C3. 

Though both antibodies achieved equal inhibition at later timepoints, the 11F11 antibody more 

rapidly inhibits CD73 enzymatic activity in cells. 

Example 6: Antibody mediated internalization of CD73 

The anti-CD73 antibody mediated internalization of CD73 was measured in two different 

assays. 

A. High-content internalization assay (2 hour fixed time assay) 

The anti-CD73 antibodies were used to test anti-CD73 antibody dependent CD73 

internalization in Calu6 cells by assessing cellular expression after 2 hours of antibody 

incubation. Cells (2,000 cells/well) in 20 ul of complete medium (Gibco RPMI Media 1640 with 

10% beat inactivated fetal bovine serum) were plated in 384 BD Falcon plate and grown 

overnight at 37°C 5% CO2 and 95%' humidity. Anti-CD73 antibodies were serially diluted with 

PBS buffer containing 0.2% BSA, and added at 5 jil/well into the cell plate. The cells were 

incubated with antibodies for 2 hours at 37°C 5% CO? and 95% humidity, followed by washing 

once with PBS buffer. Formaldehyde (final 4%; in PBS) was then added into cell plate at 

2Gul/well, and the plate was incubated at room temperature for 10 minutes, Afterwards, all liquid 

was aspirated and cells were washed once with 3 On I PBS. Detection antibody (2.5 fig/well of 

an.ti-CD73 Ab CD73.10.IgG2C21.9S) was added at 15 fig/well into the fixed cell plate. The cells 
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were incubated at 4°C overnight. On the next day, the plate was washed twice with PBS buffer, 

followed by adding secondary antibody containing Alexa-488 goat and human and DAPI, 

stained for 1 hour at room temperature. After 3 washes in PBS buffer, the plate was imaged on 

Arraysean Vli (Cellomics, Pittsburgh, PA), IC50 and Ymax were measured. Ymax was 

determined by comparing to 100 nM dose of 11F11 as internal maximum. All calculations were 

determined as a percentage of internalization compared to this control, which was set to 100%. 

The results are provided in Table 22. 

Table 22: 

mAb Constant region Epitope bin EC50 (nM) Ymax 
11F11 IgG2 1 0.58 98 
4C3 IgGl 2 ND NA 
4D4 IgG2 0.38 104 
10D2 IgGl ND 29 
11A6 IgGl ND NA 
24H2 IgGl 8.2 51 
5F8 IgGl ND NA 
6E11 IgGl ND NA 
7A11 IgGl 2.59 50 
CD73.4 IgG2-C219S-IgG 1.1 f 1.2 97 
CD73.10 IgGl. If 6.18 64 
CD73.10 IgG2-C219S 0.67 99 
CD73.10 IgG2-C219S-IgG 1.1 f 0.87 99 

ND = Not Detected 

NA = Not Applicable 

Thus, the results indicate that the EC50 of CD73 internalization mediated by 

CD73.4.IgG2-C219S-IgGl.lf in the human CD73 expressing cell line Calu6 was 1.2 nM, and 

that the maximal level of internalization in the cell line was 97.5%. 

Internalization assays were also conducted with 11F11 Fab and F(ab')2. The results, 

which are shown in Figure 22C, indicate that internalization occurred with the F(ab')2 fragment, 

but not with the Fab fragment. Thus, the Fc region is not required for 11F11 internalization. 

Kinetic internalization studies were performed to assess the rate of internalization. Cells 

(2,000 cells/well) in 20 fil of complete medium (Gibco RPMI Media 1640 with 10% heat 

inactivated fetal bovine serum) were plated in 384 BD Falcon plate and grown overnight at 37°C 
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5% CO2 and 95% humidity. CD73 antibodies were diluted with PBS buffer containing 0.2% 

BSA to lOug/ml and added 5 pl/well into the cell plate. The cells were incubated with antibodies 

for a 0-2 hour time course at 37°C, followed by washing once with PBS buffer. The cells were 

subsequently fixed with formaldehyde (final 4% in. PBS) at room temperature for 10 minutes, 

and then washed once with 30ul PBS. Detection antibody (2.5 jig/well anti-CD73 Abs 

CD73.1G,IgG2C219S) were diluted with PBS buffer containing 0,2% BSA, and added 15 

fii/well into the fixed cell plate. The plate was incubated at 4°C for overnight. On the next day, 

after 3 washes in PBS buffer, Secondary antibody Alexa488-goat anti human with DAPI were 

added. The cells were stained for 60 minutes at room temperature, after 3 washes, images were 

acquired using Arraysean Vti (Cellomics, Pittsburgh, PA). The results are provided in Figures 

23A - 23D and Tables 23 and 24. The values in Table 24 derive from the data, shown in Figures 

1:3 A -1 >. 

Table 23: 
Cell line Cell type 11F1 l(IgG2) T1/2 

(min) 

6E11 lT1/2 

(min) 

CD73.10.IgGl.lf 

Tl/2 

(min) 

Calu6 Human pulmonary 

adenocarcinoma 

3.9 60.9 14.4 

HCC44 Non-small cell lung 

carcinoma 

3.3 27.9 23.5 

H2030 Non-small cell lung 

carcinoma 

3.3 40.3 18.3 

H647 Non-small cell lung 

carcinoma 

45.7 N/A N/A 

H2228 Non-small cell lung 

carcinoma 

10.9 36.5 35.7 

HCC15 Non-small cell lung 

carcinoma 

2.2 84.4 37.9 

SKLU1 Lung adenocarcinoma 6.8 18.0 17.2 

SKMES1 Melanoma 2.2 62.8 32.3 

SW900 Squamous cell lung 

carcinoma 

10.3 94.9 43.4 
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Table 24: Tin and % internalization of CD73 antibodies in 4 human cell lines 

H228 cells HCC15 cells Calu6 cells H2030 cells 

T1/2 

min 

% 
interna­
lization 

T1/2 

min 

% 
interna­
lization 

T1/2 

min 

% 
interna­
lization 

T1/2 

min 

% 
interna­
lization 

CD73.11-lgG2CS - - - - 4.1 89 4.6 85 
CD73.10-lgG2CS 9.7 93 2.6 91 3.0 91 3.3 85 
CD73.10-lgG2CS-
IgGl.lf 9.4 92 3.0 91 3.1 91 4.3 87 
CD73.4-lgG2CS 

13.8 94 3.1 94 6.5 88 3.7 89 
CD73.10-lgGl.lf 

35.7 33 37.9 71 14.4 63 18.3 67 
CD73.3-lgGl.lf 

16.5 -47 >240 38 111.4 79 >120 27 
11F11 10.9 96 2.2 94 3.9 87 3.3 90 
4C3 7.6 -48 141.5 28 0.6 -6 >120 -34 
6E11 36.5 13 84.4 64 107.4 68 40.32 51 

The results indicate that the bin 1 antibodies (11F11 and its derivatives CD73.4 and 

CD73.10) showed good internalization EC50 and maximal values (97.5%), although some 

antibodies were more internalized than others. 11F11 was the most active and internalized 

within minutes, reaching a plateau in 30 minutes, whereas 6E11 (also a bin 1 antibody, IgGl) 

internalized more slowly, reaching a plateau at about lhr (Figures 23A-D). The bin 2 antibodies 

(5F8 and 4C3) did not internalize significantly. In addition, the presence of IgG2 hinge and CHI 

domain enhanced the speed and extent of internalization. This trend was observed in several cell 

lines (Figures 23A-D and Table 24). 

B. Internalization measured by flow cytometry 

Anti-CD73 antibody mediated internalization of CD73 was also tested by flow cytometry. 

Indicated cells were incubated with 10 |jg/mL of the indicated antibody for 30 minutes on ice, 

washed several times, and transferred to 37 °C for the indicated time. Cells were harvested at the 

same time after the indicated incubation time. Cells were stained with primary antibody again 
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(same antibody used for initial incubation) followed by anti-human secondary antibody. Cells 

were then assayed for expression of CD73 by flow cytometry. 

The results, which are shown in Figure 23E and Table 25, are consistent with those 

obtained in the internalization assays described above, and indicate that, all antibodies with IgG2 

hinge and CHI induced rapid and complete internalization. The CD73 levels remained low after 

22 hours post wash-out, indicating that internalization is durable. 

Similar results, shown in Figure 23F and Table 25, were obtained in the NCI-H292 cell 

line, in which antibody was maintained in culture during the incubation time (no wash-out). 

Again, these data indicate rapid and significant internalization and maintenance of 

downregulation of endogenous CD73. 

Internalization assays were also conducted with the human SNU-C1 (colon cancer cell 

line) and NCI-H1437 (non-small cell lung carcinoma cell line) cells. The results, which are 

shown in Figures 231 and J and Table 25, also indicate rapid internalization with a maximal level 

reached within 5 hours and a maximal level of internalization of about 50% for CD73.4.IgG2-

C219S-IgGl.lf in SNU-C1 and 60% for NCI-H1437 cells. Figures 23G and H show similar 

kinetics of internalization of CD73.4.IgG2-C219S-IgGl.lf in Calu6 and NCI-H292 cells. For 

graphs, which show % of CD73 internalized, this number was obtained as follows: 

(MFIt=x ~ MFIfoackground „ \ 
% CD73 internalized = 100 — —— —— x 100 

\MFIt=0 — MF/i,ac^r()un(j J 

where for each antibody, MFIt=x is the MFI at a given timepoint and MFIt=o is maximal 

fluorescence at t=0, and MFIbackground is the MFI of the secondary Ab only. 

Table 25: EC50S of antibody mediated CD73 internalization in several cell lines 
Calu6 NCI-H292 SNU-C1 SNU-C1 NCI-H1437 NCI-H1437 

(no wash) (no wash) 
Ymax TI/2 Ymax TI/2 Ymax TI/2 Ymax TI/2 Ymax TI/2 Ymax TI/2 
(%) (far) (%) (hr) (%) (hr) (%) (hr) (%) (hr) (%) (hr) 

mAb- 76.8 0.5661 77.64 0.2633 48.96 0.4954 38.39 1.025 63.12 0.3164 62.78 0.3418 
CD73.4-
lgG2-
IgGl.lf 
mAb- 75.59 0.6003 78.42 0.2766 - - - - - - - -
CD73.4-
lgG2 
mAb- 44.99 1.737 51.49 0.2087 30.58 0.9915 33.16 2.33 49.76 0.4915 49.95 0.5384 
CD73.4-
IgGl.lf 
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Additional internalization assays were conducted in Calu6 and H292 cells to further 

discriminate the role of isotype on internalization. The internalization assays were conducted as 

described above (protocol without the wash-out step of the antibodies), and the antibodies of 

varying hybrid isotypes shown in Table 26 were maintained in culture at 10|jg/mL during the 

incubation time. For the flow cytometry experiments, the method of Example 6B was adapted to 

high throughput analysis in 96 well plates (as opposed to 48 well plates) and with 50,000 cells 

per well. 

Table 26: Constant regions tested with the variable regions of CD73.4: 

Constructs 
SEO ID NO of 

constant region 
Description 

SEO ID NO of 

constant region 

IgG If 267 wild type IgG If 

IgGl. If 272 standard inert IgGl. If 

IgG2.3 268 IgG2 A-form (C219S) 

IgG2.5 271 IgG2 B-form (C131S) 

IgG2.3Gl-KH 
270 CHI, upper hinge and lower hinge/upper CH2 of IgG2.3, 

all else IgG If 

IgG2.5Gl-KH 
279 CHI, upper hinge and lower hinge/upper CH2 of IgG2.5, 

all else IgG If 

IgG2.3Gl-AY 269 CHI and upper hinge of IgG2.3, all else IgGlf 

IgG2.5Gl-AY 278 CHI and upper hinge of IgG2.5, all else IgGlf 

IgGl-G2.3Gl-KH 
282 CHI of IgGl, upper hinge and lower hinge/upper CH2 of 

IgG2.3, all else IgGlf 

IgGl-G2.3Gl-AY 281 CHI of IgGl, upper hinge of IgG2.3, all else IgGlf 

IgG2.3Gl.lf-KH 
273 CHI, upper hinge and lower hinge/upper CH2 of IgG2.3, 

all else IgGl.If 

IgG2.5Gl.lf-KH 
277 CHI, upper hinge and lower hinge/upper CH2 of IgG2.5, 

all else IgGl.If 

IgGl-deltaTHT 274 IgGl with THT sequence removed from hinge 

IgG2.3-plusTHT 275 IgG2.3 with THT sequence (from IgGl) added into hinge 
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IgG2.5-plusTHT 280 IgG2.5 with THT sequence (from IgGl) added into hinge 

IgG2.3-plusGGG 276 IgG2.3 with flexible GGG sequence added into hinge 

FcyR binding was shown to be as expected for each construct, i.e., FcyR binding is driven 

by lower hinge/CH2 region. 

The results are shown in Figures 23K, L, M and in Table 27 and 28. Data shown in Table 

27 were generated using the same protocol described in Example 6B. Data shown in Table 28 

were generated using the same protocol described in Example 6A. 

Table 27: Ymax and TI/2 of antibody mediated CD73 internalization in Calu6 and NCI-292 cells 
Calu6 NCI-H292 

Ymax TI/2 (hr) Ymax TI/2 (hr) 
(%) (%) 

mAb-CD73.4-lgGlf/LC- 55.72 0.8452 73.05 0.5014 
11F11-Vk2 
mAb-CD73.4-lgG2.3Gl-AY- 85.07 0.3326 90.25 0.272 
pTT5-SP 
mAb-CD73.4-lgG2.3Gl-KH 81.62 0.3962 91.61 0.2801 
mAb-CD73.4-Gl-G2.3-Gl-AY 72.7 0.4229 84.51 0.3083 
mAb-CD73.4-lgGl-deltaTHT 69.27 0.5652 83.63 0.3441 
mAb-CD73.4-Gl-G2.3-Gl-KH 65.67 0.5674 83.29 0.343 
mAb-CD73.4-lgG2.3-plusTHT 81.19 0.3551 91.41 0.2935 
mAb-CD73.4-lgG2.3- 81.72 0.3355 91.6 0.2712 
plusGGG 
mAb-CD73.4-lgG2.5 78.98 0.3485 89.56 0.3057 
mAb-CD73.4-lgG2.5Gl.lf-KH 79.63 0.3527 90.86 0.2993 
mAb-CD73.4-lgG2.5Gl-AY 81.91 0.2901 91.3 0.2452 
mAb-CD73.4-lgG2.5Gl-KH 76 0.2837 90.75 0.256 
mAb-CD73.4- 80.15 0.2869 89.6 0.2565 
lgG2.5plusTHT/LC 
mAb-CD73.4-lgG2-C219S/LC 82.35 0.3725 88.91 0.2866 
mAb-CD73.4-lgG2-C219S/LC 82.54 0.3639 87.66 0.2845 
mAb-CD73.4-lgGl.lf+K/LC 57.07 1.519 70.4 0.4969 
mAb-CD73.4-lgG2CS-lgGl.lf 80.98 0.3508 90.35 0.2764 
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Table 28: Internalization and enzyme inhibition characteristics of CD73.4 with various constant 

regions in Calu6 cells • HQ CO?J mAb Ctofie 
iKfcerriaflist! C0?3 inhibttmn 

EC&SpMi S;8 
i ] £D73.4*!g^?/lC«iirii<¥Se2 i- ! 1 
2 •M"H> \ 4444 iiiiiiiiiii 
3 4444 I 444 

4 \ 44 63ft ft 

5 44' [ 44 \t.m 1 
§ 1 -H- i 444 ] « 
7 4M4 I 4*4* 1,54 33 

$ 1 44M [ *4*4 1 t./g V: 

9 | £D?3,4~Vh~hHC^gS2,5 | 4444 t " 
10 HH- 4444 

11 CD73.4-Vh-hH:C^fG2,SSl',4Y 444 44*4' 
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13 CD^4-Vh-hHC-lf02,3pi««TKT/tC f-H-4 44$4 w 
M com4> vh- s/tc *£444 jj 4444 ; 
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Figures 23K, L and M and Tables 27 and 28 indicate that antibodies having a hinge and 

CHI domain of the IgG2 isotype are most efficient at driving internalization of CD73, whereas 

the antibodies that have an IgGl hinge and CHI domain correspond to the lower curves in the 

figure, i.e., lower extent of internalization. In addition, antibodies with only the hinge from IgG2 

have an increased internalization compared to a human IgGl hinge. Thus, antibodies having a 

hinge and CHI domain of the IgG2 isotype have superior internalization characteristics relative 

to the antibodies with an IgGl isotype. 

Thus, anti-CD73 antibody mAb-CD73.4-IgG2CS-IgGl.lf induced rapid internalization 

dependent on cell line tested. The Tl/2 for internalization ranged from minutes to under an hour. 

Most cell lines tested had a Tl/2 under 10 minutes. A nearly complete internalization was 

induced for some cell lines and all tested had at least a 50% reduction in surface CD73 

expression which typically reached maximal levels by 5 hours, much shorter in some cases. 

The SEC-MALS and DLS data demonstrate that larger complexes are formed between 

hCD73-his and mAbs containing an IgG2 hinge and CHI region (IgG2-C219S or IgG2-C219S-

IgGl.lf), compared to those containing the IgGl hinge and CHI region (IgGl.If). 
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Example: 7: CD73 enzymatic inhibition in tumors in xenograft animal models 

Mice bearing subcutaneous human Calu6 tumors were treated with CD73.10-IgGl.l, 

CD73.10-IgG2CS, or CD73.10-IgG2CS-IgGl.l after 7 days of growth. Antibodies were dosed 

at 10 mg/kg IP. Tumors were harvested at days 1, 2, 3 and 7 after antibody administration, 

embeded in OCT and snap frozen in chilled isopentane. OCT embeded tumors were cut in 5-6 

|_un sections and allowed to dry over night at RT. Tumor sections were fixed for 2.5 min with a 

1:1 mixture of cold 10% phosphate-buffered formalin and acetone then preincubated for 1 hour 

at RT in 50 mM Tris-maleate buffer, pH 7.4 containing 2 mM CaC12 and 0.25 M sucrose. After 

1 hour the preincubation buffer was removed and was replaced with the same buffer 

supplemented with 5 mM MnCl2, 2 mM Pb(N03)2, 2.5 % Dextran T200, 2.5 mM levamisole, 

and 1 mM AMP. The enzymatic reaction was carried out for 1 h at 37 °C. After a rinse with DI 

water, sections were incubated for exactly 1 min with 1% (NH4)2S followed by a quick rinse in 

DI water. Sections were counterstained with haematoxylin, dehydrated and mounted with a 

xylene based mounting medium. A brown color indicates the presence of active CD73, whereas 

the lack of brown color indicates that CD73 enzymatic activity was inhibited by the antibody. 

The results indicate that CD73.10-IgGl.l, CD73.10-IgG2CS, and CD73.10-IgG2CS-

IgGl.l inhibit CD73 enzymatic activity in vivo. Representative stained sections of the tumors 

from mice treated with the CD73.10-IgG2CS-IgGl.l antibody are shown in Figures 24 A-E. 

The stained sections of tumors from mice treated with the other two antibodies were similar. 

The extent of inhibition of CD73 correlated with serum levels of antibody. Thus the slightly 

higher level of CD73 activity observed in the Day 3 example correlated with a lower serum level 

of antibody than the Day 7 example. 

A similar experiment to that described above was conducted on mice bearing 

subcutaneous human SNUC1 colon adenocarcinoma-derived xenograft tumors and treated with 

the anti-CD73 antibody CD73.4IgG2CS-IgGl.lf. Mice with SNUC1 tumors were treated with 

CD73.4IgG2CS-IgGl.lf at 1, 3 and 10 mg/kg IP on day 0. Tumors were harvested at 24h, 48h, 

72h, 96h and 168h after dosing. The CD73 enzymatic inhibition assay was performed as 

described above. The quantification of brown staining was performed with Image Pro Premier 

software (Media Cybernetics). 

The results, which are presented in the graph in Figure 24F, show that CD73 activity is 

significantly reduced animals dosed with the anti-CD73 antibody when compared with control 
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antibody-treated mice, indicating strong CD73 enzyme inhibition by the antibody at all three 

concentrations. Thus, the anti-CD73 antibody CD73.4CS-IgGl.lf efficiently inhibits CD73 

enzymatic activity in vivo. The kinetics of CD73 inhibition by the anti-CD73 antibodies was 

also determined in the 4T1 syngeneic tumor model. TY/23 (rat anti-mouse CD73 antibody) or 

rat IgG control (lOmg/kg) was injected on day 7 post 4T1 tumor cell injection. Tumor, spleen, 

whole blood and serum were collected on days 1, 2, 3, 6 and 7 after Ab treatment. Inhibition of 

CD73 activity was measured as described above in sections from the indicated day. 

Representative tumor sections are shown in Figures 25 A and B. The data indicate that TY/23 

inhibits CD73 activity in vivo. 

Example 8: Epitope binning and flow cytometry based cross-blocking 

Epitope binning studies were performed by Biolayer Interferometry (BLI) using an Octet 

RED instrument (Pall Fortebio) at 25°C. For these studies, 20-30 ug/ml hCD73-his was captured 

on anti-penta-his sensors using a 90-180s loading phase. Antibody competition was evaluated by 

allowing a given antibody (mAbl) to bind to the hCD73-his surfaces for 180s, followed by the 

immediate exposure to a second antibody solution (mAb2) for 180s. The binding signal for 

mAb2 after pre-binding of mAbl was compared to that of mAb2 in the absence of competition, 

to determine if mAbl and mAb2 compete for binding to the hCD73-his surfaces. These 

experiments were performed for numerous mAb pairs in both orders (mAbl then mAb2 and 

mAb2 then mAbl) to establish the competition profiles and epitope bins (as summarized in 

Table 29 below). 

As shown in Table 29, the epitope binning analysis revealed 2 epitope bins. 

Table 29. 
Antibody Binl Bin 2 

7A11 X 

6E11 X 

11F11 X 

5F8 X 

4C3 X 

11A6 X 

192 



WO 2016/081748 PCT/US2015/061639 

The antibodies were also subjected to flow cytometry based cross-blocking. The 

experiment was conducted as follows using one set of labeled fluorescently labeled antibody and 

a second set of unlabeled antibody: 100000 NCI-H292 cells were seeded per well. The plate was 

spun down and the cells were resuspended in IOOuL 2% FBS in PBS per well. The cells were 

blocked on ice for 20min. Unlabeled antibody, as indicated, in 2% FBS in PBS was added to 

each well. The plate was spun down and the cells were resuspended in IOOuL per well of 

diluted, labeled antibody (lOug/mL), i.e., either 4C3 or 11F11, conjugated to FITC. 6 wells of 

cells were incubated without antibody, and were resuspended in IOOuL 2% FBS in PBS only (for 

controls). The cells were then incubated on ice for 30min. The cells were washed twice with 2% 

FBS in PBS and the samples were resuspended in 140uL 2%FBS in PBS, and analyzed on a 

FacsCalibur flow cytometer (Becton Dickinson). 

The results of the flow cytometry-based cross-blocking, which are shown in Figures 26A 

and B, confirm the SPR epitope binning data set forth above. For example, 7A11 competes with 

11F11, but 4C3 does not. 

Example 9: Epitope mapping by HDX 

This Example describes the use of HDX-MS for the identification of the epitope on 

human CD73 to which CD73.4-IgG2CS-IgGl.lf. 

Hydrogen/deuterium exchange mass spectrometry (HDX-MS) method probes protein 

conformation and conformational dynamics in solution by monitoring the rate and extent of 

deuterium exchange of protein backbone amide hydrogen atoms (except proline). The exchange 

level of HDX depends on protein solvent accessibility and hydrogen bonds, and the mass 

increase of the protein upon HDX can be precisely measured by MS. When this technique is 

paired with enzymatic digestion, structure features at the peptide level can be resolved, enabling 

differentiation of surface exposed peptides from those folded inside. In epitope mapping 

experiments, the deuterium labeling and subsequent quenching experiments are performed in 

parallel for antigen and antigen/mAb complex, followed by online pepsin digestion, peptide 

separation, and MS analysis. 

Prior to epitope mapping of CD73.4-IgG2-CS-IgGl.lf in CD73 by HDX-MS, non-

deuteriated experiments were performed to generate a list of common peptic peptides for 

recombinant human full length ECD dimeric CD73 (12 |JM) and protein complex of recombinant 
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human CD73 and CD73 mAb (1:1 molar ratio, 12 |JM for CD73 mAb), achieving a sequence 

coverage of 88% for full length ECD CD73. In the HDX-MS experiment, 5 |_iL of CD73 (SEQ 

ID NO: 99) or CD73 with CD73.4-IgG2-CS-IgGl.lf mAb was diluted into 55 |aL of D20 buffer 

(10 mM phosphate buffer, D20, pD 7.0) to start the labeling reactions at room temperature. The 

CD73 protein used was glycosylated full length dimeric hCD73 having SEQ ID NO: 99, also 

shown below). The reactions were carried out for different periods of time: 20 sec, 1 min, 10 

min and 240 min. By the end of each labeling reaction period, the reaction was quenched by 

adding quenching buffer (100 mM phosphate buffer with 4M GdnCl and 0.4M TCEP, pH 2.5, 

1:1, v/v) and 50 |_iL of quenched sample was injected into Waters HDX-MS system for analysis. 

The deuterium uptake levels of common peptic peptides were monitored in the absence/presence 

of CD73 mAb. 

The CD73 protein used had the amino acid sequence having SEQ ID NO: 99. 

HDX-MS measurements on CD73 mAb in CD73 indicate that CD73.4-IgG2-CS-IgGl.lf 

mAb recognizes a discontinuous epitope comprised of two peptide regions in the N-terminal 

region of CD73: 

Peptide region 1 (65-83): FTKVQQIRRAEPNVLLLDA (SEQ ID NO: 96) 

Peptide region 2 (157-172): LYLPYKVLPVGDEVVG (SEQ ID NO: 97) 

A three-dimensional view of the interaction (Figure 27B) shows that these two regions 

are geometrically close. A detailed map of the interaction is shown in Figure 27A. 

Example 10: Crystal structure ofllFll binding to CD73 

This Example describes the crystal structure of a Fab' of 11F11 bound to CD73(26-

336)His. 

CD73(26-336)His was purified from transiently transfected HEK-293 E cells using 

standard protocols, and used as such, or was deglycosoylated by PNGase F treatment, and 

concentrated to 1.2mg/ml. Antibody 11F11 Fab' was prepared by Pepsin digestion of 11F11 

using standard protocols, and concentrated to 1.1 mg/ml. 

The complex was formed by incubating equal volumes of deglycosylated hCD73(26-

336)His and the 11F11 Fab' overnight at 4°C, purified by using GE Superdex 200 26/60 column, 

and concentrated to 9.5mg/ml using a 10k MWCO spin concentrator. 
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The crystals were grown in sitting drops, vapor diffusion experiments and the drop was 

0.25 uL protein mixed with 0.25 uL reservoir solution. Over 7100 crystallization experiments 

were set up. Initial crystal leads were small about 10 |_un. Optimized crystals were 200 - 300 

|_un in size. Crystallization optimization included screening: additives, detergents, precipitants, 

pH, temperature, and buffer type. The conditions that allowed crystal formation were as follows: 

the reservoir solution consisted of 34% Polypropylene Glycol P400, 0.1 M Na/K P04 pH 6.5, 

and 15 |_iM CYMAL-7; crystallization experiments setup at room temperature and then placed at 

4°C to incubate; and incubation at 4°C for 7 days. Crystal formation was only observed with the 

glycosylated CD73 protein. 

The crystals were harvested directly from the crystallization drop and placed directly into 

liquid N2. Over 100 crystals were screened for diffraction in-house. 

Data were collected using a small beam, very little attenuation, and helical data collection 

on SER-CAT beamline 22ID with the Rayonix MX-33HS high speed CCD detector. Data sets 
o o o o 

were collected at 4.1 A, 3.8 A, 3.5 A, and finally at 3.05 A. The data, processed and scaled using 

routine HKL2000 (Otwinowski Z., Minor W., Methods in Enzymology 276, 307-326 (1997)), 
o 

was 96% complete to 3.04 A resolution. 

A BLAST (Altschul et al. (1990) "Basic local alignment search tool." J. Mol. Biol. 

215:403-410) search was used to find the closest model for the CD73 N-terminal domain and the 

Fc and Fv domains in the RCSB Protein Data Bank to be used in a molecular replacement 

search: CD73 model was from PDB entry 4H1S (Heuts et al. Chembiochem. 2012 Nov 

5;13(16):2384-91). 

These were used as the starting model in the PHASER (McCoy et al. J. Appl. Cryst. 

(2007). 40, 658-674) molecular replacement search. The CD73 search found 5 molecules in the 

asymmetric unit. Keeping the CD73 fixed, a search with the heavy chain search model found 2 

molecules in the asymmetric unit. Keeping the CD73s and heavy chains fixed, a third PHASER 

search with the light chain also found 2 molecules in the asymmetric unit. A composite model of 

five complete complexes was made from the partial solutions by overlaying the five CD73s and 

matching up the heavy and light chains. This was used as the starting model for a BUSTER 

(Bricogne et al. (2011) BUSTER version 2.11.6. Cambridge, United Kingdom: Global Phasing 

Ltd) refinement. 
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The model has been refitted and the amino acids changed to reflect the 11F11 sequences. 

The model underwent extensive manual model-building and refinement. A total of five BUSTER 

refinement cycles were run to complete the refinement. The final R-factor is 20.59% (R-free = 

24.58%) for the 27,484 protein atoms and 24 solvent molecules. 

Representations of the crystal structure of the complex are set forth in Figures 28A-D. 

The crystal structure shows that all but one of the interactions are from residues in the 

CDR regions, and that most of the interactions are from the VH domain with two additional 

interactions from the VL domain (Figure 28A). The interacting residues of human CD73 and 

11F11 Fab' are shown in Table 30. 

Table 30. 

CD73 Residue Interaction 11F11E eavy Chain 11F11 Light Chain CD73 Residue Interaction Residue 
o 

Distance (A) Residue Distance (A) 

Phe-65 VDW Ser-30 4.0 
Ser-31 3.5 
Trp-32 3.8 

Gln-69 VDW Trp-32 3.9 

Arg-73 VDW Ser-53 3.8 

Asn-106 VDW Tyr-100 3.6 

Ala-107 Trp-32 3.7 

Arg-109 H-Bond Pro-100A 2.8 Tyr-91 3.0 
VDW Tyr-100 3.4 Trp-32 3.5 

Asn-92 3.5 

Tyr-100 H-Bond Tyr-100 3.0 

Lys-136 VDW Trp-99 3.3 
Tyr-100 3.6 

Phe-137 VDW Trp-99 3.6 
Tyr-100 3.3 

Pro-138 VDW Trp-99 3.4 
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Lys-162 Salt Link Asp-53 2.8 
VDW Tyr-52A 3.2 

Trp-99 3.8 

Leu-164 VDW Tyr-52A 3.6 

Pro-165 VDW Asn-31 3.2 
Tyr-52A 3.6 
Ser-97 3.5 

Gly-167 H-Bond Asn-31 2.7 

VDW Tyr-32 3.7 

Asp-168 H-Bond Thr-28 2.9 

VDW Asn-31 3.3 
Phe-27 3.4 

Glu-169 H-Bond Asn-31 2.9 

Val-170 VDW Asn-31 3.5 

Ser-319 H-Bond Ser-67 2.7 
Gly-68 3.0 

VDW Ser-30 3.8 
Ser-67 3.8 

Ile-320 VDW Ser-30 4.0 

A model based on the composite structure of two CD73(NDT)/11F11 complexes 

superimposed on CD73 dimer (PDB Entry 4H1S) suggests that 11F11 binds to the surface on 

CD73 away from the dimer interface, suggesting that the Fab would not interfere with dimer 

formation. 

A comparison of HDX-MS mapping and the X-ray results on the CD73/11F11 complex 

shows that they are in basic agreement showing a similar epitope on CD73 (65-83 and 157-172). 
o 

However, the X-ray structure shows additional interactions (less than 6A) in the region of Met-
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105 to Asp-Ill (including H-bonds to Arg-109 and Tyr-110), Lys-135 to Pro-139, and Asp-317 

to Ile-320 (including H-bonds to Ser-319). 

Example 11: Impact of different hinge/Fes on size of antibody/CD73 complexes 

As shown in the above Examples, anti-CD73 antibodies with an IgG2 hinge and CHI are 

better inhibitors of CD73 enzymatic activity on cells and internalize better than the same 

antibodies with an IgGl hinge. Based on this observation, and the fact that an IgG2 hinge is 

stiffer than an IgGl hinge, it was hypothesized that larger complexes are formed between an 

antigen and antibodies having an IgG2 hinge relative to antibodies having an IgGl hinge. The 

following experiment was conducted to analyze this hypothesis. 

The structure and oligomeric state of CD73/antibody complexes in solution were 

examined by SEC-MALS and DLS. For these studies, antibodies containing either an IgGl or 

IgG2 constant region, were mixed at varying molar ratios with recombinant proteins comprising 

either the full length extracellular domain of human-CD73 containing a C-terminal polyhistidine 

tag (amino acid residues 26 - 546 of human-CD73, termed "hCD73-his") or a fragment 

corresponding to the N-terminal domain of human-CD73 (amino acid residues 26 - 336, termed 

"N-hCD73-his"). 

The oligomeric state of CD73/antibody complexes were examined by size-exclusion 

chromatography coupled to an in-line multi-angle light scattering detector (SEC-

MALS). Isocratic separations were performed on a Shodex PROTEIN KW-803 column 

connected to an Prominence Shimadzu UFLC in buffer containing 200 mM K2HPO4, 150 mM 

NaCl, pH 6.8, containing 0.02% Na azide (0.1 (im filtered) running at 0.5 mL/min. Samples 

were injected onto the column using a SIL-20AC Prominence Shimadzu autosampler, and data 

were obtained from three online detectors connected in series: a Prominence SPD-20AD diode 

array UV/vis spectrophotometer followed by a Wyatt miniDAWN™ TREOS Multi-Angle Light 

Scattering Detector then a Wyatt Optilab T-rEX Refractive Index Detector. Data were collected 

and analyzed using Astra (Wyatt) and Labsolutions (Shimadzu) software. 

Dynamic light scattering (DLS) studies were performed on a Wyatt DynaPro plate reader 

in 384 well plates at 25°C. Experimental parameters were 20 acquisitions of 5 s each per 

measurement, and measurements were recorded in quadruplicate, with the average and standard 
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deviation reported. Intensity autocorrelation functions were fitted using the "Regularization" 

algorithm in the Dynamics software (Wyatt Technologies). 

A summary of the SEC-MALS and DLS is provided in Figures 29A and B. Analysis of 

the antibodies alone, shows retention times (about 16 - 17 min), masses (140 - 150 kDa), and 

hydrodynamic radii (5.0 - 5.4 nm) for each antibody that are typical for a monomeric 

monoclonal antibody. The data for the hCD73-his protein is consistent with the protein adopting 

the expected dimeric structure in solution; in particular, the mass determined from the SEC-

MALS data (120 kDa) is consistent with that expected for a CD73-his dimer (117 kDa) and 

inconsistent with what would be expected for a hCD73-his monomer (58.5 kDa). The data for N-

hCD73 is consistent with the recombinant N-domain protein being monomeric in solution (SEC-

MALS measured mass = 38 kDa, compared to expected monomeric mass = 35.0 kDa), which is 

expected because the region of the full length CD73 extracellular domain that is responsible for 

dimerization of the protein is contained within the C-terminal domain without contribution of N-

domain residues. 

Equimolar mixtures of a given antibody with N-hCD73-his were found to elute as a 

single species in the SEC with shorter retention time than the antibody or N-hCD73-his alone, as 

well as larger hydrodynamic radii (Rh) by DLS, which is consistent with the formation of 

complexes. MALS data indicate masses for these complexes of approximately 210 kDa. This is 

consistent with one N-hCD73-his molecule bound to each of the two Fab domains of a given 

antibody to form a 1:2 antibody:N-hCD73-his complex. 

SEC-MALS data for mixtures of anti-CD73 antibodies with hCD73-his dimer shows that 

the mixture elutes earlier than either the hCD73-his or antibody alone, suggesting that complexes 

are formed. Comparing the data for mAbs that contain the same variable region but different 

constant domains, shows that the elution times for the complexes of hCD73-his with mAbs 

containing a IgG2 constant domains (IgG2-C219S, IgG2-C219S-IgGl.lf) are earlier than those 

for complexes of hCD73-his with mAbs containing an IgGl. If constant domain. In addition, the 

MALS-determined masses for complexes of hCD73-his with mAbs containing an IgG2 constant 

domain are larger than those for complexes of hCD73-his with mAbs containing an IgGl 

constant domain. DLS data further shows that the hydrodynamic radius of complexes of hCD73-

his with mAbs containing a IgG2 constant domain are larger than those for complexes of 

hCD73-his with mAbs containing an IgGl constant domain. For example, the SEC-MALS and 
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DLS data for CD73.4 with three different constant regions (IgG2-C219S, IgG2-C219S-IgGl.lf, 

or IgGl.If) is shown in Figure 30. Here it can be seen that the complex of hCD73-his with 

CD73.4 containing the IgG2 constant domain have shorter retention times (Figure 30A), larger 

hydrodynamic radii (Figure 30B) and larger MALS-determined masses (Figure 30C), as 

compared to the complexes of hCD73-his with CD73.4-IgGl.lf. Based on the MALS masses, a 

schematic model for the structure and stoichiometry of the complexes between hCD73-his and 

the antibodies is shown in Figure 30D, where complexes containing CD73.4-IgGl.lf 

predominantly form smaller 2:2 (peak 1 = -550 kDa) or 4:4 mAb/CD73 dimer complexes (peak 

2 = -1300 kDa), whereas CD73.4-IgG2-C219S or CD73.4-IgG2-C219S-IgGl.lf form much 

larger complexes (>3000 kDa) with hCD73-his, for which precise structure and stoichiometry 

cannot be confidently modeled. 

CD73.4 antibodies having the heavy chain constant regions set forth in Table 26 were 

also tested for size of complex formation. As shown in Figure 30D, the results indicate that 

higher order complexes are formed with antibodies having an IgG2 CHI domain relative to those 

having an IgGl CHI domain. 

Collectively the SEC-MALS and DLS data demonstrate that larger complexes are formed 

between hCD73-his and mAbs containing an IgG2 hinge and CHI region (IgG2-C219S or IgG2-

C219S-IgGl.lf), compared to those containing the IgGl hinge and CHI region (IgGl.If). In 

addition, antibodies having an IgG2 CHI domain form larger complexes that those having an 

IgGl CHI domain. 

Example 12: Relevance of certain amino acid residues in IgG2 CHI and hinge in improving 

antibody mediated CD73 internalization 

Anti-CD73 antibodies (CD73.4) with the heavy chain constant regions shown in Table 31 

were prepared and tested as described above in antibody mediated CD73 internalization assays. 

Table 31: Heavy chain constant regions that were fused to anti-CD73 variable regions 

Description Constructs SEQ ID NO 
of constant region 

CHI domain of lgG2, with all else IgGl. 
Also, Cys>Ser mutant to reduce potential disulfide 

heterogeneity: 

G2-G1-G1-G1 300 CHI domain of lgG2, with all else IgGl. 
Also, Cys>Ser mutant to reduce potential disulfide 

heterogeneity: G2.5-G1-G1-G1 301 
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CHI domain of IgGl with all else lgG2.3: G1-G2.3-G2-G2 302 

Swap CHI regions in IgGl with those of lgG2, either 
separate or together 

Gl-KRGEGSSNLF 303 Swap CHI regions in IgGl with those of lgG2, either 
separate or together Gl-KRGEGS 304 

Swap CHI regions in IgGl with those of lgG2, either 
separate or together 

Gl-SNLF 305 

Swap CHI regions in IgGl with those of lgG2, either 
separate or together 

IgGl-ITNDRTPR 306 

Swap CHI regions in IgGl with those of lgG2, either 
separate or together 

Gl-SNLFPR 307 
Swap CHI regions in lgG2 with those of IgGl, either 

separate or together: 
G2-RKEGSGNSFL 308 Swap CHI regions in lgG2 with those of IgGl, either 

separate or together: G2-RKEGSG 309 
Swap CHI regions in lgG2 with those of IgGl, either 

separate or together: 
G2-NSFL 310 

Swap CHI regions in lgG2 with those of IgGl, either 
separate or together: 

lgG2-TIDNTRRP 311 

Swap CHI regions in lgG2 with those of IgGl, either 
separate or together: 

G2-NSFLRP 312 
IgGl with CH2 domain residues of lgG2: G1-G1-G2-G1-AY 313 IgGl with CH2 domain residues of lgG2: 

G1-G1-G2-G1-KH 314 
lgG2 with CH2 domain residues of IgGl: G 2-G 2.3-G1-G 2 - K H 315 lgG2 with CH2 domain residues of IgGl: 

G2.5-G2.3-G1-G2-KH 316 
lgG2 with CH2 domain residues of IgGl: 

G2-G2.3-G1-G2-AY 317 

lgG2 with CH2 domain residues of IgGl: 

G2.5-G2.3-G1-G2-AY 318 
Swap hinge regions between IgGl and lgG2: G1-G2.3-G1-G1-KH 319 Swap hinge regions between IgGl and lgG2: 

G2-G1-G2-G2-AY 320 
Swap hinge regions between IgGl and lgG2: 

G2.5-G1-G2-G2-AY 321 

Swap hinge regions between IgGl and lgG2: 

G1-G2-G1-G1-AY 322 

Swap hinge regions between IgGl and lgG2: 

G2-G1-G2-G2-KH 323 

Swap hinge regions between IgGl and lgG2: 

G2.5-G1-G2-G2-KH 324 
Hinge truncations IgGl - deltaHinge 325 Hinge truncations 

lgG2 - deltaHinge 326 
Hinge truncations 

lgG2.5 - deltaHinge 327 

Hinge truncations 

IgGl - deltaG237 328 

Hinge truncations 

lgG2 - plusG237 329 
Other lgG2.4 330 Other 

lgG2.3/4 331 

The results, which are shown in Figure 31, provide the following information in the context of 

CD73 internalization: 

• CH2 domain does not appear to have an impact as shown by 

o a) very little difference in internalization ability was observed between the antibodies 

comprising a modified heavy chain constant region with format "AY" (having the IgG2 

hinge ERKCCVECPPCPAPPVAG (SEQ ID NO: 8) relative to those with format "KH" 

(ERKCCVECPPCPAPELLGG (SEQ ID NO: 22) (Set 5, 6 and 7); 

o b) CH2 swaps are comparable to wiltype G1 or G2 (Sets 5 and 6); and 

o c) residue 237 has no impact on internalization: neither the addition of a "G" residue to 

an IgG2 hinge nor the deletion of the C terminal "G" in an IgGl hinge affected 

internalization (Set 9). 
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This suggests that the CH2 domain does not impact internalization (i.e., the CH2 domain 

can be from IgGl or IgG2); 

• Swapping the CHI regions indicated in Set 3 (KRGEGSSNLF; KRGEGS; SNLF; ITNDRTPR 

and SNLFPR) in IgGl with those of IgG2 provides little benefit, i.e., the internalization remains 

similar to that of IgGl; see Set 3); 

• Swapping the CHI regions indicated in Set 4 (RKEGSGNSFL; RKEGSG; NSFL; TIDNTRRP 

and NSFLRP) in IgG2 with those of IgGl has variable impact: changing NSFL has no impact, 

whereas the other 2 regions (RKEGSG & RP) are involved (see Set 4). Based on the results of 

Sets 3 and 4, it appears that there is an interaction between the CHI region and the hinge, with 

RKEGSG and RP regions being more important than NSFL region; 

• The hinge region impacts internalization, i.e., the hinge of IgG2 provides better internalization 

relative to the hinge of IgGl (see Sets 7 and 8). In addition, IgGl with a deletion (G1-delta-hinge) 

improves internalization over IgGl. IgG2 with a deletion (G2-delta-hinge) provides a similar 

level of internalization relative to that of an IgG2 hinge. This suggests that the hinge region 

impacts internalization, which effect is enhanced by an IgG2 CHI (G2-G1-G2-G2-AY is 

comparable to G1-G2-G1-G1-AY); 

• IgG2.4 (C220S) has similar or reduced internalization compared to IgG2.3 (C219S). IgG2.3/4 

(C219S/C220S) has much reduced internalization compared to IgG2.3 or IgG2.4 alone (see Set 

10). This suggests that internalization of an antibody with an IgG2 hinge and C219S is about 

the same as that of an IgG2 hinge with C220S, both of which are much better than that of an IgG2 

hinge with both C219S and C220S; 

• IgG2.5 (C131S mutation) has reduced internalization compared to constructs with C131 (see Sets 

1, 6 and 7). 

Thus, these results indicate that the CHI domain and the hinge are both relevant in the 

antibody mediated CD73 internalization, and that an antibody having the IgG2 sequences from 

these domains is internalized with better efficacy relative to an antibody having these regions 

from IgGl. 
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Example 13: Antibodies having an IgG2 hinge and/or CHI domain form high molecular 

weight complexes 

CD73.4 antibodies having the heavy chain constant regions set forth in Table 26 were 

also tested for formation of high molecular weight complexes by SEC-MALS and DLS 

experiments, as described in Example 11. 

Three out of the 16 antibodies in this study were were previously tested: CD73.4-IgGl.lf, 

CD73.4-IgG2-C219S (also called CD73.4-IgG2.3), and CD73.4-IgG2-C219S-IgGl.lf (also 

called CD73.4-IgG2.3Gl.lf-KH). SEC-MALS and DLS data of the antibodies alone showed 

retention times, masses, and hydrodynamic radii for each antibody that are typical for a 

monomeric monoclonal antibody. Equimolar complexes of each antibody (5.5 uM) with hCD73-

his (5.5uM) showed slower retention times for all complexes as compared to antibody or hCD73-

his alone indicating the formation of complexes. An overlay of the SEC chromatogram data for 

each of the 16 complexes is shown in Figure 32A. The chromatogram data can be divided into 4 

distinct peaks, which are shown in Figure 32B. Peak 1 contains the largest species, with MALS-

determined masses suggesting complexes with mass equivalent of greater than 4:4 hCD73-

his:mAb complexes. Peak 2 contains species with MALS-determined masses suggesting 

complexes of about 2:2 hCD73-his:mAb complexes. Peak 3 is a minor species with low signal 

and MALS-determined masses suggesting about 1:1 hCD73-his:mAb complexes. Peak 4 

corresponds to the elution of the mAbs alone with MALS-determined masses consistent with 

free antibody. To quantitate the relative amounts of each species, the 4 peaks of each 

chromatogram were integrated as peak 1 (<12.9 min), peak 2 (12.9 - 15.1 min), peak 3 (15.1 -

16.7 min), peak 4 (16.7 - 19.3 min). The integration also included an additional integrated range 

called peak 5 (>19.3 min) to account for any low molecular weight species, which were found to 

be negligible (<3.5% for all complexes). The percentage of each species from this integration is 

summarized in Table 32. All complexes contained a similar small percentage of peak 3 (about 6-

9%), but variable amounts of the other peaks. Most notable is that all complexes between 

hCD73-his and antibodies containing a CHI domain from hlgGl had a significantly greater 

percentage of smaller complexes (peak 2), whereas those containing CHI domain from hIgG2 

had a greater percentage of larger complexes (peak 1) (Table 32 and Figure 32C). This suggests 

an important role for not only the hinge region but also the CHI domain in higher order complex 

formation. 
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Table 32: Retention times of CD73.4 antibodies with modified heavy chain constant 

regions 

UV% 

Peakl Peak2 Peak3 Peak4 Peak5 

Complexes <12.9 min 
12.9-

15.1min 

15.1-

16.7min 

16.7-

19.3min 
>19.3min 

CD73.4-IgG2.3 + hCD73-his 37.0 23.8 7.7 28.6 2.9 

CD73.4-IgG2.3Gl.lf-KH + hCD73-his 36.0 23.8 7.9 29.3 3.0 

CD73.4-IgGl.lf + hCD73-his 28.4 36.2 7.4 25.6 2.3 

CD73.4-IgGlf + hCD73-his 26.0 36.5 7.5 27.8 2.2 

CD73.4-IgG2.3Gl-AY + hCD73-his 30.2 24.3 8.1 34.4 3.0 

CD73.4-IgG2.3Gl-KH + hCD73-his 34.9 23.4 7.9 30.7 3.0 

CD73.4-IgGl-G2.3Gl-AY + hCD73-his 14.6 29.2 6.4 48.3 1.6 

CD73.4-IgG 1-G2.3G1 -KH + hCD73-his 23.8 32.6 7.0 34.5 2.1 

CD7 3.4-IgG 1 -deltaTHT + hCD73-his 28.3 35.4 7.0 26.9 2.4 

CD73.4-IgG2.3-plusTHT + hCD73-his 30.6 24.3 8.3 33.7 3.2 

CD7 3.4-IgG2.3 -plusGGG + hCD73-his 30.0 23.9 8.2 34.9 2.9 

CD73.4-IgG2.5 + hCD73-his 31.7 24.4 8.4 32.5 3.1 

CD73.4-IgG2.5Gl.lf-KH + hCD73-his 30.7 24.3 8.9 32.7 3.4 

CD73.4-IgG2.5Gl-AY + hCD73-his 26.3 24.8 8.1 38.3 2.6 

CD73.4-IgG2.5Gl-KH + hCD73-his 21.4 24.1 7.0 45.6 1.9 

CD73.4-IgG2.5-plusTHT + hCD73-his 32.6 23.5 8.3 32.6 3.0 

Example 14: Fc Receptor binding for antibodies with engineered constant domains 

This Example demonstrates that antibodies having modified heavy chain constant regions 

comprising the CHI and hinge of IgG2 bind to FcyRs when they contain CH2 and CH3 domains 

of IgGl. 

In addition to antigen binding by the variable domains, antibodies can engage Fc-gamma 

receptors (FcgRs) through interaction with the constant domains. These interactions mediate 

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

dependent cellular phagocytosis (ADCP). Effector function activity is high for the IgGl isotype, 

but very low or absent for IgG2 and IgG4 due to these isotypes having lower affinity for FcgRs. 

In addition, the effector function of IgGl can be modified through mutation of amino acid 

residues within the constant regions to alter FcgR affinity and selectivity. 
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The binding of antibodies to Fc gamma receptors (FcyRs or FcgRs) was studied using 

biosensor technologies including Biacore surface plasmon resonance (SPR) and Fortebio 

Biolayer Interferometry (BLI). SPR studies were performed on a Biacore T100 instrument (GE 

Healthcare) at 25°C. The Fab fragment from a murine anti-6xHis antibody was immobilized on a 

CM5 sensor chip using EDC/NHS to a density of -3000 RU. Various his-tagged FcgRs (7 

ug/ml) were captured via the C-terminal his-tag using a contact time of 30 s at 10 ul/min, and the 

binding of 1.0 |_iM antibody was evaluated in a running buffer of 10 mM NaP04, 130 mM NaCl, 

0.05% p20 (PBS-T) pH 7.1. FcgRs used for these experiments included CD64 (FcgRI), CD32a-

H131 (FcgRIIa-H131), CD32a-R131 (FcgRIIa-R131), CD32b (FcgRIIb), CD16a-V158 

(FcgRIIIa-V158), CD16b-NAl (FcgRIIIb-NAl), and CD16B-NA2 (FcgRIIIb-NA2). BLI 

experiments were performed on a Fortebio Octet RED instrument (Pall, Fortebio) at 25°C in 10 

mM NaP04, 130 mM NaCl, 0.05% p20 (PBS-T) pH 7.1. Antibodies were captured out of 

undiluted expression supernatants on protein A coated sensors, followed by the binding of 1 |JM 

hCD32a-H131, hCD32a-R131, hCD32b, hCD16a-V158, or 0.1 \iM hCD64 analytes. 

First, antibodies were made that contain modified IgGl Fc domains including the 

substitutions S267E (SE) and S267E/L328F (SELF), as well as various combinations of the 

mutations P238D, P271G, H268D, A330R, G237D, E233D, referred to as V4, V7, V8, V9 and 

V12. The binding of these antibodies was studied by Biacore SPR with comparison to IgGlf, 

IgG2.3 (IgG2-C219S) and IgG4.1 (IgG4-S228P) antibodies, as well as an IgGl.If antibody 

which has been engineered to reduce binding to all FcgRs. The results, which are shown in 

Figure 33, demonstrate the expected FcgR binding properties for IgGlf, IgG2.3 and IgG4.1 and 

the mutated IgGl antibodies, including increased CD32a-H131, CD32a-R131 and CD32b 

binding for SE and SELF, as well as increased selectivity of the V4, V7, V8, V9 and V12 

mutants for CD32b over CD32a-H131 and CD32a-R131, Figure 33. 

The next set of constructs was used to engineer effector function into the otherwise 

effector function negative IgG2 isotype. For this study, the mutations described above were 

introduced in the context of an IgG2.3 constant region, or an IgG2.3/IgGIf hybrid termed 

IgG2.3Gl-AY (Table 33). Antibodies were expressed at small scale as supernatants, and tested 

for binding to FcgRs using Fortebio Octet BioLayer Interferometry biosensor technology. Since 

the antibodies were present at low concentration in the supernatants, the experiment was 

performed by capturing antibodies out of the supernatants using protein A coated sensors, 
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followed by binding of FcgR analytes in solution. Purified and supernatant control IgGlf 

including wild type IgGl, SE, P238D, V4 and V12 antibodies were also included for 

comparison, and each of these control antibodies demonstrated expected FcgR binding properties 

(Figure 34). The IgG2.3 antibody also demonstrated the expected binding profile, with 

appreciable binding to only CD32a-H131. However, all mutations to introduce S267E, L328F, 

P238D, P271G, H268D, A330R, G237D, or E233D mutations into IgG2.3 failed to recapitulate 

the FcgR affinity of the corresponding engineered IgGl mAbs (Figure 34). In contrast, the 

IgG2.3Gl-AY construct was able to fully preserve the FcgR binding properties of wild type 

IgGl, while retaining the CHI and hinge regions of IgG2.3. In addition, all IgG2.3Gl-AY 

mutants containing S267E, L328F, P238D, P271G, H268D, A330R, G237D, and E233D 

demonstrated FcgR binding properties comparable to the IgGl version mAbs containing the 

same mutations (Figure 34). This demonstrates the successful engineering of antibodies with 

CHI and hinge regions of IgG2 combined with the effector function of wild type or mutant 

IgGl. 

Table 33: Engineered IgG2 constructs 

Set ID Construct Seq ID# 
lgG2.3 hHC-lgG2-C219S 268 
lgG2.3-V13 hHC-lgG2-C219S - P238D 332 
lgG2.3-V14 hHC-lgG2-C219S - P238D,P271G 333 

1 
lgG2.3-V15 hHC-lgG2-C219S - P238D,H268D,P271G 334 

1 
lgG2.3-V16 hHC-lgG2-C219S - P238D,P271G,A330R 335 
lgG2.3-V17 hHC-lgG2-C219S - P238D,H268D,P271G,A330R 336 
lgG2.3-V18 hHC-lgG2-C219S - S267E 337 
lgG2.3-V19 hHC-lgG2-C219S - S267E,L328F 338 
lgG2.3Gl hHC-lgG2-C219S/hHC-lgGlf 269 
lgG2.3Gl-AY-V20 hHC-lgG2-C219S/hHC-lgGlf- P238D 339 
lgG2.3Gl-AY-V21 hHC-lgG2-C219S/hHC-lgGlf - P238D,P271G 340 

lgG2.3Gl-AY-V22 
hHC-lgG2-C219S/hHC-lgGlf -
P238D,H268D,P271G 

341 

2 lgG2.3Gl-AY-V23 hHC-lgG2-C219S/hHC-lgGlf -
P238D,P271G,A330R 

342 

lgG2.3Gl-AY-V24 
hHC-lgG2-C219S/hHC-lgGlf -
P238D,H268D,P271G,A330R 

343 

lgG2.3Gl-AY-V25 
hHC-lgG2-C219S/hHC-lgGlf -
G237D,P238D,H268D,P271G,A330R 

344 

lgG2.3Gl-AY-V26 hHC-lgG2-C219S/hHC-lgGlf - 345 
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E233D,G237D,P238D,H268D,P271G,A330R 
lgG2.3Gl-AY-V27 hHC-lgG2-C219S/hHC-lgGlf- S267E 346 
lgG2.3Gl-AY-V28 hHC-lgG2-C219S/hHC-lgGlf-S267E,L328F 347 

This engineering strategy was further explored by producing other antibodies formatted 

with IgG2.3Gl-AY, IgG2.3Gl-AY-S267E (IgG2.3Gl-AY-V27), as well as IgG2-B-form 

variants (IgG2.5Gl-AY and IgG2.5Gl-AY-V27), and other hybrid antibodies containing 

different combinations of IgGl and IgG2 constant domains, and testing the binding of these 

antibodies to anti-his Fab captured his-tagged FcgRs using Biacore SPR technology. In 

agreement with the Octet supernatant data, the SPR data showed that the IgG2.3Gl-AY and 

IgG2.3Gl-AY-V27 antibodies had comparable FcgR binding properties to IgGlf and IgGlf-

S267E, respectively, despite containing the CHI and hinge regions of an A-form IgG2 antibody 

(IgG2.3) (Table 34). Similar data was also obtained using IgG2.5Gl-AY and IgG2.5Gl-AY-V27 

antibodies, demonstrating the successful engineering of B-form IgG2 antibodies (containing 

C131S mutation termed IgG2.5) having IgGlf or modified IgGlf like effector functions. Data 

for several other antibodies with IgG2.3Gl-AY, IgG2.3Gl-AY-V27, IgG2.5Gl-AY, or 

IgG2.5Gl-AY-V27 constant regions but different variable regions showed that this engineering 

strategy is broadly applicable to other antibodies independent of the variable domains (Table 34). 

Other constructs that demonstrate IgGlf-like FcgR binding properties include IgGl-G2.3Gl-AY, 

and IgGldeltaTHT, whereas several of the modified constant region constructs were unable to 

retain IgGlf-like FcgR binding properties, including IgG2.3Gl-KH, IgG2.5Gl-KH, 

IgG2.3plusTHT, IgG2.5plusTHT and IgG2.3plusGGG constructs (Table 34). 

Table 34: %Rmax values for 1 |JM antibody binding to anti-his Fab captured FcgR-his proteins 

mAb hCD64 hCD32a-
H131 

hCD32a-
R131 hCD32b hCD16a-

V158 
hCD16B-

NA2 
mAb8-lgGlf 80% 82% 51% 27% 51% 21% 
mAb9-lgGlf 70% 33% 19% 4% 28% 10% 
CD73.4-lgGlf 65% 46% 26% 6% 43% 17% 

CD73.4-lgGl.lf 2% 0% 2% 1% 0% 0% 

mAbll-lgG2.3 2% 44% 17% 5% 1% 0% 
CD73.4-lgG2.3 3% 48% 11% 1% 1% 0% 
mAb6-lgG2.3 3% 66% 14% 3% 1% 0% 
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mAb4-lgG2.3 1% 39% 6% 1% 1% 0% 
mAb5-lgG2.3 6% 100% 30% 4% 3% 0% 

mAbl2-lgG2.3 2% 39% 7% 1% 1% 0% 
mAbl3-lgG2.3 2% 40% 7% 1% 1% 0% 

mAbll-lgG2.5 0% 40% 13% 3% 0% -1% 
mAb7-lgG2.5 4% 72% 19% 2% 2% 0% 
mAb8-lgG2.5 3% 59% 14% 3% 2% 0% 

mAblO-lgG2.5 1% 29% 5% 1% 1% 0% 
CD73.4-lgG2.5 3% 40% 7% 1% 1% 0% 
mAb6-lgG2.5 3% 75% 17% 4% 2% 0% 
mAb4-lgG2.5 2% 46% 8% 1% 1% 0% 
mAb5-lgG2.5 6% 89% 26% 5% 4% 1% 

mAbl2-lgG2.5 1% 36% 6% 1% 1% 0% 
mAbl3-lgG2.5 -2% 39% 4% -2% 0% -2% 

mAb8-lgG2.3Gl-AY 77% 61% 38% 10% 38% 13% 
mAblO-lgG2.3Gl-AY 67% 23% 14% 4% 24% 8% 
CD73.4-lgG2.3Gl-AY 65% 38% 20% 5% 38% 14% 

mAb7-lgG2.5Gl-AY 80% 73% 45% 12% 47% 19% 
mAb8-lgG2.5Gl-AY 77% 70% 45% 17% 48% 22% 
CD73.4-lgG2.5Gl-AY 65% 43% 24% 7% 40% 16% 

CD73.4-lgG2.3Gl-KH 2% 15% 2% 0% 2% 0% 

CD73.4-lgG2.5Gl- KH 2% 17% 2% 0% 3% 0% 

CD73.4-lgG2.3Gl.lf-KH 1% 10% 1% 0% 1% 0% 

CD73.4-lgG2.5Gl.lf-KH 1% 6% 1% 0% 1% 0% 

mAb7-lgG2.3Gl-AY-V27 84% 68% 92% 76% 26% 7% 
mAb8-lgG2.3Gl-AY-V27 78% 67% 80% 67% 24% 7% 

mAblO-lgG2.3Gl-AY-V27 69% 24% 57% 40% 12% 3% 

mAb7-lgG2.5Gl-AY-V27 81% 74% 89% 84% 32% 9% 
mAb8-lgG2.5Gl-AY-V27 77% 76% 79% 77% 33% 10% 

CD73.4-IgG 1-G2.3G1-AY 66% 50% 31% 10% 48% 23% 

CD73.4-IgG 1-G2.3G1-KH 2% 18% 2% 0% 4% 1% 

CD73.4-lgGldeltaTHT 65% 43% 23% 6% 42% 17% 

CD73.4-lgG2.3plusTHT 3% 42% 8% 1% 1% 0% 
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CD73.4-lgG2.5plusTHT 2% 34% 7% 1% 1% 0% 

CD73.4-lgG2.3plusGGG 3% 43% 8% 1% 1% 0% 

Taken together these data show that the sequence in IgGl immediately C-terminal to the 

conserved CPPCPAP (SEQ ID NO: 380) motif in the hinge region confers FcgR-mediated 

effector function, whereas the CHI and upper portions of the hinge of the antibody can be 

replaced with IgG2 or modified IgG2 sequences, to potentially combine the effector functions of 

IgGl and modified IgGl with the superior internalization or signaling properties of antibodies 

containing IgG2 CHI and/or hinge regions. 

Equivalents 

Those skilled in the art will recognize or be able to ascertain, using no more than routine 

experimentation, many equivalents of the specific embodiments described herein described 

herein. Such equivalents are intended to be encompassed by the following claims. 
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SUMMARY OF SEQUENCE LISTING 

Table 35. 
SEQ ID Description Sequence 
1 Human CD73 isoform 1 MCPRAARAPA TLLLALGAVL WPAAGAWELT 

ILHTNDVHSR LEQTSEDSSK CVNASRCMGG 
VARLFTKVQQ IRRAEPNVLL LDAGDQYQGT 
IWFTVYKGAE VAHFMNALRY 
D AM ALGNHEFDN G VEGLIEP LLKEAKFPIL 
SANIKAKGPL ASQISGLYLP YKVLPVGDEV 
VGIVGYTSKE TPFLSNPGTN LVFEDEITAL 
QPEVDKLKTL NVNKIIALGH SGFEMDKLIA 
QKVRGVDVVV GGHSNTFLYT GNPPSKEVPA 
GKYPFIVTSD DGRKVPV V Q A Y AFGKYLG YL 
KIEFDERGNV ISSHGNPILL NSSIPEDPSI 
KADINKWRIK LDNYSTQELG KTIVYLDGSS 
QSCRFRECNM GNLICDAMIN NNLRHTDEMF 
WNHVSMCILN GGGIRSPIDE RNNGTITWEN 
LAAVLPFGGT FDLVQLKGST LKKAFEHS VH 
RYGQSTGEFL QVGGIHVVYD LSRKPGDRVV 
KLDVLCTKCRVPSYDPLKMD EVYKVILPNF 
LANGGDGFQM IKDELLRHDS GDQDINVVST 
YISKMKVIYP AVEGRIKFST GSHCHGSFSL 
IFLSLWAVIF VLYQ 

2 Human CD73 isoform 2 MCPRAARAPA TLLLALGAVL WPAAGAWELT 
ILHTNDVHSR LEQTSEDSSK 
CVNASRCMGGVARLFTKVQQ IRRAEPNVLL 
LDAGDQYQGT IWFTVYKGAE VAHFMNALRY 
DAM ALGNHEFDN G VEGLIEP LLKEAKFPIL 
SANIKAKGPL ASQISGLYLP YKVLPVGDEV 
VGIVGYTSKETPFLSNPGTN LVFEDEITAL 
QPEVDKLKTL NVNKIIALGH SGFEMDKLIA 
QKVRGVDVVV GGHSNTFLYT GNPPSKEVPA 
GKYPFIVTSD DGRKVPV V Q A Y AFGKYLG YL 
KIEFDERGN VIS S HGNPILL NSSIPEDPSI 
KADINKWRIK LDNYSTQELG KTIVYLDGSS 
QSCRFRECNMGNLICDAMIN NNLRHTDEMF 
WNHVSMCILN GGGIRSPIDE RNNGIHVVYD 
LSRKPGDRVVKLDVLCTKCR VPSYDPLKMD 
EVYKVILPNF LANGGDGFQM IKDELLRHDS 
GDQDINVVSTYISKMKVIYP AVEGRIKFST 
GSHCHGSFSL IFLSLWAVIF VLYQ 
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3 Cynomolgus CD73 MCPRAARAPA TLLL AV GALL W S A AG AWELT 
ILHTNDVHSR LEQTSEDSSK 
CVNASRCMGGVARLFTKVQQ IRRAEPNVLL 
LDAGDQYQGT IWFTVYKGAE VAHFMNALRY 
DAM ALGNHEFDN G VEGLIEP LLKEAKFPIL 
SANIKAKGPL ASQISGLYLP YKVLPVGDEV 
VGIVGYTSKETPFLSNPGTN LVFEDEITAL 
QPEVDKLKTL NVNKIIALGH SGFETDKLIA 
QKVRGVDVVV GGHSNTFLYT GNPPSKEVPA 
GKYPFIVTSD DGRKVPV V Q A Y AFGKYLG YL 
KIEFDERGN VIS S HGNPILL NSSIPEDPSI 
KADINKWRIK LDNYSTQELG KTIVYLDGSS 
QSCRFRECNMGNLICDAMIN NNLRHADEMF 
WNHVSMCILN GGGIRSPIDE RNNGTITWEN 
L A A VLPFGGTFDL V QLKG S T LKKAFEHSVH 
RYGQSTGEFL QVGGIHVVYD LSRKPGDRVV 
KLDVLCTKCRVPSYDPLKMD EIYKVILPNF 
LANGGDGFQM IKDELLRHDS GDQDINVVST 
YISKMKVIYPAVEGRIKFST GSHCHGSFSL 
IFLSFCAVIF VLYQ 

4 11F11 VH QVQLVESGGGVVQPGRSLRLSCATSGFTFSNYGMH 
WVRQAPGKGLEWVAVILYDGSNKYYPDSVKGRFT 
ISRDNSKNTLYLQMN SLR AEDT A V Y Y C ARGGS S W 
YPDSFDIWGQGTM VT V S S 

5 11F11 VH CDR1 NYGMH 

6 11F11 VH CDR2 VILYDGSNKYYPDSVKG 

7 11F11 VH CDR3 GGS S W YPDSFDI 

8 11F11 VK1 EIVLTQSPATLSLSPGERATLSCRASQGVSSYLAWY 
QQKPGQAPRLLIYDASNRATGIPARFSGSGPGTDFT 
LTIS SLEPEDFA V Y Y CQQRSNWHLTFGGGTKVEIK 

9 11F11 VK1 CDR1 RASQGVSSYLA 

10 11F11 VK1 CDR2 DASNRAT 

11 11F11 VK1 CDR3 QQRSNWHLT 

12 11F11 VK2 DIQMTQSPSSLSASVGDRVTITCRASQGISSWLAWY 
QQKPEKAPKSLIYAASSLQSGVPSRFSGSGSGTDFT 
LTIS SLQPEDF AT Y Y CQQ YNS YPLTFGGGTKVEIK 

13 11F11 VK2CDR1 RASQGISSWLA 

14 11F11 VK2 CDR2 AASSLQS 

15 11F11 VK2 CDR3 QQYNSYPLT 

16 4C3 VH EVQLVESGGGLVQPGRSLRLSCAASGFTFDDYAM 
HWVRQAPGKGLEWVSGISWKSGSIGYADSVKGRF 
TIS RDN AKN SL YLQMN S LR AEDT AL Y Y C VKG Y Y VI 
LTGLDYWGQGTLVTV S S 
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17 4C3 VH CDR1 DYAMH 
18 4C3 VH CDR2 GIS WKSGSIGY ADS VKG 
19 4C3 VH CDR3 GYYVILTGLDY 

20 4C3 VK1 EIVLTQSPGTLSLSPGERATLSCRASQSVSSYLAWY 
QQKPGQAPRLLIYGASSRATGIPDRFSGSGSGTDFT 
LTISRLEPEDFAV YY CQQY GSSPLTFGGGTKVEIK 

21 4C3 VK1 CDR1 RASQSVSSYLAW 

22 4C3 VK1 CDR2 ASSRATG 
23 4C3 VK1 CDR3 QYGSSPLT 

24 4C3 VK2 DIQMTQSPSSLSASVGDRVTFTCRASQGISSWLAW 
YQQKPEKAPKSLIYAASSLQSGVPSRFSGSGSGTDF 
TLTIS SLQPEDFAT Y Y CQQ YNS YPPTFGQGTKVEIK 

25 4C3 VK2 CDR1 RASQGISSWLA 

26 4C3 VK2 CDR2 AASSLQS 
27 4C3 VK2 CDR3 QQYNSYPPT 

28 4C3 VK3 DIQMTQSPSSLSASVGDRVTFTCRASQGISSWLAW 
YQQKPEKAPKSLIYAASSLQSGVPSRFSGSGSGTDF 
TLTIS SLQPEDFAT YY CQQ YNS YPPTFGQGTKVEIK 

29 4C3 VK3 CDR1 RASQGISSWLA 

30 4C3 VK3 CDR2 AASSLQS 

31 4C3 VK3 CDR3 QQYNSYPPT 
32 4D4 VH QVQLVESGGGVVQPGRSLRLSCAASGFTFSNYGM 

HWVRQ APGKGLEWV AVIWYDESNKYY ADS VKGR 
FTISRDNSKNTLFLQMN SLR AEDT AV Y Y C ARG YN S 
RWYPDAFDIWGQGTMVT VSS 

33 4D4 VH CDR1 NYGMH 
34 4D4 VH CDR2 VIWYDESNKYY ADS VKG 
35 4D4 VH CDR3 GYNSRWYPDAFDI 

36 4D4 VK1 DIQMTQSPSSLSASVGDRVTITCRASQGISSWLAWY 
QQKPEKAPKSLIYAASSLQSGVPSRFSGSGSGTDFT 
LTIS SLQPEDF AT Y Y CQQ YNS YPLTFGGGTKVEIK 

37 4D4 VK1 CDR1 RASQGISSWLA 

38 4D4 VK1 CDR2 AASSLQS 

39 4D4 VK1 CDR3 QQYNSYPLT 

40 10D2 VH1 QVQLVESGGGVVQPGRSLRLSCAASGFTFSNYGLH 
WVRQ APGKGLEWV AVIRYDGSNKY Y ADS VKG RF 
TISRDNSKNTLYLQMS SLR AEDT A V Y Y C ARGGS S W 
YPDGLDVWGQGTTVTV SS 

41 10D2 VH1 CDR1 NYGLH 
42 10D2 VH1 CDR2 VIRYDGSNKYY ADS VKG 
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43 10D2 VH1 CDR3 GGS S W YPDGLD V 

44 10D2 VK1 AIQLTQSPSSLSASVGDRVTITCRASQGISSALAWY 
QQKPGKAPKLLIYDASSLESGVPSRFSGSGSGTDFT 
LTIS SLQPEDF AT Y Y CQQFNS YPTFGGGTKVEIK 

45 10D2 VK1 CDR1 RASQGISSALA 
46 10D2 VK1 CDR2 DASSLES 
Al 10D2 VK1 CDR3 QQFNSYPT 

48 10D2 VK2 DIQMTQSPSSLSASVGDRVTITCRASQGISSWLAWY 
QQKPEKAPKSLIYAASSLQSGVPSRFSGSGSGTDFT 
LTIS SLQPEDF AT YY CQQ YNS YPLTFGGGTKVEIK 

49 10D2 VK2 CDR1 RASQGISSWLA 
50 10D2 VK2 CDR2 AASSLQS 

51 10D2 VK2 CDR3 QQYNSYPLT 

52 11A6 VH EVQLVESGGNLVQPGRSLRLSCAASGFTFDDYAM 
HWVRQ APGKGLEWVSGIS WNNNDIGY ADS VKGRF 
IISRDNAKNSLYLQMNSLRPEDTALYYCVKGYYVI 
LTGLDYWGQGTPVTVS S 

53 11A6 VH CDR1 DYAMH 
54 11A6 VH CDR2 GIS WNNNDIGY ADS VKG 

55 11A6 VH CDR3 GYYVILTGLDY 
56 11A6 VK1 DIQMTQSPSSLSASVGDRVTITCRASQGISSWLAWY 

QQKPEKAPKSLIYAASSLQSGVPSRFSGSGSGTDFT 
LTIS SLQPEDF AT YY CQQ YNS YPLTFGGGTKVEIK 

57 11A6 VK1 CDR1 RASQGISSWLA 

58 11A6 VK1 CDR2 AASSLQS 

59 11A6 VK1 CDR3 QQYNSYPLT 

60 24H2 VH QVQLVESGGGVVQPGRSLRLSCAASGFTFSNYGM 
HWVRQ APGKGLEWV AVIWYDGGNKYY ADS VKG 
RFTISRDNSKNTLFLQMNSLRAEDTAVYYCARGGS 
SWYPDAFDIWGQGTMVTV SS 

61 24H2 VH CDR1 NYGMH 
62 24H2 VH CDR2 VIWYDGGNKYY ADS VKG 

63 24H2 VH CDR3 GGSSWYPDAFDI 
64 24H2 VK1 DIQMTQSPSSLSASVGDRVTITCRASQGISSWLAWY 

QQKPEKAPKSLIYAASSLQSGVPSRFSGSGSGTDFT 
LTIS SLQPEDF AT YY CQQ YNS YPLTFGGGTKVEIK 

65 24H2 VK1 CDR1 RASQGISSWLA 

66 24H2 VK1 CDR2 AASSLQS 
67 24H2 VK1 CDR3 QQYNSYPLT 
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68 5F8 VH EVQLVESGGGLVQPGGSLRLSCAASGFTFSSYWMH 
WVRQ APGKGLVWVSRIISDGSSTGY ADS VKGRFTI 
SRDN AKNTL YLQMN S LR AEDT A V Y Y C AREFS S G W 
YFD Y W GQGTL VT V S S 

69 5F8 VH CDR1 SYWMH 
70 5F8 VH CDR2 RIISDGSSTGYADSVKG 
71 5F8 VH CDR3 EFSSGWYFDY 
72 5F8 VK1 AIQLTQSPSSLSASVGDRVTITCRASQGISSALAWY 

QQKPGKAPKLLIYDASSLESGVPSRFSGSGSGTDFT 
LTISSLQPEDFATYYCQQFSSYPRTFGQGTKVEIK 

73 5F8 VK1 CDR1 RASQGISSALA 
74 5F8 VK1 CDR2 DASSLES 
75 5F8 VK1 CDR3 QQFSSYPRT 
76 5F8 VK2 DIQMTQSPSSLSASVGDRVTITCRASQGISSWLAWY 

QQKPEKAPKSLIYAASSLQSGVPSRFSGSGSGTGFT 
LTIS SLQPEDF AT YY CQQ YNS YPRTFGQGTKVEIK 

77 5F8 VK2 CDR1 RASQGISSWLA 
78 5F8 VK2 CDR2 AASSLQS 
79 5F8 VK2 CDR3 QQYNSYPRT 

80 6E11 VH EVQLVESGGALVQPGRSLRLSCAASGFTFDDYAM 
HWVRQ APGKGLEWVSGITWNSGGIGYADSVKGRF 
TISRDNAKNSLYLQMNSLRAEDTALYYCAKDRYY 
SSWLLFDNWGQGILVTV SS 

81 6E11 VH CDR1 DYAMH 
82 6E11 VH CDR2 GITWNSGGIGYADSVKG 

83 6E11 VH CDR3 DRYYSSWLLFDN 
84 6E11 VK1 EIVLTQSPGTLSLSPGERATLSCRASQSVSSSYLAW 

YQQKPGQAPRLLIYGASSRATGIPDRFSGSGSGTDF 
TLTISRLEPEDFA V Y Y CQH Y GS SFTFGPGTKVDIK 

85 6E11 VK1 CDR1 RASQSVSSSYLA 

86 6E11 VK1 CDR2 GASSRAT 
87 6E11 VK1 CDR3 QHYGSSFT 

88 7A11 VH EVQLVESGGGLVQTGRSLRLSCAASGFTFDDYAM 
HWVRQ APGKGLEWVSDISWNSDIIGY ADS VKGRF 
TISRDNAKNSLYLQMNSLRAEDTALYY CAKDIY GS 
GSSFFDYWGQGILVTV SS 

89 7A11 VH CDR1 DYAMH 
90 7A11 VH CDR2 DISWNSDIIGYADSVKG 

91 7A11 VH CDR3 DIY GSGS SFFDY 
92 7A11 VK1 DIQMTQSPSSLSASVGDRVTITCRASQYISSWLAWY 

QQKPEKAPKSLIYAASSLQSGVPSRFSGSGSGTDFT 
T .TTSST ,QPF,DF ATYY CQQYHS YPPTFGQGTRT ,F,TK 
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93 7A11 VK1 CDR1 RASQYISSWLA 

94 7A11 VK1 CDR2 AASSLQS 
95 7A11 VK1 CDR3 QQYHSYPPT 

96 11F11 epitope #1 FTKVQQIRRAEPNVLLLDA 
97 11F11 epitope #2 LYLPYKVLPVGDEVVG 
98 Wildtype IgGl CHI AS TKGPS VFPL APS SKSTSGGT A ALGCL VKD YFPEP 

VT V S WN S G ALT S G VHTFP A VLQ S S GL Y SLSSVVTV 
PS S SLGTQT YICN VNHKPSNTKVDKKV 

99 His-tagged CD73 MCPRAARAPATLLLALGAVLWPAAGAWELTILHT 
NDVHSRLEQTSEDSSKCVNASRCMGGVARLFTKV 
QQIRR AEPN VLLLD AGDQ Y QGTIWFT V YKG AE V A 
HFMN ALR YD AM ALGNHEFDN G VEGLIEPLLKE AK 
FPILS ANIK AKGPL AS QIS GL YLP YK VLP V GDE V V GI 
VG YTS KETPFLSNPGTNL VFEDEIT ALQPE VDKLKT 
LNVNKIIALGHSGFEMDKLIAQKVRGVDVVVGGHS 
NTFL YTGNPPS KE VP AGK YPFI VT S DDGRK VP V V Q 
AY AFGKYLG YLKIEFDERGN VIS S HGNPILLN S SIPE 
DPSIKADINKWRIKLDNYSTQELGKTIVYLDGSSQS 
CRFRECNMGNLICD AMINNNLRH ADETFWNH V SM 
CILNGGGIRSPIDERNNGTITWENLAAVLPFGGTFD 
LVQLKGSTLKKAFEHSVHRYGQSTGEFLQVGGIHV 
VYDLSRKPGDRVVKLDVLCTKCRVPSYDPLKMDE 
VYKVILPNFLANGGDGFQMIKDELLRHDSGDQDIN 
VVSTYISKMKVIYPAVEGRIKHHHHHH 

100 11F11 (full length heavy chain) QVQLVESGGGVVQPGRSLRLSCATSGFTFSNYGMH 
WVRQ APGKGLEWV AVILYDGSNKYYPDSVKGRFT 
IS RDNSKNTL YLQMN SLR AEDT A V Y Y C ARGGS S W 
YPDSFDIWGOGTMVTVSSASTKGPSVFPLAPCSRST 
SES T A ALGCL VKD YFPEP VTV S WN S G ALT S G VHTF 
PAVLOS SGLY SLS S V VT VPS SNFGTOT YTCN VDHK 
PSNTKVDKTVERKCCVECPPCPAPPVAGPSVFLFPP 
KPKDTLMISRTPEVTCVVVDVSHEDPEVOFNWYV 
DG VE VHN AKTKPREEOFN S TFR V VS VLT V VHOD W 
LNGKEYKCKVSNKGLPAPIEKTISKTKGOPREPOV 
YTT ,PPSRF,EMTKNOVST ,TCT VKGFYPSDT A VEWES 
NGOPENNYKTTPPMLDSDGSFFLY SKLTVDKSRW 
OOGN VF S C S VMHE ALHNH YTOKSLS LS PGK 

101 11F11 (full length light chain 1) EIVLTQSPATLSLSPGERATLSCRASQGVSSYLAWY 
QQKPGQAPRLLIYDASNRATGIPARFSGSGPGTDFT 
LTIS SLEPEDFA V Y Y CQQRSNWHLTFGGGTKVEIKR 
T V A APS VFIFPPS DEOLKS GT AS V V CLLNNF YPRE A 
KVOWKVDNALOSGNSOESVTEODSKDSTYSLSSTL 
TLSKADYEKHKVYACEVTHOGLSSPVTKSFNRGEC 

102 11F11 (full length light chain 2) DIQMTQSPSSLSASVGDRVTITCRASQGISSWLAWY 
QQKPEKAPKSLIYAASSLQSGVPSRFSGSGSGTDFT 
LTIS SLQPEDF AT YY CQQ YNS YPLTFGGGTKVEIKR 
TV A APS VFIFPPS DEOLKS GT AS V V CLLNNF YPRE A 
KVOWKVDNALOSGNSOESVTEODSKDSTYSLSSTL 
TLSKADYEKHKVYACEVTHOGLSSPVTKSFNRGEC 
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103 4C3 (full length heavy chain) EVQLVESGGGLVQPGRSLRLSCAASGFTFDDYAM 
HWVRQ APGKGLEWVSGISWKSGSIGY ADS VKGRF 
TIS RDN AKN SL YLQMN S LR AEDT AL Y Y C VKG Y Y VI 
LTGLD Y W GOGTL VT V S S AS TKGPS VFPL APS S KS TS 

103 4C3 (full length heavy chain) 

GGTAALGCLVKDYFPEPVTVSWNSGALTSGVHTFP 
AVLOS SGLY SLS S V VT VPS S SLGTOT YICN VNHKPS 
NTKVDKKVEPKSCDKTHTCPPCPAPELLGGPSVFLF 
PPKPKDTLMISRTPEVTCVVVDVSHEDPEVKFNWY 
VDGVEVHNAKTKPREEOYNSTYRVVSVLTVLHOD 
WLNGKEYKCKVSNKALPAPIEKTISKAKGOPREPO 
V YTLPPS RDELTKNO V S LTCL VKGF YPS DI A VEWES 
NGOPENNYKTTPPVLDSDGSFFLYSKLTVDKSRWO 
OGNVFSCSVMHEALHNHYTOKSLSLSPGK 

104 4C3 (full length light chain 1) EIVLTQSPGTLSLSPGERATLSCRASQSVSSYLAWY 
QQKPGQAPRLLIYGASSRATGIPDRFSGSGSGTDFT 
LTISRLEPEDFAV YY CQQY GSSPLTFGGGTKVEIKR 
TV A APS VFIFPPS DEOLKS GT AS V V CLLNNF YPRE A 
KVOWKVDNALOSGNSOESVTEODSKDSTYSLSSTL 
TLSKADYEKHKVYACEVTHOGLSSPVTKSFNRGEC 

105 4C3 (full length light chain 2) DIQMTQSPSSLS AS VGDRVTFTCRASQGIS S WLAW 
YQQKPEKAPKSLIYAASSLQSGVPSRFSGSGSGTDF 
TLTIS SLQPEDFAT YY CQQ YNS YPPTFGQGTKVEIK 
RTVAAPSVFIFPPSDEOLKSGTASVVCLLNNFYPRE 
AK V O WK VDN ALO S GN S OES VTEODS KDS T Y SLS S 
TLTLSKADYEKHKVYACEVTHOGLSSPVTKSFNRG 
EC 

106 4C3 (full length light chain 3) DIQMTQSPSSLS AS VGDRVTFTCRASQGIS S WLAW 
YQQKPEKAPKSLIYAASSLQSGVPSRFSGSGSGTDF 
TLTIS SLQPEDFAT YY CQQ YNS YPPTFGQGTKVEIK 
RTVAAPSVFIFPPSDEOLKSGTASVVCLLNNFYPRE 
AK V O WK VDN ALO S GN S OES VTEODS KDS TY SLS S 
TLTLSKADYEKHKVYACEVTHOGLSSPVTKSFNRG 
EC 

107 4D4 (full length heavy chain) QVQLVESGGGVVQPGRSLRLSCAASGFTFSNYGM 
HWVRQ APGKGLEWV AVIWYDESNKYY ADS VKGR 
FTISRDNSKNTLFLQMN SLR AEDT AV Y Y C ARG YN S 
RW YPD AFDIW GOGTMVTVS S AS TKGPS VFPL APC S 

107 4D4 (full length heavy chain) 

RS TSES T A ALGCL VKD YFPEP VTV S WN S G ALT S G V 
HTFPAVLOSSGLYSLSSVVTVPSSNFGTOTYTCNVD 
HKPSNTKVDKTVERKCCVECPPCPAPPVAGPSVFL 
FPPKPKDTLMISRTPEVTCVVVDVSHEDPEVOFNW 
Y VDG VE VHN AKTKPREEOFN STFRVVSVLTVVHO 
DWLNGKEYKCKVSNKGLPAPIEKTISKTKGOPREP 
OVYTT ,PPSRF,EMTKNOVST ,TCT VKGFYPSDT AVF.W 
ESNGOPENNYKTTPPMLDSDGSFFLYSKLTVDKSR 
WOOGNVFSCSVMHEALHNHYTOKSLSLSPGK 

108 4D4 (full length light chain 1) DIQMTQSPSSLSASVGDRVTITCRASQGISSWLAWY 
QQKPEKAPKSLIYAASSLQSGVPSRFSGSGSGTDFT 
LTIS SLQPEDF AT YY CQQ YNS YPLTFGGGTKVEIKR 
TV A APS VFIFPPS DEOLKS GT AS V V CLLNNF YPRE A 
KVOWKVDNALOSGNSOESVTEODSKDSTYSLSSTL 
TLSKADYEKHKVYACEVTHOGLSSPVTKSFNRGEC 
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109 10D2 (full length heavy chain) QVQLVESGGGVVQPGRSLRLSCAASGFTFSNYGLH 
WVRQ APGKGLEWV AVIRYDGSNKY Y ADS VKG RF 
TISRDNSKNTLYLQMS SLR AEDT A V Y Y C ARGGS S W 
YPDGLDVWGOGTTVTVSSASTKGPSVFPLAPCSRS 
TSESTAALGCLVKDYFPEPVTVSWNSGALTSGVHT 
EP AVLOS SGLY SLS SWT VPS S SLGTKT YTCN VDHK 
PSNTKVDKRVESKYGPPCPSCPAPEELGGPSVFLFP 
PKPKDTLMISRTPEVTCVVVDVSOEDPEVOENWYV 
DGVEVHNAKTKPREEOFNSTYR VVSVT ,TVT ,HODW 
LNGKEYKCKVSNKGLPSSIEKTISKAKGOPREPOVY 
TLPPSOEEMTKNOVSLTCLVKGFYPSDIAVEWESN 
GOPENNYKTTPPVLDSDGSEFLYSRLTVDKSRWOE 
GNVFSCSVMHEALHNHYTOKSLSLSLGK 

110 10D2 (full length light chain 1) AIQLTQSPS SLS AS V GDR VTITCR ASQGIS S AL AW Y 
QQKPGKAPKLLIYDASSLESGVPSRFSGSGSGTDFT 
LTIS SLQPEDF AT YY CQQFNS YPTFGGGTKVEIKRT 
V A APS VFIFPPS DEOLKS GT AS V V CLLNNF YPRE AK 
VOWKVDNALOSGNSOESVTEODSKDSTYSLSSTLT 
LSK AD YEKHK V Y ACEVTHOGLS SPVTKSFNRGEC 

111 10D2 (full length light chain 2) DIQMTQSPSSLSASVGDRVTITCRASQGISSWLAWY 
QQKPEKAPKSLIYAASSLQSGVPSRFSGSGSGTDFT 
LTIS SLQPEDF AT YY CQQ YNS YPLTFGGGTKVEIKR 
TV A APS VFIFPPS DEOLKS GT AS V V CLLNNF YPRE A 
KVOWKVDNALOSGNSOESVTEODSKDSTYSLSSTL 
TLSKADYEKHKVYACEVTHOGLSSPVTKSFNRGEC 

112 11A6 (full length heavy chain) EVQLVESGGNLVQPGRSLRLSCAASGFTFDDYAM 
HWVRQ APGKGLEWVSGIS WNNNDIGY ADS VKGRF 
IISRDNAKNSLYLQMNSLRPEDTALYYCVKGYYVI 
LTGLDYWGOGTPVTVSSASTKGPSVFPLAPSSKSTS 

112 11A6 (full length heavy chain) 

GGTAALGCLVKDYFPEPVTVSWNSGALTSGVHTFP 
AVLOS SGLY SLS S V VT VPS S SLGTOT YICN VNHKPS 
NTKVDKKVEPKSCDKTHTCPPCPAPET ,T .GGPSVFT ,F 
PPKPKDTLMISRTPEVTCVVVDVSHEDPEVKFNWY 
VDGVEVHNAKTKPREEOYNSTYRVVSVLTVLHOD 
WLNGKEYKCKVSNKALPAPIEKTISKAKGOPREPO 
V YTLPPS RDELTKNO V S LTCL VKGF YPS DI A VEWES 
NGOPENNYKTTPPVLDSDGSFFLYSKLTVDKSRWO 
OGNVFSCSVMHEALHNHYTOKSLSLSPGK 

113 11A6 (full length light chain 1) DIQMTQSPSSLSASVGDRVTITCRASQGISSWLAWY 
QQKPEKAPKSLIYAASSLQSGVPSRFSGSGSGTDFT 
LTIS SLQPEDF AT YY CQQ YNS YPLTFGGGTKVEIKR 
TV A APS VFIFPPS DEOLKS GT AS V V CLLNNF YPRE A 
KVOWKVDNALOSGNSOESVTEODSKDSTYSLSSTL 
TLSKADYEKHKVYACEVTHOGLSSPVTKSFNRGEC 
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114 24H2 (full length heavy chain) QVQLVESGGGVVQPGRSLRLSCAASGFTFSNYGM 
HWVRQ APGKGLEWV AVIWYDGGNKYY ADS VKG 
RFTISRDNSKNTLFLQMNSLRAEDTAVYYCARGGS 
SWYPDAFDIWGOGTMVTVSSASTKGPSVFPLAPCS 
RS TSES T A ALGCL VKD YFPEP VTV S WN S G ALT S G V 
HTFP AVLOS SGLY SLS SWT VPS S SLGTKT YTCN VD 
HKPSNTKVDKRVESKYGPPCPSCPAPEFLGGPSVFL 
FPPKPKDTLMISRTPEVTCVVVDVSOEDPEVOFNW 
YVDGVEVHNAKTKPREEOFNSTYRVVSVLTVLHO 
DWLNGKEYKCKVSNKGLPSSIEKTISKAKGOPREP 
OVYTLPPSOEEMTKNOVSLTCLVKGFYPSDIAVEW 
ESNGOPENNYKTTPPVLDSDGSFFLYSRLTVDKSR 
WOEGNVFSCSVMHEALHNHYTOKSLSLSLGK 

115 24H2 (full length light chain 1) DIQMTQSPSSLSASVGDRVTITCRASQGISSWLAWY 
QQKPEKAPKSLIYAASSLQSGVPSRFSGSGSGTDFT 
LTIS SLQPEDF AT YY CQQ YNS YPLTFGGGTKVEIKR 
TV A APS VFIFPPS DEOLKS GT AS V V CLLNNF YPRE A 
KVOWKVDNALOSGNSOESVTEODSKDSTYSLSSTL 
TLSKADYEKHKVYACEVTHOGLSSPVTKSFNRGEC 

116 5F8 (full length heavy chain) EVQLVESGGGLVQPGGSLRLSCAASGFTFSSYWMH 
WVRQ APGKGLVWVSRIISDGSSTGY ADS VKGRFTI 
SRDN AKNTL YLQMN S LR AEDT A V Y Y C AREFS S G W 
YFD Y W GOGTL VT V S S AS TKGPS VFPL APS S KS TS G 
GTAALGCLVKDYFPEPVTVSWNSGALTSGVHTFPA 
VLOS SGLY SLS SWT VPS S SLGTOT YICN VNHKPSN 
TKVDKKVEPKSCDKTHTCPPCPAPELLGGPSVFLFP 
PKPKDTLMISRTPEVTCVVVDVSHEDPEVKFNWYV 
DGVEVHNAKTKPREEOYNSTYR WSVT ,TVT ,HODW 
LNGKEYKCKVSNKALPAPIEKTISKAKGOPREPOV 
YTLPPSRDELTKNOVSLTCLVKGFYPSDIAVEWESN 
GOPENNYKTTPPVLDSDGSFFLYSKLTVDKSRWOO 
GNVFSCSVMHEALHNHYTOKSLSLSPGK 

117 5F8 (full length light chain 1) AIQLTQSPSSLSASVGDRVTITCRASQGISSALAWY 
QQKPGKAPKLLIYDASSLESGVPSRFSGSGSGTDFT 
LTISSLQPEDFATYYCQQFSSYPRTFGQGTKVEIKRT 
V A APS VFIFPPS DEOLKS GT AS V V CLLNNF YPRE AK 
VOWKVDNALOSGNSOESVTEODSKDSTYSLSSTLT 
LSK AD YEKHK V Y ACEVTHOGLS SPVTKSFNRGEC 

118 5F8 (full length light chain 2) DIQMTQSPSSLSASVGDRVTITCRASQGISSWLAWY 
QQKPEKAPKSLIYAASSLQSGVPSRFSGSGSGTGFT 
LTIS SLQPEDF AT YY CQQ YNS YPRTFGQGTKVEIKR 
TV A APS VFIFPPS DEOLKS GT AS V V CLLNNF YPRE A 
KVOWKVDNALOSGNSOESVTEODSKDSTYSLSSTL 
TLSKADYEKHKVYACEVTHOGLSSPVTKSFNRGEC 
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119 6E11 (full length heavy chain) EVQLVESGGALVQPGRSLRLSCAASGFTFDDYAM 
HWVRQ APGKGLEWVSGITWNSGGIGYADSVKGRF 
TISRDNAKNSLYLQMNSLRAEDTALYYCAKDRYY 
S S WLLFDN W GOGIL VT V S S AS TKGPS VFPL APS S KS 

119 6E11 (full length heavy chain) 

TSGGTAALGCLVKDYFPEPVTVSWNSGALTSGVHT 
FP AVLOS SGLY SLS SWT VPS S SLGTOT YICN VNHK 
PSNTKVDKKVEPKSCDKTHTCPPCPAPELLGGPSVF 
LFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVKFN 
WYVDGVEVHNAKTKPREEOYNSTYRVVSVLTVLH 
ODWLNGKEYKCKVSNKALPAPIEKTISKAKGOPRE 
POVYTLPPSRDELTKNOVSLTCLVKGFYPSDIAVE 
WESNGOPENNYKTTPPVLDSDGSFFLYSKLTVDKS 
RWOOGNVFSCSVMHEALHNHYTOKSLSLSPGK 

120 6E11 (full length light chain 1) EIVLTQSPGTLSLSPGERATLSCRASQSVSSSYLAW 
YQQKPGQAPRLLIYGASSRATGIPDRFSGSGSGTDF 
TLTISRLEPEDFA V Y Y CQH Y GS SFTFGPGTKVDIKR 
TV A APS VFIFPPS DEOLKS GT AS V V CLLNNF YPRE A 
KVOWKVDNALOSGNSOESVTEODSKDSTYSLSSTL 
TLSKADYEKHKVYACEVTHOGLSSPVTKSFNRGEC 

121 7A11 (full length heavy chain) EVQLVESGGGLVQTGRSLRLSCAASGFTFDDYAM 
HWVRQ APGKGLEWVSDISWNSDIIGY ADS VKGRF 
TISRDNAKNSLYLQMNSLRAEDTALYY CAKDIY GS 
GSSFFDYWGOGILVTVSSASTKGPSVFPLAPSSKST 
SGGTAALGCLVKDYFPEPVTVSWNSGALTSGVHTF 
PAVLOSSGLYSLSSVVTVPSSSLGTOTYICNVNHKP 
SNTKVDKKVEPKSCDKTHTCPPCPAPET ,T .GGPSVFT, 
FPPKPKDTLMISRTPEVTCVVVDVSHEDPEVKFNW 
YVDGVEVHNAKTKPREEOYNSTYRVVSVLTVLHO 
DWLNGKEYKCKVSNKALPAPIEKTISKAKGOPREP 
OVYTLPPSRDELTKNOVSLTCLVKGFYPSDIAVEW 
ESNGOPENNYKTTPPVLDSDGSFFLYSKLTVDKSR 
WOOGNVFSCSVMHEALHNHYTOKSLSLSPGK 

122 7A11 (full length light chain 1) DIQMTQSPSSLSASVGDRVTITCRASQYISSWLAWY 
QQKPEKAPKSLIYAASSLQSGVPSRFSGSGSGTDFT 
T .TTSST ,QPF,DF ATYY COOYHS YPPTFGQGTRT ,F,TKR 
TV A APS VFIFPPS DEOLKS GT AS V V CLLNNF YPRE A 
KVOWKVDNALOSGNSOESVTEODSKDSTYSLSSTL 
TLSKADYEKHKVYACEVTHOGLSSPVTKSFNRGEC 

123 Hinge C219S ERKS C VECPPCPAPPV AG 
124 IgG2 CHI (wildtype) ASTKGPSVFPLAPCSRSTSESTAALGCL VKD YFPEP 

VT V S WN S G ALT S G VHTFP A VLQ S S GL Y SLSSVVTV 
PS SNFGTQT YTCN VDHKPSNTKVDKT V 

125 IgGl CH2 + A330S and P331S PSVFLFPPKPKDTLMISRTPEVTCVVVDVSHEDPEV 
KFNWYVDGVFVHN AKTKPREEOYNSTYR WS VT ,T 
VLHQDWLNGKEYKCKVSNKALPS SIEKTISKAK 
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126 Human IgGl constant region AS TKGPS VFPL APS SKSTSGGT A ALGCL VKD YFPEP 
VT V S WN S G ALT S G VHTFP A VLQ S S GL Y SLSSVVTV 
PS S SLGTQT YICN VNHKPSNTKVDKKVEPKSCDKT 
HTCPPCPAPELLGGPSVFLFPPKPKDTLMISRTPEVT 
C V V VD VS HEDPE VKFN W Y VDG VE VHN AKTKPRE 
EQYNSTYRVVS VLTVLHQDWLNGKEYKCKV SNK 
ALPAPIEKTISKAKGQPREPQVYTLPPSRDELTKNQ 
VSLTCLVKGFYPSDIAVEWESNGQPENNYKTTPPV 
LDSDGSFFLYSKLTVDKSRWQQGNVFSCSVMHEA 
LHNHYTQKSLSLSPGK 

127 Human IgGl constant region (allotype 
variant) 

AS TKGPS VFPL APS SKSTSGGT A ALGCL VKD YFPEP 
VT V S WN S G ALT S G VHTFP A VLQ S S GL Y SLSSVVTV 
PS S SLGTQT YICN VNHKPSNTKVDKKVEPKSCDKT 
HTCPPCPAPELLGGPSVFLFPPKPKDTLMISRTPEVT 
C V V VD VS HEDPE VKFN WY VDG VE VHN AKTKPRE 
EQYNSTYRVVS VLTVLHQDWLNGKEYKCKV SNK 
AT ,P A PTF.KTTS KAKGQPREPQVYTT ,PPSRF,EMTKNQ 
VSLTCLVKGFYPSDIAVEWESNGQPENNYKTTPPV 
LDSDGSFFLYSKLTVDKSRWQQGNVFSCSVMHEA 
LHNHYTQKSLSLSPGK 

128 IgGl CH3 + E356 and M358 GQPREPQVYTT ,PPSRF,EMTKNQVST ,TCT VKGFYPS 
DIAVEWESNGQPENNYKTTPPVLDSDGSFFLYSKL 
TVDKSRWQQGNVFSCSVMHEALHNHYTQKSLSLS 
PGK 

129 IgGl constant region AS TKGPS VFPL APS SKSTSGGT A ALGCL VKD YFPEP 
VT V S WN S G ALT S G VHTFP A VLQ S S GL Y SLSSVVTV 
PS S SLGTQT YICN VNHKPSNTKVDKKVEPKSCDKT 
HTCPPCPAPELLGGPSVFLFPPKPKDTLMISRTPEVT 
C V V VD VS HEDPE VKFN WY VDG VE VHN AKTKPRE 
EQYNSTYRVVS VLTVLHQDWLNGKEYKCKV SNK 
ALPAPIEKTISKAKGQPREPQVYTLPPSRDELTKNQ 
VSLTCLVKGFYPSDIAVEWESNGQPENNYKTTPPV 
LDSDGSFFLYSKLTVDKSRWQQGNVFSCSVMHEA 
LHNHYTQKSLSLSPGK 

130 IgG2 constant region ASTKGPSVFP LAPCSRSTSE STAALGCLVK 
DYFPEPVTVS WNSGALTSGV HTFPAVLQSS 
GLYSLSSVVT VPSSNFGTQT YTCNVDHKPS 
NTKVDKTVER KCCVECP PCPAPPVAG 
PSVFLFPPKP KDTLMISRTP EVTCVVVDVS 
HEDPEVQFNW YVDGVEVHNA KTKPREEQFN 
STFRVVSVLT VVHQDWLNGK EYKCKVSNKG 
LPAPIEKTIS KTKGQPREPQ VYTLPPSREE 
MTKNQVSLTC LVKGFYPSDI AVEWESNGQP 
ENNYKTTPPM LDSDGSFFLY SKLTVDKSRW 
QQGNVFSCSV MHEALHNHYT QKSLSLSPGK 

131 Human IgGl kappa light chain (CL) RTV AAPSVFIFPP SDEQLKSGTA SVVCLLNNFY 
PREAKVQWKV DNALQSGNSQ ESVTEQDSKD 
STYSLSSTLT LSKADYEKHK VYACEVTHQG 
LSSPVTKSFN RGEC 

132 Heavy chain C-terminus LSPGK 
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133 CD73.4-IgG2CS-IgGl.lf, AA sequence QVQLVESGGGVVQPGRSLRLSCAASGFTFSNYGM 
HWVRQ APGKGLEWV AVILYDGSNKYYPDSVKGR 
FTISRDNSKNTLYLQMNSLRAEDTAVYYCARGGSS 
WYPDSFDIW GQGTM VT V S S ASTKGPS VFPL APCS R 
STSESTAALGCL VKD YFPEP VTVSWNSGALTSGVH 
TFPAVLQSSGLYSLSSVVTVPSSNFGTQTYTCNVDH 
KPSNTKVDKTVERKSCVECPPCPAPPVAGPSVFLFP 
PKPKDTLMISRTPEVTCVVVDVSHEDPEVKFNWYV 
DGVEVHNAKTKPREEQYNSTYR VVSVT ,TVT ,HQDW 
LNGKEYKCKV SNKALPS SIEKTISKAKGQPREPQVY 
TT ,PPSREF,MTKNQVST ,TCT .VKGFYPSDT A VEWESN 
GQPENNYKTTPPVLDSDGSFFLYSKLTVDKSRWQQ 
GNVFSCSVMHEALHNHYTQKSLSLSPGK 

134 CD73.4-IgG2CS-IgGl.lf, NT sequence caggtgcagctggtggagtctgggggaggcgtggtccagcctgggaggtcc 
ctgagactctcctgtgcagcctctggattcaccttcagtaactatggcatgcactg 
ggtccgccaggctccaggcaaggggctggagtgggtggcagttatattgtatga 
tggaagtaataaatactatccagactccgtgaagggccgattcaccatctccaga 
gacaattccaagaacacgctgtatctgcaaatgaacagcctgagagccgagga 
cacggctgtgtattactgtgcgagagggggcagcagctggtaccctgattcttttg 
atatctggggccaaggaacaatggtcaccgtctcttcagcgtcgaccaagggcc 
catcggtcttccccctggcgccctgctccaggagcacctccgagagcacagcg 
gccctgggctgcctggtcaaggactacttccccgaaccggtgacggtgtcgtgg 
aactcaggcgctctgaccagcggcgtgcacaccttcccagctgtcctacagtcct 
caggactctactccctcagcagcgtggtgaccgtgccctccagcaacttcggca 
cccagacctacacctgcaacgtagatcacaagcccagcaacaccaaggtggac 
aagacagttgagcgcaaatcctgtgtcgagtgcccaccgtgcccagcaccacct 
gtggcaggaccgtcagtcttcctcttccccccaaaacccaaggacaccctcatg 
atctcccggacccctgaggtcacatgcgtggtggtggacgtgagccacgaaga 
ccctgaggtcaagttcaactggtacgtggacggcgtggaggtgcataatgccaa 
gacaaagccgcgggaggagcagtacaacagcacgtaccgtgtggtcagcgtc 
ctcaccgtcctgcaccaggactggctgaatggcaaggagtacaagtgcaaggt 
ctccaacaaagccctcccaagcagcatcgagaaaaccatctccaaagccaaag 
ggcagccccgagaaccacaggtgtacaccctgcccccatcccgggaggagat 
gaccaagaaccaggtcagcctgacctgcctggtcaaaggcttctatcccagcga 
catcgccgtggagtgggagagcaatgggcagccggagaacaactacaagacc 
acgcctcccgtgctggactccgacggctccttcttcctctatagcaagctcaccgt 
ggacaagagcaggtggcagcaggggaacgtcttctcatgctccgtgatgcatg 
aggctctgcacaaccactacacgcagaagagcctctccctgtccccgggtaaa 

135 CD73.4 VH (a.a.) QVQLVESGGGVVQPGRSLRLSCAASGFTFSNYGM 
HWVRQAPGKGLEWV AVILYDGSNKYYPDSVKGR 
FTISRDNSKNTLYLQMNSLRAEDTAVYYCARGGSS 
WYPDSFDIW GQGTM VTV S S 

136 Wildtype IgG2 hinge ERKCCVECPPCPAPPV AG 

137 Wildtype IgGl CH2 PSVFLFPPKPKDTLMISRTPEVTCVVVDVSHEDPEV 
KFNWYVDGVFVHN AKTKPREEQYNSTYR VVSVT ,T 
VLHQDWLNGKEYKCKVSNKALPAPIEKTISKAK 

138 Wildtype IgGl CH3 GQPREPQVYTT .PPSREEMTKNQVST ,TCT VKGFYPS 
DIAVEWESNGQPENNYKTTPPVLDSDGSFFLYSKL 
TVDKSRWQQGNVFSCSVMHEALHNHYTQKSLSLS 
PGK 
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139 11F11 VH - Nucleotide Sequence CAGGTGCAGCTGGTGGAGTCTGGGGGAGGCGTG 
GTCCAGCCTGGGAGGTCCCTGAGACTCTCCTGTG 
C AACGTCTGG ATTC ACCTTC AGT A ACT ATGGC AT 
GCACTGGGTCCGCCAGGCTCCAGGCAAGGGGCT 
GG AGTGGGTGGC AGTT AT ATTGT ATG ATGG A AGT 
AAT A A AT ACT ATCC AG ACTCCGTG A AGGGCCG A 
TTCACCATCTCCAGAGACAATTCCAAGAACACGC 
TGTATCTGCAAATGAACAGCCTGAGAGCCGAGG 
AC ACGGCTGTGT ATT ACTGTGCG AG AGGGGGC A 
GC AGCTGGT ACCCTG ATTCTTTTG AT ATCTGGGG 
CCAAGGAACAATGGTCACCGTCTC TTCA 

140 11F11 VK1 - Nucleotide Sequence GAAATTGTGTTGACACAGTCTCCAGCCACCCTGT 
CTTTGTCTCCAGGGGAAAGAGCCACCCTCTCCTG 
C AGGGCC AGTC AGGGTGTT AGC AGCT ACTT AGCC 
TGGTACCAGCAGAAACCTGGCCAGGCTCCCAGG 
CTCCTCATCTATGATGCATCCAACAGGGCCACTG 
GCATCCCAGCCAGGTTCAGTGGCAGTGGGCCTG 
GGACAGACTTCACTCTCACCATCAGCAGCCTAGA 
GCCTG A AG ATTTTGC AGTTT ATT ACTGTC AGC AG 
CGTAGCAACTGGCATCTCACTTTCGGCGG 
AGGGACCAAGGTGGAGATCAAA 

141 11F11 VK2 - Nucleotide Sequence GACATCCAGATGACCCAGTCTCCATCCTCACTGT 
CTGCATCTGTAGGAGACAGAGTCACCATCACTTG 
TCGGGCG AGTC AGGGT ATT AGC AGCTGGTT AGCC 
TGGT ATC AGC AG A A ACC AG AG A A AGCCCCT A AG 
TCCCTGATCTATGCTGCATCCAGTTTGCAAAGTG 
GGGTCCCATCAAGGTTCAGCGGCAGTGGATCTG 
GGACAGATTTCACTCTCACCATCAGCAGCCTGCA 
GCCTG A AG ATTTTGC A ACTT ATT ACTGCC A AC AG 
TATAATAGTTACCCTCTCACTTTCGGCGG 
AGGGACCAAGGTGGAGATCAAA 

142 4C3 VH - Nucleotide Sequence GAAGTGCAGCTGGTGGAGTCTGGGGGAGGCTTG 
GTACAGCCTGGCAGGTCCCTGAGACTCTCCTGTG 
CAGCCTCTGGATTCACCTTTGATGATTATGCCAT 
GCACTGGGTCCGGCAAGCTCCAGGGAAGGGCCT 
GG AGTGGGTCTC AGGT ATT AGTTGG A AG AGTGG 
T AGC AT AGGCT ATGCGGACTCTGTG A AGGGCCG 
ATTCACCATCTCCAGAGACAACGCCAAGAACTCC 
CTGTATCTGCAAATGAACAGTCTGAGAGCTGAG 
GAC ACGGCCTTGT ATT ACTGTGT A A A AGGGT ATT 
ACGTT ATTTTG ACTGGCCTTG ACT ACTGGGGCC A 
GGGAACCCTGGTCACCGTCTCCTC A 

143 4C3 VK1 - Nucleotide Sequence GAAATTGTGTTGACGCAGTCTCCAGGCACCCTGT 
CTTTGTCTCCAGGGGAAAGAGCCACCCTCTCCTG 
C AGGGCC AGTC AG AGTGTT AGC AGCT ACTT AGCC 
TGGTACCAGCAGAAACCTGGCCAGGCTCCCAGG 
CTCCTCATCTATGGTGCATCCAGCAGGGCCACTG 
GCATCCCAGACAGGTTCAGTGGCAGTGGGTCTG 
GGACAGACTTCACTCTCACCATCAGCAGACTGGA 
GCCTG A AG ATTTTGC AGTGT ATT ACTGTC AGC AG 
T ATGGT AGCTC ACCGCTC ACTTTCGGCGG AGGG A 
CCAAGGTGGAGATCAAA 
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144 4C3 VK2 - Nucleotide Sequence GACATCCAGATGACCCAGTCTCCATCCTCACTGT 
CTGCATCTGTAGGAGACAGAGTCACCTTCACTTG 
TCGGGCG AGTC AGGGT ATT AGC AGCTGGTT AGCC 
TGGT ATC AGC AG A A ACC AG AG A A AGCCCCT A AG 
TCCCTGATCTATGCTGCATCCAGTTTGCAAAGTG 
GGGTCCCATCAAGGTTCAGCGGCAGTGGATCTG 
GGACAGATTTCACTCTCACCATCAGCAGCCTGCA 
GCCTG A AG ATTTTGC A ACTT ATT ACTGCC A AC AG 
TATAATAGTTACCCTCCAACGTTCGGCCA 
GGGGACCAAGGTGGAAATCAAA 

145 4C3 VK3 - Nucleotide Sequence GACATCCAGATGACCCAGTCTCCATCCTCACTGT 
CTGCATCTGTAGGAGACAGAGTCACCTTCACTTG 
TCGGGCG AGTC AGGGT ATT AGC AGCTGGTT AGCC 
TGGT ATC AGC AG A A ACC AG AG A A AGCCCCT A AG 
TCCCTGATCTATGCTGCATCCAGTTTGCAAAGTG 
GGGTCCCATCAAGGTTCAGCGGCAGTGGATCTG 
GGACAGATTTCACTCTCACCATCAGCAGCCTGCA 
GCCTG A AG ATTTTGC A ACTT ATT ACTGCC A AC AG 
TATAATAGTTACCCTCCAACGTTCGGCCA 
AGGGACCAAGGTGGAAATCAAA 

146 4D4 VH - Nucleotide Sequence CAGGTGCAGCTGGTGGAGTCTGGGGGAGGCGTG 
GTCCAGCCTGGGAGGTCCCTGAGACTCTCCTGTG 
CAGCGTCTGG ATTC ACCTTC AGT A ACT ATGGC AT 
GCACTGGGTCCGCCAGGCTCCAGGCAAGGGGCT 
GG AGTGGGTGGC AGTT AT ATGGT ATG ATG A A AG 
T AAT A A AT ACT ATGC AG ACTCCGTG A AGGGCCG 
ATTCACCATCTCCAGAGACAATTCCAAGAACACG 
CTGTTTCTGCAAATGAACAGCCTGAGAGCCGAG 
GAC ACGGCTGTGT ATT ATTGTGCG AG AGGGT AT A 
AC AGC AGGTGGT ACCCTG ATGCTTTTG AT ATCTG 
GGGCCAAGGGACAATGGTCACCGT CTCTTCA 

147 4D4 VK1 - Nucleotide Sequence GACATCCAGATGACCCAGTCTCCATCCTCACTGT 
CTGCATCTGTAGGAGACAGAGTCACCATCACTTG 
TCGGGCG AGTC AGGGT ATT AGC AGCTGGTT AGCC 
TGGT ATC AGC AG A A ACC AG AG A A AGCCCCT A AG 
TCCCTGATCTATGCTGCATCCAGTTTGCAAAGTG 
GGGTCCCATCAAGGTTCAGCGGCAGTGGATCTG 
GGACAGATTTCACTCTCACCATCAGCAGCCTGCA 
GCCTG A AG ATTTTGC A ACTT ATT ACTGCC A AC AG 
T AT AAT AGTT ACCCGCTC ACTTTCGGCGG AGGG A 
CCAAGGTGGAGATCAAA 

148 10D2 VH1 - Nucleotide Sequence CAGGTGCAGCTGGTGGAGTCTGGGGGAGGCGTG 
GTCCAGCCTGGGAGGTCCCTGAGACTCTCCTGTG 
CAGCGTCTGG ATTC ACCTTC AGT A ACT ATGGCCT 
GCACTGGGTCCGCCAGGCTCCAGGCAAGGGGCT 
GG AGTGGGTGGC AGTT AT ACGGT ATG ATGG A AG 
T AAT A A AT ACT ATGC AG ACTCCGTG A AGGGCCG 
ATTCACCATCTCCAGAGACAATTCCAAGAACACG 
CTGTATCTGCAAATGAGCAGCCTGAGAGCCGAG 
GACACGGCTGTGTATTACTGTGCGAGGGGGGGC 
AGCAGCTGGTACCCGGACGGTTTGGACGTCTGG 
GGCCAAGGGACCACGGTCACCGTCTC CTCA 
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149 10D2 VK1 - Nucleotide Sequence GCCATCCAGTTGACCCAGTCTCCATCCTCCCTGT 
CTGCATCTGTAGGAGACAGAGTCACCATCACTTG 
CCGGGC A AGTC AGGGC ATT AGC AGTGCTTT AGCC 
TGGT ATC AGC AG A A ACC AGGG A A AGCTCCT A AG 
CTCCTGATCTATGATGCCTCCAGTTTGGAAAGTG 
GGGTCCCATCAAGGTTCAGCGGCAGTGGATCTG 
GGACAGATTTCACTCTCACCATCAGCAGCCTGCA 
GCCTG A AG ATTTTGC A ACTT ATT ACTGTC A AC AG 
TTT AAT AGTT ACCCC ACTTTCGGCGG AGGG ACC A 
AGGTGGAGATCAAA 

150 10D2 VK2 - Nucleotide Sequence GACATCCAGATGACCCAGTCTCCATCCTCACTGT 
CTGCATCTGTAGGAGACAGAGTCACCATCACTTG 
TCGGGCG AGTC AGGGT ATT AGC AGCTGGTT AGCC 
TGGT ATC AGC AG A A ACC AG AG A A AGCCCCT A AG 
TCCCTGATCTATGCTGCATCCAGTTTGCAAAGTG 
GGGTCCCATCAAGGTTCAGCGGCAGTGGATCTG 
GGACAGATTTCACTCTCACCATCAGCAGCCTGCA 
GCCTG A AG ATTTTGC A ACTT ATT ACTGCC A AC AG 
T AT AAT AGTT ACCCGCTC ACTTTCGGCGG AGGG A 
CCAAGGTGGAGATCAAA 

151 11A6 VH - Nucleotide Sequence GAAGTGCAGCTGGTGGAATCTGGGGGAAACTTG 
GTACAGCCTGGCAGGTCCCTGAGACTCTCCTGTG 
CAGCCTCTGGATTCACCTTTGATGATTATGCCAT 
GCACTGGGTCCGGCAAGCTCCAGGGAAGGGCCT 
GG AGTGGGTCTC AGGT ATT AGTTGG A AT AAT AAT 
GAC AT AGGCT ATGCGGACTCTGTG A AGGGCCG A 
TTCATCATCTCCAGAGACAACGCCAAGAACTCCC 
TGTATCTGCAAATGAACAGTCTGAGACCTGAGG 
AC ACGGCCTTGT ATT ATTGTGT A A A AGGTT ATT A 
CGTT ATTTTG ACTGGTCTTG ACT ACTGGGGCC AG 
GGAACCCCGGTCACCGTCTCCTC A 

152 11A6 VK1 - Nucleotide Sequence GACATCCAGATGACCCAGTCTCCATCCTCACTGT 
CTGCATCTGTAGGAGACAGAGTCACCATCACTTG 
TCGGGCG AGTC AGGGT ATT AGC AGCTGGTT AGCC 
TGGT ATC AGC AG A A ACC AG AG A A AGCCCCT A AG 
TCCCTGATCTATGCTGCATCCAGTTTGCAAAGTG 
GGGTCCCATCAAGGTTCAGCGGCAGTGGATCTG 
GGACAGATTTCACTCTCACCATCAGCAGCCTGCA 
GCCTG A AG ATTTTGC A ACTT ATT ACTGCC A AC AG 
T AT AAT AGTT ACCCGCTC ACTTTCGGCGG AGGG A 
CCAAGGTGGAGATCAAA 

153 24H2 VH - Nucleotide Sequence CAGGTGCAACTGGTGGAGTCTGGGGGAGGCGTG 
GTCCAGCCTGGGAGGTCCCTGAGACTCTCCTGTG 
CAGCGTCTGG ATTC ACCTTC AGT A ACT ATGGC AT 
GCACTGGGTCCGCCAGGCTCCAGGCAAGGGGCT 
GGAGTGGGTGGCAGTT AT ATGGT ATGATGGAGG 
T AAT A A AT ACT ATGC AG ACTCCGTG A AGGGCCG 
ATTCACCATCTCCAGAGACAATTCCAAGAACACG 
CTGTTTCTGCAAATGAACAGCCTGAGAGCCGAA 
GACACGGCTGTGTATTACTGTGCGAGAGGGGGC 
AGC AGCTGGT ACCCTG ATGCTTTTG AT ATCTGGG 
GCCAAGGGACAATGGTCACCGTCTC TTCA 

224 



WO 2016/081748 PCT/US2015/061639 

154 24H2 VK1 - Nucleotide Sequence GACATCCAGATGACCCAGTCTCCATCCTCACTGT 
CTGCATCTGTAGGAGACAGAGTCACCATCACTTG 
TCGGGCG AGTC AGGGT ATT AGC AGCTGGTT AGCC 
TGGT ATC AGC AG A A ACC AG AG A A AGCCCCT A AG 
TCCCTGATCTATGCTGCATCCAGTTTGCAAAGTG 
GGGTCCCATCAAGGTTCAGCGGCAGTGGATCTG 
GGACAGATTTCACTCTCACCATCAGCAGCCTGCA 
GCCTG A AG ATTTTGC A ACTT ATT ACTGCC A AC AG 
T AT AAT AGTT ACCCTCTC ACTTTCGGCGG AGGG A 
CCAAGGTGGAGATCAAA 

155 5F8 VH - Nucleotide Sequence GAGGTGCAGCTGGTGGAGTCCGGGGGAGGCTTA 
GTTCAGCCTGGGGGGTCCCTGAGACTCTCCTGTG 
CAGCCTCTGG ATTC ACCTTC AGT AGCT ACTGG AT 
GCACTGGGTCCGCCAAGCTCCAGGGAAGGGGCT 
GGTGTGGGTCTC ACGT ATT ATT AGTG ATGGG AGT 
AGCACAGGTTACGCGGATTCCGTGAAGGGCCGA 
TTCACCATCTCCAGAGACAACGCCAAGAACACG 
CTGTATCTGCAAATGAACAGTCTGAGAGCCGAG 
GAC ACGGCTGTGT ATT ACTGTGC A AG AG AGTTT A 
GCAGTGGCTGGTACTTTGACTACTGGGGCCAGGG 
AACCCTGGTCACCGTCTCCTCA 

156 5F8 VK1 - Nucleotide Sequence GCCATCCAGTTGACCCAGTCTCCATCCTCCCTGT 
CTGCATCTGTAGGAGACAGAGTCACCATCACTTG 
CCGGGC AAGTCAGGGCATTAGCAGTGCTTT AGCC 
TGGT ATC AGC AG A A ACC AGGG A A AGCTCCT A AG 
CTCCTGATCTATGATGCCTCCAGTTTGGAAAGTG 
GGGTCCCATCAAGGTTCAGCGGCAGTGGATCTG 
GGACAGATTTCACTCTCACCATCAGCAGCCTGCA 
GCCTG A AG ATTTTGC A ACTT ATT ACTGTC A AC AG 
TTT AGT AGTT ACCCTCGG ACGTTCGGCC A AGGG A 
CCAAGGTGGAAATCAAA 

157 5F8 VK2 - Nucleotide Sequence GACATCCAGATGACCCAGTCTCCATCCTCACTGT 
CTGCATCTGTAGGAGACAGAGTCACCATCACTTG 
TCGGGCG AGTC AGGGT ATT AGC AGCTGGTT AGCC 
TGGT ATC AGC AG A A ACC AG AG A A AGCCCCT A AG 
TCCCTGATCTATGCTGCATCCAGTTTGCAAAGTG 
GGGTCCCATCAAGGTTCAGCGGCAGTGGATCTG 
GGACAGGTTTCACTCTCACCATCAGCAGCCTGCA 
GCCTG A AG ATTTTGC A ACTT ATT ACTGCC A AC AG 
T AT AAT AGTT ACCCTCGG ACGTTCGGCC A AGGG A 
CCAAGGTGGAAATCAAA 

158 6E11 VH - Nucleotide Sequence GAAGTGCAGCTGGTGGAGTCTGGGGGAGCCTTG 
GTACAGCCTGGCAGGTCCCTGAGACTCTCCTGTG 
CAGCCTCTGGATTCACCTTTGATGATTATGCCAT 
GCACTGGGTCCGGCAAGCTCCAGGGAAGGGCCT 
GG AGTGGGTCTC AGGT ATT ACTTGG A AT AGTGGT 
GGCAT AGGCT ACGCGGACTCTGTGAAGGGCCGA 
TTCACCATCTCCAGAGACAACGCCAAGAACTCCC 
TGTATCTGCAAATGAACAGTCTGAGAGCTGAGG 
AC ACGGCCTTGT ATT ACTGTGC A A A AG AT AGGT A 
TTACAGCAGTTGGCTCCTCTTTGACAACTGGGGC 
CAGGGAATTCTGGTCACCGTCTC CTCA 
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159 6E11 VK1 - Nucleotide Sequence GAAATTGTGTTGACGCAGTCTCCAGGCACCCTGT 
CTTTGTCTCCAGGGGAAAGAGCCACCCTCTCCTG 
C AGGGCC AGTC AG AGTGTT AGC AGC AGCT ACTT 
AGCCTGGTACCAGCAGAAACCTGGCCAGGCTCC 
CAGGCTCCTCATCTATGGTGCATCCAGCAGGGCC 
ACTGGCATCCCAGACAGGTTCAGTGGCAGTGGG 
TCTGGGACAGACTTCACTCTCACCATCAGCAGAC 
TGGAGCCTG A AG ATTTTGC AGTGT ATT ACTGTC A 
GC ATT ATGGT AGCTC ATTC ACTTTCGGCCCTGGG 
ACCAAAGTGGATATCAAA 

160 7A11 VH - Nucleotide Sequence GAAGTGCAGCTGGTGGAGTCTGGGGGAGGCTTG 
GTACAGACTGGCAGGTCCCTGAGACTCTCCTGTG 
CAGCCTCTGGATTCACCTTTGATGATTATGCCAT 
GCACTGGGTCCGGCAAGCTCCAGGGAAGGGCCT 
GG AGTGGGTCTC AG AT ATT AGTTGG A AT AGTG AT 
ATT AT AGGCT ATGCGGACTCTGTG A AGGGCCG AT 
TCACCATCTCTAGAGACAACGCCAAGAACTCCCT 
GTATCTGCAAATGAACAGTCTGAGAGCTGAGGA 
C ACGGCCTTGT ATT ACTGTGC A A A AG AT ATTT AT 
GGTTCGGGGAGTTCTTTTTTTGACT ACTGGGGCC 
AGGGAATCCTGGTCACCGTCTC CTCA 

161 7A11 VK1 - Nucleotide Sequence GACATCCAGATGACCCAGTCTCCATCCTCACTGT 
CTGCATCTGTAGGAGACAGAGTCACCATCACTTG 
TCGGGCG AGTC AGT AT ATT AGC AGCTGGTT AGCC 
TGGT ATC AGC AG A A ACC AG AG A A AGCCCCT A AG 
TCCCTGATCTATGCTGCATCCAGTTTGCAAAGTG 
GGGTCCCATCAAGGTTCAGCGGCAGTGGATCTG 
GGACAGATTTCACTCTCACCATCAGCAGCCTGCA 
GCCTG A AG ATTTTGC A ACTT ATT ACTGCC A AC AG 
TATCATAGTTACCCTCCCACCTTCGGCCA 
AGGGACACGACTGGAGATTAAA 

162 IgG 1 -IgG2-IgG 1 f2 (MHCCR) AS TKGPS VFPL APS SKSTSGGT A ALGCL VKD YFPEP 
VT V S WN S G ALT S G VHTFP A VLQ S S GL Y SLSSVVTV 
PS S SLGTOT YICN VNHKPSNTKVDKKVERKCC VEC 
PPCPAPPVAGPSVFLFPPKPKDTLMISRTPEVTCVV 
VDVSHEDPEVKFNWYVDGVEVHNAKTKPREEQY 
NSTYRVVS VLTVLHQDWLNGKEYKCKV SNKALPA 
PIEKTISKAKGQPREPQVYTLPPSREEMTKNQVSLT 
CLVKGFYPSDIAVEWESNGQPENNYKTTPPVLDSD 
GSFFLYSKLTVDKSRWQQGNVFSCSVMHEALHNH 
YTQKSLSLSPGK 

163 IgG 1 -IgG2CS -IgG 1 f2 (MHCCR) AS TKGPS VFPL APS SKSTSGGT A ALGCL VKD YFPEP 
VT V S WN S G ALT S G VHTFP A VLQ S S GL Y SLSSVVTV 
PS S SLGTOT YICN VNHKPSNTKVDKKVERKS C VEC 
PPCPAPPVAGPSVFLFPPKPKDTLMISRTPEVTCVV 
VDVSHEDPEVKFNWYVDGVEVHNAKTKPREEQY 
NSTYRVVS VLTVLHQDWLNGKEYKCKV SNKALPA 
PIEKTISKAKGQPREPQVYTLPPSREEMTKNQVSLT 
CLVKGFYPSDIAVEWESNGQPENNYKTTPPVLDSD 
GSFFLYSKLTVDKSRWQQGNVFSCSVMHEALHNH 
YTQKSLSLSPGK 
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164 IgG2-IgGlf2 (MHCCR) ASTKGPSVFPLAPCSRSTSESTAALGCL VKD YFPEP 
VT V S WN S G ALT S G VHTFP A VLQ S S GL Y SLSSVVTV 
PSSNFGTOTYTCNVDHKPSNTKVDKTVERKCCVEC 
PPCPAPPVAGPSVFLFPPKPKDTLMISRTPEVTCVV 
VDVSHEDPEVKFNWYVDGVEVHNAKTKPREEQY 
NSTYRVVS VLTVLHQDWLNGKEYKCKV SNKALPA 
PIEKTISKAKGQPREPQVYTLPPSREEMTKNQVSLT 
CLVKGFYPSDIAVEWESNGQPENNYKTTPPVLDSD 
GSFFLYSKLTVDKSRWQQGNVFSCSVMHEALHNH 
YTQKSLSLSPGK 

165 IgG2CS-IgGlf2 (MHCCR) ASTKGPSVFPLAPCSRSTSESTAALGCL VKD YFPEP 
VT V S WN S G ALT S G VHTFP A VLQ S S GL Y SLSSVVTV 
PSSNFGTOTYTCNVDHKPSNTKVDKTVERKSCVEC 
PPCPAPPVAGPSVFLFPPKPKDTLMISRTPEVTCVV 
VDVSHEDPEVKFNWYVDGVEVHNAKTKPREEQY 
NSTYRVVS VLTVLHQDWLNGKEYKCKV SNKALPA 
PIEKTISKAKGQPREPQVYTLPPSREEMTKNQVSLT 
CLVKGFYPSDIAVEWESNGQPENNYKTTPPVLDSD 
GSFFLYSKLTVDKSRWQQGNVFSCSVMHEALHNH 
YTQKSLSLSPGK 

166 IgG 1 -IgG2-IgG 1.1 f (MHCCR) AS TKGPS VFPL APS SKSTSGGT A ALGCL VKD YFPEP 
VT V S WN S G ALT S G VHTFP A VLQ S S GL Y SLSSVVTV 
PS S SLGTOT YICN VNHKPSNTKVDKKVERKCC VEC 
PPCPAPPVAGPSVFLFPPKPKDTLMISRTPEVTCVV 
VDVSHEDPEVKFNWYVDGVEVHNAKTKPREEQY 
NSTYRVVSVLTVLHQDWLNGKEYKCKVSNKALPS 
SIEKTISKAKGQPREPQVYTLPPSREEMTKNQVSLT 
CLVKGFYPSDIAVEWESNGQPENNYKTTPPVLDSD 
GSFFLYSKLTVDKSRWQQGNVFSCSVMHEALHNH 
YTQKSLSLSPGK 

167 IgG 1 -IgG2CS -IgG 1.1 f (MHCCR) AS TKGPS VFPL APS SKSTSGGT A ALGCL VKD YFPEP 
VT V S WN S G ALT S G VHTFP A VLQ S S GL Y SLSSVVTV 
PS S SLGTOT YICN VNHKPSNTKVDKKVERKS C VEC 
PPCPAPPVAGPSVFLFPPKPKDTLMISRTPEVTCVV 
VDVSHEDPEVKFNWYVDGVEVHNAKTKPREEQY 
NSTYRVVSVLTVLHQDWLNGKEYKCKVSNKALPS 
SIEKTISKAKGQPREPQVYTLPPSREEMTKNQVSLT 
CLVKGFYPSDIAVEWESNGQPENNYKTTPPVLDSD 
GSFFLYSKLTVDKSRWQQGNVFSCSVMHEALHNH 
YTQKSLSLSPGK 

168 IgG2-IgGl.If (MHCCR) ASTKGPSVFPLAPCSRSTSESTAALGCL VKD YFPEP 
VT V S WN S G ALT S G VHTFP A VLQ S S GL Y SLSSVVTV 
PSSNFGTOTYTCNVDHKPSNTKVDKTVERKCCVEC 
PPCPAPPVAGPSVFLFPPKPKDTLMISRTPEVTCVV 
VDVSHEDPEVKFNWYVDGVEVHNAKTKPREEQY 
NSTYRVVSVLTVLHQDWLNGKEYKCKVSNKALPS 
SIEKTISKAKGQPREPQVYTLPPSREEMTKNQVSLT 
CLVKGFYPSDIAVEWESNGQPENNYKTTPPVLDSD 
GSFFLYSKLTVDKSRWQQGNVFSCSVMHEALHNH 
YTQKSLSLSPGK 
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169 IgG2CS-IgGl.lf (MHCCR) ASTKGPSVFPLAPCSRSTSESTAALGCL VKD YFPEP 
VT V S WN S G ALT S G VHTFP A VLQ S S GL Y SLSSVVTV 
PSSNFGTOTYTCNVDHKPSNTKVDKTVERKSCVEC 
PPCPAPPVAGPSVFLFPPKPKDTLMISRTPEVTCVV 
VDVSHEDPEVKFNWYVDGVEVHNAKTKPREEQY 
NSTYRVVSVLTVLHQDWLNGKEYKCKVSNKALPS 
SIEKTISKAKGQPREPQVYTLPPSREEMTKNQVSLT 
CLVKGFYPSDIAVEWESNGQPENNYKTTPPVLDSD 
GSFFLYSKLTVDKSRWQQGNVFSCSVMHEALHNH 
YTQKSLSLSPGK 

170 CD73.3 VH (a.a) EVQLVESGGGLVQPGRSLRLSCAASGFTFDDYAM 
HWVRQ APGKGLEWVSGISWKSGSIGY ADS VKGRF 
TISRDNAKNSLYLQMNSLRAEDTVLYYCVKGYYVI 
LTGLD Y W GQGTL VT V S S 

171 CD73.5 VH (a.a) QVQLVESGGGVVQPGRSLRLSCASSGFTFSNYGMH 
WVRQ APGKGLEWV AVILYDGSNKYYPDSVKGRFT 
ISRDN S KNTL YLQMN SLR AEDT A V Y Y C ARGGS S W 
YPDSFDIW GQGTM VTV S S 

172 CD73.6 VH (a.a) QVQLVESGGGVVQPGRSLRLSCAASGFTFSNYGM 
HWVRQ APGKGLEWV A VIL YD S SNK YYPDS VKGRF 
TISRDNSKNTL YLQMN SLR AEDT AV Y Y C ARGGS S 
W YPDSFDIWGQGTM VTV S S 

173 CD73.7 VH (a.a) QVQLVESGGGVVQPGRSLRLSCASSGFTFSNYGMH 
WVRQ APGKGLEWV AVIL YDS SNKY YPDS VKGRFT 
IS RDNS KNTL YLQMN SLR AEDT A V Y Y C ARGGS S W 
YPDSFDIWGQGTM VT V S S 

174 CD73.8 VH (a.a) QVQLVESGGGVVQPGRSLRLSCAASGFTFSNYGM 
HWVRQ APGKGLEWV A VIW YDS SNKY YPDS VKGR 
FTISRDNSKNTLYLQMNSLR AEDT A V Y Y C ARGGS S 
W YPDSFDIWGQGTM VTV S S 

175 CD73.9 VH (a.a) QVQLVESGGGVVQPGRSLRLSCASSGFTFSNYGMH 
WVRQ APGKGLEWV AVIW YDS SNKY YPDS VKGRF 
TIS RDN S KNTL YLQMN S LR AEDT AVYYCARGGSS 
WYPDSFDIW GQGTM VTV S S 

176 CD73.10 VH (a.a) QVQLVESGGGVVQPGRSLRLSCAASGFTFSNYGM 
HWVRQ APGKGLEWV AVIWYDESNKYYPDS VKGR 
FTISRDNSKNTLYLQMNSLRAEDT AVYYCARGGSS 
WYPDSFDIW GQGTM VTV S S 

177 CD73.11 VH (a.a) QVQLVESGGGVVQPGRSLRLSCAASGFTFSNYGM 
HWVRQ APGKGLEWV AVIWYDESNKYY ADS VKGR 
FTISRDNSKNTLFLQMN SLR AEDT AV Y Y C ARG YN S 
RW YPD AFDIW GQGTM VTV S S 

178 IgG2/IgGl hybrid hinge ERKCCVECPPCPAPELLGG 

179 IgG2 C219S/IgGl hybrid hinge ERKS C VECPPCPAPELLGG 
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180 IgGl-IgG2-IgGlf AS TKGPS VFPL APS SKSTSGGT A ALGCL VKD YFPEP 
VTV S WN S G ALT S G VHTFP A VLQ S S GL Y SLSSVVTV 
PS S SLGTOT YICN VNHKPSNTKVDKKVERKCC VEC 
PPCPAPELLGGPSVFLFPPKPKDTLMISRTPEVTCVV 
VDVSHEDPEVKFNWYVDGVEVHNAKTKPREEQY 
NSTYRVVS VLTVLHQDWLNGKEYKCKV SNKALPA 
PIEKTISKAKGQPREPQVYTLPPSREEMTKNQVSLT 
CLVKGFYPSDIAVEWESNGQPENNYKTTPPVLDSD 
GSFFLYSKLTVDKSRWQQGNVFSCSVMHEALHNH 
YTQKSLSLSPGK 

181 IgG 1 -IgG2CS -IgG 1 f AS TKGPS VFPL APS SKSTSGGT A ALGCL VKD YFPEP 
VTV S WN S G ALT S G VHTFP A VLQ S S GL Y SLSSVVTV 
PS S SLGTOT YICN VNHKPSNTKVDKKVERKS C VEC 
PPCPAPELLGGPSVFLFPPKPKDTLMISRTPEVTCVV 
VDVSHEDPEVKFNWYVDGVEVHNAKTKPREEQY 
NSTYRVVS VLTVLHQDWLNGKEYKCKV SNKALPA 
PIEKTISKAKGQPREPQVYTLPPSREEMTKNQVSLT 
CLVKGFYPSDIAVEWESNGQPENNYKTTPPVLDSD 
GSFFLYSKLTVDKSRWQQGNVFSCSVMHEALHNH 
YTQKSLSLSPGK 

182 IgG2-IgGlf ASTKGPSVFPLAPCSRSTSESTAALGCL VKD YFPEP 
VTV S WN S G ALT S G VHTFP A VLQ S S GL Y SLSSVVTV 
PSSNFGTOTYTCNVDHKPSNTKVDKTVERKCCVEC 
PPCPAPELLGGPSVFLFPPKPKDTLMISRTPEVTCVV 
VDVSHEDPEVKFNWYVDGVEVHNAKTKPREEQY 
NSTYRVVS VLTVLHQDWLNGKEYKCKV SNKALPA 
PIEKTISKAKGQPREPQVYTLPPSREEMTKNQVSLT 
CLVKGFYPSDIAVEWESNGQPENNYKTTPPVLDSD 
GSFFLYSKLTVDKSRWQQGNVFSCSVMHEALHNH 
YTQKSLSLSPGK 

183 IgG2CS-IgGlf ASTKGPSVFPLAPCSRSTSESTAALGCL VKD YFPEP 
VTV S WN S G ALT S G VHTFP A VLQ S S GL Y SLSSVVTV 
PSSNFGTOTYTCNVDHKPSNTKVDKTVERKSCVEC 
PPCPAPELLGGPSVFLFPPKPKDTLMISRTPEVTCVV 
VDVSHEDPEVKFNWYVDGVEVHNAKTKPREEQY 
NSTYRVVS VLTVLHQDWLNGKEYKCKV SNKALPA 
PIEKTISKAKGQPREPQVYTLPPSREEMTKNQVSLT 
CLVKGFYPSDIAVEWESNGQPENNYKTTPPVLDSD 
GSFFLYSKLTVDKSRWQQGNVFSCSVMHEALHNH 
YTQKSLSLSPGK 

184 mAb-CD7 3.3 - Vh-hHC-IgG 1.1 f EVQLVESGGG LVQPGRSLRL SCAASGFTFD 
DYAMHWVRQA PGKGLEWVSGISWKSGSIGY 
ADSVKGRFTI SRDNAKNSLY LQMNSLRAED 
TALYYCAKGYYVILTGLDYW GQGTLVTVSS 
ASTKGPSVFP LAPSSKSTSG GT A ALGCL VK 
DYFPEPVTVS WNSGALTSGV HTFPAVLQSS 
GLYSLSSVVT VPSSSLGTQT YICNVNHKPS 
NTKVDKRVEP KSCDKTHTCP PCPAPEAEGA 
PSVFLFPPKP KDTLMISRTP EVTCVVVDVS 
HEDPEVKFNW YVDGVEVHNA KTKPREEQYN 
STYRVVS VLT VLHQDWLNGK EYKCKV SNK A 
LPSSIEKTIS KAKGQPREPQ VYTLPPSREE 
MTKNQVSLTC LVKGFYPSDI AVEWESNGQP 
ENNYKTTPPV LDSDGSFFLY SKLTVDKSRW 
QQGNVFSCSV MHEALHNHYT QKSLSLSPG 
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185 mAb-CD7 3.3 - Vh-hHC-IgG2-C219S EVQLVESGGG LVQPGRSLRL SCAASGFTFD 
DYAMHWVRQA PGKGLEWVSG ISWKSGSIGY 
ADSVKGRFTI SRDNAKNSLY LQMNSLRAED 
TALYYCAKGY YVILTGLDYW GQGTLVTVSS 
ASTKGPSVFP LAPCSRSTSE STAALGCLVK 
DYFPEPVTVS WNSGALTSGV HTFPAVLQSS 
GLYSLSSVVT VPSSNFGTQT YTCNVDHKPS 
NTKVDKTVER KSCVECPPCP APPVAGPSVF 
LFPPKPKDTL MISRTPEVTC VVVDVSHEDP 
EVQFNWYVDG VEVHNAKTKP REEQFNSTFR 
VVSVLTVVHQ DWLNGKEYKC KVSNKGLPAP 
IEKTISKTKG QPREPQVYTL PPSREEMTKN 
QVSLTCLVKG FYPSDIAVEW ESNGQPENNY 
KTTPPMLDSD GSFFLYSKLT VDKSRWQQGN 
VFSCSVMHEA LHNHYTQKSL SLSPG 

186 mAb-CD7 3.3 - Vh-hHC-IgG2-C219S-
IgGl.lf 

EVQLVESGGG LVQPGRSLRL SCAASGFTFD 
DYAMHWVRQA PGKGLEWVSG ISWKSGSIGY 
ADSVKGRFTI SRDNAKNSLY LQMNSLRAED 
TALYYCAKGY YVILTGLDYW GQGTLVTVSS 
ASTKGPSVFP LAPCSRSTSE STAALGCLVK 
DYFPEPVTVS WNSGALTSGV HTFPAVLQSS 
GLYSLSSVVT VPSSNFGTQT YTCNVDHKPS 
NTKVDKTVER KSCVECPPCP APPVAGPSVF 
LFPPKPKDTL MISRTPEVTC VVVDVSHEDP 
EVKFNWYVDG VEVHNAKTKP REEQYNSTYR 
VVSVLTVLHQ DWLNGKEYKC KVSNKALPSS 
IEKTISKAKG QPREPQVYTL PPSREEMTKN 
QVSLTCLVKG FYPSDIAVEW ESNGQPENNY 
KTTPPVLDSD GSFFLYSKLT VDKSRWQQGN 
VFSCSVMHEA LHNHYTQKSL SLSPG 

187 mAb-CD73.4-Vh-hHC-IgG 1.1 f QVQLVESGGG VVQPGRSLRL SCAASGFTFS 
NYGMHWVRQA PGKGLEWVAV ILYDGSNKYY 
PDSVKGRFTI SRDNSKNTLY LQMNSLRAED 
TAVYYCARGG SSWYPDSFDI WGQGTMVTVS 
SASTKGPSVF PLAPSSKSTS GGTAALGCLV 
KDYFPEPVTV SWNSGALTSG VHTFPAVLQS 
SGLYSLSSVV TVPSSSLGTQ TYICNVNHKP 
SNTKVDKRVE PKSCDKTHTC PPCPAPEAEG 
APSVFLFPPK PKDTLMISRT PEVTCVVVDV 
SHEDPEVKFN WYVDGVEVHN AKTKPREEQY 
NSTYRVVSVL TVLHQDWLNG KEYKCKVSNK 
ALPSSIEKTI SKAKGQPREP QVYTLPPSRE 
EMTKNQVSLT CLVKGFYPSD lAVEWESNGQ 
PENNYKTTPP VLDSDGSFFL YSKLTVDKSR 
WQQGNVFSCS VMHEALHNHY TQKSLSLSPG 

188 mAb-CD73.4-Vh-hHC-IgG2-C219S QVQLVESGGG VVQPGRSLRL SCAASGFTFS 
NYGMHWVRQA PGKGLEWVAV ILYDGSNKYY 
PDSVKGRFTI SRDNSKNTLY LQMNSLRAED 
TAVYYCARGG SSWYPDSFDI WGQGTMVTVS 
SASTKGPSVF PLAPCSRSTS ESTAALGCLV 
KDYFPEPVTV SWNSGALTSG VHTFPAVLQS 
SGLYSLSSVV TVPSSNFGTQ TYTCNVDHKP 
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SNTKVDKTVE RKSCVECPPC PAPPVAGPSV 
FLFPPKPKDT LMISRTPEVT CVVVDVSHED 
PEVQFNWYVD GVEVHNAKTK PREEQFNSTF 
RVVSVLTVVH QDWLNGKEYK CKVSNKGLPA 
PIEKTISKTK GQPREPQVYT LPPSREEMTK 
NQVSLTCLVK GFYPSDIAVE WESNGQPENN 
YKTTPPMLDS DGSFFLYSKL TVDKSRWQQG 
NVFSCSVMHE ALHNHYTQKS LSLSPG 

189 mAb-CD73.4-Vh-hHC-IgG2-C219S-
IgGl.lf 
(identical to SEQ ID NO: 133, except lacks 
C-terminal lysine) 

QVQLVESGGG VVQPGRSLRL SCAASGFTFS 
NYGMHWVRQA PGKGLEWVAV ILYDGSNKYY 
PDSVKGRFTI SRDNSKNTLY LQMNSLRAED 
TAVYYCARGG SSWYPDSFDI WGQGTMVTVS 
SASTKGPSVF PLAPCSRSTS ESTAALGCLV 
KDYFPEPVTV SWNSGALTSG VHTFPAVLQS 
SGLYSLSSVV TVPSSNFGTQ TYTCNVDHKP 
SNTKVDKTVE RKSCVECPPC PAPPVAGPSV 
FLFPPKPKDT LMISRTPEVT CVVVDVSHED 
PEVKFNWYVD GVEVHNAKTK PREEQYNSTY 
RVVS VLTVLH QDWLNGKEYK CKVSNKALPS 
SIEKTISKAK GQPREPQVYT LPPSREEMTK 
NQVSLTCLVK GFYPSDIAVE WESNGQPENN 
YKTTPPVLDS DGSFFLYSKL TVDKSRWQQG 
NVFSCSVMHE ALHNHYTQKS LSLSPG 

190 mAb-CD73.5 - Vh-hHC-IgG 1.1 f QVQLVESGGG VVQPGRSLRL SCASSGFTFS 
NYGMHWVRQA PGKGLEWVAV ILYDGSNKYY 
PDSVKGRFTI SRDNSKNTLY LQMNSLRAED 
TAVYYCARGG SSWYPDSFDI WGQGTMVTVS 
SASTKGPSVF PLAPSSKSTS GGTAALGCLV 
KDYFPEPVTV SWNSGALTSG VHTFPAVLQS 
SGLYSLSSVV TVPSSSLGTQ TYICNVNHKP 
SNTKVDKRVE PKSCDKTHTC PPCPAPEAEG 
APSVFLFPPK PKDTLMISRT PEVTCVVVDV 
SHEDPEVKFN WYVDGVEVHN AKTKPREEQY 
NSTYRVVSVL TVLHQDWLNG KEYKCKVSNK 
ALPSSIEKTI SKAKGQPREP QVYTLPPSRE 
EMTKNQVSLT CLVKGFYPSD lAVEWESNGQ 
PENNYKTTPP VLDSDGSFFL YSKLTVDKSR 
WQQGNVFSCS VMHEALHNHY TQKSLSLSPG 

191 mAb-CD7 3.5 - Vh-hHC-IgG2-C219S QVQLVESGGG VVQPGRSLRL SCASSGFTFS 
NYGMHWVRQA PGKGLEWVAV ILYDGSNKYY 
PDSVKGRFTI SRDNSKNTLY LQMNSLRAED 
TAVYYCARGG SSWYPDSFDI WGQGTMVTVS 
SASTKGPSVF PLAPCSRSTS ESTAALGCLV 
KDYFPEPVTV SWNSGALTSG VHTFPAVLQS 
SGLYSLSSVV TVPSSNFGTQ TYTCNVDHKP 
SNTKVDKTVE RKSCVECPPC PAPPVAGPSV 
FLFPPKPKDT LMISRTPEVT CVVVDVSHED 
PEVQFNWYVD GVEVHNAKTK PREEQFNSTF 
RVVSVLTVVH QDWLNGKEYK CKVSNKGLPA 
PIEKTISKTK GQPREPQVYT LPPSREEMTK 
NQVSLTCLVK GFYPSDIAVE WESNGQPENN 
YKTTPPMLDS DGSFFLYSKL TVDKSRWQQG 
NVFSCSVMHE ALHNHYTQKS LSLSPG 

192 mAb-CD7 3.5 - Vh-hHC-IgG2-C219S -
IgGl. If 

QVQLVESGGG VVQPGRSLRL SCASSGFTFS 
NYGMHWVRQA PGKGLEWVAV ILYDGSNKYY 
PDSVKGRFTI SRDNSKNTLY LQMNSLRAED 

231 



WO 2016/081748 PCT/US2015/061639 

TAVYYCARGG SSWYPDSFDI WGQGTMVTVS 
SASTKGPSVF PLAPCSRSTS ESTAALGCLV 
KDYFPEPVTV SWNSGALTSG VHTFPAVLQS 
SGLYSLSSVV TVPSSNFGTQ TYTCNVDHKP 
SNTKVDKTVE RKSCVECPPC PAPPVAGPSV 
FLFPPKPKDT LMISRTPEVT CVVVDVSHED 
PEVKFNWYVD GVEVHNAKTK PREEQYNSTY 
RVVSVLTVLH QDWLNGKEYK CKVSNKALPS 
SIEKTISKAK GQPREPQVYT LPPSREEMTK 
NQVSLTCLVK GFYPSDIAVE WESNGQPENN 
YKTTPPVLDS DGSFFLYSKL TVDKSRWQQG 
NVFSCSVMHE ALHNHYTQKS LSLSPG 

193 mAb-CD7 3.6-Vh-hHC-IgG 1.1 f QVQLVESGGG VVQPGRSLRL SCAASGFTFS 
NYGMHWVRQA PGKGLEWVAV ILYDSSNKYY 
PDSVKGRFTI SRDNSKNTLY LQMNSLRAED 
TAVYYCARGG SSWYPDSFDI WGQGTMVTVS 
SASTKGPSVF PLAPSSKSTS GGTAALGCLV 
KDYFPEPVTV SWNSGALTSG VHTFPAVLQS 
SGLYSLSSVV TVPSSSLGTQ TYICNVNHKP 
SNTKVDKRVE PKSCDKTHTC PPCPAPEAEG 
APSVFLFPPK PKDTLMISRT PEVTCVVVDV 
SHEDPEVKFN WYVDGVEVHN AKTKPREEQY 
NSTYRVVSVL TVLHQDWLNG KEYKCKVSNK 
ALPSSIEKTI SKAKGQPREP QVYTLPPSRE 
EMTKNQVSLT CLVKGFYPSD lAVEWESNGQ 
PENNYKTTPP VLDSDGSFFL YSKLTVDKSR 
WQQGNVFSCS VMHEALHNHY TQKSLSLSPG 

194 mAb-CD73.6-Vh-hHC-IgG2-C219S QVQLVESGGG VVQPGRSLRL SCAASGFTFS 
NYGMHWVRQA PGKGLEWVAV ILYDSSNKYY 
PDSVKGRFTI SRDNSKNTLY LQMNSLRAED 
TAVYYCARGG SSWYPDSFDI WGQGTMVTVS 
SASTKGPSVF PLAPCSRSTS ESTAALGCLV 
KDYFPEPVTV SWNSGALTSG VHTFPAVLQS 
SGLYSLSSVV TVPSSNFGTQ TYTCNVDHKP 
SNTKVDKTVE RKSCVECPPC PAPPVAGPSV 
FLFPPKPKDT LMISRTPEVT CVVVDVSHED 
PEVQFNWYVD GVEVHNAKTK PREEQFNSTF 
RVVSVLTVVH QDWLNGKEYK CKVSNKGLPA 
PIEKTISKTK GQPREPQVYT LPPSREEMTK 
NQVSLTCLVK GFYPSDIAVE WESNGQPENN 
YKTTPPMLDS DGSFFLYSKL TVDKSRWQQG 
NVFSCSVMHE ALHNHYTQKS LSLSPG 

195 mAb-CD73.6-Vh-hHC-IgG2-C219S-
IgGl.lf 

QVQLVESGGG VVQPGRSLRL SCAASGFTFS 
NYGMHWVRQA PGKGLEWVAV ILYDSSNKYY 
PDSVKGRFTI SRDNSKNTLY LQMNSLRAED 
TAVYYCARGG SSWYPDSFDI WGQGTMVTVS 
SASTKGPSVF PLAPCSRSTS ESTAALGCLV 
KDYFPEPVTV SWNSGALTSG VHTFPAVLQS 
SGLYSLSSVV TVPSSNFGTQ TYTCNVDHKP 
SNTKVDKTVE RKSCVECPPC PAPPVAGPSV 
FLFPPKPKDT LMISRTPEVT CVVVDVSHED 
PEVKFNWYVD GVEVHNAKTK PREEQYNSTY 
RVVSVLTVLH QDWLNGKEYK CKVSNKALPS 
SIEKTISKAK GQPREPQVYT LPPSREEMTK 
NQVSLTCLVK GFYPSDIAVE WESNGQPENN 
YKTTPPVLDS DGSFFLYSKL TVDKSRWQQG 
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NVFSCSVMHE ALHNHYTQKS LSLSPGK 

196 mAb-CD7 3.7 - Vh-hHC-IgG 1.1 f QVQLVESGGG VVQPGRSLRL SCASSGFTFS 
NYGMHWVRQA PGKGLEWVAV ILYDSSNKYY 
PDSVKGRFTI SRDNSKNTLY LQMNSLRAED 
TAVYYCARGG SSWYPDSFDI WGQGTMVTVS 
SASTKGPSVF PLAPSSKSTS GGTAALGCLV 
KDYFPEPVTV SWNSGALTSG VHTFPAVLQS 
SGLYSLSSVV TVPSSSLGTQ TYICNVNHKP 
SNTKVDKRVE PKSCDKTHTC PPCPAPEAEG 
APSVFLFPPK PKDTLMISRT PEVTCVVVDV 
SHEDPEVKFN WYVDGVEVHN AKTKPREEQY 
NSTYRVVSVL TVLHQDWLNG KEYKCKVSNK 
ALPSSIEKTI SKAKGQPREP QVYTLPPSRE 
EMTKNQVSLT CLVKGFYPSD lAVEWESNGQ 
PENNYKTTPP VLDSDGSFFL YSKLTVDKSR 
WQQGNVFSCS VMHEALHNHY TQKSLSLSPG 

197 mAb-CD7 3.7 - Vh-hHC-IgG2-C219S QVQLVESGGG VVQPGRSLRL SCASSGFTFS 
NYGMHWVRQA PGKGLEWVAV ILYDSSNKYY 
PDSVKGRFTI SRDNSKNTLY LQMNSLRAED 
TAVYYCARGG SSWYPDSFDI WGQGTMVTVS 
SASTKGPSVF PLAPCSRSTS ESTAALGCLV 
KDYFPEPVTV SWNSGALTSG VHTFPAVLQS 
SGLYSLSSVV TVPSSNFGTQ TYTCNVDHKP 
SNTKVDKTVE RKSCVECPPC PAPPVAGPSV 
FLFPPKPKDT LMISRTPEVT CVVVDVSHED 
PEVQFNWYVD GVEVHNAKTK PREEQFNSTF 
RVVSVLTVVH QDWLNGKEYK CKVSNKGLPA 
PIEKTISKTK GQPREPQVYT LPPSREEMTK 
NQVSLTCLVK GFYPSDIAVE WESNGQPENN 
YKTTPPMLDS DGSFFLYSKL TVDKSRWQQG 
NVFSCSVMHE ALHNHYTQKS LSLSPG 

198 mAb-CD7 3.7 - Vh-hHC-IgG2-C219S-
IgGl.lf 

QVQLVESGGG VVQPGRSLRL SCASSGFTFS 
NYGMHWVRQA PGKGLEWVAV ILYDSSNKYY 
PDSVKGRFTI SRDNSKNTLY LQMNSLRAED 
TAVYYCARGG SSWYPDSFDI WGQGTMVTVS 
SASTKGPSVF PLAPCSRSTS ESTAALGCLV 
KDYFPEPVTV SWNSGALTSG VHTFPAVLQS 
SGLYSLSSVV TVPSSNFGTQ TYTCNVDHKP 
SNTKVDKTVE RKSCVECPPC PAPPVAGPSV 
FLFPPKPKDT LMISRTPEVT CVVVDVSHED 
PEVKFNWYVD GVEVHNAKTK PREEQYNSTY 
RVVSVLTVLH QDWLNGKEYK CKVSNKALPS 
SIEKTISKAK GQPREPQVYT LPPSREEMTK 
NQVSLTCLVK GFYPSDIAVE WESNGQPENN 
YKTTPPVLDS DGSFFLYSKL TVDKSRWQQG 
NVFSCSVMHE ALHNHYTQKS LSLSPG 

199 mAb-CD7 3.8 - Vh-hHC-IgG 1.1 f QVQLVESGGG VVQPGRSLRL SCAASGFTFS 
NYGMHWVRQA PGKGLEWVAV IWYDSSNKYY 
PDSVKGRFTI SRDNSKNTLY LQMNSLRAED 
TAVYYCARGG SSWYPDSFDI WGQGTMVTVS 
SASTKGPSVF PLAPSSKSTS GGTAALGCLV 
KDYFPEPVTV SWNSGALTSG VHTFPAVLQS 
SGLYSLSSVV TVPSSSLGTQ TYICNVNHKP 
SNTKVDKRVE PKSCDKTHTC PPCPAPEAEG 
APSVFLFPPK PKDTLMISRT PEVTCVVVDV 
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SHEDPEVKFN WYVDGVEVHN AKTKPREEQY 
NSTYRVVSVL TVLHQDWLNG KEYKCKVSNK 
ALPSSIEKTI SKAKGQPREP QVYTLPPSRE 
EMTKNQVSLT CLVKGFYPSD lAVEWESNGQ 
PENNYKTTPP VLDSDGSFFL YSKLTVDKSR 
WQQGNVFSCS VMHEALHNHY TQKSLSLSPG 

200 mAb-CD7 3.8 - Vh-hHC-IgG2-C219S QVQLVESGGG VVQPGRSLRL SCAASGFTFS 
NYGMHWVRQA PGKGLEWVAV IWYDSSNKYY 
PDSVKGRFTI SRDNSKNTLY LQMNSLRAED 
TAVYYCARGG SSWYPDSFDI WGQGTMVTVS 
SASTKGPSVF PLAPCSRSTS ESTAALGCLV 
KDYFPEPVTV SWNSGALTSG VHTFPAVLQS 
SGLYSLSSVV TVPSSNFGTQ TYTCNVDHKP 
SNTKVDKTVE RKSCVECPPC PAPPVAGPSV 
FLFPPKPKDT LMISRTPEVT CVVVDVSHED 
PEVQFNWYVD GVEVHNAKTK PREEQFNSTF 
RVVSVLTVVH QDWLNGKEYK CKVSNKGLPA 
PIEKTISKTK GQPREPQVYT LPPSREEMTK 
NQVSLTCLVK GFYPSDIAVE WESNGQPENN 
YKTTPPMLDS DGSFFLYSKL TVDKSRWQQG 
NVFSCSVMHE ALHNHYTQKS LSLSPG 

201 mAb-CD7 3.8 - Vh-hHC-IgG2-C219S-
IgGl.lf 

QVQLVESGGG VVQPGRSLRL SCAASGFTFS 
NYGMHWVRQA PGKGLEWVAV IWYDSSNKYY 
PDSVKGRFTI SRDNSKNTLY LQMNSLRAED 
TAVYYCARGG SSWYPDSFDI WGQGTMVTVS 
SASTKGPSVF PLAPCSRSTS ESTAALGCLV 
KDYFPEPVTV SWNSGALTSG VHTFPAVLQS 
SGLYSLSSVV TVPSSNFGTQ TYTCNVDHKP 
SNTKVDKTVE RKSCVECPPC PAPPVAGPSV 
FLFPPKPKDT LMISRTPEVT CVVVDVSHED 
PEVKFNWYVD GVEVHNAKTK PREEQYNSTY 
RVVSVLTVLH QDWLNGKEYK CKVSNKALPS 
SIEKTISKAK GQPREPQVYT LPPSREEMTK 
NQVSLTCLVK GFYPSDIAVE WESNGQPENN 
YKTTPPVLDS DGSFFLYSKL TVDKSRWQQG 
NVFSCSVMHE ALHNHYTQKS LSLSPG 

202 mAb-CD73.9-Vh-hHC-IgG 1.1 f QVQLVESGGG VVQPGRSLRL SCASSGFTFS 
NYGMHWVRQA PGKGLEWVAV IWYDSSNKYY 
PDSVKGRFTI SRDNSKNTLY LQMNSLRAED 
TAVYYCARGG SSWYPDSFDI WGQGTMVTVS 
SASTKGPSVF PLAPSSKSTS GGTAALGCLV 
KDYFPEPVTV SWNSGALTSG VHTFPAVLQS 
SGLYSLSSVV TVPSSSLGTQ TYICNVNHKP 
SNTKVDKRVE PKSCDKTHTC PPCPAPEAEG 
APSVFLFPPK PKDTLMISRT PEVTCVVVDV 
SHEDPEVKFN WYVDGVEVHN AKTKPREEQY 
NSTYRVVSVL TVLHQDWLNG KEYKCKVSNK 
ALPSSIEKTI SKAKGQPREP QVYTLPPSRE 
EMTKNQVSLT CLVKGFYPSD lAVEWESNGQ 
PENNYKTTPP VLDSDGSFFL YSKLTVDKSR 
WQQGNVFSCS VMHEALHNHY TQKSLSLSPG 

203 mAb-CD73.9-Vh-hHC-IgG2-C219S QVQLVESGGG VVQPGRSLRL SCASSGFTFS 
NYGMHWVRQA PGKGLEWVAV IWYDSSNKYY 
PDSVKGRFTI SRDNSKNTLY LQMNSLRAED 
TAVYYCARGG SSWYPDSFDI WGQGTMVTVS 
SASTKGPSVF PLAPCSRSTS ESTAALGCLV 
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KDYFPEPVTV SWNSGALTSG VHTFPAVLQS 
SGLYSLSSVV TVPSSNFGTQ TYTCNVDHKP 
SNTKVDKTVE RKSCVECPPC PAPPVAGPSV 
FLFPPKPKDT LMISRTPEVT CVVVDVSHED 
PEVQFNWYVD GVEVHNAKTK PREEQFNSTF 
RVVSVLTVVH QDWLNGKEYK CKVSNKGLPA 
PIEKTISKTK GQPREPQVYT LPPSREEMTK 
NQVSLTCLVK GFYPSDIAVE WESNGQPENN 
YKTTPPMLDS DGSFFLYSKL TVDKSRWQQG 
NVFSCSVMHE ALHNHYTQKS LSLSPG 

204 mAb-CD73.9-Vh-hHC-IgG2-C219S-
IgGl.lf 

QVQLVESGGG VVQPGRSLRL SCASSGFTFS 
NYGMHWVRQA PGKGLEWVAV IWYDSSNKYY 
PDSVKGRFTI SRDNSKNTLY LQMNSLRAED 
TAVYYCARGG SSWYPDSFDI WGQGTMVTVS 
SASTKGPSVF PLAPCSRSTS ESTAALGCLV 
KDYFPEPVTV SWNSGALTSG VHTFPAVLQS 
SGLYSLSSVV TVPSSNFGTQ TYTCNVDHKP 
SNTKVDKTVE RKSCVECPPC PAPPVAGPSV 
FLFPPKPKDT LMISRTPEVT CVVVDVSHED 
PEVKFNWYVD GVEVHNAKTK PREEQYNSTY 
RVVSVLTVLH QDWLNGKEYK CKVSNKALPS 
SIEKTISKAK GQPREPQVYT LPPSREEMTK 
NQVSLTCLVK GFYPSDIAVE WESNGQPENN 
YKTTPPVLDS DGSFFLYSKL TVDKSRWQQG 
NVFSCSVMHE ALHNHYTQKS LSLSPG 

205 mAb-CD73.10-Vh-hHC-IgG 1.1 f QVQLVESGGG VVQPGRSLRL SCAASGFTFS 
NYGMHWVRQA PGKGLEWVAV IWYDESNKYY 
PDSVKGRFTI SRDNSKNTLY LQMNSLRAED 
TAVYYCARGG SSWYPDSFDI WGQGTMVTVS 
SASTKGPSVF PLAPSSKSTS GGTAALGCLV 
KDYFPEPVTV SWNSGALTSG VHTFPAVLQS 
SGLYSLSSVV TVPSSSLGTQ TYICNVNHKP 
SNTKVDKRVE PKSCDKTHTC PPCPAPEAEG 
APSVFLFPPK PKDTLMISRT PEVTCVVVDV 
SHEDPEVKFN WYVDGVEVHN AKTKPREEQY 
NSTYRVVSVL TVLHQDWLNG KEYKCKVSNK 
ALPSSIEKTI SKAKGQPREP QVYTLPPSRE 
EMTKNQVSLT CLVKGFYPSD lAVEWESNGQ 
PENNYKTTPP VLDSDGSFFL YSKLTVDKSR 
WQQGNVFSCS VMHEALHNHY TQKSLSLSPG 

206 mAb-CD73.10-Vh-hHC-IgG2-C219S QVQLVESGGG VVQPGRSLRL SCAASGFTFS 
NYGMHWVRQA PGKGLEWVAV IWYDESNKYY 
PDSVKGRFTI SRDNSKNTLY LQMNSLRAED 
TAVYYCARGG SSWYPDSFDI WGQGTMVTVS 
SASTKGPSVF PLAPCSRSTS ESTAALGCLV 
KDYFPEPVTV SWNSGALTSG VHTFPAVLQS 
SGLYSLSSVV TVPSSNFGTQ TYTCNVDHKP 
SNTKVDKTVE RKSCVECPPC PAPPVAGPSV 
FLFPPKPKDT LMISRTPEVT CVVVDVSHED 
PEVQFNWYVD GVEVHNAKTK PREEQFNSTF 
RVVSVLTVVH QDWLNGKEYK CKVSNKGLPA 
PIEKTISKTK GQPREPQVYT LPPSREEMTK 
NQVSLTCLVK GFYPSDIAVE WESNGQPENN 
YKTTPPMLDS DGSFFLYSKL TVDKSRWQQG 
NVFSCSVMHE ALHNHYTQKS LSLSPG 
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207 mAb-CD73.10-Vh-hHC-IgG2-C219S-
IgGl.lf 

QVQLVESGGG VVQPGRSLRL SCAASGFTFS 
NYGMHWVRQA PGKGLEWVAV IWYDESNKYY 
PDSVKGRFTI SRDNSKNTLY LQMNSLRAED 
TAVYYCARGG SSWYPDSFDI WGQGTMVTVS 
SASTKGPSVF PLAPCSRSTS ESTAALGCLV 
KDYFPEPVTV SWNSGALTSG VHTFPAVLQS 
SGLYSLSSVV TVPSSNFGTQ TYTCNVDHKP 
SNTKVDKTVE RKSCVECPPC PAPPVAGPSV 
FLFPPKPKDT LMISRTPEVT CVVVDVSHED 
PEVKFNWYVD GVEVHNAKTK PREEQYNSTY 
RVVSVLTVLH QDWLNGKEYK CKVSNKALPS 
SIEKTISKAK GQPREPQVYT LPPSREEMTK 
NQVSLTCLVK GFYPSDIAVE WESNGQPENN 
YKTTPPVLDS DGSFFLYSKL TVDKSRWQQG 
NVFSCSVMHE ALHNHYTQKS LSLSPG 

208 mAb-CD73.11 -Vh-hHC-IgG 1.1 f QVQLVESGGG VVQPGRSLRL SCAASGFTFS 
NYGMHWVRQA PGKGLEWVAV IWYDESNKYY 
ADSVKGRFTI SRDNSKNTLF LQMNSLRAED 
TAVYYCARGY NSRWYPDAFD IWGQGTMVTV 
SSASTKGPSV FPLAPSSKST SGGTAALGCL 
VKD YFPEP VT VSWNSGALTS G VHTFP A VLQ 
SSGLYSLSSV VTVPSSSLGT QTYICNVNHK 
PSNTKVDKRV EPKSCDKTHT CPPCPAPEAE 
GAPSVFLFPP KPKDTLMISR TPEVTCVVVD 
VS HEDPE VKF NWYVDGVEVH NAKTKPREEQ 
YNSTYRVVSV LTVLHQDWLN GKEYKCKVSN 
KALPSSIEKT ISKAKGQPRE PQVYTLPPSR 
EEMTKNQVSL TCLVKGFYPS DIAVEWESNG 
QPENNYKTTP PVLDSDGSFF LYSKLTVDKS 
RWQQGNVFSC SVMHEALHNH YTQKSLSLSPG 

209 mAb-CD73.11 -Vh-hHC-IgG2-C219S QVQLVESGGG VVQPGRSLRL SCAASGFTFS 
NYGMHWVRQA PGKGLEWVAV IWYDESNKYY 
ADSVKGRFTI SRDNSKNTLF LQMNSLRAED 
TAVYYCARGY NSRWYPDAFD IWGQGTMVTV 
SSASTKGPSV FPLAPCSRST SESTAALGCL 
VKD YFPEP VT VSWNSGALTS G VHTFP A VLQ 
SSGLYSLSSV VTVPSSNFGT QTYTCNVDHK 
PSNTKVDKTV ERKSCVECPP CPAPPVAGPS 
VFLFPPKPKD TLMISRTPEV TCVVVDVSHE 
DPEVQFNWYV DG VE VHN AKT KPREEQFNST 
FRVVSVLTVV HQDWLNGKEY KCKVSNKGLP 
APIEKTISKT KGQPREPQVY TLPPSREEMT 
KNQVSLTCLV KGFYPSDIAV EWESNGQPEN 
NYKTTPPMLD SDGSFFLYSK LTVDKSRWQQ 
GNVFSCSVMH EALHNHYTQK SLSLSPG 

210 mAb-CD73.11 -Vh-hHC-IgG2-C219S-
IgGl.lf 

QVQLVESGGG VVQPGRSLRL SCAASGFTFS 
NYGMHWVRQA PGKGLEWVAV IWYDESNKYY 
ADSVKGRFTI SRDNSKNTLF LQMNSLRAED 
TAVYYCARGY NSRWYPDAFD IWGQGTMVTV 
SSASTKGPSV FPLAPCSRST SESTAALGCL 
VKD YFPEP VT VSWNSGALTS G VHTFP A VLQ 
SSGLYSLSSV VTVPSSNFGT QTYTCNVDHK 
PSNTKVDKTV ERKSCVECPP CPAPPVAGPS 
VFLFPPKPKD TLMISRTPEV TCVVVDVSHE 
DPEVKFNWYV DG VE VHN AKT KPREEQYNST 
YRVVSVLTVL HQDWLNGKEY KCKVSNKALP 
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SSIEKTISKA KGQPREPQVY TLPPSREEMT 
KNQVSLTCLV KGFYPSDIAV EWESNGQPEN 
NYKTTPPVLDSDGSFFLY SK LTVDKSRWQQ 
GNVFSCSVMH EALHNHYTQK SLSLSPG 

211 mAb-CD7 3.3 - Vh-hHC-IgG 1.1 f gaagtgcagctggtggagtctgggggaggcttggtacagcctggcaggtccct 
gagactctcctgtgcagcctctggattcacctttgatgattatgccatgcactgggt 
ccggcaagctccagggaagggcctggagtgggtctcaggtattagttggaaga 
gtggtagcataggctatgcggactctgtgaagggccgattcaccatctccagag 
acaacgccaagaactccctgtatctgcaaatgaacagtctgagagctgaggaca 
cggccttgtattactgtgccaaagggtattacgttattttgactggccttgactactg 
gggccagggaaccctggtcaccgtctcctcagcgtcgaccaagggcccctccg 
tgtttcctctggccccttccagcaagtccacctctggcggaacagccgctctggg 
ctgcctggtcaaggactacttccccgagcctgtgaccgtgtcctggaactctggc 
gccctgacatctggcgtgcacaccttccctgctgtgctgcagtctagcggcctgt 
actccctgtcctccgtcgtgacagtgccctccagctctctgggcacccagaccta 
catctgcaacgtgaaccacaagccctccaacaccaaggtggacaagcgggtg 
gaacccaagtcctgcgacaagacccatacctgccctccctgccctgctcctgaa 
gctgaaggcgcccctagcgtgttcctgttccctccaaagcccaaggacaccctg 
atgatctcccggacccctgaagtgacctgcgtggtggtggatgtgtcccacgag 
gacccagaagtgaagttcaattggtacgtggacggcgtggaagtgcacaacgc 
caagaccaagcctagagaggaacagtacaactccacctaccgggtggtgtccg 
tgctgaccgtgctgcaccaggattggctgaacggcaaagagtacaagtgcaag 
gtgtccaacaaggccctgcctagctccatcgaaaagaccatctccaaggctaag 
ggccagccccgcgagccccaggtgtacacactgcctccatcccgggaagaga 
tgaccaagaaccaggtgtccctgacttgcctcgtgaagggcttctacccctccga 
tatcgccgtggaatgggagtccaacggccagcctgagaacaactacaagacca 
cccctcccgtgctggactccgacggctcattcttcctgtacagcaagctgacagt 
ggataagtcccggtggcagcaggggaacgtgttctcctgctccgtgatgcacga 
ggctctgcacaaccactacacacagaagtccctgtctctgtcccctggc 

212 mAb-CD7 3.3 - Vh-hHC-IgG2-C219S gaagtgcagctggtggagtctgggggaggcttggtacagcctggcaggtccct 
gagactctcctgtgcagcctctggattcacctttgatgattatgccatgcactgggt 
ccggcaagctccagggaagggcctggagtgggtctcaggtattagttggaaga 
gtggtagcataggctatgcggactctgtgaagggccgattcaccatctccagag 
acaacgccaagaactccctgtatctgcaaatgaacagtctgagagctgaggaca 
cggccttgtattactgtgccaaagggtattacgttattttgactggccttgactactg 
gggccagggaaccctggtcaccgtctcctcagcgtcgaccaagggcccctctg 
tgtttcctctggccccttgctcccggtccacctctgagtctaccgctgctctgggct 
gcctggtcaaggactacttccccgagcctgtgaccgtgtcctggaactctggcg 
ctctgacctccggcgtgcacacctttccagccgtgctgcagtcctccggcctgta 
ctctctgtcctccgtcgtgaccgtgccctcctccaacttcggcacccagacctaca 
cctgtaacgtggaccacaagccctccaacaccaaggtggacaagaccgtggaa 
cggaagtcctgcgtggaatgccctccttgccctgcacctcctgtggctggccctt 
ccgtgttcctgttccccccaaagcccaaggacaccctgatgatctcccggaccc 
ccgaagtgacctgcgtggtggtggatgtgtcccacgaggaccccgaggtgcag 
ttcaattggtacgtggacggcgtggaagtgcacaacgccaagaccaagcccag 
agaggaacagttcaactccaccttccgggtggtgtccgtgctgaccgtggtgca 
ccaggactggctgaacggcaaagagtacaagtgcaaggtgtccaacaagggc 
ctgcctgcccccatcgaaaagaccatctccaagacaaagggccagccccgcg 
agcctcaggtgtacacactgcctcccagccgggaagagatgaccaagaacca 
ggtgtccctgacctgtctggtcaagggcttctacccctccgatatcgccgtggaat 
gggagtccaacggccagcccgagaacaactacaagaccaccccccccatgct 
ggactccgacggctcattcttcctgtactccaagctgacagtggacaagtcccgg 
tggcagcagggcaacgtgttctcctgctctgtgatgcacgaggccctgcacaac 
cactacacccagaagtccctgtccctgagccccggcaa 
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213 mAb-CD7 3.3 - Vh-hHC-IgG2-C219S-
IgGl.lf 

gaagtgcagctggtggagtctgggggaggcttggtacagcctggcaggtccct 
gagactctcctgtgcagcctctggattcacctttgatgattatgccatgcactgggt 
ccggcaagctccagggaagggcctggagtgggtctcaggtattagttggaaga 
gtggtagcataggctatgcggactctgtgaagggccgattcaccatctccagag 
acaacgccaagaactccctgtatctgcaaatgaacagtctgagagctgaggaca 
cggccttgtattactgtgccaaagggtattacgttattttgactggccttgactactg 
gggccagggaaccctggtcaccgtctcctcagcgtcgaccaagggcccatcg 
gtcttccccctggcgccctgctccaggagcacctccgagagcacagcggccct 
gggctgcctggtcaaggactacttccccgaaccggtgacggtgtcgtggaactc 
aggcgctctgaccagcggcgtgcacaccttcccagctgtcctacagtcctcagg 
actctactccctcagcagcgtggtgaccgtgccctccagcaacttcggcaccca 
gacctacacctgcaacgtagatcacaagcccagcaacaccaaggtggacaag 
acagttgagcgcaaatcctgtgtcgagtgcccaccgtgcccagcaccacctgtg 
gcaggaccgtcagtcttcctcttccccccaaaacccaaggacaccctcatgatct 
cccggacccctgaggtcacatgcgtggtggtggacgtgagccacgaagaccct 
gaggtcaagttcaactggtacgtggacggcgtggaggtgcataatgccaagac 
aaagccgcgggaggagcagtacaacagcacgtaccgtgtggtcagcgtcctc 
accgtcctgcaccaggactggctgaatggcaaggagtacaagtgcaaggtctc 
caacaaagccctcccaagcagcatcgagaaaaccatctccaaagccaaaggg 
cagccccgagaaccacaggtgtacaccctgcccccatcccgggaggagatga 
ccaagaaccaggtcagcctgacctgcctggtcaaaggcttctatcccagcgaca 
tcgccgtggagtgggagagcaatgggcagccggagaacaactacaagaccac 
gcctcccgtgctggactccgacggctccttcttcctctatagcaagctcaccgtgg 
acaagagcaggtggcagcaggggaacgtcttctcatgctccgtgatgcatgag 
gctctgcacaaccactacacgcagaagagcctctccctgtccccgggtaaa 

214 mAb-CD73,4-Vh-hHC-IgG 1.1 f caggtgcagctggtggagtctgggggaggcgtggtccagcctgggaggtccc 
tgagactctcctgtgcagcctctggattcaccttcagtaactatggcatgcactgg 
gtccgccaggctccaggcaaggggctggagtgggtggcagttatattgtatgat 
ggaagtaataaatactatccagactccgtgaagggccgattcaccatctccagag 
acaattccaagaacacgctgtatctgcaaatgaacagcctgagagccgaggac 
acggctgtgtattactgtgcgagagggggcagcagctggtaccctgattcttttga 
tatctggggccaaggaacaatggtcaccgtctcttcagcgtcgaccaagggccc 
ctccgtgtttcctctggccccttccagcaagtccacctctggcggaacagccgct 
ctgggctgcctggtcaaggactacttccccgagcctgtgaccgtgtcctggaact 
ctggcgccctgacatctggcgtgcacaccttccctgctgtgctgcagtctagcgg 
cctgtactccctgtcctccgtcgtgacagtgccctccagctctctgggcacccag 
acctacatctgcaacgtgaaccacaagccctccaacaccaaggtggacaagcg 
ggtggaacccaagtcctgcgacaagacccatacctgccctccctgccctgctcc 
tgaagctgaaggcgcccctagcgtgttcctgttccctccaaagcccaaggacac 
cctgatgatctcccggacccctgaagtgacctgcgtggtggtggatgtgtcccac 
gaggacccagaagtgaagttcaattggtacgtggacggcgtggaagtgcacaa 
cgccaagaccaagcctagagaggaacagtacaactccacctaccgggtggtgt 
ccgtgctgaccgtgctgcaccaggattggctgaacggcaaagagtacaagtgc 
aaggtgtccaacaaggccctgcctagctccatcgaaaagaccatctccaaggct 
aagggccagccccgcgagccccaggtgtacacactgcctccatcccgggaag 
agatgaccaagaaccaggtgtccctgacttgcctcgtgaagggcttctacccctc 
cgatatcgccgtggaatgggagtccaacggccagcctgagaacaactacaaga 
ccacccctcccgtgctggactccgacggctcattcttcctgtacagcaagctgac 
agtggataagtcccggtggcagcaggggaacgtgttctcctgctccgtgatgca 
cgaggctctgcacaaccactacacacagaagtccctgtctctgtcccctggc 

215 mAb-CD73.4-Vh-hHC-IgG2-C219S caggtgcagctggtggagtctgggggaggcgtggtccagcctgggaggtccc 
tgagactctcctgtgcagcctctggattcaccttcagtaactatggcatgcactgg 
gtccgccaggctccaggcaaggggctggagtgggtggcagttatattgtatgat 
ggaagtaataaatactatccagactccgtgaagggccgattcaccatctccagag 
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acaattccaagaacacgctgtatctgcaaatgaacagcctgagagccgaggac 
acggctgtgtattactgtgcgagagggggcagcagctggtaccctgattcttttga 
tatctggggccaaggaacaatggtcaccgtctcttcagcgtcgaccaagggccc 
ctctgtgtttcctctggccccttgctcccggtccacctctgagtctaccgctgctctg 
ggctgcctggtcaaggactacttccccgagcctgtgaccgtgtcctggaactctg 
gcgctctgacctccggcgtgcacacctttccagccgtgctgcagtcctccggcct 
gtactctctgtcctccgtcgtgaccgtgccctcctccaacttcggcacccagacct 
acacctgtaacgtggaccacaagccctccaacaccaaggtggacaagaccgtg 
gaacggaagtcctgcgtggaatgccctccttgccctgcacctcctgtggctggc 
ccttccgtgttcctgttccccccaaagcccaaggacaccctgatgatctcccgga 
cccccgaagtgacctgcgtggtggtggatgtgtcccacgaggaccccgaggtg 
cagttcaattggtacgtggacggcgtggaagtgcacaacgccaagaccaagcc 
cagagaggaacagttcaactccaccttccgggtggtgtccgtgctgaccgtggt 
gcaccaggactggctgaacggcaaagagtacaagtgcaaggtgtccaacaag 
ggcctgcctgcccccatcgaaaagaccatctccaagacaaagggccagcccc 
gcgagcctcaggtgtacacactgcctcccagccgggaagagatgaccaagaa 
ccaggtgtccctgacctgtctggtcaagggcttctacccctccgatatcgccgtg 
gaatgggagtccaacggccagcccgagaacaactacaagaccacccccccca 
tgctggactccgacggctcattcttcctgtactccaagctgacagtggacaagtcc 
cggtggcagcagggcaacgtgttctcctgctctgtgatgcacgaggccctgcac 
aaccactacacccagaagtccctgtccctgagccccggcaaa 

216 mAb-CD73.4-Vh-hHC-IgG2-C219S-
IgGl.lf 

caggtgcagctggtggagtctgggggaggcgtggtccagcctgggaggtccc 
tgagactctcctgtgcagcctctggattcaccttcagtaactatggcatgcactgg 
gtccgccaggctccaggcaaggggctggagtgggtggcagttatattgtatgat 
ggaagtaataaatactatccagactccgtgaagggccgattcaccatctccagag 
acaattccaagaacacgctgtatctgcaaatgaacagcctgagagccgaggac 
acggctgtgtattactgtgcgagagggggcagcagctggtaccctgattcttttga 
tatctggggccaaggaacaatggtcaccgtctcttcagcgtcgaccaagggccc 
atcggtcttccccctggcgccctgctccaggagcacctccgagagcacagcgg 
ccctgggctgcctggtcaaggactacttccccgaaccggtgacggtgtcgtgga 
actcaggcgctctgaccagcggcgtgcacaccttcccagctgtcctacagtcctc 
aggactctactccctcagcagcgtggtgaccgtgccctccagcaacttcggcac 
ccagacctacacctgcaacgtagatcacaagcccagcaacaccaaggtggaca 
agacagttgagcgcaaatcctgtgtcgagtgcccaccgtgcccagcaccacctg 
tggcaggaccgtcagtcttcctcttccccccaaaacccaaggacaccctcatgat 
ctcccggacccctgaggtcacatgcgtggtggtggacgtgagccacgaagacc 
ctgaggtcaagttcaactggtacgtggacggcgtggaggtgcataatgccaaga 
caaagccgcgggaggagcagtacaacagcacgtaccgtgtggtcagcgtcct 
caccgtcctgcaccaggactggctgaatggcaaggagtacaagtgcaaggtct 
ccaacaaagccctcccaagcagcatcgagaaaaccatctccaaagccaaagg 
gcagccccgagaaccacaggtgtacaccctgcccccatcccgggaggagatg 
accaagaaccaggtcagcctgacctgcctggtcaaaggcttctatcccagcgac 
atcgccgtggagtgggagagcaatgggcagccggagaacaactacaagacca 
cgcctcccgtgctggactccgacggctccttcttcctctatagcaagctcaccgtg 
gacaagagcaggtggcagcaggggaacgtcttctcatgctccgtgatgcatga 
ggctctgcacaaccactacacgcagaagagcctctccctgtccccgggtaaa 

217 mAb-CD73.5 - Vh-hHC-IgG 1.1 f caggtgcagctggtggagtctgggggaggcgtggtccagcctgggaggtccc 
tgagactctcctgtgcaagctctggattcaccttcagtaactatggcatgcactgg 
gtccgccaggctccaggcaaggggctggagtgggtggcagttatattgtatgat 
ggaagtaataaatactatccagactccgtgaagggccgattcaccatctccagag 
acaattccaagaacacgctgtatctgcaaatgaacagcctgagagccgaggac 
acggctgtgtattactgtgcgagagggggcagcagctggtaccctgattcttttga 
tatctggggccaaggaacaatggtcaccgtctcttcagcgtcgaccaagggccc 
ctccgtgtttcctctggccccttccagcaagtccacctctggcggaacagccgct 
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ctgggctgcctggtcaaggactacttccccgagcctgtgaccgtgtcctggaact 
ctggcgccctgacatctggcgtgcacaccttccctgctgtgctgcagtctagcgg 
cctgtactccctgtcctccgtcgtgacagtgccctccagctctctgggcacccag 
acctacatctgcaacgtgaaccacaagccctccaacaccaaggtggacaagcg 
ggtggaacccaagtcctgcgacaagacccatacctgccctccctgccctgctcc 
tgaagctgaaggcgcccctagcgtgttcctgttccctccaaagcccaaggacac 
cctgatgatctcccggacccctgaagtgacctgcgtggtggtggatgtgtcccac 
gaggacccagaagtgaagttcaattggtacgtggacggcgtggaagtgcacaa 
cgccaagaccaagcctagagaggaacagtacaactccacctaccgggtggtgt 
ccgtgctgaccgtgctgcaccaggattggctgaacggcaaagagtacaagtgc 
aaggtgtccaacaaggccctgcctagctccatcgaaaagaccatctccaaggct 
aagggccagccccgcgagccccaggtgtacacactgcctccatcccgggaag 
agatgaccaagaaccaggtgtccctgacttgcctcgtgaagggcttctacccctc 
cgatatcgccgtggaatgggagtccaacggccagcctgagaacaactacaaga 
ccacccctcccgtgctggactccgacggctcattcttcctgtacagcaagctgac 
agtggataagtcccggtggcagcaggggaacgtgttctcctgctccgtgatgca 
cgaggctctgcacaaccactacacacagaagtccctgtctctgtcccctggc 

218 mAb-CD7 3.5 - Vh-hHC-IgG2-C219S caggtgcagctggtggagtctgggggaggcgtggtccagcctgggaggtccc 
tgagactctcctgtgcaagctctggattcaccttcagtaactatggcatgcactgg 
gtccgccaggctccaggcaaggggctggagtgggtggcagttatattgtatgat 
ggaagtaataaatactatccagactccgtgaagggccgattcaccatctccagag 
acaattccaagaacacgctgtatctgcaaatgaacagcctgagagccgaggac 
acggctgtgtattactgtgcgagagggggcagcagctggtaccctgattcttttga 
tatctggggccaaggaacaatggtcaccgtctcttcagcgtcgaccaagggccc 
ctctgtgtttcctctggccccttgctcccggtccacctctgagtctaccgctgctctg 
ggctgcctggtcaaggactacttccccgagcctgtgaccgtgtcctggaactctg 
gcgctctgacctccggcgtgcacacctttccagccgtgctgcagtcctccggcct 
gtactctctgtcctccgtcgtgaccgtgccctcctccaacttcggcacccagacct 
acacctgtaacgtggaccacaagccctccaacaccaaggtggacaagaccgtg 
gaacggaagtcctgcgtggaatgccctccttgccctgcacctcctgtggctggc 
ccttccgtgttcctgttccccccaaagcccaaggacaccctgatgatctcccgga 
cccccgaagtgacctgcgtggtggtggatgtgtcccacgaggaccccgaggtg 
cagttcaattggtacgtggacggcgtggaagtgcacaacgccaagaccaagcc 
cagagaggaacagttcaactccaccttccgggtggtgtccgtgctgaccgtggt 
gcaccaggactggctgaacggcaaagagtacaagtgcaaggtgtccaacaag 
ggcctgcctgcccccatcgaaaagaccatctccaagacaaagggccagcccc 
gcgagcctcaggtgtacacactgcctcccagccgggaagagatgaccaagaa 
ccaggtgtccctgacctgtctggtcaagggcttctacccctccgatatcgccgtg 
gaatgggagtccaacggccagcccgagaacaactacaagaccacccccccca 
tgctggactccgacggctcattcttcctgtactccaagctgacagtggacaagtcc 
cggtggcagcagggcaacgtgttctcctgctctgtgatgcacgaggccctgcac 
aaccactacacccagaagtccctgtccctgagccccggcaaa 

219 mAb-CD7 3.5 - Vh-hHC-IgG2-C219S -
IgGl. If 

caggtgcagctggtggagtctgggggaggcgtggtccagcctgggaggtccc 
tgagactctcctgtgcaagctctggattcaccttcagtaactatggcatgcactgg 
gtccgccaggctccaggcaaggggctggagtgggtggcagttatattgtatgat 
ggaagtaataaatactatccagactccgtgaagggccgattcaccatctccagag 
acaattccaagaacacgctgtatctgcaaatgaacagcctgagagccgaggac 
acggctgtgtattactgtgcgagagggggcagcagctggtaccctgattcttttga 
tatctggggccaaggaacaatggtcaccgtctcttcagcgtcgaccaagggccc 
atcggtcttccccctggcgccctgctccaggagcacctccgagagcacagcgg 
ccctgggctgcctggtcaaggactacttccccgaaccggtgacggtgtcgtgga 
actcaggcgctctgaccagcggcgtgcacaccttcccagctgtcctacagtcctc 
aggactctactccctcagcagcgtggtgaccgtgccctccagcaacttcggcac 
ccagacctacacctgcaacgtagatcacaagcccagcaacaccaaggtggaca 
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agacagttgagcgcaaatcctgtgtcgagtgcccaccgtgcccagcaccacctg 
tggcaggaccgtcagtcttcctcttccccccaaaacccaaggacaccctcatgat 
ctcccggacccctgaggtcacatgcgtggtggtggacgtgagccacgaagacc 
ctgaggtcaagttcaactggtacgtggacggcgtggaggtgcataatgccaaga 
caaagccgcgggaggagcagtacaacagcacgtaccgtgtggtcagcgtcct 
caccgtcctgcaccaggactggctgaatggcaaggagtacaagtgcaaggtct 
ccaacaaagccctcccaagcagcatcgagaaaaccatctccaaagccaaagg 
gcagccccgagaaccacaggtgtacaccctgcccccatcccgggaggagatg 
accaagaaccaggtcagcctgacctgcctggtcaaaggcttctatcccagcgac 
atcgccgtggagtgggagagcaatgggcagccggagaacaactacaagacca 
cgcctcccgtgctggactccgacggctccttcttcctctatagcaagctcaccgtg 
gacaagagcaggtggcagcaggggaacgtcttctcatgctccgtgatgcatga 
ggctctgcacaaccactacacgcagaagagcctctccctgtccccgggtaaa 

220 mAb-CD7 3.6-Vh-hHC-IgG 1.1 f ggcatgcactgggtccgccaggctccaggcaaggggctggagtgggtggcag 
ttatattgtatgattccagtaataaatactatccagactccgtgaagggccgattca 
ccatctccagagacaattccaagaacacgctgtatctgcaaatgaacagcctga 
gagccgaggacacggctgtgtattactgtgcgagagggggcagcagctggtac 
cctgattcttttgatatctggggccaaggaacaatggtcaccgtctcttcagcgtcg 
accaagggcccctccgtgtttcctctggccccttccagcaagtccacctctggcg 
gaacagccgctctgggctgcctggtcaaggactacttccccgagcctgtgaccg 
tgtcctggaactctggcgccctgacatctggcgtgcacaccttccctgctgtgctg 
cagtctagcggcctgtactccctgtcctccgtcgtgacagtgccctccagctctct 
gggcacccagacctacatctgcaacgtgaaccacaagccctccaacaccaagg 
tggacaagcgggtggaacccaagtcctgcgacaagacccatacctgccctccc 
tgccctgctcctgaagctgaaggcgcccctagcgtgttcctgttccctccaaagc 
ccaaggacaccctgatgatctcccggacccctgaagtgacctgcgtggtggtgg 
atgtgtcccacgaggacccagaagtgaagttcaattggtacgtggacggcgtgg 
aagtgcacaacgccaagaccaagcctagagaggaacagtacaactccacctac 
cgggtggtgtccgtgctgaccgtgctgcaccaggattggctgaacggcaaaga 
gtacaagtgcaaggtgtccaacaaggccctgcctagctccatcgaaaagaccat 
ctccaaggctaagggccagccccgcgagccccaggtgtacacactgcctccat 
cccgggaagagatgaccaagaaccaggtgtccctgacttgcctcgtgaagggc 
ttctacccctccgatatcgccgtggaatgggagtccaacggccagcctgagaac 
aactacaagaccacccctcccgtgctggactccgacggctcattcttcctgtaca 
gcaagctgacagtggataagtcccggtggcagcaggggaacgtgttctcctgct 
ccgtgatgcacgaggctctgcacaaccactacacacagaagtccctgtctctgtc 
ccctggc 

221 mAb-CD73,6-Vh-hHC-IgG2-C219S caggtgcagctggtggagtctgggggaggcgtggtccagcctgggaggtccct 
gagactctcctgtgcagcctctggattcaccttcagtaactatggcatgcactggg 
tccgccaggctccaggcaaggggctggagtgggtggcagttatattgtatgattc 
cagtaataaatactatccagactccgtgaagggccgattcaccatctccagagac 
aattccaagaacacgctgtatctgcaaatgaacagcctgagagccgaggacac 
ggctgtgtattactgtgcgagagggggcagcagctggtaccctgattcttttgata 
tctggggccaaggaacaatggtcaccgtctcttcagcgtcgaccaagggcccct 
ctgtgtttcctctggccccttgctcccggtccacctctgagtctaccgctgctctgg 
gctgcctggtcaaggactacttccccgagcctgtgaccgtgtcctggaactctgg 
cgctctgacctccggcgtgcacacctttccagccgtgctgcagtcctccggcctg 
tactctctgtcctccgtcgtgaccgtgccctcctccaacttcggcacccagaccta 
cacctgtaacgtggaccacaagccctccaacaccaaggtggacaagaccgtgg 
aacggaagtcctgcgtggaatgccctccttgccctgcacctcctgtggctggccc 
ttccgtgttcctgttccccccaaagcccaaggacaccctgatgatctcccggacc 
cccgaagtgacctgcgtggtggtggatgtgtcccacgaggaccccgaggtgca 
gttcaattggtacgtggacggcgtggaagtgcacaacgccaagaccaagccca 
gagaggaacagttcaactccaccttccgggtggtgtccgtgctgaccgtggtgc 
accaggactggctgaacggcaaagagtacaagtgcaaggtgtccaacaaggg 
cctgcctgcccccatcgaaaagaccatctccaagacaaagggccagccccgc 
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gagcctcaggtgtacacactgcctcccagccgggaagagatgaccaagaacc 
aggtgtccctgacctgtctggtcaagggcttctacccctccgatatcgccgtgga 
atgggagtccaacggccagcccgagaacaactacaagaccaccccccccatg 
ctggactccgacggctcattcttcctgtactccaagctgacagtggacaagtccc 
ggtggcagcagggcaacgtgttctcctgctctgtgatgcacgaggccctgcaca 
accactacacccagaagtccctgtccctgagccccggcaaa 

222 mAb-CD73.6-Vh-hHC-IgG2-C219S-
IgGl.lf 

caggtgcagctggtggagtctgggggaggcgtggtccagcctgggaggtccct 
gagactctcctgtgcagcctctggattcaccttcagtaactatggcatgcactggg 
tccgccaggctccaggcaaggggctggagtgggtggcagttatattgtatgattc 
cagtaataaatactatccagactccgtgaagggccgattcaccatctccagagac 
aattccaagaacacgctgtatctgcaaatgaacagcctgagagccgaggacac 
ggctgtgtattactgtgcgagagggggcagcagctggtaccctgattcttttgata 
tctggggccaaggaacaatggtcaccgtctcttcagcgtcgaccaagggcccat 
cggtcttccccctggcgccctgctccaggagcacctccgagagcacagcggcc 
ctgggctgcctggtcaaggactacttccccgaaccggtgacggtgtcgtggaac 
tcaggcgctctgaccagcggcgtgcacaccttcccagctgtcctacagtcctca 
ggactctactccctcagcagcgtggtgaccgtgccctccagcaacttcggcacc 
cagacctacacctgcaacgtagatcacaagcccagcaacaccaaggtggacaa 
gacagttgagcgcaaatcctgtgtcgagtgcccaccgtgcccagcaccacctgt 
ggcaggaccgtcagtcttcctcttccccccaaaacccaaggacaccctcatgatc 
tcccggacccctgaggtcacatgcgtggtggtggacgtgagccacgaagaccc 
tgaggtcaagttcaactggtacgtggacggcgtggaggtgcataatgccaagac 
aaagccgcgggaggagcagtacaacagcacgtaccgtgtggtcagcgtcctc 
accgtcctgcaccaggactggctgaatggcaaggagtacaagtgcaaggtctc 
caacaaagccctcccaagcagcatcgagaaaaccatctccaaagccaaaggg 
cagccccgagaaccacaggtgtacaccctgcccccatcccgggaggagatga 
ccaagaaccaggtcagcctgacctgcctggtcaaaggcttctatcccagcgaca 
tcgccgtggagtgggagagcaatgggcagccggagaacaactacaagaccac 
gcctcccgtgctggactccgacggctccttcttcctctatagcaagctcaccgtgg 
acaagagcaggtggcagcaggggaacgtcttctcatgctccgtgatgcatgag 
gctctgcacaaccactacacgcagaagagcctctccctgtccccgggtaaa 

223 mAb-CD7 3.7 -Vh-hHC-IgG 1.1 f caggtgcagctggtggagtctgggggaggcgtggtccagcctgggaggtccct 
gagactctcctgtgcaagctctggattcaccttcagtaactatggcatgcactggg 
tccgccaggctccaggcaaggggctggagtgggtggcagttatattgtatgattc 
cagtaataaatactatccagactccgtgaagggccgattcaccatctccagagac 
aattccaagaacacgctgtatctgcaaatgaacagcctgagagccgaggacac 
ggctgtgtattactgtgcgagagggggcagcagctggtaccctgattcttttgata 
tctggggccaaggaacaatggtcaccgtctcttcagcgtcgaccaagggcccct 
ccgtgtttcctctggccccttccagcaagtccacctctggcggaacagccgctct 
gggctgcctggtcaaggactacttccccgagcctgtgaccgtgtcctggaactct 
ggcgccctgacatctggcgtgcacaccttccctgctgtgctgcagtctagcggc 
ctgtactccctgtcctccgtcgtgacagtgccctccagctctctgggcacccaga 
cctacatctgcaacgtgaaccacaagccctccaacaccaaggtggacaagcgg 
gtggaacccaagtcctgcgacaagacccatacctgccctccctgccctgctcct 
gaagctgaaggcgcccctagcgtgttcctgttccctccaaagcccaaggacacc 
ctgatgatctcccggacccctgaagtgacctgcgtggtggtggatgtgtcccacg 
aggacccagaagtgaagttcaattggtacgtggacggcgtggaagtgcacaac 
gccaagaccaagcctagagaggaacagtacaactccacctaccgggtggtgtc 
cgtgctgaccgtgctgcaccaggattggctgaacggcaaagagtacaagtgca 
aggtgtccaacaaggccctgcctagctccatcgaaaagaccatctccaaggcta 
agggccagccccgcgagccccaggtgtacacactgcctccatcccgggaaga 
gatgaccaagaaccaggtgtccctgacttgcctcgtgaagggcttctacccctcc 
gatatcgccgtggaatgggagtccaacggccagcctgagaacaactacaagac 
cacccctcccgtgctggactccgacggctcattcttcctgtacagcaagctgaca 
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gtggataagtcccggtggcagcaggggaacgtgttctcctgctccgtgatgcac 
gaggctctgcacaaccactacacacagaagtccctgtctctgtcccctggc 

224 mAb-CD7 3.7 - Vh-hHC-IgG2-C219S caggtgcagctggtggagtctgggggaggcgtggtccagcctgggaggtccct 
gagactctcctgtgcaagctctggattcaccttcagtaactatggcatgcactggg 
tccgccaggctccaggcaaggggctggagtgggtggcagttatattgtatgattc 
cagtaataaatactatccagactccgtgaagggccgattcaccatctccagagac 
aattccaagaacacgctgtatctgcaaatgaacagcctgagagccgaggacac 
ggctgtgtattactgtgcgagagggggcagcagctggtaccctgattcttttgata 
tctggggccaaggaacaatggtcaccgtctcttcagcgtcgaccaagggcccct 
ctgtgtttcctctggccccttgctcccggtccacctctgagtctaccgctgctctgg 
gctgcctggtcaaggactacttccccgagcctgtgaccgtgtcctggaactctgg 
cgctctgacctccggcgtgcacacctttccagccgtgctgcagtcctccggcctg 
tactctctgtcctccgtcgtgaccgtgccctcctccaacttcggcacccagaccta 
cacctgtaacgtggaccacaagccctccaacaccaaggtggacaagaccgtgg 
aacggaagtcctgcgtggaatgccctccttgccctgcacctcctgtggctggccc 
ttccgtgttcctgttccccccaaagcccaaggacaccctgatgatctcccggacc 
cccgaagtgacctgcgtggtggtggatgtgtcccacgaggaccccgaggtgca 
gttcaattggtacgtggacggcgtggaagtgcacaacgccaagaccaagccca 
gagaggaacagttcaactccaccttccgggtggtgtccgtgctgaccgtggtgc 
accaggactggctgaacggcaaagagtacaagtgcaaggtgtccaacaaggg 
cctgcctgcccccatcgaaaagaccatctccaagacaaagggccagccccgc 
gagcctcaggtgtacacactgcctcccagccgggaagagatgaccaagaacc 
aggtgtccctgacctgtctggtcaagggcttctacccctccgatatcgccgtgga 
atgggagtccaacggccagcccgagaacaactacaagaccaccccccccatg 
ctggactccgacggctcattcttcctgtactccaagctgacagtggacaagtccc 
ggtggcagcagggcaacgtgttctcctgctctgtgatgcacgaggccctgcaca 
accactacacccagaagtccctgtccctgagccccggcaaa 

225 mAb-CD7 3.7 - Vh-hHC-IgG2-C219S-
IgGl.lf 

caggtgcagctggtggagtctgggggaggcgtggtccagcctgggaggtccct 
gagactctcctgtgcaagctctggattcaccttcagtaactatggcatgcactggg 
tccgccaggctccaggcaaggggctggagtgggtggcagttatattgtatgattc 
cagtaataaatactatccagactccgtgaagggccgattcaccatctccagagac 
aattccaagaacacgctgtatctgcaaatgaacagcctgagagccgaggacac 
ggctgtgtattactgtgcgagagggggcagcagctggtaccctgattcttttgata 
tctggggccaaggaacaatggtcaccgtctcttcagcgtcgaccaagggcccat 
cggtcttccccctggcgccctgctccaggagcacctccgagagcacagcggcc 
ctgggctgcctggtcaaggactacttccccgaaccggtgacggtgtcgtggaac 
tcaggcgctctgaccagcggcgtgcacaccttcccagctgtcctacagtcctca 
ggactctactccctcagcagcgtggtgaccgtgccctccagcaacttcggcacc 
cagacctacacctgcaacgtagatcacaagcccagcaacaccaaggtggacaa 
gacagttgagcgcaaatcctgtgtcgagtgcccaccgtgcccagcaccacctgt 
ggcaggaccgtcagtcttcctcttccccccaaaacccaaggacaccctcatgatc 
tcccggacccctgaggtcacatgcgtggtggtggacgtgagccacgaagaccc 
tgaggtcaagttcaactggtacgtggacggcgtggaggtgcataatgccaagac 
aaagccgcgggaggagcagtacaacagcacgtaccgtgtggtcagcgtcctc 
accgtcctgcaccaggactggctgaatggcaaggagtacaagtgcaaggtctc 
caacaaagccctcccaagcagcatcgagaaaaccatctccaaagccaaaggg 
cagccccgagaaccacaggtgtacaccctgcccccatcccgggaggagatga 
ccaagaaccaggtcagcctgacctgcctggtcaaaggcttctatcccagcgaca 
tcgccgtggagtgggagagcaatgggcagccggagaacaactacaagaccac 
gcctcccgtgctggactccgacggctccttcttcctctatagcaagctcaccgtgg 
acaagagcaggtggcagcaggggaacgtcttctcatgctccgtgatgcatgag 
gctctgcacaaccactacacgcagaagagcctctccctgtccccgggtaaa 
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226 mAb-CD7 3.8 - Vh-hHC-IgG 1.1 f caggtgcagctggtggagtctgggggaggcgtggtccagcctgggaggtccct 
gagactctcctgtgcagcctctggattcaccttcagtaactatggcatgcactggg 
tccgccaggctccaggcaaggggctggagtgggtggcagttatatggtatgatt 
ccagtaataaatactatccagactccgtgaagggccgattcaccatctccagaga 
caattccaagaacacgctgtatctgcaaatgaacagcctgagagccgaggaca 
cggctgtgtattactgtgcgagagggggcagcagctggtaccctgattcttttgat 
atctggggccaaggaacaatggtcaccgtctcttcagcgtcgaccaagggccc 
ctccgtgtttcctctggccccttccagcaagtccacctctggcggaacagccgct 
ctgggctgcctggtcaaggactacttccccgagcctgtgaccgtgtcctggaact 
ctggcgccctgacatctggcgtgcacaccttccctgctgtgctgcagtctagcgg 
cctgtactccctgtcctccgtcgtgacagtgccctccagctctctgggcacccag 
acctacatctgcaacgtgaaccacaagccctccaacaccaaggtggacaagcg 
ggtggaacccaagtcctgcgacaagacccatacctgccctccctgccctgctcc 
tgaagctgaaggcgcccctagcgtgttcctgttccctccaaagcccaaggacac 
cctgatgatctcccggacccctgaagtgacctgcgtggtggtggatgtgtcccac 
gaggacccagaagtgaagttcaattggtacgtggacggcgtggaagtgcacaa 
cgccaagaccaagcctagagaggaacagtacaactccacctaccgggtggtgt 
ccgtgctgaccgtgctgcaccaggattggctgaacggcaaagagtacaagtgc 
aaggtgtccaacaaggccctgcctagctccatcgaaaagaccatctccaaggct 
aagggccagccccgcgagccccaggtgtacacactgcctccatcccgggaag 
agatgaccaagaaccaggtgtccctgacttgcctcgtgaagggcttctacccctc 
cgatatcgccgtggaatgggagtccaacggccagcctgagaacaactacaaga 
ccacccctcccgtgctggactccgacggctcattcttcctgtacagcaagctgac 
agtggataagtcccggtggcagcaggggaacgtgttctcctgctccgtgatgca 
cgaggctctgcacaaccactacacacagaagtccctgtctctgtcccctggc 

227 mAb-CD7 3.8 - Vh-hHC-IgG2-C219S caggtgcagctggtggagtctgggggaggcgtggtccagcctgggaggtccct 
gagactctcctgtgcagcctctggattcaccttcagtaactatggcatgcactggg 
tccgccaggctccaggcaaggggctggagtgggtggcagttatatggtatgatt 
ccagtaataaatactatccagactccgtgaagggccgattcaccatctccagaga 
caattccaagaacacgctgtatctgcaaatgaacagcctgagagccgaggaca 
cggctgtgtattactgtgcgagagggggcagcagctggtaccctgattcttttgat 
atctggggccaaggaacaatggtcaccgtctcttcagcgtcgaccaagggccc 
ctctgtgtttcctctggccccttgctcccggtccacctctgagtctaccgctgctctg 
ggctgcctggtcaaggactacttccccgagcctgtgaccgtgtcctggaactctg 
gcgctctgacctccggcgtgcacacctttccagccgtgctgcagtcctccggcct 
gtactctctgtcctccgtcgtgaccgtgccctcctccaacttcggcacccagacct 
acacctgtaacgtggaccacaagccctccaacaccaaggtggacaagaccgtg 
gaacggaagtcctgcgtggaatgccctccttgccctgcacctcctgtggctggc 
ccttccgtgttcctgttccccccaaagcccaaggacaccctgatgatctcccgga 
cccccgaagtgacctgcgtggtggtggatgtgtcccacgaggaccccgaggtg 
cagttcaattggtacgtggacggcgtggaagtgcacaacgccaagaccaagcc 
cagagaggaacagttcaactccaccttccgggtggtgtccgtgctgaccgtggt 
gcaccaggactggctgaacggcaaagagtacaagtgcaaggtgtccaacaag 
ggcctgcctgcccccatcgaaaagaccatctccaagacaaagggccagcccc 
gcgagcctcaggtgtacacactgcctcccagccgggaagagatgaccaagaa 
ccaggtgtccctgacctgtctggtcaagggcttctacccctccgatatcgccgtg 
gaatgggagtccaacggccagcccgagaacaactacaagaccacccccccca 
tgctggactccgacggctcattcttcctgtactccaagctgacagtggacaagtcc 
cggtggcagcagggcaacgtgttctcctgctctgtgatgcacgaggccctgcac 
aaccactacacccagaagtccctgtccctgagccccggcaaa 

228 mAb-CD7 3.8 - Vh-hHC-IgG2-C219S-
IgGl.lf 

caggtgcagctggtggagtctgggggaggcgtggtccagcctgggaggtccct 
gagactctcctgtgcagcctctggattcaccttcagtaactatggcatgcactggg 
tccgccaggctccaggcaaggggctggagtgggtggcagttatatggtatgatt 
ccagtaataaatactatccagactccgtgaagggccgattcaccatctccagaga 
caattccaagaacacgctgtatctgcaaatgaacagcctgagagccgaggaca 
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cggctgtgtattactgtgcgagagggggcagcagctggtaccctgattcttttgat 
atctggggccaaggaacaatggtcaccgtctcttcagcgtcgaccaagggccc 
atcggtcttccccctggcgccctgctccaggagcacctccgagagcacagcgg 
ccctgggctgcctggtcaaggactacttccccgaaccggtgacggtgtcgtgga 
actcaggcgctctgaccagcggcgtgcacaccttcccagctgtcctacagtcctc 
aggactctactccctcagcagcgtggtgaccgtgccctccagcaacttcggcac 
ccagacctacacctgcaacgtagatcacaagcccagcaacaccaaggtggaca 
agacagttgagcgcaaatcctgtgtcgagtgcccaccgtgcccagcaccacctg 
tggcaggaccgtcagtcttcctcttccccccaaaacccaaggacaccctcatgat 
ctcccggacccctgaggtcacatgcgtggtggtggacgtgagccacgaagacc 
ctgaggtcaagttcaactggtacgtggacggcgtggaggtgcataatgccaaga 
caaagccgcgggaggagcagtacaacagcacgtaccgtgtggtcagcgtcct 
caccgtcctgcaccaggactggctgaatggcaaggagtacaagtgcaaggtct 
ccaacaaagccctcccaagcagcatcgagaaaaccatctccaaagccaaagg 
gcagccccgagaaccacaggtgtacaccctgcccccatcccgggaggagatg 
accaagaaccaggtcagcctgacctgcctggtcaaaggcttctatcccagcgac 
atcgccgtggagtgggagagcaatgggcagccggagaacaactacaagacca 
cgcctcccgtgctggactccgacggctccttcttcctctatagcaagctcaccgtg 
gacaagagcaggtggcagcaggggaacgtcttctcatgctccgtgatgcatga 
ggctctgcacaaccactacacgcagaagagcctctccctgtccccgggtaaa 

229 mAb-CD73,9-Vh-hHC-IgG 1.1 f caggtgcagctggtggagtctgggggaggcgtggtccagcctgggaggtccct 
gagactctcctgtgcaagctctggattcaccttcagtaactatggcatgcactggg 
tccgccaggctccaggcaaggggctggagtgggtggcagttatatggtatgatt 
ccagtaataaatactatccagactccgtgaagggccgattcaccatctccagaga 
caattccaagaacacgctgtatctgcaaatgaacagcctgagagccgaggaca 
cggctgtgtattactgtgcgagagggggcagcagctggtaccctgattcttttgat 
atctggggccaaggaacaatggtcaccgtctcttcagcgtcgaccaagggccc 
ctccgtgtttcctctggccccttccagcaagtccacctctggcggaacagccgct 
ctgggctgcctggtcaaggactacttccccgagcctgtgaccgtgtcctggaact 
ctggcgccctgacatctggcgtgcacaccttccctgctgtgctgcagtctagcgg 
cctgtactccctgtcctccgtcgtgacagtgccctccagctctctgggcacccag 
acctacatctgcaacgtgaaccacaagccctccaacaccaaggtggacaagcg 
ggtggaacccaagtcctgcgacaagacccatacctgccctccctgccctgctcc 
tgaagctgaaggcgcccctagcgtgttcctgttccctccaaagcccaaggacac 
cctgatgatctcccggacccctgaagtgacctgcgtggtggtggatgtgtcccac 
gaggacccagaagtgaagttcaattggtacgtggacggcgtggaagtgcacaa 
cgccaagaccaagcctagagaggaacagtacaactccacctaccgggtggtgt 
ccgtgctgaccgtgctgcaccaggattggctgaacggcaaagagtacaagtgc 
aaggtgtccaacaaggccctgcctagctccatcgaaaagaccatctccaaggct 
aagggccagccccgcgagccccaggtgtacacactgcctccatcccgggaag 
agatgaccaagaaccaggtgtccctgacttgcctcgtgaagggcttctacccctc 
cgatatcgccgtggaatgggagtccaacggccagcctgagaacaactacaaga 
ccacccctcccgtgctggactccgacggctcattcttcctgtacagcaagctgac 
agtggataagtcccggtggcagcaggggaacgtgttctcctgctccgtgatgca 
cgaggctctgcacaaccactacacacagaagtccctgtctctgtcccctggc 

230 mAb-CD73.9-Vh-hHC-IgG2-C219S caggtgcagctggtggagtctgggggaggcgtggtccagcctgggaggtccct 
gagactctcctgtgcaagctctggattcaccttcagtaactatggcatgcactggg 
tccgccaggctccaggcaaggggctggagtgggtggcagttatatggtatgatt 
ccagtaataaatactatccagactccgtgaagggccgattcaccatctccagaga 
caattccaagaacacgctgtatctgcaaatgaacagcctgagagccgaggaca 
cggctgtgtattactgtgcgagagggggcagcagctggtaccctgattcttttgat 
atctggggccaaggaacaatggtcaccgtctcttcagcgtcgaccaagggccc 
ctctgtgtttcctctggccccttgctcccggtccacctctgagtctaccgctgctctg 
ggctgcctggtcaaggactacttccccgagcctgtgaccgtgtcctggaactctg 
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gcgctctgacctccggcgtgcacacctttccagccgtgctgcagtcctccggcct 
gtactctctgtcctccgtcgtgaccgtgccctcctccaacttcggcacccagacct 
acacctgtaacgtggaccacaagccctccaacaccaaggtggacaagaccgtg 
gaacggaagtcctgcgtggaatgccctccttgccctgcacctcctgtggctggc 
ccttccgtgttcctgttccccccaaagcccaaggacaccctgatgatctcccgga 
cccccgaagtgacctgcgtggtggtggatgtgtcccacgaggaccccgaggtg 
cagttcaattggtacgtggacggcgtggaagtgcacaacgccaagaccaagcc 
cagagaggaacagttcaactccaccttccgggtggtgtccgtgctgaccgtggt 
gcaccaggactggctgaacggcaaagagtacaagtgcaaggtgtccaacaag 
ggcctgcctgcccccatcgaaaagaccatctccaagacaaagggccagcccc 
gcgagcctcaggtgtacacactgcctcccagccgggaagagatgaccaagaa 
ccaggtgtccctgacctgtctggtcaagggcttctacccctccgatatcgccgtg 
gaatgggagtccaacggccagcccgagaacaactacaagaccacccccccca 
tgctggactccgacggctcattcttcctgtactccaagctgacagtggacaagtcc 
cggtggcagcagggcaacgtgttctcctgctctgtgatgcacgaggccctgcac 
aaccactacacccagaagtccctgtccctgagccccggcaaa 

231 mAb-CD73.9-Vh-hHC-IgG2-C219S-
IgGl.lf 

caggtgcagctggtggagtctgggggaggcgtggtccagcctgggaggtccct 
gagactctcctgtgcaagctctggattcaccttcagtaactatggcatgcactggg 
tccgccaggctccaggcaaggggctggagtgggtggcagttatatggtatgatt 
ccagtaataaatactatccagactccgtgaagggccgattcaccatctccagaga 
caattccaagaacacgctgtatctgcaaatgaacagcctgagagccgaggaca 
cggctgtgtattactgtgcgagagggggcagcagctggtaccctgattcttttgat 
atctggggccaaggaacaatggtcaccgtctcttcagcgtcgaccaagggccc 
atcggtcttccccctggcgccctgctccaggagcacctccgagagcacagcgg 
ccctgggctgcctggtcaaggactacttccccgaaccggtgacggtgtcgtgga 
actcaggcgctctgaccagcggcgtgcacaccttcccagctgtcctacagtcctc 
aggactctactccctcagcagcgtggtgaccgtgccctccagcaacttcggcac 
ccagacctacacctgcaacgtagatcacaagcccagcaacaccaaggtggaca 
agacagttgagcgcaaatcctgtgtcgagtgcccaccgtgcccagcaccacctg 
tggcaggaccgtcagtcttcctcttccccccaaaacccaaggacaccctcatgat 
ctcccggacccctgaggtcacatgcgtggtggtggacgtgagccacgaagacc 
ctgaggtcaagttcaactggtacgtggacggcgtggaggtgcataatgccaaga 
caaagccgcgggaggagcagtacaacagcacgtaccgtgtggtcagcgtcct 
caccgtcctgcaccaggactggctgaatggcaaggagtacaagtgcaaggtct 
ccaacaaagccctcccaagcagcatcgagaaaaccatctccaaagccaaagg 
gcagccccgagaaccacaggtgtacaccctgcccccatcccgggaggagatg 
accaagaaccaggtcagcctgacctgcctggtcaaaggcttctatcccagcgac 
atcgccgtggagtgggagagcaatgggcagccggagaacaactacaagacca 
cgcctcccgtgctggactccgacggctccttcttcctctatagcaagctcaccgtg 
gacaagagcaggtggcagcaggggaacgtcttctcatgctccgtgatgcatga 
ggctctgcacaaccactacacgcagaagagcctctccctgtccccgggtaaa 

232 mAb-CD73.10-Vh-hHC-IgG 1.1 f caggtgcagctggtggagtctgggggaggcgtggtccagcctgggaggtccct 
gagactctcctgtgcagcctctggattcaccttcagtaactatggcatgcactggg 
tccgccaggctccaggcaaggggctggagtgggtggcagttatatggtatgatg 
agagtaataaatactatccagactccgtgaagggccgattcaccatctccagaga 
caattccaagaacacgctgtatctgcaaatgaacagcctgagagccgaggaca 
cggctgtgtattactgtgcgagagggggcagcagctggtaccctgattcttttgat 
atctggggccaaggaacaatggtcaccgtctcttcagcgtcgaccaagggccc 
ctccgtgtttcctctggccccttccagcaagtccacctctggcggaacagccgct 
ctgggctgcctggtcaaggactacttccccgagcctgtgaccgtgtcctggaact 
ctggcgccctgacatctggcgtgcacaccttccctgctgtgctgcagtctagcgg 
cctgtactccctgtcctccgtcgtgacagtgccctccagctctctgggcacccag 
acctacatctgcaacgtgaaccacaagccctccaacaccaaggtggacaagcg 
ggtggaacccaagtcctgcgacaagacccatacctgccctccctgccctgctcc 
tgaagctgaaggcgcccctagcgtgttcctgttccctccaaagcccaaggacac 
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cctgatgatctcccggacccctgaagtgacctgcgtggtggtggatgtgtcccac 
gaggacccagaagtgaagttcaattggtacgtggacggcgtggaagtgcacaa 
cgccaagaccaagcctagagaggaacagtacaactccacctaccgggtggtgt 
ccgtgctgaccgtgctgcaccaggattggctgaacggcaaagagtacaagtgc 
aaggtgtccaacaaggccctgcctagctccatcgaaaagaccatctccaaggct 
aagggccagccccgcgagccccaggtgtacacactgcctccatcccgggaag 
agatgaccaagaaccaggtgtccctgacttgcctcgtgaagggcttctacccctc 
cgatatcgccgtggaatgggagtccaacggccagcctgagaacaactacaaga 
ccacccctcccgtgctggactccgacggctcattcttcctgtacagcaagctgac 
agtggataagtcccggtggcagcaggggaacgtgttctcctgctccgtgatgca 
cgaggctctgcacaaccactacacacagaagtccctgtctctgtcccctggc 

233 mAb-CD73.10-Vh-hHC-IgG2-C219S caggtgcagctggtggagtctgggggaggcgtggtccagcctgggaggtccct 
gagactctcctgtgcagcctctggattcaccttcagtaactatggcatgcactggg 
tccgccaggctccaggcaaggggctggagtgggtggcagttatatggtatgatg 
agagtaataaatactatccagactccgtgaagggccgattcaccatctccagaga 
caattccaagaacacgctgtatctgcaaatgaacagcctgagagccgaggaca 
cggctgtgtattactgtgcgagagggggcagcagctggtaccctgattcttttgat 
atctggggccaaggaacaatggtcaccgtctcttcagcgtcgaccaagggccc 
ctctgtgtttcctctggccccttgctcccggtccacctctgagtctaccgctgctctg 
ggctgcctggtcaaggactacttccccgagcctgtgaccgtgtcctggaactctg 
gcgctctgacctccggcgtgcacacctttccagccgtgctgcagtcctccggcct 
gtactctctgtcctccgtcgtgaccgtgccctcctccaacttcggcacccagacct 
acacctgtaacgtggaccacaagccctccaacaccaaggtggacaagaccgtg 
gaacggaagtcctgcgtggaatgccctccttgccctgcacctcctgtggctggc 
ccttccgtgttcctgttccccccaaagcccaaggacaccctgatgatctcccgga 
cccccgaagtgacctgcgtggtggtggatgtgtcccacgaggaccccgaggtg 
cagttcaattggtacgtggacggcgtggaagtgcacaacgccaagaccaagcc 
cagagaggaacagttcaactccaccttccgggtggtgtccgtgctgaccgtggt 
gcaccaggactggctgaacggcaaagagtacaagtgcaaggtgtccaacaag 
ggcctgcctgcccccatcgaaaagaccatctccaagacaaagggccagcccc 
gcgagcctcaggtgtacacactgcctcccagccgggaagagatgaccaagaa 
ccaggtgtccctgacctgtctggtcaagggcttctacccctccgatatcgccgtg 
gaatgggagtccaacggccagcccgagaacaactacaagaccacccccccca 
tgctggactccgacggctcattcttcctgtactccaagctgacagtggacaagtcc 
cggtggcagcagggcaacgtgttctcctgctctgtgatgcacgaggccctgcac 
aaccactacacccagaagtccctgtccctgagccccggcaaa 

234 mAb-CD73.10-Vh-hHC-IgG2-C219S-
IgGl.lf 

caggtgcagctggtggagtctgggggaggcgtggtccagcctgggaggtccct 
gagactctcctgtgcagcctctggattcaccttcagtaactatggcatgcactggg 
tccgccaggctccaggcaaggggctggagtgggtggcagttatatggtatgatg 
agagtaataaatactatccagactccgtgaagggccgattcaccatctccagaga 
caattccaagaacacgctgtatctgcaaatgaacagcctgagagccgaggaca 
cggctgtgtattactgtgcgagagggggcagcagctggtaccctgattcttttgat 
atctggggccaaggaacaatggtcaccgtctcttcagcgtcgaccaagggccc 
atcggtcttccccctggcgccctgctccaggagcacctccgagagcacagcgg 
ccctgggctgcctggtcaaggactacttccccgaaccggtgacggtgtcgtgga 
actcaggcgctctgaccagcggcgtgcacaccttcccagctgtcctacagtcctc 
aggactctactccctcagcagcgtggtgaccgtgccctccagcaacttcggcac 
ccagacctacacctgcaacgtagatcacaagcccagcaacaccaaggtggaca 
agacagttgagcgcaaatcctgtgtcgagtgcccaccgtgcccagcaccacctg 
tggcaggaccgtcagtcttcctcttccccccaaaacccaaggacaccctcatgat 
ctcccggacccctgaggtcacatgcgtggtggtggacgtgagccacgaagacc 
ctgaggtcaagttcaactggtacgtggacggcgtggaggtgcataatgccaaga 
caaagccgcgggaggagcagtacaacagcacgtaccgtgtggtcagcgtcct 
caccgtcctgcaccaggactggctgaatggcaaggagtacaagtgcaaggtct 
ccaacaaagccctcccaagcagcatcgagaaaaccatctccaaagccaaagg 

247 



WO 2016/081748 PCT/US2015/061639 

gcagccccgagaaccacaggtgtacaccctgcccccatcccgggaggagatg 
accaagaaccaggtcagcctgacctgcctggtcaaaggcttctatcccagcgac 
atcgccgtggagtgggagagcaatgggcagccggagaacaactacaagacca 
cgcctcccgtgctggactccgacggctccttcttcctctatagcaagctcaccgtg 
gacaagagcaggtggcagcaggggaacgtcttctcatgctccgtgatgcatga 
ggctctgcacaaccactacacgcagaagagcctctccctgtccccgggtaaa 

235 mAb-CD73.11 -Vh-hHC-IgG 1.1 f caggtgcagctggtggagtctgggggaggcgtggtccagcctgggaggtccct 
gagactctcctgtgcagcgtctggattcaccttcagtaactatggcatgcactggg 
tccgccaggctccaggcaaggggctggagtgggtggcagttatatggtatgatg 
aaagtaataaatactatgcagactccgtgaagggccgattcaccatctccagaga 
caattccaagaacacgctgtttctgcaaatgaacagcctgagagccgaggacac 
ggctgtgtattattgtgcgagagggtataacagcaggtggtaccctgatgcttttg 
atatctggggccaagggacaatggtcaccgtctcttcagcgtcgaccaagggcc 
cctccgtgtttcctctggccccttccagcaagtccacctctggcggaacagccgc 
tctgggctgcctggtcaaggactacttccccgagcctgtgaccgtgtcctggaac 
tctggcgccctgacatctggcgtgcacaccttccctgctgtgctgcagtctagcg 
gcctgtactccctgtcctccgtcgtgacagtgccctccagctctctgggcaccca 
gacctacatctgcaacgtgaaccacaagccctccaacaccaaggtggacaagc 
gggtggaacccaagtcctgcgacaagacccatacctgccctccctgccctgctc 
ctgaagctgaaggcgcccctagcgtgttcctgttccctccaaagcccaaggaca 
ccctgatgatctcccggacccctgaagtgacctgcgtggtggtggatgtgtccca 
cgaggacccagaagtgaagttcaattggtacgtggacggcgtggaagtgcaca 
acgccaagaccaagcctagagaggaacagtacaactccacctaccgggtggt 
gtccgtgctgaccgtgctgcaccaggattggctgaacggcaaagagtacaagt 
gcaaggtgtccaacaaggccctgcctagctccatcgaaaagaccatctccaag 
gctaagggccagccccgcgagccccaggtgtacacactgcctccatcccggg 
aagagatgaccaagaaccaggtgtccctgacttgcctcgtgaagggcttctacc 
cctccgatatcgccgtggaatgggagtccaacggccagcctgagaacaactac 
aagaccacccctcccgtgctggactccgacggctcattcttcctgtacagcaagc 
tgacagtggataagtcccggtggcagcaggggaacgtgttctcctgctccgtga 
tgcacgaggctctgcacaaccactacacacagaagtccctgtctctgtcccctgg 
c 

236 mAb-CD73.11 -Vh-hHC-IgG2-C219S caggtgcagctggtggagtctgggggaggcgtggtccagcctgggaggtccct 
gagactctcctgtgcagcgtctggattcaccttcagtaactatggcatgcactggg 
tccgccaggctccaggcaaggggctggagtgggtggcagttatatggtatgatg 
aaagtaataaatactatgcagactccgtgaagggccgattcaccatctccagaga 
caattccaagaacacgctgtttctgcaaatgaacagcctgagagccgaggacac 
ggctgtgtattattgtgcgagagggtataacagcaggtggtaccctgatgcttttg 
atatctggggccaagggacaatggtcaccgtctcttcagcgtcgaccaagggcc 
cctctgtgtttcctctggccccttgctcccggtccacctctgagtctaccgctgctct 
gggctgcctggtcaaggactacttccccgagcctgtgaccgtgtcctggaactct 
ggcgctctgacctccggcgtgcacacctttccagccgtgctgcagtcctccggc 
ctgtactctctgtcctccgtcgtgaccgtgccctcctccaacttcggcacccagac 
ctacacctgtaacgtggaccacaagccctccaacaccaaggtggacaagaccg 
tggaacggaagtcctgcgtggaatgccctccttgccctgcacctcctgtggctgg 
cccttccgtgttcctgttccccccaaagcccaaggacaccctgatgatctcccgg 
acccccgaagtgacctgcgtggtggtggatgtgtcccacgaggaccccgaggt 
gcagttcaattggtacgtggacggcgtggaagtgcacaacgccaagaccaagc 
ccagagaggaacagttcaactccaccttccgggtggtgtccgtgctgaccgtgg 
tgcaccaggactggctgaacggcaaagagtacaagtgcaaggtgtccaacaag 
ggcctgcctgcccccatcgaaaagaccatctccaagacaaagggccagcccc 
gcgagcctcaggtgtacacactgcctcccagccgggaagagatgaccaagaa 
ccaggtgtccctgacctgtctggtcaagggcttctacccctccgatatcgccgtg 
gaatgggagtccaacggccagcccgagaacaactacaagaccacccccccca 
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tgctggactccgacggctcattcttcctgtactccaagctgacagtggacaagtcc 
cggtggcagcagggcaacgtgttctcctgctctgtgatgcacgaggccctgcac 
aaccactacacccagaagtccctgtccctgagccccggcaaa 

237 CD73.4 (VH) - Nucleotide sequence caggtgcagctggtggagtctgggggaggcgtggtccagcctgggaggtccct 
gagactctcctgtgcagcctctggattcaccttcagtaactatggcatgcactggg 
tccgccaggctccaggcaaggggctggagtgggtggcagttatattgtatgatg 
gaagtaataaatactatccagactccgtgaagggccgattcaccatctccagaga 
caattccaagaacacgctgtatctgcaaatgaacagcctgagagccgaggaca 
cggctgtgtattactgtgcgagagggggcagcagctggtaccctgattcttttgat 
atctggggccaaggaacaatggtcaccgtctcttca 

238 5F8 VK3 EIVLTQSPATLSLSPGERATLSCRASQSVSSYLAWY 
QQKPGQAPRLLIYDASNRATGIPARFSGSGSGTDFT 
LTIS SLEPEDFA V Y Y CQQRSNWWTFGQGTKVEIK 

239 5F8 VK3 CDR1 RASQSVSSYLA 

240 5F8 VK3 CDR2 DASNRAT 
241 5F8 VK3 CDR3 QQRSNWWT 

242 5F8 VK3 - Nucleotide sequence GAGGTGCAGCTGGTGGAGTCCGGGGGAGGCTTA 
GTTCAGCCTGGGGGGTCCCTGAGACTCTCCTGTG 
CAGCCTCTGG ATTC ACCTTC AGT AGCT ACTGG AT 
GCACTGGGTCCGCCAAGCTCCAGGGAAGGGGCT 
GGTGTGGGTCTC ACGT ATT ATT AGTG ATGGG AGT 
AGCACAGGTTACGCGGATTCCGTGAAGGGCCGA 
TTCACCATCTCCAGAGACAACGCCAAGAACACG 
CTGTATCTGCAAATGAACAGTCTGAGAGCCGAG 
GAC ACGGCTGTGT ATT ACTGTGC A AG AG AGTTT A 
GCAGTGGCTGGTACTTTGACTACTGGGGCCAGGG 
AACCCTGGTCACCGTCTCCTCA 

243 11F11 (full length heavy chain) - NT Seq CAGGTGCAGCTGGTGGAGTCTGGGGGAGGCGTG 
GTCCAGCCTGGGAGGTCCCTGAGACTCTCCTGTG 
CAACGTCTGG ATTC ACCTTC AGT A ACT ATGGC AT 
GCACTGGGTCCGCCAGGCTCCAGGCAAGGGGCT 
GG AGTGGGTGGC AGTT AT ATTGT ATG ATGG A AGT 
AAT A A AT ACT ATCC AG ACTCCGTG A AGGGCCG A 
TTCACCATCTCCAGAGACAATTCCAAGAACACGC 
TGTATCTGCAAATGAACAGCCTGAGAGCCGAGG 
AC ACGGCTGTGT ATT ACTGTGCG AG AGGGGGC A 
GC AGCTGGT ACCCTG ATTCTTTTG AT ATCTGGGG 
CCAAGGAACAATGGTCACCGTCTCTTCAGCCTCC 
ACCAAGGGCCCATCGGTCTTCCCCCTGGCGCCCT 
GCTCCAGGAGCACCTCCGAGAGCACAGCGGCCC 
TGGGCTGCCTGGTCAAGGACTACTTCCCCGAACC 
GGTGACGGTGTCGTGGAACTCAGGCGCTCTGACC 
AGCGGCGTGCACACCTTCCCAGCTGTCCTACAGT 
CCTCAGGACTCTACTCCCTCAGCAGCGTGGTGAC 
CGTGCCCTCCAGCAACTTCGGCACCCAGACCTAC 
ACCTGCAACGTAGATCACAAGCCCAGCAACACC 
AAGGTGGACAAGACAGTTGAGCGCAAATGTTGT 
GTCGAGTGCCCACCGTGCCCAGCACCACCTGTGG 
CAGGACCGTCAGTCTTCCTCTTCCCCCCAAAACC 
CAAGGACACCCTCATGATCTCCCGGACCCCTGAG 
GTCACGTGCGTGGTGGTGGACGTGAGCCACGAA 
GACCCCGAGGTCCAGTTCAACTGGTACGTGGAC 
GGCGTGGAGGTGCATAATGCCAAGACAAAGCCA 
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CGGGAGGAGCAGTTCAACAGCACGTTCCGTGTG 
GTCAGCGTCCTCACCGTTGTGCACCAGGACTGGC 
TGAACGGCAAGGAGTACAAGTGCAAGGTCTCCA 
ACAAAGGCCTCCCAGCCCCCATCGAGAAAACCA 
TCTCCAAAACCAAAGGGCAGCCCCGAGAACCAC 
AGGTGTACACCCTGCCCCCATCCCGGGAGGAGA 
TGACCAAGAACCAGGTCAGCCTGACCTGCCTGGT 
CAAAGGCTTCTACCCCAGCGACATCGCCGTGGA 
GTGGGAGAGCAATGGGCAGCCGGAGAACAACTA 
CAAGACCACACCTCCCATGCTGGACTCCGACGGC 
TCCTTCTTCCTCTACAGCAAGCTCACCGTGGACA 
AGAGCAGGTGGCAGCAGGGGAACGTCTTCTCAT 
GCTCCGTGATGCATGAGGCTCTGCACAACCACTA 
CACGCAGAAGAGCCTCTCCCTGTCTCCGGGTAAA 

244 11F11 (full length light chain 1) - NT Seq GAAATTGTGTTGACACAGTCTCCAGCCACCCTGT 
CTTTGTCTCCAGGGGAAAGAGCCACCCTCTCCTG 
C AGGGCC AGTC AGGGTGTT AGC AGCT ACTT AGCC 
TGGTACCAGCAGAAACCTGGCCAGGCTCCCAGG 
CTCCTCATCTATGATGCATCCAACAGGGCCACTG 
GCATCCCAGCCAGGTTCAGTGGCAGTGGGCCTG 
GGACAGACTTCACTCTCACCATCAGCAGCCTAGA 
GCCTG A AG ATTTTGC AGTTT ATT ACTGTC AGC AG 
CGTAGCAACTGGCATCTCACTTTCGGCGGAGGGA 
CCAAGGTGGAGATCAAACGAACTGTGGCTGCAC 
CATCTGTCTTCATCTTCCCGCCATCTGATGAGCA 
GTTGAAATCTGGAACTGCCTCTGTTGTGTGCCTG 
CTG A AT A ACTTCT ATCCC AG AG AGGCC A A AGT AC 
AGTGG A AGGTGG AT A ACGCCCTCC A ATCGGGT A 
ACTCCCAGGAGAGTGTCACAGAGCAGGACAGCA 
AGGACAGCACCTACAGCCTCAGCAGCACCCTGA 
CGCTGAGCAAAGCAGACTACGAGAAACACAAAG 
TCTACGCCTGCGAAGTCACCCATCAGGGCCTGAG 
CTCGCCCGTCACAAAGAGCTTCAACAGGGGAGA 
GTGT 

245 11F11 (full length light chain 2) - NT Seq GACATCCAGATGACCCAGTCTCCATCCTCACTGT 
CTGCATCTGTAGGAGACAGAGTCACCATCACTTG 
TCGGGCG AGTC AGGGT ATT AGC AGCTGGTT AGCC 
TGGT ATC AGC AG A A ACC AG AG A A AGCCCCT A AG 
TCCCTGATCTATGCTGCATCCAGTTTGCAAAGTG 
GGGTCCCATCAAGGTTCAGCGGCAGTGGATCTG 
GGACAGATTTCACTCTCACCATCAGCAGCCTGCA 
GCCTG A AG ATTTTGC A ACTT ATT ACTGCC A AC AG 
T AT AAT AGTT ACCCTCTC ACTTTCGGCGG AGGG A 
CCAAGGTGGAGATCAAACGAACTGTGGCTGCAC 
CATCTGTCTTCATCTTCCCGCCATCTGATGAGCA 
GTTGAAATCTGGAACTGCCTCTGTTGTGTGCCTG 
CTG A AT A ACTTCT ATCCC AG AG AGGCC A A AGT AC 
AGTGG A AGGTGG AT A ACGCCCTCC A ATCGGGT A 
ACTCCCAGGAGAGTGTCACAGAGCAGGACAGCA 
AGGACAGCACCTACAGCCTCAGCAGCACCCTGA 
CGCTGAGCAAAGCAGACTACGAGAAACACAAAG 
TCTACGCCTGCGAAGTCACCCATCAGGGCCTGAG 
CTCGCCCGTCACAAAGAGCTTCAACAGGGGAGA 
GTGT 

246 4C3 (full length heavy chain) - NT Seq GAAGTGCAGCTGGTGGAGTCTGGGGGAGGCTTG 
GTACAGCCTGGCAGGTCCCTGAGACTCTCCTGTG 
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CAGCCTCTGGATTCACCTTTGATGATTATGCCAT 
GCACTGGGTCCGGCAAGCTCCAGGGAAGGGCCT 
GG AGTGGGTCTC AGGT ATT AGTTGG A AG AGTGG 
T AGC AT AGGCT ATGCGGACTCTGTG A AGGGCCG 
ATTCACCATCTCCAGAGACAACGCCAAGAACTCC 
CTGTATCTGCAAATGAACAGTCTGAGAGCTGAG 
GAC ACGGCCTTGT ATT ACTGTGT A A A AGGGT ATT 
ACGTT ATTTTG ACTGGCCTTG ACT ACTGGGGCC A 
GGGAACCCTGGTCACCGTCTCCTCAGCCTCCACCAA 
GGGCCCATCGGTCTTCCCCCTGGCACCCTCCTCCAAGAGCACC 
TCTGGGGGCACAGCGGCCCTGGGCTGCCTGGTCAAGGACTAC 
TTCCCCGAACCGGTGACGGTGTCGTGGAACTCAGGCGCCCTG 
ACCAGCGGCGTGCACACCTTCCCGGCTGTCCTACAGTCCTCA 
GGACTCTACTCCCTCAGCAGCGTGGTGACCGTGCCCTCCAGC 
AGCTTGGGCACCCAGACCTACATCTGCAACGTGAATCACAAG 
CCCAGCAACACCAAGGTGGACAAGAAAGTTGAGCCCAAATCT 
TGTGACAAAACTCACACATGCCCACCGTGCCCAGCACCTGAA 
CTCCTGGGGGGACCGTCAGTCTTCCTCTTCCCCCCAAAACCCA 
AGGACACCCTCATGATCTCCCGGACCCCTGAGGTCACATGCG 
TGGTGGTGGACGTGAGCCACGAAGACCCTGAGGTCAAGTTCA 
ACTGGTACGTGGACGGCGTGGAGGTGCATAATGCCAAGACAA 
AGCCGCGGGAGGAGCAGTACAACAGCACGTACCGTGTGGTC 
AGCGTCCTCACCGTCCTGCACCAGGACTGGCTGAATGGCAAG 
GAGTACAAGTGCAAGGTCTCCAACAAAGCCCTCCCAGCCCCC 
ATCGAGAAAACCATCTCCAAAGCCAAAGGGCAGCCCCGAGA 
ACCACAGGTGTACACCCTGCCCCCATCCCGGGATGAGCTGAC 
CAAGAACCAGGTCAGCCTGACCTGCCTGGTCAAAGGCTTCTA 
TCCCAGCGACATCGCCGTGGAGTGGGAGAGCAATGGGCAGCC 
GGAGAACAACTACAAGACCACGCCTCCCGTGCTGGACTCCGA 
CGGCTCCTTCTTCCTCTACAGCAAGCTCACCGTGGACAAGAG 
CAGGTGGCAGCAGGGGAACGTCTTCTCATGCTCCGTGATGCA 
TGAGGCTCTGCACAACCACTACACGCAGAAGAGCCTCTCCCT 
GTCTCCGGGTAAA 

247 4C3 (full length light chain 1) - NT Seq GAAATTGTGTTGACGCAGTCTCCAGGCACCCTGT 
CTTTGTCTCCAGGGGAAAGAGCCACCCTCTCCTG 
C AGGGCC AGTC AG AGTGTT AGC AGCT ACTT AGCC 
TGGTACCAGCAGAAACCTGGCCAGGCTCCCAGG 
CTCCTCATCTATGGTGCATCCAGCAGGGCCACTG 
GCATCCCAGACAGGTTCAGTGGCAGTGGGTCTG 
GGACAGACTTCACTCTCACCATCAGCAGACTGGA 
GCCTG A AG ATTTTGC AGTGT ATT ACTGTC AGC AG 
T ATGGT AGCTC ACCGCTC ACTTTCGGCGG AGGG A 
CCAAGGTGGAGATCAAACGAACTGTGGCTGCAC 
CATCTGTCTTCATCTTCCCGCCATCTGATGAGCA 
GTTGAAATCTGGAACTGCCTCTGTTGTGTGCCTG 
CTG A AT A ACTTCT ATCCC AG AG AGGCC A A AGT AC 
AGTGG A AGGTGG AT A ACGCCCTCC A ATCGGGT A 
ACTCCCAGGAGAGTGTCACAGAGCAGGACAGCA 
AGGACAGCACCTACAGCCTCAGCAGCACCCTGA 
CGCTGAGCAAAGCAGACTACGAGAAACACAAAG 
TCTACGCCTGCGAAGTCACCCATCAGGGCCTGAG 
CTCGCCCGTCACAAAGAGCTTCAACAGGGGAGA 
GTGT 

248 4C3 (full length light chain 2) - NT Seq GACATCCAGATGACCCAGTCTCCATCCTCACTGT 
CTGCATCTGTAGGAGACAGAGTCACCTTCACTTG 
TCGGGCG AGTC AGGGT ATT AGC AGCTGGTT AGCC 
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TGGT ATC AGC AG A A ACC AG AG A A AGCCCCT A AG 
TCCCTGATCTATGCTGCATCCAGTTTGCAAAGTG 
GGGTCCCATCAAGGTTCAGCGGCAGTGGATCTG 
GGACAGATTTCACTCTCACCATCAGCAGCCTGCA 
GCCTG A AG ATTTTGC A ACTT ATT ACTGCC A AC AG 
T AT AAT AGTT ACCCTCC A ACGTTCGGCC AGGGG A 
CCAAGGTGGAAATCAAACGAACTGTGGCTGCAC 
CATCTGTCTTCATCTTCCCGCCATCTGATGAGCA 
GTTGAAATCTGGAACTGCCTCTGTTGTGTGCCTG 
CTG A AT A ACTTCT ATCCC AG AG AGGCC A A AGT AC 
AGTGG A AGGTGG AT A ACGCCCTCC A ATCGGGT A 
ACTCCCAGGAGAGTGTCACAGAGCAGGACAGCA 
AGGACAGCACCTACAGCCTCAGCAGCACCCTGA 
CGCTGAGCAAAGCAGACTACGAGAAACACAAAG 
TCTACGCCTGCGAAGTCACCCATCAGGGCCTGAG 
CTCGCCCGTCACAAAGAGCTTCAACAGGGGAGA 
GTGT 

249 4C3 (full length light chain 3) - NT Seq GACATCCAGATGACCCAGTCTCCATCCTCACTGT 
CTGCATCTGTAGGAGACAGAGTCACCTTCACTTG 
TCGGGCG AGTC AGGGT ATT AGC AGCTGGTT AGCC 
TGGT ATC AGC AG A A ACC AG AG A A AGCCCCT A AG 
TCCCTGATCTATGCTGCATCCAGTTTGCAAAGTG 
GGGTCCCATCAAGGTTCAGCGGCAGTGGATCTG 
GGACAGATTTCACTCTCACCATCAGCAGCCTGCA 
GCCTG A AG ATTTTGC A ACTT ATT ACTGCC A AC AG 
T AT AAT AGTT ACCCTCC A ACGTTCGGCC A AGGG A 
CCAAGGTGGAAATCAAACGAACTGTGGCTGCAC 
CATCTGTCTTCATCTTCCCGCCATCTGATGAGCA 
GTTGAAATCTGGAACTGCCTCTGTTGTGTGCCTG 
CTG A AT A ACTTCT ATCCC AG AG AGGCC A A AGT AC 
AGTGG A AGGTGG AT A ACGCCCTCC A ATCGGGT A 
ACTCCCAGGAGAGTGTCACAGAGCAGGACAGCA 
AGGACAGCACCTACAGCCTCAGCAGCACCCTGA 
CGCTGAGCAAAGCAGACTACGAGAAACACAAAG 
TCTACGCCTGCGAAGTCACCCATCAGGGCCTGAG 
CTCGCCCGTCACAAAGAGCTTCAACAGGGGAGA 
GTGT 

250 4D4 (full length heavy chain) - NT Seq CAGGTGCAGCTGGTGGAGTCTGGGGGAGGCGTG 
GTCCAGCCTGGGAGGTCCCTGAGACTCTCCTGTG 
CAGCGTCTGG ATTC ACCTTC AGT A ACT ATGGC AT 
GCACTGGGTCCGCCAGGCTCCAGGCAAGGGGCT 
GG AGTGGGTGGC AGTT AT ATGGT ATG ATG A A AG 
T AAT A A AT ACT ATGC AG ACTCCGTG A AGGGCCG 
ATTCACCATCTCCAGAGACAATTCCAAGAACACG 
CTGTTTCTGCAAATGAACAGCCTGAGAGCCGAG 
GAC ACGGCTGTGT ATT ATTGTGCG AG AGGGT AT A 
AC AGC AGGTGGT ACCCTG ATGCTTTTG AT ATCTG 
GGGCCAAGGGACAATGGTCACCGTCTCTTCAGCC 
TCCACCAAGGGCCCATCGGTCTTCCCCCTGGCGC 
CCTGCTCCAGGAGCACCTCCGAGAGCACAGCGG 
CCCTGGGCTGCCTGGTCAAGGACTACTTCCCCGA 
ACCGGTGACGGTGTCGTGGAACTCAGGCGCTCTG 
ACCAGCGGCGTGCACACCTTCCCAGCTGTCCTAC 
AGTCCTCAGGACTCTACTCCCTCAGCAGCGTGGT 
GACCGTGCCCTCCAGCAACTTCGGCACCCAGACC 
T AC ACCTGC A ACGT AG ATC AC A AGCCC AGC A AC 
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ACCAAGGTGGACAAGACAGTTGAGCGCAAATGT 
TGTGTCGAGTGCCCACCGTGCCCAGCACCACCTG 
TGGCAGGACCGTCAGTCTTCCTCTTCCCCCCAAA 
ACCCAAGGACACCCTCATGATCTCCCGGACCCCT 
GAGGTCACGTGCGTGGTGGTGGACGTGAGCCAC 
GAAGACCCCGAGGTCCAGTTCAACTGGTACGTG 
GACGGCGTGGAGGTGCATAATGCCAAGACAAAG 
CCACGGGAGGAGCAGTTCAACAGCACGTTCCGT 
GTGGTCAGCGTCCTCACCGTTGTGCACCAGGACT 
GGCTGAACGGCAAGGAGTACAAGTGCAAGGTCT 
CCAACAAAGGCCTCCCAGCCCCCATCGAGAAAA 
CCATCTCCAAAACCAAAGGGCAGCCCCGAGAAC 
CACAGGTGTACACCCTGCCCCCATCCCGGGAGG 
AGATGACCAAGAACCAGGTCAGCCTGACCTGCC 
TGGTCAAAGGCTTCTACCCCAGCGACATCGCCGT 
GGAGTGGGAGAGCAATGGGCAGCCGGAGAACA 
ACTACAAGACCACACCTCCCATGCTGGACTCCGA 
CGGCTCCTTCTTCCTCTACAGCAAGCTCACCGTG 
GACAAGAGCAGGTGGCAGCAGGGGAACGTCTTC 
TCATGCTCCGTGATGCATGAGGCTCTGCACAACC 
ACTACACGCAGAAGAGCCTCTCCCTGTCTCCGGG 
TAAA 

251 4D4 (full length light chain 1) - NT Seq GACATCCAGATGACCCAGTCTCCATCCTCACTGT 
CTGCATCTGTAGGAGACAGAGTCACCATCACTTG 
TCGGGCG AGTC AGGGT ATT AGC AGCTGGTT AGCC 
TGGT ATC AGC AG A A ACC AG AG A A AGCCCCT A AG 
TCCCTGATCTATGCTGCATCCAGTTTGCAAAGTG 
GGGTCCCATCAAGGTTCAGCGGCAGTGGATCTG 
GGACAGATTTCACTCTCACCATCAGCAGCCTGCA 
GCCTG A AG ATTTTGC A ACTT ATT ACTGCC A AC AG 
T AT AAT AGTT ACCCGCTC ACTTTCGGCGG AGGG A 
CCAAGGTGGAGATCAAACGAACTGTGGCTGCAC 
CATCTGTCTTCATCTTCCCGCCATCTGATGAGCA 
GTTGAAATCTGGAACTGCCTCTGTTGTGTGCCTG 
CTG A AT A ACTTCT ATCCC AG AG AGGCC A A AGT AC 
AGTGG A AGGTGG AT A ACGCCCTCC A ATCGGGT A 
ACTCCCAGGAGAGTGTCACAGAGCAGGACAGCA 
AGGACAGCACCTACAGCCTCAGCAGCACCCTGA 
CGCTGAGCAAAGCAGACTACGAGAAACACAAAG 
TCTACGCCTGCGAAGTCACCCATCAGGGCCTGAG 
CTCGCCCGTCACAAAGAGCTTCAACAGGGGAGA 
GTGT 

252 10D2 (full length heavy chain) - NT Seq CAGGTGCAGCTGGTGGAGTCTGGGGGAGGCGTG 
GTCCAGCCTGGGAGGTCCCTGAGACTCTCCTGTG 
CAGCGTCTGG ATTC ACCTTC AGT A ACT ATGGCCT 
GCACTGGGTCCGCCAGGCTCCAGGCAAGGGGCT 
GG AGTGGGTGGC AGTT AT ACGGT ATG ATGG A AG 
T AAT A A AT ACT ATGC AG ACTCCGTG A AGGGCCG 
ATTCACCATCTCCAGAGACAATTCCAAGAACACG 
CTGTATCTGCAAATGAGCAGCCTGAGAGCCGAG 
GACACGGCTGTGTATTACTGTGCGAGGGGGGGC 
AGCAGCTGGTACCCGGACGGTTTGGACGTCTGG 
GGCCAAGGGACCACGGTCACCGTCTCCTCAGCTT 
CCACCAAGGGCCCATCCGTCTTCCCCCTGGCGCC 
CTGCTCCAGGAGCACCTCCGAGAGCACAGCCGC 
CCTGGGCTGCCTGGTCAAGGACTACTTCCCCGAA 
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CCGGTGACGGTGTCGTGGAACTCAGGCGCCCTG 
ACCAGCGGCGTGCACACCTTCCCGGCTGTCCTAC 
AGTCCTCAGGACTCTACTCCCTCAGCAGCGTGGT 
GACCGTGCCCTCCAGCAGCTTGGGCACGAAGAC 
CT ACACCTGCAACGTAGATCACAAGCCCAGCAA 
CACCAAGGTGGACAAGAGAGTTGAGTCCAAATA 
TGGTCCCCCATGCCCATCATGCCCAGCACCTGAG 
TTCCTGGGGGGACCATCAGTCTTCCTGTTCCCCC 
CAAAACCCAAGGACACTCTCATGATCTCCCGGAC 
CCCTGAGGTCACGTGCGTGGTGGTGGACGTGAG 
CCAGGAAGACCCCGAGGTCCAGTTCAACTGGTA 
CGTGGATGGCGTGGAGGTGCATAATGCCAAGAC 
AAAGCCGCGGGAGGAGCAGTTCAACAGCACGTA 
CCGTGTGGTCAGCGTCCTCACCGTCCTGCACCAG 
GACTGGCTGAACGGCAAGGAGTACAAGTGCAAG 
GTCTCCAACAAAGGCCTCCCGTCCTCCATCGAGA 
AAACCATCTCCAAAGCCAAAGGGCAGCCCCGAG 
AGCCACAGGTGTACACCCTGCCCCCATCCCAGGA 
GGAGATGACCAAGAACCAGGTCAGCCTGACCTG 
CCTGGTCAAAGGCTTCTACCCCAGCGACATCGCC 
GTGGAGTGGGAGAGCAATGGGCAGCCGGAGAAC 
AACTACAAGACCACGCCTCCCGTGCTGGACTCCG 
ACGGCTCCTTCTTCCTCTACAGCAGGCTAACCGT 
GGACAAGAGCAGGTGGCAGGAGGGGAATGTCTT 
CTCATGCTCCGTGATGCATGAGGCTCTGCACAAC 
CACTACACACAGAAGAGCCTCTCCCTGTCTCTGG 
GTAAA 

253 10D2 (full length light chain 1) - NT Seq GCCATCCAGTTGACCCAGTCTCCATCCTCCCTGT 
CTGCATCTGTAGGAGACAGAGTCACCATCACTTG 
CCGGGC AAGTCAGGGCATTAGCAGTGCTTTAGCC 
TGGT ATC AGC AG A A ACC AGGG A A AGCTCCT A AG 
CTCCTGATCTATGATGCCTCCAGTTTGGAAAGTG 
GGGTCCCATCAAGGTTCAGCGGCAGTGGATCTG 
GGACAGATTTCACTCTCACCATCAGCAGCCTGCA 
GCCTG A AG ATTTTGC A ACTT ATT ACTGTC A AC AG 
TTT AAT AGTT ACCCC ACTTTCGGCGG AGGG ACC A 
AGGTGGAGATCAAACGAACTGTGGCTGCACCAT 
CTGTCTTCATCTTCCCGCCATCTGATGAGCAGTT 
GAAATCTGGAACTGCCTCTGTTGTGTGCCTGCTG 
AAT A ACTTCT ATCCC AG AG AGGCC A A AGT AC AG 
TGG A AGGTGG AT A ACGCCCTCC A ATCGGGT A AC 
TCCCAGGAGAGTGTCACAGAGCAGGACAGCAAG 
GACAGCACCTACAGCCTCAGCAGCACCCTGACG 
CTGAGCAAAGCAGACTACGAGAAACACAAAGTC 
TACGCCTGCGAAGTCACCCATCAGGGCCTGAGCT 
CGCCCGTCACAAAGAGCTTCAACAGGGGAGAGT 
GT 

254 10D2 (full length light chain 2) - NT Seq GACATCCAGATGACCCAGTCTCCATCCTCACTGT 
CTGCATCTGTAGGAGACAGAGTCACCATCACTTG 
TCGGGCG AGTC AGGGT ATT AGC AGCTGGTT AGCC 
TGGT ATC AGC AG A A ACC AG AG A A AGCCCCT A AG 
TCCCTGATCTATGCTGCATCCAGTTTGCAAAGTG 
GGGTCCCATCAAGGTTCAGCGGCAGTGGATCTG 
GGACAGATTTCACTCTCACCATCAGCAGCCTGCA 
GCCTG A AG ATTTTGC A ACTT ATT ACTGCC A AC AG 
T AT AAT AGTT ACCCGCTC ACTTTCGGCGG AGGG A 
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CCAAGGTGGAGATCAAACGAACTGTGGCTGCAC 
CATCTGTCTTCATCTTCCCGCCATCTGATGAGCA 
GTTGAAATCTGGAACTGCCTCTGTTGTGTGCCTG 
CTG A AT A ACTTCT ATCCC AG AG AGGCC A A AGT AC 
AGTGG A AGGTGG AT A ACGCCCTCC A ATCGGGT A 
ACTCCCAGGAGAGTGTCACAGAGCAGGACAGCA 
AGGACAGCACCTACAGCCTCAGCAGCACCCTGA 
CGCTGAGCAAAGCAGACTACGAGAAACACAAAG 
TCTACGCCTGCGAAGTCACCCATCAGGGCCTGAG 
CTCGCCCGTCACAAAGAGCTTCAACAGGGGAGA 
GTGT 

255 11A6 (full length heavy chain) - NT Seq GAAGTGCAGCTGGTGGAATCTGGGGGAAACTTG 
GTACAGCCTGGCAGGTCCCTGAGACTCTCCTGTG 
CAGCCTCTGGATTCACCTTTGATGATTATGCCAT 
GCACTGGGTCCGGCAAGCTCCAGGGAAGGGCCT 
GG AGTGGGTCTC AGGT ATT AGTTGG A AT AAT AAT 
GAC AT AGGCT ATGCGGACTCTGTG A AGGGCCG A 
TTCATCATCTCCAGAGACAACGCCAAGAACTCCC 
TGTATCTGCAAATGAACAGTCTGAGACCTGAGG 
AC ACGGCCTTGT ATT ATTGTGT A A A AGGTT ATT A 
CGTT ATTTTG ACTGGTCTTG ACT ACTGGGGCC AG 
GGAACCCCGGTCACCGTCTCCTCAGCCTCCACCAAG 
GGCCCATCGGTCTTCCCCCTGGCACCCTCCTCCAAGAGCACCT 
CTGGGGGCACAGCGGCCCTGGGCTGCCTGGTCAAGGACTACT 
TCCCCGAACCGGTGACGGTGTCGTGGAACTCAGGCGCCCTGA 
CCAGCGGCGTGCACACCTTCCCGGCTGTCCTACAGTCCTCAG 
GACTCTACTCCCTCAGCAGCGTGGTGACCGTGCCCTCCAGCA 
GCTTGGGCACCCAGACCTACATCTGCAACGTGAATCACAAGC 
CCAGCAACACCAAGGTGGACAAGAAAGTTGAGCCCAAATCTT 
GTGACAAAACTCACACATGCCCACCGTGCCCAGCACCTGAAC 
TCCTGGGGGGACCGTCAGTCTTCCTCTTCCCCCCAAAACCCAA 
GGACACCCTCATGATCTCCCGGACCCCTGAGGTCACATGCGT 
GGTGGTGGACGTGAGCCACGAAGACCCTGAGGTCAAGTTCAA 
CTGGTACGTGGACGGCGTGGAGGTGCATAATGCCAAGACAAA 
GCCGCGGGAGGAGCAGTACAACAGCACGTACCGTGTGGTCA 
GCGTCCTCACCGTCCTGCACCAGGACTGGCTGAATGGCAAGG 
AGTACAAGTGCAAGGTCTCCAACAAAGCCCTCCCAGCCCCCA 
TCGAGAAAACCATCTCCAAAGCCAAAGGGCAGCCCCGAGAA 
CCACAGGTGTACACCCTGCCCCCATCCCGGGATGAGCTGACC 
AAGAACCAGGTCAGCCTGACCTGCCTGGTCAAAGGCTTCTAT 
CCCAGCGACATCGCCGTGGAGTGGGAGAGCAATGGGCAGCC 
GGAGAACAACTACAAGACCACGCCTCCCGTGCTGGACTCCGA 
CGGCTCCTTCTTCCTCTACAGCAAGCTCACCGTGGACAAGAG 
CAGGTGGCAGCAGGGGAACGTCTTCTCATGCTCCGTGATGCA 
TGAGGCTCTGCACAACCACTACACGCAGAAGAGCCTCTCCCT 
GTCTCCGGGTAAA 

256 11A6 (full length light chain 1) - NT Seq GACATCCAGATGACCCAGTCTCCATCCTCACTGT 
CTGCATCTGTAGGAGACAGAGTCACCATCACTTG 
TCGGGCG AGTC AGGGT ATT AGC AGCTGGTT AGCC 
TGGT ATC AGC AG A A ACC AG AG A A AGCCCCT A AG 
TCCCTGATCTATGCTGCATCCAGTTTGCAAAGTG 
GGGTCCCATCAAGGTTCAGCGGCAGTGGATCTG 
GGACAGATTTCACTCTCACCATCAGCAGCCTGCA 
GCCTG A AG ATTTTGC A ACTT ATT ACTGCC A AC AG 
T AT AAT AGTT ACCCGCTC ACTTTCGGCGG AGGG A 
CCAAGGTGGAGATCAAACGAACTGTGGCTGCAC 
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CATCTGTCTTCATCTTCCCGCCATCTGATGAGCA 
GTTGAAATCTGGAACTGCCTCTGTTGTGTGCCTG 
CTG A AT A ACTTCT ATCCC AG AG AGGCC A A AGT AC 
AGTGG A AGGTGG AT A ACGCCCTCC A ATCGGGT A 
ACTCCCAGGAGAGTGTCACAGAGCAGGACAGCA 
AGGACAGCACCTACAGCCTCAGCAGCACCCTGA 
CGCTGAGCAAAGCAGACTACGAGAAACACAAAG 
TCTACGCCTGCGAAGTCACCCATCAGGGCCTGAG 
CTCGCCCGTCACAAAGAGCTTCAACAGGGGAGA 
GTGT 

257 24H2 (full length heavy chain) - NT Seq CAGGTGCAACTGGTGGAGTCTGGGGGAGGCGTG 
GTCCAGCCTGGGAGGTCCCTGAGACTCTCCTGTG 
CAGCGTCTGG ATTC ACCTTC AGT A ACT ATGGC AT 
GCACTGGGTCCGCCAGGCTCCAGGCAAGGGGCT 
GGAGTGGGTGGCAGTT AT ATGGT ATGATGGAGG 
T AAT A A AT ACT ATGC AG ACTCCGTG A AGGGCCG 
ATTCACCATCTCCAGAGACAATTCCAAGAACACG 
CTGTTTCTGCAAATGAACAGCCTGAGAGCCGAA 
GACACGGCTGTGTATTACTGTGCGAGAGGGGGC 
AGC AGCTGGT ACCCTG ATGCTTTTG AT ATCTGGG 
GCCAAGGGACAATGGTCACCGTCTCTTCAGCTTC 
CACCAAGGGCCCATCCGTCTTCCCCCTGGCGCCC 
TGCTCCAGGAGCACCTCCGAGAGCACAGCCGCC 
CTGGGCTGCCTGGTCAAGGACTACTTCCCCGAAC 
CGGTGACGGTGTCGTGGAACTCAGGCGCCCTGA 
CCAGCGGCGTGCACACCTTCCCGGCTGTCCTACA 
GTCCTCAGGACTCTACTCCCTCAGCAGCGTGGTG 
ACCGTGCCCTCCAGCAGCTTGGGCACGAAGACCT 
ACACCTGCAACGTAGATCACAAGCCCAGCAACA 
CCAAGGTGGACAAGAGAGTTGAGTCCAAATATG 
GTCCCCCATGCCCATCATGCCCAGCACCTGAGTT 
CCTGGGGGGACCATCAGTCTTCCTGTTCCCCCCA 
AAACCCAAGGACACTCTCATGATCTCCCGGACCC 
CTGAGGTCACGTGCGTGGTGGTGGACGTGAGCC 
AGGAAGACCCCGAGGTCCAGTTCAACTGGTACG 
TGGATGGCGTGGAGGTGCATAATGCCAAGACAA 
AGCCGCGGGAGGAGCAGTTCAACAGCACGTACC 
GTGTGGTCAGCGTCCTCACCGTCCTGCACCAGGA 
CTGGCTGAACGGCAAGGAGTACAAGTGCAAGGT 
CTCCAACAAAGGCCTCCCGTCCTCCATCGAGAAA 
ACCATCTCCAAAGCCAAAGGGCAGCCCCGAGAG 
CCACAGGTGTACACCCTGCCCCCATCCCAGGAGG 
AGATGACCAAGAACCAGGTCAGCCTGACCTGCC 
TGGTCAAAGGCTTCTACCCCAGCGACATCGCCGT 
GGAGTGGGAGAGCAATGGGCAGCCGGAGAACA 
ACTACAAGACCACGCCTCCCGTGCTGGACTCCGA 
CGGCTCCTTCTTCCTCT AC AGC AGGCT A ACCGTG 
GACAAGAGCAGGTGGCAGGAGGGGAATGTCTTC 
TCATGCTCCGTGATGCATGAGGCTCTGCACAACC 
ACTACACACAGAAGAGCCTCTCCCTGTCTCTGGG 
TAAA 

258 24H2 (full length light chain 1) - NT Seq GACATCCAGATGACCCAGTCTCCATCCTCACTGT 
CTGCATCTGTAGGAGACAGAGTCACCATCACTTG 
TCGGGCG AGTC AGGGT ATT AGC AGCTGGTT AGCC 
TGGT ATC AGC AG A A ACC AG AG A A AGCCCCT A AG 
TCCCTGATCTATGCTGCATCCAGTTTGCAAAGTG 
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GGGTCCCATCAAGGTTCAGCGGCAGTGGATCTG 
GGACAGATTTCACTCTCACCATCAGCAGCCTGCA 
GCCTG A AG ATTTTGC A ACTT ATT ACTGCC A AC AG 
T AT AAT AGTT ACCCTCTC ACTTTCGGCGG AGGG A 
CCAAGGTGGAGATCAAACGAACTGTGGCTGCAC 
CATCTGTCTTCATCTTCCCGCCATCTGATGAGCA 
GTTGAAATCTGGAACTGCCTCTGTTGTGTGCCTG 
CTG A AT A ACTTCT ATCCC AG AG AGGCC A A AGT AC 
AGTGG A AGGTGG AT A ACGCCCTCC A ATCGGGT A 
ACTCCCAGGAGAGTGTCACAGAGCAGGACAGCA 
AGGACAGCACCTACAGCCTCAGCAGCACCCTGA 
CGCTGAGCAAAGCAGACTACGAGAAACACAAAG 
TCTACGCCTGCGAAGTCACCCATCAGGGCCTGAG 
CTCGCCCGTCACAAAGAGCTTCAACAGGGGAGA 
GTGT 

259 5F8 (full length heavy chain) - NT Seq GAGGTGCAGCTGGTGGAGTCCGGGGGAGGCTTA 
GTTCAGCCTGGGGGGTCCCTGAGACTCTCCTGTG 
CAGCCTCTGG ATTC ACCTTC AGT AGCT ACTGG AT 
GCACTGGGTCCGCCAAGCTCCAGGGAAGGGGCT 
GGTGTGGGTCTC ACGT ATT ATT AGTG ATGGG AGT 
AGCACAGGTTACGCGGATTCCGTGAAGGGCCGA 
TTCACCATCTCCAGAGACAACGCCAAGAACACG 
CTGTATCTGCAAATGAACAGTCTGAGAGCCGAG 
GAC ACGGCTGTGT ATT ACTGTGC A AG AG AGTTT A 
GCAGTGGCTGGTACTTTGACTACTGGGGCCAGGG 
AACCCTGGTCACCGTCTCCTCAGCCTCCACCAAGGGC 
CCATCGGTCTTCCCCCTGGCACCCTCCTCCAAGAGCACCTCTG 
GGGGCACAGCGGCCCTGGGCTGCCTGGTCAAGGACTACTTCC 
CCGAACCGGTGACGGTGTCGTGGAACTCAGGCGCCCTGACCA 
GCGGCGTGCACACCTTCCCGGCTGTCCTACAGTCCTCAGGACT 
CTACTCCCTCAGCAGCGTGGTGACCGTGCCCTCCAGCAGCTTG 
GGCACCCAGACCTACATCTGCAACGTGAATCACAAGCCCAGC 
AACACCAAGGTGGACAAGAAAGTTGAGCCCAAATCTTGTGAC 
AAAACTCACACATGCCCACCGTGCCCAGCACCTGAACTCCTG 
GGGGGACCGTCAGTCTTCCTCTTCCCCCCAAAACCCAAGGAC 
ACCCTCATGATCTCCCGGACCCCTGAGGTCACATGCGTGGTG 
GTGGACGTGAGCCACGAAGACCCTGAGGTCAAGTTCAACTGG 
TACGTGGACGGCGTGGAGGTGCATAATGCCAAGACAAAGCC 
GCGGGAGGAGC AGT AC AAC AGCACGT ACCGTGTGGTC AGCGT 
CCTCACCGTCCTGCACCAGGACTGGCTGAATGGCAAGGAGTA 
CAAGTGCAAGGTCTCCAACAAAGCCCTCCCAGCCCCCATCGA 
GAAAACCATCTCCAAAGCCAAAGGGCAGCCCCGAGAACCAC 
AGGTGTACACCCTGCCCCCATCCCGGGATGAGCTGACCAAGA 
ACCAGGTCAGCCTGACCTGCCTGGTCAAAGGCTTCTATCCCA 
GCGACATCGCCGTGGAGTGGGAGAGCAATGGGCAGCCGGAG 
AACAACTACAAGACCACGCCTCCCGTGCTGGACTCCGACGGC 
TCCTTCTTCCTCTACAGCAAGCTCACCGTGGACAAGAGCAGG 
TGGCAGCAGGGGAACGTCTTCTCATGCTCCGTGATGCATGAG 
GCTCTGCACAACCACTACACGCAGAAGAGCCTCTCCCTGTCT 
CCGGGTAAA 

260 5F8 (full length light chain 1) - NT Seq GCCATCCAGTTGACCCAGTCTCCATCCTCCCTGT 
CTGCATCTGTAGGAGACAGAGTCACCATCACTTG 
CCGGGC AAGTCAGGGCATTAGCAGTGCTTTAGCC 
TGGT ATC AGC AG A A ACC AGGG A A AGCTCCT A AG 
CTCCTGATCTATGATGCCTCCAGTTTGGAAAGTG 
GGGTCCCATCAAGGTTCAGCGGCAGTGGATCTG 
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GGACAGATTTCACTCTCACCATCAGCAGCCTGCA 
GCCTG A AG ATTTTGC A ACTT ATT ACTGTC A AC AG 
TTT AGT AGTT ACCCTCGG ACGTTCGGCC A AGGG A 
CCAAGGTGGAAATCAAACGAACTGTGGCTGCAC 
CATCTGTCTTCATCTTCCCGCCATCTGATGAGCA 
GTTGAAATCTGGAACTGCCTCTGTTGTGTGCCTG 
CTG A AT A ACTTCT ATCCC AG AG AGGCC A A AGT AC 
AGTGG A AGGTGG AT A ACGCCCTCC A ATCGGGT A 
ACTCCCAGGAGAGTGTCACAGAGCAGGACAGCA 
AGGACAGCACCTACAGCCTCAGCAGCACCCTGA 
CGCTGAGCAAAGCAGACTACGAGAAACACAAAG 
TCTACGCCTGCGAAGTCACCCATCAGGGCCTGAG 
CTCGCCCGTCACAAAGAGCTTCAACAGGGGAGA 
GTGT 

261 5F8 (full length light chain 2) - NT Seq GACATCCAGATGACCCAGTCTCCATCCTCACTGT 
CTGCATCTGTAGGAGACAGAGTCACCATCACTTG 
TCGGGCG AGTC AGGGT ATT AGC AGCTGGTT AGCC 
TGGT ATC AGC AG A A ACC AG AG A A AGCCCCT A AG 
TCCCTGATCTATGCTGCATCCAGTTTGCAAAGTG 
GGGTCCCATCAAGGTTCAGCGGCAGTGGATCTG 
GGACAGGTTTCACTCTCACCATCAGCAGCCTGCA 
GCCTG A AG ATTTTGC A ACTT ATT ACTGCC A AC AG 
T AT AAT AGTT ACCCTCGG ACGTTCGGCC A AGGG A 
CCAAGGTGGAAATCAAACGAACTGTGGCTGCAC 
CATCTGTCTTCATCTTCCCGCCATCTGATGAGCA 
GTTGAAATCTGGAACTGCCTCTGTTGTGTGCCTG 
CTG A AT A ACTTCT ATCCC AG AG AGGCC A A AGT AC 
AGTGG A AGGTGG AT A ACGCCCTCC A ATCGGGT A 
ACTCCCAGGAGAGTGTCACAGAGCAGGACAGCA 
AGGACAGCACCTACAGCCTCAGCAGCACCCTGA 
CGCTGAGCAAAGCAGACTACGAGAAACACAAAG 
TCTACGCCTGCGAAGTCACCCATCAGGGCCTGAG 
CTCGCCCGTCACAAAGAGCTTCAACAGGGGAGA 
GTGT 

262 6E11 (full length heavy chain) - NT Seq GAAGTGCAGCTGGTGGAGTCTGGGGGAGCCTTG 
GTACAGCCTGGCAGGTCCCTGAGACTCTCCTGTG 
CAGCCTCTGGATTCACCTTTGATGATTATGCCAT 
GCACTGGGTCCGGCAAGCTCCAGGGAAGGGCCT 
GG AGTGGGTCTC AGGT ATT ACTTGG A AT AGTGGT 
GGCAT AGGCT ACGCGGACTCTGTGAAGGGCCGA 
TTCACCATCTCCAGAGACAACGCCAAGAACTCCC 
TGTATCTGCAAATGAACAGTCTGAGAGCTGAGG 
AC ACGGCCTTGT ATT ACTGTGC A A A AG AT AGGT A 
TTACAGCAGTTGGCTCCTCTTTGACAACTGGGGC 
CAGGGAATTCTGGTCACCGTCTCCTCAGCCTCCACC 
AAGGGCCCATCGGTCTTCCCCCTGGCACCCTCCTCCAAGAGC 
ACCTCTGGGGGCACAGCGGCCCTGGGCTGCCTGGTCAAGGAC 
TACTTCCCCGAACCGGTGACGGTGTCGTGGAACTCAGGCGCC 
CTGACCAGCGGCGTGCACACCTTCCCGGCTGTCCTACAGTCCT 
CAGGACTCTACTCCCTCAGCAGCGTGGTGACCGTGCCCTCCA 
GCAGCTTGGGCACCCAGACCTACATCTGCAACGTGAATCACA 
AGCCCAGCAACACCAAGGTGGACAAGAAAGTTGAGCCCAAA 
TCTTGTGACAAAACTCACACATGCCCACCGTGCCCAGCACCT 
GAACTCCTGGGGGGACCGTCAGTCTTCCTCTTCCCCCCAAAAC 
CCAAGGACACCCTCATGATCTCCCGGACCCCTGAGGTCACAT 
GCGTGGTGGTGGACGTGAGCCACGAAGACCCTGAGGTCAAGT 
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TCAACTGGTACGTGGACGGCGTGGAGGTGCATAATGCCAAGA 
CAAAGCCGCGGGAGGAGC AGT AC AAC AGC ACGT ACCGTGTG 
GTCAGCGTCCTCACCGTCCTGCACCAGGACTGGCTGAATGGC 
AAGGAGTACAAGTGCAAGGTCTCCAACAAAGCCCTCCCAGCC 
CCCATCGAGAAAACCATCTCCAAAGCCAAAGGGCAGCCCCGA 
GAACCACAGGTGTACACCCTGCCCCCATCCCGGGATGAGCTG 
ACCAAGAACCAGGTCAGCCTGACCTGCCTGGTCAAAGGCTTC 
TATCCCAGCGACATCGCCGTGGAGTGGGAGAGCAATGGGCAG 
CCGGAGAACAACTACAAGACCACGCCTCCCGTGCTGGACTCC 
GACGGCTCCTTCTTCCTCTACAGCAAGCTCACCGTGGACAAG 
AGCAGGTGGCAGCAGGGGAACGTCTTCTCATGCTCCGTGATG 
CATGAGGCTCTGCACAACCACTACACGCAGAAGAGCCTCTCC 
CTGTCTCCGGGT AAA 

263 6E11 (full length light chain 1) - NT Seq GAAATTGTGTTGACGCAGTCTCCAGGCACCCTGT 
CTTTGTCTCCAGGGGAAAGAGCCACCCTCTCCTG 
C AGGGCC AGTC AG AGTGTT AGC AGC AGCT ACTT 
AGCCTGGTACCAGCAGAAACCTGGCCAGGCTCC 
CAGGCTCCTCATCTATGGTGCATCCAGCAGGGCC 
ACTGGCATCCCAGACAGGTTCAGTGGCAGTGGG 
TCTGGGACAGACTTCACTCTCACCATCAGCAGAC 
TGGAGCCTG A AG ATTTTGC AGTGT ATT ACTGTC A 
GC ATT ATGGT AGCTC ATTC ACTTTCGGCCCTGGG 
ACCAAAGTGGATATCAAACGAACTGTGGCTGCA 
CCATCTGTCTTCATCTTCCCGCCATCTGATGAGC 
AGTTGAAATCTGGAACTGCCTCTGTTGTGTGCCT 
GCTG A AT A ACTTCT ATCCC AG AG AGGCC A A AGT 
ACAGTGGAAGGTGGATAACGCCCTCCAATCGGG 
TAACTCCCAGGAGAGTGTCACAGAGCAGGACAG 
CAAGGACAGCACCTACAGCCTCAGCAGCACCCT 
GACGCTGAGCAAAGCAGACTACGAGAAACACAA 
AGTCTACGCCTGCGAAGTCACCCATCAGGGCCTG 
AGCTCGCCCGTCACAAAGAGCTTCAACAGGGGA 
GAGTGT 

264 7A11 (full length heavy chain) - NT Seq GAAGTGCAGCTGGTGGAGTCTGGGGGAGGCTTG 
GTACAGACTGGCAGGTCCCTGAGACTCTCCTGTG 
CAGCCTCTGGATTCACCTTTGATGATTATGCCAT 
GCACTGGGTCCGGCAAGCTCCAGGGAAGGGCCT 
GG AGTGGGTCTC AG AT ATT AGTTGG A AT AGTG AT 
ATT AT AGGCT ATGCGGACTCTGTG A AGGGCCG AT 
TCACCATCTCTAGAGACAACGCCAAGAACTCCCT 
GTATCTGCAAATGAACAGTCTGAGAGCTGAGGA 
C ACGGCCTTGT ATT ACTGTGC A A A AG AT ATTT AT 
GGTTCGGGGAGTTCTTTTTTTGACT ACTGGGGCC 
AGGGAATCCTGGTCACCGTCTCCTCAGCCTCCACCA 
AGGGCCCATCGGTCTTCCCCCTGGCACCCTCCTCCAAGAGCA 
CCTCTGGGGGCACAGCGGCCCTGGGCTGCCTGGTCAAGGACT 
ACTTCCCCGAACCGGTGACGGTGTCGTGGAACTCAGGCGCCC 
TGACCAGCGGCGTGCACACCTTCCCGGCTGTCCTACAGTCCTC 
AGGACTCTACTCCCTCAGCAGCGTGGTGACCGTGCCCTCCAG 
CAGCTTGGGCACCCAGACCTACATCTGCAACGTGAATCACAA 
GCCCAGCAACACCAAGGTGGACAAGAAAGTTGAGCCCAAAT 
CTTGTGACAAAACTCACACATGCCCACCGTGCCCAGCACCTG 
AACTCCTGGGGGGACCGTCAGTCTTCCTCTTCCCCCCAAAACC 
CAAGGACACCCTCATGATCTCCCGGACCCCTGAGGTCACATG 
CGTGGTGGTGGACGTGAGCCACGAAGACCCTGAGGTCAAGTT 
CAACTGGTACGTGGACGGCGTGGAGGTGCATAATGCCAAGAC 

259 



WO 2016/081748 PCT/US2015/061639 

AAAGCCGCGGGAGGAGCAGTACAACAGCACGTACCGTGTGG 
TCAGCGTCCTCACCGTCCTGCACCAGGACTGGCTGAATGGCA 
AGGAGTACAAGTGCAAGGTCTCCAACAAAGCCCTCCCAGCCC 
CCATCGAGAAAACCATCTCCAAAGCCAAAGGGCAGCCCCGA 
GAACCACAGGTGTACACCCTGCCCCCATCCCGGGATGAGCTG 
ACCAAGAACCAGGTCAGCCTGACCTGCCTGGTCAAAGGCTTC 
TATCCCAGCGACATCGCCGTGGAGTGGGAGAGCAATGGGCAG 
CCGGAGAACAACTACAAGACCACGCCTCCCGTGCTGGACTCC 
GACGGCTCCTTCTTCCTCTACAGCAAGCTCACCGTGGACAAG 
AGCAGGTGGCAGCAGGGGAACGTCTTCTCATGCTCCGTGATG 
CATGAGGCTCTGCACAACCACTACACGCAGAAGAGCCTCTCC 
CTGTCTCCGGGT AAA 

265 7A11 (full length light chain 1) - NT Seq GACATCCAGATGACCCAGTCTCCATCCTCACTGT 
CTGCATCTGTAGGAGACAGAGTCACCATCACTTG 
TCGGGCG AGTC AGT AT ATT AGC AGCTGGTT AGCC 
TGGT ATC AGC AG A A ACC AG AG A A AGCCCCT A AG 
TCCCTGATCTATGCTGCATCCAGTTTGCAAAGTG 
GGGTCCCATCAAGGTTCAGCGGCAGTGGATCTG 
GGACAGATTTCACTCTCACCATCAGCAGCCTGCA 
GCCTG A AG ATTTTGC A ACTT ATT ACTGCC A AC AG 
T ATCATAGTTACCCTCCCACCTTCGGCC A AGGG A 
CACGACTGGAGATTAAACGAACTGTGGCTGCAC 
CATCTGTCTTCATCTTCCCGCCATCTGATGAGCA 
GTTGAAATCTGGAACTGCCTCTGTTGTGTGCCTG 
CTG A AT A ACTTCT ATCCC AG AG AGGCC A A AGT AC 
AGTGG A AGGTGG AT A ACGCCCTCC A ATCGGGT A 
ACTCCCAGGAGAGTGTCACAGAGCAGGACAGCA 
AGGACAGCACCTACAGCCTCAGCAGCACCCTGA 
CGCTGAGCAAAGCAGACTACGAGAAACACAAAG 
TCTACGCCTGCGAAGTCACCCATCAGGGCCTGAG 
CTCGCCCGTCACAAAGAGCTTCAACAGGGGAGA 
GTGT 

266 CD73.4.IgG2C219SIgG 1.1 f - Alternative 
NT Seq 

caggtgcagc tggtggagtc tgggggaggc 
gtggtccagc ctgggaggtc cctgagactc 
tcctgtgcag cctctggatt caccttcagt 
aactatggca tgcactgggt ccgccaggct 
ccaggcaagg ggctggagtg ggtggcagtt 
atattgtatg atggaagtaa taaatactat 
ccagactccg tgaagggccg attcaccatc 
tccagagaca attccaagaa cacgctgtat 
ctgcaaatga acagcctgag agccgaggac 
acggctgtgt attactgtgc gagagggggc 
agcagctggt accctgattc ttttgatatc 
tggggccaag gaacaatggt caccgtctct 
tcagcgtcga ccaagggccc atcggtcttc 
cccctggcgc cctgctccag gagcacctcc 
gagagcacag cggccctggg ctgcctggtc 
aaggactact tccccgaacc ggtgacggtg 
tcgtggaact caggcgctct gaccagcggc 
gtgcacacct tcccagctgt cctacagtcc 
tcaggactct actccctcag cagcgtggtg 
accgtgccct ccagcaactt cggcacccag 
acctacacct gcaacgtaga tcacaagccc 
agcaacacca aggtggacaa gacagttgag 
cgcaaatcct gtgtcgagtg cccaccgtgc 
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ccagcaccac 
ttcctcttcc 
ctcatgatct 
tgcgtggtgg 
cctgaggtca 
ggcgtggagg 
ccgcgggagg 
cgtgtggtca 
caggactggc 
tgcaaggtct 
agcatcgaga 
gggcagcccc 
ctgcccccat 
aaccaggtca 
ggcttctatc 
tgggagagca 
tacaagacca 
gacggctcct 
accgtggaca 
aacgtcttct 
gctctgcaca 
ctctccctgt 

ctgtggcagg 
ccccaaaacc 
cccggacccc 
tggacgtgag 
agttcaactg 
tgcataatgc 
agcagtacaa 
gcgtcctcac 
tgaatggcaa 
ccaacaaagc 
aaaccatctc 
gagaaccaca 
cccgggagga 
gcctgacctg 
ccagcgacat 
atgggcagcc 
cgcctcccgt 
tcttcctcta 
agagcaggtg 
catgctccgt 
accactacac 
ccccgggttg 

accgtcagtc 
caaggacacc 
tgaggtcaca 
ccacgaagac 
gtacgtggac 
caagacaaag 
cagcacgtac 
cgtcctgcac 
ggagtacaag 
cctcccaagc 
caaagccaaa 
ggtgtacacc 
gatgaccaag 
cctggtcaaa 
cgccgtggag 
ggagaacaac 
gctggactcc 
tagcaagctc 
gcagcagggg 
gatgcatgag 
gcagaagagc 
a 

267 IgGlf ASTKGPSVFPLAPSSKSTSGGTAALGCLVKDYFPEP 
VTVSWNSGALTSGVHTFPAVLQSSGLYSLSSWTVP 
SSSLGTQTYICNVNHKPSNTKVDKRVEPKSCDKTHT 
CPPCPAPELLGGPSVFLFPPKPKDTLMISRTPEVTC 
VWDVSHEDPEVKFNWYVDGVEVHNAKTKPREEQYN 
STYRWSVLTVLHQDWLNGKEYKCKVSNKALPAPIE 
KTISKAKGQPREPQVYTLPPSREEMTKNQVSLTCLV 
KGFYPSDIAVEWESNGQPENNYKTTPPVLDSDGSFF 
LYSKLTVDKSRWQQGNVFSCSVMHEALHNHYTQKSL 
SLSPGK 

268 IgG2.3 ASTKGPSVFPLAPCSRSTSESTAALGCLVKDYFPEP 
VTVSWNSGALTSGVHTFPAVLQSSGLYSLSSWTVP 
SSNFGTQTYTCNVDHKPSNTKVDKTVERKSCVECPP 
CPAPPVAGPSVFLFPPKPKDTLMISRTPEVTCVWD 
VSHEDPEVQFNWYVDGVEVHNAKTKPREEQFNSTFR 
WSVLTWHQDWLNGKEYKCKVSNKGLPAPIEKTIS 
KTKGQPREPQVYTLPPSREEMTKNQVSLTCLVKGFY 
PSDIAVEWESNGQPENNYKTTPPMLDSDGSFFLYSK 
LTVDKSRWQQGNVFSCSVMHEALHNHYTQKSLSLSP 
GK 

269 IgG2.3Gl-AY ASTKGPSVFPLAPCSRSTSESTAALGCLVKDYFPEP 
VTVSWNSGALTSGVHTFPAVLQSSGLYSLSSWTVP 
SSNFGTQTYTCNVDHKPSNTKVDKTVERKSCVECPP 
CPAPELLGGPSVFLFPPKPKDTLMISRTPEVTCWV 
DVSHEDPEVKFNWYVDGVEVHNAKTKPREEQYNSTY 
RWSVLTVLHQDWLNGKEYKCKVSNKALPAPIEKTI 
SKAKGQPREPQVYTLPPSREEMTKNQVSLTCLVKGF 
YPSDIAVEWESNGQPENNYKTTPPVLDSDGSFFLYS 
KLTVDKSRWQQGNVFSCSVMHEALHNHYTQKSLSLS 
PGK 

270 IgG2.3Gl-KH ASTKGPSVFPLAPCSRSTSESTAALGCLVKDYFPEP 
VTVSWNSGALTSGVHTFPAVLQSSGLYSLSSWTVP 
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SSNFGTQTYTCNVDHKPSNTKVDKTVERKSCVECPP 
CPAPPVAGPSVFLFPPKPKDTLMI SRTPEVTCVWD 
VSHEDPEVKFNWYVDGVEVHNAKTKPREEQYNSTYR 
WSVLTVLHQDWLNGKEYKCKVSNKALPAPIEKTIS 
KAKGQPREPQVYTLPPSREEMTKNQVSLTCLVKGFY 
PSDIAVEWESNGQPENNYKTTPPVLDSDGSFFLYSK 
LTVDKSRWQQGNVFSCSVMHEALHNHYTQKSLSLSP 
GK 

271 IgG2.5 ASTKGPSVFPLAPSSRSTSESTAALGCLVKDYFPEP 
VTVSWNSGALTSGVHTFPAVLQSSGLYSLSSWTVP 
SSNFGTQTYTCNVDHKPSNTKVDKTVERKCCVECPP 
CPAPPVAGPSVFLFPPKPKDTLMI SRTPEVTCVWD 
VSHEDPEVQFNWYVDGVEVHNAKTKPREEQFNSTFR 
WSVLTWHQDWLNGKEYKCKVSNKGLPAPIEKTIS 
KTKGQPREPQVYTLPPSREEMTKNQVSLTCLVKGFY 
PSDIAVEWESNGQPENNYKTTPPMLDSDGSFFLYSK 
LTVDKSRWQQGNVFSCSVMHEALHNHYTQKSLSLSP 
GK 

272 IgGl. If ASTKGPSVFPLAPSSKSTSGGTAALGCLVKDYFPEP 
VTVSWNSGALTSGVHTFPAVLQSSGLYSLSSWTVP 
SSSLGTQTYICNVNHKPSNTKVDKRVEPKSCDKTHT 
CPPCPAPEAEGAPSVFLFPPKPKDTLMISRTPEVTC 
VWDVSHEDPEVKFNWYVDGVEVHNAKTKPREEQYN 
STYRWSVLTVLHQDWLNGKEYKCKVSNKALPSSIE 
KTISKAKGQPREPQVYTLPPSREEMTKNQVSLTCLV 
KGFYPSDIAVEWESNGQPENNYKTTPPVLDSDGSFF 
LYSKLTVDKSRWQQGNVFSCSVMHEALHNHYTQKSL 
SLSPGK 

273 IgG2.3Gl.lf-KH ASTKGPSVFPLAPCSRSTSESTAALGCLVKDYFPEP 
VTVSWNSGALTSGVHTFPAVLQSSGLYSLSSWTVP 
SSNFGTQTYTCNVDHKPSNTKVDKTVERKSCVECPP 
CPAPPVAGPSVFLFPPKPKDTLMI SRTPEVTCVWD 
VSHEDPEVKFNWYVDGVEVHNAKTKPREEQYNSTYR 
WSVLTVLHQDWLNGKEYKCKVSNKALPSSIEKTIS 
KAKGQPREPQVYTLPPSREEMTKNQVSLTCLVKGFY 
PSDIAVEWESNGQPENNYKTTPPVLDSDGSFFLYSK 
LTVDKSRWQQGNVFSCSVMHEALHNHYTQKSLSLSP 
GK 

274 IgGl-deltaTHT ASTKGPSVFPLAPSSKSTSGGTAALGCLVKDYFPEP 
VTVSWNSGALTSGVHTFPAVLQSSGLYSLSSWTVP 
SSSLGTQTYICNVNHKPSNTKVDKRVEPKSCDKCPP 
CPAPELLGGPSVFLFPPKPKDTLMISRTPEVTCWV 
DVSHEDPEVKFNWYVDGVEVHNAKTKPREEQYNSTY 
RWSVLTVLHQDWLNGKEYKCKVSNKALPAPIEKTI 
SKAKGQPREPQVYTLPPSREEMTKNQVSLTCLVKGF 
YPSDIAVEWESNGQPENNYKTTPPVLDSDGSFFLYS 
KLTVDKSRWQQGNVFSCSVMHEALHNHYTQKSLSLS 
PGK 

275 IgG2.3-plusTHT ASTKGPSVFPLAPCSRSTSESTAALGCLVKDYFPEP 
VTVSWNSGALTSGVHTFPAVLQSSGLYSLSSWTVP 
SSNFGTQTYTCNVDHKPSNTKVDKTVERKSCVETHT 
CPPCPAPPVAGPSVFLFPPKPKDTLMISRTPEVTCV 
WDVSHEDPEVQFNWYVDGVEVHNAKTKPREEQFNS 
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TFRVVSVLTWHQDWLNGKEYKCKVSNKGLPAPIEK 
TISKTKGQPREPQVYTLPPSREEMTKNQVSLTCLVK 
GFYPSDIAVEWESNGQPENNYKTTPPMLDSDGSFFL 
YSKLTVDKSRWQQGNVFSCSVMHEALHNHYTQKSLS 
LSPGK 

276 IgG2.3-plusGGG ASTKGPSVFPLAPCSRSTSESTAALGCLVKDYFPEP 
VTVSWNSGALTSGVHTFPAVLQSSGLYSLSSWTVP 
SSNFGTQTYTCNVDHKPSNTKVDKTVERKSCVEGGG 
CPPCPAPPVAGPSVFLFPPKPKDTLMISRTPEVTCV 
WDVSHEDPEVQFNWYVDGVEVHNAKTKPREEQFNS 
TFRVVSVLTWHQDWLNGKEYKCKVSNKGLPAPIEK 
TISKTKGQPREPQVYTLPPSREEMTKNQVSLTCLVK 
GFYPSDIAVEWESNGQPENNYKTTPPMLDSDGSFFL 
YSKLTVDKSRWQQGNVFSCSVMHEALHNHYTQKSLS 
LSPGK 

277 IgG2.5Gl.lf-KH ASTKGPSVFPLAPSSRSTSESTAALGCLVKDYFPEP 
VTVSWNSGALTSGVHTFPAVLQSSGLYSLSSWTVP 
SSNFGTQTYTCNVDHKPSNTKVDKTVERKCCVECPP 
CPAPPVAGPSVFLFPPKPKDTLMI SRTPEVTCVWD 
VSHEDPEVKFNWYVDGVEVHNAKTKPREEQYNSTYR 
WSVLTVLHQDWLNGKEYKCKVSNKALPSSIEKTIS 
KAKGQPREPQVYTLPPSREEMTKNQVSLTCLVKGFY 
PSDIAVEWESNGQPENNYKTTPPVLDSDGSFFLYSK 
LTVDKSRWQQGNVFSCSVMHEALHNHYTQKSLSLSP 
GK 

278 IgG2.5Gl-AY ASTKGPSVFPLAPSSRSTSESTAALGCLVKDYFPEP 
VTVSWNSGALTSGVHTFPAVLQSSGLYSLSSWTVP 
SSNFGTQTYTCNVDHKPSNTKVDKTVERKCCVECPP 
CPAPELLGGPSVFLFPPKPKDTLMISRTPEVTCWV 
DVSHEDPEVKFNWYVDGVEVHNAKTKPREEQYNSTY 
RWSVLTVLHQDWLNGKEYKCKVSNKALPAPIEKTI 
SKAKGQPREPQVYTLPPSREEMTKNQVSLTCLVKGF 
YPSDIAVEWESNGQPENNYKTTPPVLDSDGSFFLYS 
KLTVDKSRWQQGNVFSCSVMHEALHNHYTQKSLSLS 
PGK 

279 IgG2.5Gl-KH ASTKGPSVFPLAPSSRSTSESTAALGCLVKDYFPEP 
VTVSWNSGALTSGVHTFPAVLQSSGLYSLSSWTVP 
SSNFGTQTYTCNVDHKPSNTKVDKTVERKCCVECPP 
CPAPPVAGPSVFLFPPKPKDTLMI SRTPEVTCVWD 
VSHEDPEVKFNWYVDGVEVHNAKTKPREEQYNSTYR 
WSVLTVLHQDWLNGKEYKCKVSNKALPAPIEKTIS 
KAKGQPREPQVYTLPPSREEMTKNQVSLTCLVKGFY 
PSDIAVEWESNGQPENNYKTTPPVLDSDGSFFLYSK 
LTVDKSRWQQGNVFSCSVMHEALHNHYTQKSLSLSP 
GK 

280 IgG2.5-plusTHT ASTKGPSVFPLAPSSRSTSESTAALGCLVKDYFPEP 
VTVSWNSGALTSGVHTFPAVLQSSGLYSLSSWTVP 
SSNFGTQTYTCNVDHKPSNTKVDKTVERKCCVETHT 
CPPCPAPPVAGPSVFLFPPKPKDTLMISRTPEVTCV 
WDVSHEDPEVQFNWYVDGVEVHNAKTKPREEQFNS 
TFRVVSVLTWHQDWLNGKEYKCKVSNKGLPAPIEK 
TISKTKGQPREPQVYTLPPSREEMTKNQVSLTCLVK 
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GFYPSDIAVEWESNGQPENNYKTTPPMLDSDGSFFL 
YSKLTVDKSRWQQGNVFSCSVMHEALHNHYTQKSLS 
LSPGK 

281 IgGl-G2.3Gl-AY ASTKGPSVFPLAPSSKSTSGGTAALGCLVKDYFPEP 
VTVSWNSGALTSGVHTFPAVLQSSGLYSLSSWTVP 
SSSLGTQTYICNVNHKPSNTKVDKRVERKSCVECPP 
CPAPELLGGPSVFLFPPKPKDTLMISRTPEVTCWV 
DVSHEDPEVKFNWYVDGVEVHNAKTKPREEQYNSTY 
RWSVLTVLHQDWLNGKEYKCKVSNKALPAPIEKTI 
SKAKGQPREPQVYTLPPSREEMTKNQVSLTCLVKGF 
YPSDIAVEWESNGQPENNYKTTPPVLDSDGSFFLYS 
KLTVDKSRWQQGNVFSCSVMHEALHNHYTQKSLSLS 
PGK 

282 IgGl-G2.3Gl-KH ASTKGPSVFPLAPSSKSTSGGTAALGCLVKDYFPEP 
VTVSWNSGALTSGVHTFPAVLQSSGLYSLSSWTVP 
SSSLGTQTYICNVNHKPSNTKVDKRVERKSCVECPP 
CPAPPVAGPSVFLFPPKPKDTLMI SRTPEVTCVWD 
VSHEDPEVKFNWYVDGVEVHNAKTKPREEQYNSTYR 
WSVLTVLHQDWLNGKEYKCKVSNKALPAPIEKTIS 
KAKGQPREPQVYTLPPSREEMTKNQVSLTCLVKGFY 
PSDIAVEWESNGQPENNYKTTPPVLDSDGSFFLYSK 
LTVDKSRWQQGNVFSCSVMHEALHNHYTQKSLSLSP 
GK 

283 CD73 from Figure 27 A XC PRAARAPAT L L LAL GAVL WPAAGAWE LTILHTND 
VHSRLEQT SEDS SKCVNASRCMGGVARLFTKVQQIR 
RAEPNVLLLDAGDQYQGTIWFTVYKGAEVAHFMNAL 
RYDAMALGNHEFDNGVEGLIEPLLKEAKFPILSANI 
KAKGPLASQISGLYLPYKVLPVGDEWGIVGYTSKE 
TPFLSNPGTNLVFEDEITALQPEVDKLKTLNVNKII 
ALGHSGFEMDKLIAQKVRGVDWVGGHSNTFLYTGN 
PPSKEVPAGKYPF I VT S DDGRKVPWQAYAF GKYL G 
YLKIEFDERGNVISSHGNPILLNSSIPEDPSIKADI 
NKWRIKLDNYSTQELGKTIVYLDGSSQSCRFRECNM 
GNLICDAMINNNLRHADETFWNHVSMCILNGGGIRS 
PIDERNNGTITWENLAAVLPFGGTFDLVQLKGSTLK 
KAFEHSVHRYGQSTGEFLQVGGIHWYDLSRKPGDR 
WKLDVLCTKCRVPSYDPLKMDEVYKVILPNFLANG 
GDGFQMIKDELLRHDSGDQDINVVSTYISKMKVIYP 
AVEGRIKHHHHHH 

284 Hinge region amino acid VDKRV 

285 Hinge region amino acid VDKTV 

286 Hinge region amino acid EPKSCDKTHT 

287 Hinge region amino acid ELKTPLGDTTHT 

288 Hinge region amino acid EPKS 

289 Hinge region amino acid ESKYGPP 

290 Hinge region amino acid CPPCP 

291 Hinge region amino acid CCVECPPCP 

292 Hinge region amino acid CPRCP (EPKSCDTPPPCPRCP)3 

293 Hinge region amino acid CPRCP (EPKSCDTPPPCPRCP)2 

294 Hinge region amino acid CPRCP (EPKSCDTPPPCPRCP)i 
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295 Hinge region amino acid CDTPPPCPRCP (EPKSCDTPPPCPRCP)2 
296 Hinge region amino acid CDTPPPCPRCP 

297 Hinge region amino acid CPSCP 

298 Hinge region amino acid APELLGG 

299 Hinge region amino acid APPVAG 

300 G2-G1-G1-G1 ASTKGPSVFPLAPCSRSTSESTAALGCLVKDYFPE 
PVTVSWNSGALTSGVHTFPAVLQSSGLYSLSSVVT 
VPSSNFGTQTYTCNVDHKPSNTKVDKTVERKSCDK 
THTCPPCPAPELLGGPSVFLFPPKPKDTLMISRTP 
EVTCVVVDVSHEDPEVKFNWYVDGVEVHNAKTKPR 
EEQYNSTYRVVSVLTVLHQDWLNGKEYKCKVSNKA 
LPAPIEKTISKAKGQPREPQVYTLPPSREEMTKNQ 
VSLTCLVKGFYPSDIAVEWESNGQPENNYKTTPPV 
LDSDGSFFLYSKLTVDKSRWQQGNVFSCSVMHEAL 
HNHYTQKSLSLSPGK 

301 G2.5-G1-G1-G1 ASTKGPSVFPLAPSSRSTSESTAALGCLVKDYFPE 
PVTVSWNSGALTSGVHTFPAVLQSSGLYSLSSVVT 
VPSSNFGTQTYTCNVDHKPSNTKVDKTVERKSCDK 
THTCPPCPAPELLGGPSVFLFPPKPKDTLMISRTP 
EVTCVVVDVSHEDPEVKFNWYVDGVEVHNAKTKPR 
EEQYNSTYRVVSVLTVLHQDWLNGKEYKCKVSNKA 
LPAPIEKTISKAKGQPREPQVYTLPPSREEMTKNQ 
VSLTCLVKGFYPSDIAVEWESNGQPENNYKTTPPV 
LDSDGSFFLYSKLTVDKSRWQQGNVFSCSVMHEAL 
HNHYTQKSLSLSPGK 

302 G1-G2.3-G2-G2 ASTKGPSVFPLAPSSKSTSGGTAALGCLVKDYFPE 
PVTVSWNSGALTSGVHTFPAVLQSSGLYSLSSVVT 
VPSSSLGTQTYICNVNHKPSNTKVDKRVEPKSCVE 
CPPCPAPPVAGPSVFLFPPKPKDTLMISRTPEVTC 
VVVDVSHEDPEVQFNWYVDGVEVHNAKTKPREEQF 
NSTFRVVSVLTVVHQDWLNGKEYKCKVSNKGLPAP 
IEKTISKTKGQPREPQVYTLPPSREEMTKNQVSLT 
CLVKGFYPSDIAVEWESNGQPENNYKTTPPMLDSD 
GSFFLYSKLTVDKSRWQQGNVFSCSVMHEALHNHY 
TQKSLSLSPGK 

303 G1 -KRGEGS SNLF ASTKGPSVFPLAPSSRSTSESTAALGCLVKDYFPE 
PVTVSWNSGALTSGVHTFPAVLQSSGLYSLSSVVT 
VPSSNFGTQTYICNVNHKPSNTKVDKRVEPKSCDK 
THTCPPCPAPELLGGPSVFLFPPKPKDTLMISRTP 
EVTCVVVDVSHEDPEVKFNWYVDGVEVHNAKTKPR 
EEQYNSTYRVVSVLTVLHQDWLNGKEYKCKVSNKA 
LPAPIEKTISKAKGQPREPQVYTLPPSREEMTKNQ 
VSLTCLVKGFYPSDIAVEWESNGQPENNYKTTPPV 
LDSDGSFFLYSKLTVDKSRWQQGNVFSCSVMHEAL 
HNHYTQKSLSLSPGK 

304 Gl-KRGEGS ASTKGPSVFPLAPSSRSTSESTAALGCLVKDYFPE 
PVTVSWNSGALTSGVHTFPAVLQSSGLYSLSSVVT 
VPSSSLGTQTYICNVNHKPSNTKVDKRVEPKSCDK 
THTCPPCPAPELLGGPSVFLFPPKPKDTLMISRTP 
EVTCVVVDVSHEDPEVKFNWYVDGVEVHNAKTKPR 
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EEQYNSTYRVVSVLTVLHQDWLNGKEYKCKVSNKA 
LPAPIEKTISKAKGQPREPQVYTLPPSREEMTKNQ 
VSLTCLVKGFYPSDIAVEWESNGQPENNYKTTPPV 
LDSDGSFFLYSKLTVDKSRWQQGNVFSCSVMHEAL 
HNHYTQKSLSLSPGK 

305 Gl-SNLF ASTKGPSVFPLAPSSKSTSGGTAALGCLVKDYFPE 
PVTVSWNSGALTSGVHTFPAVLQSSGLYSLSSVVT 
VPSSNFGTQTYICNVNHKPSNTKVDKRVEPKSCDK 
THTCPPCPAPELLGGPSVFLFPPKPKDTLMISRTP 
EVTCVVVDVSHEDPEVKFNWYVDGVEVHNAKTKPR 
EEQYNSTYRVVSVLTVLHQDWLNGKEYKCKVSNKA 
LPAPIEKTISKAKGQPREPQVYTLPPSREEMTKNQ 
VSLTCLVKGFYPSDIAVEWESNGQPENNYKTTPPV 
LDSDGSFFLYSKLTVDKSRWQQGNVFSCSVMHEAL 
HNHYTQKSLSLSPGK 

306 IgG 1 -ITNDRTPR ASTKGPSVFPLAPSSKSTSGGTAALGCLVKDYFPE 
PVTVSWNSGALTSGVHTFPAVLQSSGLYSLSSVVT 
VPSSSLGTQTYTCNVDHKPSNTKVDKTVERKSCDK 
THTCPPCPAPELLGGPSVFLFPPKPKDTLMISRTP 
EVTCVVVDVSHEDPEVKFNWYVDGVEVHNAKTKPR 
EEQYNSTYRVVSVLTVLHQDWLNGKEYKCKVSNKA 
LPAPIEKTISKAKGQPREPQVYTLPPSREEMTKNQ 
VSLTCLVKGFYPSDIAVEWESNGQPENNYKTTPPV 
LDSDGSFFLYSKLTVDKSRWQQGNVFSCSVMHEAL 
HNHYTQKSLSLSPGK 

307 Gl-SNLFPR ASTKGPSVFPLAPSSKSTSGGTAALGCLVKDYFPE 
PVTVSWNSGALTSGVHTFPAVLQSSGLYSLSSVVT 
VPSSNFGTQTYICNVNHKPSNTKVDKRVERKSCDK 
THTCPPCPAPELLGGPSVFLFPPKPKDTLMISRTP 
EVTCVVVDVSHEDPEVKFNWYVDGVEVHNAKTKPR 
EEQYNSTYRVVSVLTVLHQDWLNGKEYKCKVSNKA 
LPAPIEKTISKAKGQPREPQVYTLPPSREEMTKNQ 
VSLTCLVKGFYPSDIAVEWESNGQPENNYKTTPPV 
LDSDGSFFLYSKLTVDKSRWQQGNVFSCSVMHEAL 
HNHYTQKSLSLSPG 

308 G2-RKEGSGNSFL ASTKGPSVFPLAPCSKSTSGGTAALGCLVKDYFPE 
PVTVSWNSGALTSGVHTFPAVLQSSGLYSLSSVVT 
VPSSSLGTQTYTCNVDHKPSNTKVDKTVERKSCVE 
CPPCPAPPVAGPSVFLFPPKPKDTLMISRTPEVTC 
VVVDVSHEDPEVQFNWYVDGVEVHNAKTKPREEQF 
NSTFRVVSVLTVVHQDWLNGKEYKCKVSNKGLPAP 
IEKTISKTKGQPREPQVYTLPPSREEMTKNQVSLT 
CLVKGFYPSDIAVEWESNGQPENNYKTTPPMLDSD 
GSFFLYSKLTVDKSRWQQGNVFSCSVMHEALHNHY 
TQKSLSLSPGK 

309 G2-RKEGSG ASTKGPSVFPLAPCSKSTSGGTAALGCLVKDYFPE 
PVTVSWNSGALTSGVHTFPAVLQSSGLYSLSSVVT 
VPSSNFGTQTYTCNVDHKPSNTKVDKTVERKSCVE 
CPPCPAPPVAGPSVFLFPPKPKDTLMISRTPEVTC 
VVVDVSHEDPEVQFNWYVDGVEVHNAKTKPREEQF 
NSTFRVVSVLTVVHQDWLNGKEYKCKVSNKGLPAP 
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IEKTISKTKGQPREPQVYTLPPSREEMTKNQVSLT 
CLVKGFYPSDIAVEWESNGQPENNYKTTPPMLDSD 
GSFFLYSKLTVDKSRWQQGNVFSCSVMHEALHNHY 
TQKSLSLSPGK 

310 G2-NSFL ASTKGPSVFPLAPCSRSTSESTAALGCLVKDYFPE 
PVTVSWNSGALTSGVHTFPAVLQSSGLYSLSSVVT 
VPSSSLGTQTYTCNVDHKPSNTKVDKTVERKSCVE 
CPPCPAPPVAGPSVFLFPPKPKDTLMISRTPEVTC 
VVVDVSHEDPEVQFNWYVDGVEVHNAKTKPREEQF 
NSTFRVVSVLTVVHQDWLNGKEYKCKVSNKGLPAP 
IEKTISKTKGQPREPQVYTLPPSREEMTKNQVSLT 
CLVKGFYPSDIAVEWESNGQPENNYKTTPPMLDSD 
GSFFLYSKLTVDKSRWQQGNVFSCSVMHEALHNHY 
TQKSLSLSPGK 

311 IgG2-TIDNTRRP ASTKGPSVFPLAPCSRSTSESTAALGCLVKDYFPE 
PVTVSWNSGALTSGVHTFPAVLQSSGLYSLSSVVT 
VPSSNFGTQTYICNVNHKPSNTKVDKRVEPKSCVE 
CPPCPAPPVAGPSVFLFPPKPKDTLMISRTPEVTC 
VVVDVSHEDPEVQFNWYVDGVEVHNAKTKPREEQF 
NSTFRVVSVLTVVHQDWLNGKEYKCKVSNKGLPAP 
IEKTISKTKGQPREPQVYTLPPSREEMTKNQVSLT 
CLVKGFYPSDIAVEWESNGQPENNYKTTPPMLDSD 
GSFFLYSKLTVDKSRWQQGNVFSCSVMHEALHNHY 
TQKSLSLSPGK 

312 G2-NSFLRP ASTKGPSVFPLAPCSRSTSESTAALGCLVKDYFPE 
PVTVSWNSGALTSGVHTFPAVLQSSGLYSLSSVVT 
VPSSSLGTQTYTCNVDHKPSNTKVDKTVEPKSCVE 
CPPCPAPPVAGPSVFLFPPKPKDTLMISRTPEVTC 
VVVDVSHEDPEVQFNWYVDGVEVHNAKTKPREEQF 
NSTFRVVSVLTVVHQDWLNGKEYKCKVSNKGLPAP 
IEKTISKTKGQPREPQVYTLPPSREEMTKNQVSLT 
CLVKGFYPSDIAVEWESNGQPENNYKTTPPMLDSD 
GSFFLYSKLTVDKSRWQQGNVFSCSVMHEALHNHY 
TQKSLSLSPGK 

313 G1 -G1-G2-G1 -AY ASTKGPSVFPLAPSSKSTSGGTAALGCLVKDYFPE 
PVTVSWNSGALTSGVHTFPAVLQSSGLYSLSSVVT 
VPSSSLGTQTYICNVNHKPSNTKVDKRVEPKSCDK 
THTCPPCPAPELLGGPSVFLFPPKPKDTLMISRTP 
EVTCVVVDVSHEDPEVQFNWYVDGVEVHNAKTKPR 
EEQFNSTFRVVSVLTVVHQDWLNGKEYKCKVSNKG 
LPAPIEKTISKTKGQPREPQVYTLPPSREEMTKNQ 
VSLTCLVKGFYPSDIAVEWESNGQPENNYKTTPPV 
LDSDGSFFLYSKLTVDKSRWQQGNVFSCSVMHEAL 
HNHYTQKSLSLSPGK 

314 G1 -G1-G2-G1 -KH ASTKGPSVFPLAPSSKSTSGGTAALGCLVKDYFPE 
PVTVSWNSGALTSGVHTFPAVLQSSGLYSLSSVVT 
VPSSSLGTQTYICNVNHKPSNTKVDKRVEPKSCDK 
THTCPPCPAPPVAGPSVFLFPPKPKDTLMISRTPE 
VTCVVVDVSHEDPEVQFNWYVDGVEVHNAKTKPRE 
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EQFNSTFRVVSVLTVVHQDWLNGKEYKCKVSNKGL 
PAPIEKTISKTKGQPREPQVYTLPPSREEMTKNQV 
SLTCLVKGFYPSDIAVEWESNGQPENNYKTTPPVL 
DSDGSFFLYSKLTVDKSRWQQGNVFSCSVMHEALH 
NHYTQKSLSLSPGK 

315 G2-G2.3 -G1-G2-KH ASTKGPSVFPLAPCSRSTSESTAALGCLVKDYFPE 
PVTVSWNSGALTSGVHTFPAVLQSSGLYSLSSVVT 
VPSSNFGTQTYTCNVDHKPSNTKVDKTVERKSCVE 
CPPCPAPPVAGPSVFLFPPKPKDTLMISRTPEVTC 
VVVDVSHEDPEVKFNWYVDGVEVHNAKTKPREEQY 
NSTYRVVSVLTVLHQDWLNGKEYKCKVSNKALPAP 
IEKTISKAKGQPREPQVYTLPPSREEMTKNQVSLT 
CLVKGFYPSDIAVEWESNGQPENNYKTTPPMLDSD 
GSFFLYSKLTVDKSRWQQGNVFSCSVMHEALHNHY 
TQKSLSLSPGK 

316 G2.5-G2.3-G1-G2-KH ASTKGPSVFPLAPSSRSTSESTAALGCLVKDYFPE 
PVTVSWNSGALTSGVHTFPAVLQSSGLYSLSSVVT 
VPSSNFGTQTYTCNVDHKPSNTKVDKTVERKSCVE 
CPPCPAPPVAGPSVFLFPPKPKDTLMISRTPEVTC 
VVVDVSHEDPEVKFNWYVDGVEVHNAKTKPREEQY 
NSTYRVVSVLTVLHQDWLNGKEYKCKVSNKALPAP 
IEKTISKAKGQPREPQVYTLPPSREEMTKNQVSLT 
CLVKGFYPSDIAVEWESNGQPENNYKTTPPMLDSD 
GSFFLYSKLTVDKSRWQQGNVFSCSVMHEALHNHY 
TQKSLSLSPGK 

317 G2-G2.3 -G1-G2-A Y ASTKGPSVFPLAPCSRSTSESTAALGCLVKDYFPE 
PVTVSWNSGALTSGVHTFPAVLQSSGLYSLSSVVT 
VPSSNFGTQTYTCNVDHKPSNTKVDKTVERKSCVE 
CPPCPAPELLGGPSVFLFPPKPKDTLMISRTPEVT 
CVVVDVSHEDPEVKFNWYVDGVEVHNAKTKPREEQ 
YNSTYRVVSVLTVLHQDWLNGKEYKCKVSNKALPA 
PIEKTISKAKGQPREPQVYTLPPSREEMTKNQVSL 
TCLVKGFYPSDIAVEWESNGQPENNYKTTPPMLDS 
DGSFFLYSKLTVDKSRWQQGNVFSCSVMHEALHNH 
YTQKSLSLSPG 

318 G2.5-G2.3-G1-G2-AY ASTKGPSVFPLAPSSRSTSESTAALGCLVKDYFPE 
PVTVSWNSGALTSGVHTFPAVLQSSGLYSLSSVVT 
VPSSNFGTQTYTCNVDHKPSNTKVDKTVERKSCVE 
CPPCPAPELLGGPSVFLFPPKPKDTLMISRTPEVT 
CVVVDVSHEDPEVKFNWYVDGVEVHNAKTKPREEQ 
YNSTYRVVSVLTVLHQDWLNGKEYKCKVSNKALPA 
PIEKTISKAKGQPREPQVYTLPPSREEMTKNQVSL 
TCLVKGFYPSDIAVEWESNGQPENNYKTTPPMLDS 
DGSFFLYSKLTVDKSRWQQGNVFSCSVMHEALHNH 
YTQKSLSLSPGK 

319 G1-G2.3-G1-G1-KH ASTKGPSVFPLAPSSKSTSGGTAALGCLVKDYFPE 
PVTVSWNSGALTSGVHTFPAVLQSSGLYSLSSVVT 
VPSSSLGTQTYICNVNHKPSNTKVDKRVEPKSCVE 
CPPCPAPPVAGPSVFLFPPKPKDTLMISRTPEVTC 
VVVDVSHEDPEVKFNWYVDGVEVHNAKTKPREEQY 
NSTYRVVSVLTVLHQDWLNGKEYKCKVSNKALPAP 
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IEKTISKAKGQPREPQVYTLPPSREEMTKNQVSLT 
CLVKGFYPSDIAVEWESNGQPENNYKTTPPVLDSD 
GSFFLYSKLTVDKSRWQQGNVFSCSVMHEALHNHY 
TQKSLSLSPGK 

320 G2-G1-G2-G2-A Y ASTKGPSVFPLAPCSRSTSESTAALGCLVKDYFPE 
PVTVSWNSGALTSGVHTFPAVLQSSGLYSLSSVVT 
VPSSNFGTQTYTCNVDHKPSNTKVDKTVERKSCDK 
THTCPPCPAPELLGGPSVFLFPPKPKDTLMISRTP 
EVTCVVVDVSHEDPEVQFNWYVDGVEVHNAKTKPR 
EEQFNSTFRVVSVLTVVHQDWLNGKEYKCKVSNKG 
LPAPIEKTISKTKGQPREPQVYTLPPSREEMTKNQ 
VSLTCLVKGFYPSDIAVEWESNGQPENNYKTTPPM 
LDSDGSFFLYSKLTVDKSRWQQGNVFSCSVMHEAL 
HNHYTQKSLSLSPGK 

321 G2.5-G 1-G2-G2-AY ASTKGPSVFPLAPSSRSTSESTAALGCLVKDYFPE 
PVTVSWNSGALTSGVHTFPAVLQSSGLYSLSSVVT 
VPSSNFGTQTYTCNVDHKPSNTKVDKTVERKSCDK 
THTCPPCPAPELLGGPSVFLFPPKPKDTLMISRTP 
EVTCVVVDVSHEDPEVQFNWYVDGVEVHNAKTKPR 
EEQFNSTFRVVSVLTVVHQDWLNGKEYKCKVSNKG 
LPAPIEKTISKTKGQPREPQVYTLPPSREEMTKNQ 
VSLTCLVKGFYPSDIAVEWESNGQPENNYKTTPPM 
LDSDGSFFLYSKLTVDKSRWQQGNVFSCSVMHEAL 
HNHYTQKSLSLSPGK 

322 G1-G2-G1 -G1 -AY ASTKGPSVFPLAPSSKSTSGGTAALGCLVKDYFPE 
PVTVSWNSGALTSGVHTFPAVLQSSGLYSLSSVVT 
VPSSSLGTQTYICNVNHKPSNTKVDKRVEPKSCVE 
CPPCPAPELLGGPSVFLFPPKPKDTLMISRTPEVT 
CVVVDVSHEDPEVKFNWYVDGVEVHNAKTKPREEQ 
YNSTYRVVSVLTVLHQDWLNGKEYKCKVSNKALPA 
PIEKTISKAKGQPREPQVYTLPPSREEMTKNQVSL 
TCLVKGFYPSDIAVEWESNGQPENNYKTTPPVLDS 
DGSFFLYSKLTVDKSRWQQGNVFSCSVMHEALHNH 
YTQKSLSLSPGK 

323 G2-G1-G2-G2-KH ASTKGPSVFPLAPCSRSTSESTAALGCLVKDYFPE 
PVTVSWNSGALTSGVHTFPAVLQSSGLYSLSSVVT 
VPSSNFGTQTYTCNVDHKPSNTKVDKTVERKSCDK 
THTCPPCPAPPVAGPSVFLFPPKPKDTLMISRTPE 
VTCVVVDVSHEDPEVQFNWYVDGVEVHNAKTKPRE 
EQFNSTFRVVSVLTVVHQDWLNGKEYKCKVSNKGL 
PAPIEKTISKTKGQPREPQVYTLPPSREEMTKNQV 
SLTCLVKGFYPSDIAVEWESNGQPENNYKTTPPML 
DSDGSFFLYSKLTVDKSRWQQGNVFSCSVMHEALH 
NHYTQKSLSLSPG 

324 G2.5-G 1-G2-G2-KH ASTKGPSVFPLAPSSRSTSESTAALGCLVKDYFPE 
PVTVSWNSGALTSGVHTFPAVLQSSGLYSLSSVVT 
VPSSNFGTQTYTCNVDHKPSNTKVDKTVERKSCDK 
THTCPPCPAPPVAGPSVFLFPPKPKDTLMISRTPE 
VTCVVVDVSHEDPEVQFNWYVDGVEVHNAKTKPRE 
EQFNSTFRVVSVLTVVHQDWLNGKEYKCKVSNKGL 
PAPIEKTISKTKGQPREPQVYTLPPSREEMTKNQV 
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SLTCLVKGFYPSDIAVEWESNGQPENNYKTTPPML 
DSDGSFFLYSKLTVDKSRWQQGNVFSCSVMHEALH 
NHYTQKSLSLSPGK 

325 IgGl-deltaHinge ASTKGPSVFPLAPSSKSTSGGTAALGCLVKDYFPE 
PVTVSWNSGALTSGVHTFPAVLQSSGLYSLSSVVT 
VPSSSLGTQTYICNVNHKPSNTKVDKRVEPKCPPC 
PAPELLGGPSVFLFPPKPKDTLMISRTPEVTCVVV 
DVSHEDPEVKFNWYVDGVEVHNAKTKPREEQYNST 
YRVVSVLTVLHQDWLNGKEYKCKVSNKALPAPIEK 
TISKAKGQPREPQVYTLPPSREEMTKNQVSLTCLV 
KGFYPSDIAVEWESNGQPENNYKTTPPVLDSDGSF 
FLYSKLTVDKSRWQQGNVFSCSVMHEALHNHYTQK 
SLSLSPGK 

326 IgG2-deltaHinge ASTKGPSVFPLAPCSRSTSESTAALGCLVKDYFPE 
PVTVSWNSGALTSGVHTFPAVLQSSGLYSLSSVVT 
VPSSNFGTQTYTCNVDHKPSNTKVDKTVERKCPPC 
PAPPVAGPSVFLFPPKPKDTLMI SRTPEVTCVWD 
VSHEDPEVQFNWYVDGVEVHNAKTKPREEQFNSTF 
RVVSVLTVVHQDWLNGKEYKCKVSNKGLPAPIEKT 
ISKTKGQPREPQVYTLPPSREEMTKNQVSLTCLVK 
GFYPSDIAVEWESNGQPENNYKTTPPMLDSDGSFF 
LYSKLTVDKSRWQQGNVFSCSVMHEALHNHYTQKS 
LSLSPGK 

327 IgG2.5 -deltaHinge ASTKGPSVFPLAPSSRSTSESTAALGCLVKDYFPE 
PVTVSWNSGALTSGVHTFPAVLQSSGLYSLSSVVT 
VPSSNFGTQTYTCNVDHKPSNTKVDKTVERKCPPC 
PAPPVAGPSVFLFPPKPKDTLMI SRTPEVTCVWD 
VSHEDPEVQFNWYVDGVEVHNAKTKPREEQFNSTF 
RVVSVLTVVHQDWLNGKEYKCKVSNKGLPAPIEKT 
ISKTKGQPREPQVYTLPPSREEMTKNQVSLTCLVK 
GFYPSDIAVEWESNGQPENNYKTTPPMLDSDGSFF 
LYSKLTVDKSRWQQGNVFSCSVMHEALHNHYTQKS 
LSLSPGK 

328 IgGl-deltaG237 ASTKGPSVFPLAPSSKSTSGGTAALGCLVKDYFPE 
PVTVSWNSGALTSGVHTFPAVLQSSGLYSLSSVVT 
VPSSSLGTQTYICNVNHKPSNTKVDKRVEPKSCDK 
THTCPPCPAPELLGPSVFLFPPKPKDTLMISRTPE 
VTCVVVDVSHEDPEVKFNWYVDGVEVHNAKTKPRE 
EQYNSTYRVVSVLTVLHQDWLNGKEYKCKVSNKAL 
PAPIEKTISKAKGQPREPQVYTLPPSREEMTKNQV 
SLTCLVKGFYPSDIAVEWESNGQPENNYKTTPPVL 
DSDGSFFLYSKLTVDKSRWQQGNVFSCSVMHEALH 
NHYTQKSLSLSPG 

329 IgG2-plusG237 ASTKGPSVFPLAPCSRSTSESTAALGCLVKDYFPE 
PVTVSWNSGALTSGVHTFPAVLQSSGLYSLSSVVT 
VPSSNFGTQTYTCNVDHKPSNTKVDKTVERKSCVE 
CPPCPAPPVAGGPSVFLFPPKPKDTLMISRTPEVT 
CVVVDVSHEDPEVQFNWYVDGVEVHNAKTKPREEQ 
FNSTFRVVSVLTVVHQDWLNGKEYKCKVSNKGLPA 
PIEKTISKTKGQPREPQVYTLPPSREEMTKNQVSL 
TCLVKGFYPSDIAVEWESNGQPENNYKTTPPMLDS 
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DGSFFLYSKLTVDKSRWQQGNVFSCSVMHEALHNH 
YTQKSLSLSPGK 

330 IgG2.4 ASTKGPSVFPLAPCSRSTSESTAALGCLVKDYFPE 
PVTVSWNSGALTSGVHTFPAVLQSSGLYSLSSVVT 
VPSSNFGTQTYTCNVDHKPSNTKVDKTVERKCSVE 
CPPCPAPPVAGPSVFLFPPKPKDTLMISRTPEVTC 
VVVDVSHEDPEVQFNWYVDGVEVHNAKTKPREEQF 
NSTFRVVSVLTVVHQDWLNGKEYKCKVSNKGLPAP 
IEKTISKTKGQPREPQVYTLPPSREEMTKNQVSLT 
CLVKGFYPSDIAVEWESNGQPENNYKTTPPMLDSD 
GSFFLYSKLTVDKSRWQQGNVFSCSVMHEALHNHY 
TQKSLSLSPGK 

331 IgG2.3/4 ASTKGPSVFPLAPCSRSTSESTAALGCLVKDYFPE 
PVTVSWNSGALTSGVHTFPAVLQSSGLYSLSSVVT 
VPSSNFGTQTYTCNVDHKPSNTKVDKTVERKSSVE 
CPPCPAPPVAGPSVFLFPPKPKDTLMISRTPEVTC 
VVVDVSHEDPEVQFNWYVDGVEVHNAKTKPREEQF 
NSTFRVVSVLTVVHQDWLNGKEYKCKVSNKGLPAP 
IEKTISKTKGQPREPQVYTLPPSREEMTKNQVSLT 
CLVKGFYPSDIAVEWESNGQPENNYKTTPPMLDSD 
GSFFLYSKLTVDKSRWQQGNVFSCSVMHEALHNHY 
TQKSLSLSPGK 

332 

IgG2.3-V13 

ASTKGPSVFPLAPCSRSTSESTAALGCLVKDYFPEPVT 
VSWNSGALTSGVHTFPAVLQSSGLYSLSSVVTVPSSNF 
GTQTYTCNVDHKPSNTKVDKTVERKSCVECPPCPAPPV 
AGDSVFLFPPKPKDTLMI SRTPEVTCVWDVSHEDPEV 
QFNWYVDGVEVHNAKTKPREEQFNSTFRVVSVLTVVHQ 
DWLNGKEYKCKVSNKGLPAPIEKTISKTKGQPREPQVY 
TLPPSREEMTKNQVSLTCLVKGFYPSDIAVEWESNGQP 
ENNYKTTPPMLDSDGSFFLYSKLTVDKSRWQQGNVFSC 
SVMHEALHNHYTQKSLSLSPGK 

333 

IgG2.3-V14 

ASTKGPSVFPLAPCSRSTSESTAALGCLVKDYFPEPVT 
VSWNSGALTSGVHTFPAVLQSSGLYSLSSVVTVPSSNF 
GTQTYTCNVDHKPSNTKVDKTVERKSCVECPPCPAPPV 
AGD SVFLFPPKPKDTLM I SRTPEVTC VWDVS HE DGEV 
QFNWYVDGVEVHNAKTKPREEQFNSTFRVVSVLTVVHQ 
DWLNGKEYKCKVSNKGLPAPIEKTISKTKGQPREPQVY 
TLPPSREEMTKNQVSLTCLVKGFYPSDIAVEWESNGQP 
ENNYKTTPPMLDSDGSFFLYSKLTVDKSRWQQGNVFSC 
SVMHEALHNHYTQKSLSLSPGK 

334 

IgG2.3-V15 

ASTKGPSVFPLAPCSRSTSESTAALGCLVKDYFPEPVT 
VSWNSGALTSGVHTFPAVLQSSGLYSLSSVVTVPSSNF 
GTQTYTCNVDHKPSNTKVDKTVERKSCVECPPCPAPPV 
AGD SVFLFPPKPKDTLM I SRTPEVTC VWDVS DEDGEV 
QFNWYVDGVEVHNAKTKPREEQFNSTFRVVSVLTVVHQ 
DWLNGKEYKCKVSNKGLPAPIEKTISKTKGQPREPQVY 
TLPPSREEMTKNQVSLTCLVKGFYPSDIAVEWESNGQP 
ENNYKTTPPMLDSDGSFFLYSKLTVDKSRWQQGNVFSC 
SVMHEALHNHYTQKSLSLSPGK 

335 

IgG2.3-V16 

ASTKGPSVFPLAPCSRSTSESTAALGCLVKDYFPEPVT 
VSWNSGALTSGVHTFPAVLQSSGLYSLSSVVTVPSSNF 
GTQTYTCNVDHKPSNTKVDKTVERKSCVECPPCPAPPV 
AGD SVFLFPPKPKDTLM I SRTPEVTC VWDVS HE DGEV 
QFNWYVDGVEVHNAKTKPREEQFNSTFRVVSVLTVVHQ 

271 



WO 2016/081748 PCT/US2015/061639 

DWLNGKEYKCKVSNKGLPRPIEKTISKTKGQPREPQVY 
TLPPSREEMTKNQVSLTCLVKGFYPSDIAVEWESNGQP 
ENNYKTTPPMLDSDGSFFLYSKLTVDKSRWQQGNVFSC 
SVMHEALHNHYTQKSLSLSPGK 

336 

IgG2.3-V17 

ASTKGPSVFPLAPCSRSTSESTAALGCLVKDYFPEPVT 
VSWNSGALTSGVHTFPAVLQSSGLYSLSSVVTVPSSNF 
GTQTYTCNVDHKPSNTKVDKTVERKSCVECPPCPAPPV 
AGDSVFLFPPKPKDTLMISRTPEVTCVVVDVSDEDGEV 
QFNWYVDGVEVHNAKTKPREEQFNSTFRVVSVLTVVHQ 
DWLNGKEYKCKVSNKGLPRPIEKTISKTKGQPREPQVY 
TLPPSREEMTKNQVSLTCLVKGFYPSDIAVEWESNGQP 
ENNYKTTPPMLDSDGSFFLYSKLTVDKSRWQQGNVFSC 
SVMHEALHNHYTQKSLSLSPGK 

337 

IgG2.3-V18 

ASTKGPSVFPLAPCSRSTSESTAALGCLVKDYFPEPVT 
VSWNSGALTSGVHTFPAVLQSSGLYSLSSVVTVPSSNF 
GTQTYTCNVDHKPSNTKVDKTVERKSCVECPPCPAPPV 
AGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSHEDPEV 
QFNWYVDGVEVHNAKTKPREEQFNSTFRVVSVLTVVHQ 
DWLNGKEYKCKVSNKGLPAPIEKTISKTKGQPREPQVY 
TLPPSREEMTKNQVSLTCLVKGFYPSDIAVEWESNGQP 
ENNYKTTPPMLDSDGSFFLYSKLTVDKSRWQQGNVFSC 
SVMHEALHNHYTQKSLSLSPGK 

338 

IgG2.3-V19 

ASTKGPSVFPLAPCSRSTSESTAALGCLVKDYFPEPVT 
VSWNSGALTSGVHTFPAVLQSSGLYSLSSVVTVPSSNF 
GTQTYTCNVDHKPSNTKVDKTVERKSCVECPPCPAPPV 
AGPSVFLFPPKPKDTLMISRTPEVTCVVVDVEHEDPEV 
QFNWYVDGVEVHNAKTKPREEQFNSTFRVVSVLTVVHQ 
DWLNGKEYKCKVSNKGFPAPIEKTISKTKGQPREPQVY 
TLPPSREEMTKNQVSLTCLVKGFYPSDIAVEWESNGQP 
ENNYKTTPPMLDSDGSFFLYSKLTVDKSRWQQGNVFSC 
SVMHEALHNHYTQKSLSLSPGK 

339 

IgG2.3Gl-AY-V20 

ASIKGPSVFPLAPCSRSISESIAALGCLVKDYFPEPVI 
VSWNS GAL. T S G VH IFF A VL Q S o G L Y S L S S W TVP S S NF 
GTOTYTCFVDHKPSFTKVDKTVFRKSCVFCPPCP^PEL 
LGGDSVFLFPPKPKDTLMISRTPEVTCVVVDVSHEDPE 
VKFNWYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLH 
QDWLNGKEYKCKVSNKALPAPIEKTISKAKGQPREPQV 
YTLPPSREEMTKNQVSLTCLVKGFYPSDIAVEWESNGQ 
PENNYKTTPPVLDSDGSFFLYSKLTVDKSRWQQGNVFS 
CSVMHEALHNHYTQKSLSLSPGK 

340 

IgG2.3Gl-AY-V21 

AS T KGP S VF F L AP C S B 3 T S E S IFi AL GC L VK D YF F F P VT 
VS WN S G AL T S G VH IF P AV L Q S S G L. Y S L S S V VT V PSSNF 
GTQTYT'CNVDRKPSNTKVDKTVERK.SCVECPPCPAPEL 
LGGDSVFLFPPKPKDTLMISRTPEVTCVVVDVSHEDGE 
VKFNWYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLH 
QDWLNGKEYKCKVSNKALPAPIEKTISKAKGQPREPQV 
YTLPPSREEMTKNQVSLTCLVKGFYPSDIAVEWESNGQ 
PENNYKTTPPVLDSDGSFFLYSKLTVDKSRWQQGNVFS 
CSVMHEALHNHYTQKSLSLSPGK 

341 

IgG2.3Gl-AY-V22 

ASTKGPSVEPLAFCSRSISFSTAALGCLVKDYEPEPVT 
VGvvNSGALIGGVHTFPAVLQSSGLYGL3SVVTvP33FF 
GIQTYTCNVDHKFSNTKVL'KTVSRKGCVFCPPCPAFEL 
LGGDSVFLFPPKPKDTLMISRTPEVTCVVVDVSDEDGE 
VKFNWYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLH 
QDWLNGKEYKCKVSNKALPAPIEKTISKAKGQPREPQV 
YTLPPSREEMTKNQVSLTCLVKGFYPSDIAVEWESNGQ 
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PENNYKTTPPVLDSDGSFFLYSKLTVDKSRWQQGNVFS 
CSVMHEALHNHYTQKSLSLSPGK 

342 

IgG2.3Gl-AY-V23 

ASTKGPoVFPLAPCoRSTSESIAALGOLvKDYFPEPvI 
VS WNSGAL.TSG VHIFPAVLOSSGLYSLSS VVTVPSSNF 
GTOTYTCNVDHKPSMTKVDKTVERKSGvECPPCPAPEL 
LGGDSVFLFPPKPKDTLMISRTPEVTCVVVDVSHEDGE 
VKFNWYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLH 
QDWLNGKEYKCKVSNKALPRPIEKTISKAKGQPREPQV 
YTLPPSREEMTKNQVSLTCLVKGFYPSDIAVEWESNGQ 
PENNYKTTPPVLDSDGSFFLYSKLTVDKSRWQQGNVFS 
CSVMHEALHNHYTQKSLSLSPGK 

343 

IgG2.3Gl-AY-V24 

ASTKGPS VFPLAPCSPSISESXAA.LGCLVKDYFPEPVX 
VSWNSGALISGVRIEPAVLQSSGLYSLSSVvTyPSSNF 
GTQT YTCNVGHKPSNTKVDKTVEPKSCVECPPCPAPEL 
LGGDSVFLFPPKPKDTLMISRTPEVTCVVVDVSDEDGE 
VKFNWYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLH 
QDWLNGKEYKCKVSNKALPRPIEKTISKAKGQPREPQV 
YTLPPSREEMTKNQVSLTCLVKGFYPSDIAVEWESNGQ 
PENNYKTTPPVLDSDGSFFLYSKLTVDKSRWQQGNVFS 
CSVMHEALHNHYTQKSLSLSPGK 

344 

IgG2.3Gl-AY-V25 

A 1 ^ t SVEPLAPCSRSTSESTAALGCLVKDYEPEPVT 
I - CALTSGVHTFPAVLQSSGLYSLSSVVTVPSSNF 
GIQTYTCNVDHKPSNTKVL'KTVERKSCVECPPCPAPEL 
LGDDSVFLFPPKPKDTLMISRTPEVTCVVVDVSDEDGE 
VKFNWYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLH 
QDWLNGKEYKCKVSNKALPRPIEKTISKAKGQPREPQV 
YTLPPSREEMTKNQVSLTCLVKGFYPSDIAVEWESNGQ 
PENNYKTTPPVLDSDGSFFLYSKLTVDKSRWQQGNVFS 
CSVMHEALHNHYTQKSLSLSPGK 

345 

IgG2.3Gl-AY-V26 

ASTKGPSVFPLAPCSRST J.GCLVKDYFPEPVT 
VSWNSGALTS G VH XFFAV .. Y S L S S VV T VP SSNF 
GTOTYTCNVDHKPoNTKV,.,., ,.,ARSC VECPPCPAPDL 
LGDDSVFLFPPKPKDTLMISRTPEVTCVVVDVSDEDGE 
VKFNWYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLH 
QDWLNGKEYKCKVSNKALPRPIEKTISKAKGQPREPQV 
YTLPPSREEMTKNQVSLTCLVKGFYPSDIAVEWESNGQ 
PENNYKTTPPVLDSDGSFFLYSKLTVDKSRWQQGNVFS 
CSVMHEALHNHYTOKSLSLSPGK 

346 

IgG2.3Gl-AY-V27 

. • i V • V i^A. O LI. 3 1 .Lj o L- : . v' !\D i .1:' V t:' v' 1 

VSV«NSGALTSGV. LQSSGLYSLSSVVTVPSSNF 

LGGPSVFLFPPKPKDTLMISRTPEVTCVVVDVEHEDPE 
VKFNWYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLH 
QDWLNGKEYKCKVSNKALPAPIEKTISKAKGQPREPQV 
YTLPPSREEMTKNQVSLTCLVKGFYPSDIAVEWESNGQ 
PENNYKTTPPVLDSDGSFFLYSKLTVDKSRWQQGNVFS 
CSVMHEALHNHYTQKSLSLSPGK 

347 ASTKGPSVEPLAPCSRSXSESTAALGCLVKDYEPEPVT 
VSWN3GALTSGVHTFPAVLQSSGLYSL33VVTVPS3NF 

LGGPSVFLFPPKPKDTLMISRTPEVTCVVVDVEHEDPE 
VKFNWYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLH 
QDWLNGKEYKCKVSNKAFPAPIEKTISKAKGQPREPQV 
YTLPPSREEMTKNQVSLTCLVKGFYPSDIAVEWESNGQ 
PENNYKTTPPVLDSDGSFFLYSKLTVDKSRWQQGNVFS 
CSVMHEALHNHYTQKSLSLSPGK 

IgG2.3Gl-AY-V28 

ASTKGPSVEPLAPCSRSXSESTAALGCLVKDYEPEPVT 
VSWN3GALTSGVHTFPAVLQSSGLYSL33VVTVPS3NF 

LGGPSVFLFPPKPKDTLMISRTPEVTCVVVDVEHEDPE 
VKFNWYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLH 
QDWLNGKEYKCKVSNKAFPAPIEKTISKAKGQPREPQV 
YTLPPSREEMTKNQVSLTCLVKGFYPSDIAVEWESNGQ 
PENNYKTTPPVLDSDGSFFLYSKLTVDKSRWQQGNVFS 
CSVMHEALHNHYTQKSLSLSPGK 
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348 Alternative hinge ERKCCVECPPCPAPPV AG 
349 Alternative hinge ERKS C VECPPCPAPPV AG 
350 Alternative hinge ERKC S VECPPCPAPPV AG 
351 Alternative hinge ERKXC VECPPCPAPPV AG 
352 Alternative hinge ERKCXVECPPCPAPP V AG 
353 Alternative hinge ERKCCVECPPCPAPPV AGX 
354 Alternative hinge ERKS C VECPPCPAPPV AGX 
355 Alternative hinge ERKC S VECPPCPAPPV AGX 
356 Alternative hinge ERKXC VECPPCPAPPV AGX 
357 Alternative hinge ERKCXVECPPCPAPP V AGX 
358 Alternative hinge ERKCCVECPPCPAPELLGG 
359 Alternative hinge ERKS C VECPPCPAPELLGG 
360 Alternative hinge ERKCCSVECPPCPAPELLGG 
361 Alternative hinge ERKXCVECPPCPAPELLGG 
362 Alternative hinge ERKCXVECPPCPAPELLGG 
363 Alternative hinge ERKCCVECPPCPAPELLG 
364 Alternative hinge ERKS C VECPPCPAPELLG 
365 Alternative hinge ERKCCSVECPPCPAPELLG 
366 Alternative hinge ERKXCVECPPCPAPELLG 
367 Alternative hinge ERKCXVECPPCPAPELLG 
368 Alternative hinge ERKCCVECPPCPAP 
369 Alternative hinge ERKS C VECPPCPAP 
370 Alternative hinge ERKCS VECPPCPAP 
371 Alternative hinge ERKXCVECPPCPAP 
372 Alternative hinge ERKCXVECPPCPAP 
373 Portion of hinge PVAG 
374 Portion of hinge ELLG 
375 Portion of hinge ELLGG 
376 Portion of hinge SCDKTHT 
377 Portion of hinge CCVE 
378 

wt IgG2 CHI domain 
ASTKGPSVFPLAPCSRSTSESTAALGCL VKD YFPEP 
VTV S WN S G ALT S G VHTFP A VLQ S S GL Y SLSSVVTV 
PS S^VFGTQT YTCN VDHKPSNTKVDKT V 

379 

IgG2 CHI and hinge 

ASTKGPSVFPLAPCSRSTSESTAALGCL VKD YFPEP 
VTV S WN S G ALT S G VHTFP A VLQ S S GL Y SLSSVVTV 
PSSiVFGTQTYTCNVDHKPSNTKVDKTVERKCCVEC 
PPCPAPP V AG 

380 Portion of hinge CPPCPAP 

The Sequence Listing provides the sequences of the mature variable regions and heavy and light 

chains (i.e., sequences do not include signal peptides). 
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Claims 

1. An isolated antibody, or antigen binding portion thereof, that binds to human Cluster of 

Differentiation 73 (CD73), and comprises a heavy chain comprising CDR1, CDR2, and 

CDR3 sequences comprising the amino acid sequences of SEQ ID NOs: 5, 6, and 7, 

respectively, and a light chain comprising CDR1, CDR2, and CDR3 sequences comprising 

the amino acid sequences of SEQ ID NOs: 13, 14, and 15, respectively.  

2. An isolated antibody that binds to human CD73 and comprises a heavy chain comprising 

CDR1, CDR2, and CDR3 sequences comprising the amino acid sequences of SEQ ID NOs: 

5, 6, and 7, respectively, and a light chain comprising CDR1, CDR2, and CDR3 sequences 

comprising the amino acid sequences of SEQ ID NOs: 13, 14, and 15, respectively.  

3. The isolated antibody, or antigen binding portion thereof, of claim 1 or the isolated 

antibody of claim 2, comprising heavy and light chain variable regions, wherein the heavy 

and light chain variable regions comprise the amino acid sequences of SEQ ID NOs: 135 

and 12, respectively.  

4. The isolated antibody, or antigen binding portion thereof, of any one of claims 1 to 3, 

which binds to human CD73 with a KD of 0.1 nM to 10 nM, as determined by Surface 

Plasmon Resonance (SPR).  

5. The isolated antibody, or antigen binding portion thereof, of any one of claims 1 to 3,, 

which inhibits the activity of human CD73.  

6. The isolated antibody, or antigen binding portion thereof, of any one of claims 1 to 3,, 

which mediates internalization of human CD73.  

7. The isolated antibody, or antigen binding portion thereof, of any one of claims 1 to 3,, 

which has reduced effector function relative to a wild type IgG1 antibody.  

8. The isolated antibody, or antigen binding portion thereof, of claim 1, which is a human IgG 

antibody.  

9. The isolated antibody, or antigen binding portion thereof, of claim 1, which is a human 

IgG1, IgG2, or IgG4 antibody.  
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10. The isolated antibody, or antigen binding portion thereof, of claim 1, comprising a heavy 

chain sequence comprising the amino acid sequence of SEQ ID NO: 133 or 189 and a light 

chain sequence comprising the amino acid sequence of SEQ ID NO: 102.  

11. The isolated antibody, or antigen binding portion thereof, of claim 10, comprising a heavy 

chain consisting of the amino acid sequence of SEQ ID NO: 133 and a light chain consisting 

of the amino acid sequence of SEQ ID NO: 102. 

12. The isolated antibody, or antigen binding portion thereof, of claim 10, comprising a heavy 

chain consisting of the amino acid sequence of SEQ ID NO: 189 and a light chain consisting 

of the amino acid sequence of SEQ ID NO: 102. 

13. The isolated antibody, or antigen binding portion thereof, of claim 1, comprising two 

heavy chains and two light chains, wherein each of the heavy chains consists of the amino 

acid sequence of SEQ ID NO: 133 or 189 and each of the light chains consists of the amino 

acid sequence of SEQ ID NO: 102.  

14. The isolated antibody, or antigen binding portion thereof, of claim 13, further comprising 

intermolecular disulfide bonding between the two heavy chain constant regions.  

15. A composition comprising the antibody, or antigen binding portion thereof, of any one of 

claims 1 to 3, and a pharmaceutically acceptable carrier.  

16. The composition of claim 15, further comprising one or more additional therapeutic 

agents.  

17. The composition of claim 16, wherein the additional therapeutic agent is a programmed 

cell death protein 1 (PD-1) antagonist, a programmed death-ligand 1 (PD-L1)antagonist, a 

cytotoxic T-lymphocyte-associated protein 4 (CTLA-4) antagonist, and/or a lymphocyte 

activation gene-3 (LAG-3) antagonist.  

18. A composition comprising the antibody, or antigen binding portion thereof, of any one of 

claims 10 to 12, and a pharmaceutically acceptable carrier.  

19. The composition of claim 18, further comprising one or more additional therapeutic 

agents.  
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20. The composition of claim 19, wherein the additional therapeutic agent is a programmed 

cell death protein 1 (PD-1) antagonist, a programmed death-ligand 1 (PD-L1) antagonist, a 

cytotoxic T-lymphocyte-associated protein 4 (CTLA-4) antagonist, and/or a lymphocyte 

activation gene-3 (LAG-3) antagonist.  

21. An isolated antibody, or antigen binding portion thereof, which comprises heavy and light 

chain variable regions, wherein the heavy and light chain variable regions comprise the 

amino acid sequences of SEQ ID NOs: 135 and 12, respectively.  

22. The isolated antibody, or antigen binding portion thereof, of claim 21, comprising heavy 

and light chain variable regions, wherein the heavy and light chain variable regions consist of 

the amino acid sequences of SEQ ID NOs: 135 and 12, respectively.  

23. The isolated antibody, or antigen binding portion thereof, of claim 21, comprising a heavy 

chain sequence comprising the amino acid sequence of SEQ ID NO: 133 or 189 and a light 

chain sequence comprising the amino acid sequence of SEQ ID NO: 102.  

24. The isolated antibody, or antigen binding portion thereof, of claim 21 comprising two 

heavy chains and two light chains, wherein each of the heavy chains consists of the amino 

acid sequence of SEQ ID NO: 133 or 189 and each of the light chains consists of the amino 

acid sequence of SEQ ID NO: 102.  

25. The isolated antibody, or antigen binding portion thereof, of claim 24, further comprising 

intermolecular disulfide bonding between the two heavy chain constant regions.  

26. A composition comprising the antibody, or antigen binding portion thereof, of any one of 

claims 21 or 23, and a pharmaceutically acceptable carrier.  

27. The composition of claim 26, further comprising one or more additional therapeutic 

agents.  

28. The composition of claim 27, wherein the additional therapeutic agent is a programmed 

cell death protein 1 (PD-1) antagonist, a programmed death-ligand 1 (PD-L1) antagonist, a 

cytotoxic T-lymphocyte-associated protein 4 (CTLA-4) antagonist, and/or a lymphocyte 

activation gene-3 (LAG-3) antagonist.  
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29. An isolated antibody that binds to human CD73 and comprises a heavy chain comprising 

CDR1, CDR2, and CDR3 sequences comprising the amino acid sequences of SEQ ID NOs: 

5, 6, and 7, respectively, and a light chain comprising CDR1, CDR2, and CDR3 sequences 

comprising the amino acid sequences of SEQ ID NOs: 13, 14, and 15, respectively, wherein 

the heavy chain is a full-length heavy chain and the light chain is a full-length light chain.  

30. An isolated antibody that binds to human CD73 and comprises heavy and light chain 

variable regions, wherein the heavy and light chain variable regions comprise the amino acid 

sequences of SEQ ID NOs: 135 and 12, respectively, wherein the heavy chain is a full-

length heavy chain and the light chain is a full-length light chain.  

31. The isolated antibody of any one of claims 29 or 30, which is an IgG antibody.  

32. An isolated nucleic acid molecule encoding the heavy and light chains of the isolated 

antibody of claims 2 or 3. 

33. An isolated nucleic acid molecule encoding the heavy and light chains of the isolated 

antibody of claims 11 or 12 

34. The isolated nucleic acid molecule of claim 32 wherein the heavy chain is a full length 

heavy chain and the light chain is a full length light chain. 

35. The isolated nucleic acid molecule of claim 32 wherein the isolated antibody is an IgG 

antibody.  

36. The isolated nucleic acid molecule of claim 35 wherein the isolated antibody comprises 

an IgG2 hinge. 

37. The isolated nucleic acid molecule of claim 32 wherein the isolated antibody (a) binds to 

human CD73 with a K.sub.D of 0.1 nM to 10 nM, as determined by Surface Plasmon 

Resonance (SPR); (b) inhibits the activity of human CD73; or (c) mediates internalization of 

human CD73. 

38. An expression vector comprising the isolated nucleic acid molecule of any one of claims 

32 or 33. 
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39. An isolated cell transformed with the expression vector of claim 38. 

40. The isolated antibody, or antigen binding portion thereof, of claim 1 or the isolated 

antibody of claim 2 for use in therapy. 

41. The isolated antibody, or antigen binding portion thereof, of claim 1 or the isolated 

antibody of claim 2 for use as a medicament. 

42. The isolated antibody, or antigen binding portion thereof, of claim 1 or the isolated 

antibody of claim 2 for use in decreasing adenosine levels in a tumor of a human subject. 

43. The isolated antibody, or antigen binding portion thereof, of claim 1 or the isolated 

antibody of claim 2 for use in stimulating an immune response against a tumor in a human 

subject in need thereof. 

44. The isolated antibody, or antigen binding portion thereof, of claim 1 or the isolated 

antibody of claim 2 for use in stimulating an immune response in a human subject. 

45. The isolated antibody, or antigen binding portion thereof, of claim 1 or the isolated 

antibody of claim 2 for use in inhibiting the growth of a tumor in a human subject. 

46. The isolated antibody, or antigen binding portion thereof, of claim 1 or the isolated 

antibody of claim 2 for use in treating cancer in a human subject. 

47. The isolated antibody, or antigen binding portion thereof or the isolated antibody for use 

according to claim 46, wherein the cancer is selected from the group consisting of: bladder 

cancer, breast cancer, uterine/cervical cancer, ovarian cancer, prostate cancer, testicular 

cancer, esophageal cancer, gastrointestinal cancer, pancreatic cancer, colorectal cancer, 

colon cancer, kidney cancer, head and neck cancer, lung cancer, stomach cancer, germ cell 

cancer, bone cancer, liver cancer, thyroid cancer, skin cancer, neoplasm of the central 

nervous system, lymphoma, leukemia, myeloma, sarcoma, and virus-related cancer. 

48. The isolated antibody, or antigen binding portion thereof or the isolated antibody for use 

according to claim 46, wherein one or more additional therapeutic agents is to be 

administered to the human subject. 
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49. The isolated antibody, or antigen binding portion thereof or the isolated antibody for use 

according to claim 48, wherein the additional therapeutic agents is  a PD-1 antagonist, a PD-

L1 antagonist, a CTLA-4 antagonist, or a LAG-3 antagonist. 

50. The isolated antibody, or antigen binding portion thereof or the isolated antibody for use 

according to claim 46, wherein the isolated antibody, or antigen binding portion thereof or 

the isolated antibody comprises heavy and light chain variable regions comprising the amino 

acid sequences of SEQ ID NOs: 135 and 12, respectively.  

51. The isolated antibody, or antigen binding portion thereof or the isolated antibody for use 

according to claim 46, wherein the isolated antibody, or antigen binding portion thereof or 

the isolated antibody comprises a heavy chain sequence comprising the amino acid 

sequence of SEQ ID NO: 133 or 189 and a light chain sequence comprising the amino acid 

sequence of SEQ ID NO: 102.  

52. The isolated antibody, or antigen binding portion thereof or the isolated antibody for use 

according to claim 46, wherein the heavy chain is a full-length heavy chain and the light 

chain is a full-length light chain. 

53. The isolated antibody, or antigen binding portion thereof or the isolated antibody for use 

according to claim 50, wherein the heavy chain is a full-length heavy chain and the light 

chain is a full-length light chain. 

54. The isolated antibody, or antigen binding portion thereof or the isolated antibody for use 

according to claim 46, wherein the isolated antibody, or antigen binding portion thereof or 

the isolated antibody is an IgG antibody. 

55. The isolated antibody, or antigen binding portion thereof or the isolated antibody for use 

according to claim 51 wherein the isolated antibody, or antigen binding portion thereof or the 

isolated antibody comprises a heavy chain consisting of the amino acid sequence of SEQ ID 

NO: 133 and a light chain consisting of the amino acid sequence of SEQ ID NO: 102. 

56. The isolated antibody, or antigen binding portion thereof or the isolated antibody for use 

according to claim 51 wherein the isolated antibody, or antigen binding portion thereof or the 

isolated antibody comprises a heavy chain consisting of the amino acid sequence of SEQ ID 

NO: 189 and a light chain consisting of the amino acid sequence of SEQ ID NO: 102. 
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57. The isolated antibody, or antigen binding portion thereof or the isolated antibody for use 

according to claim 46, wherein the isolated antibody, or antigen binding portion thereof or the 

isolated antibody binds to human CD73 with a KD of 0.1 nM to 10 nM, as determined by 

Surface Plasmon Resonance (SPR). 

58. The isolated antibody, or antigen binding portion thereof or the isolated antibody for use 

according to claim 46, wherein the isolated antibody, or antigen binding portion thereof or the 

isolated antibody inhibits the activity of human CD73. 

59. The isolated antibody, or antigen binding portion thereof or the isolated antibody for use 

according to claim 46, wherein the isolated antibody, or antigen binding portion thereof or the 

isolated antibody mediates internalisation of human CD73. 

60. The isolated antibody, or antigen binding portion thereof or the isolated antibody for use 

according to claim 46, wherein the isolated antibody, or antigen binding portion thereof or the 

isolated antibody has reduced effector function relative to a wild type IgG1 antibody. 

61. The isolated antibody, or antigen binding portion thereof or the isolated antibody for use 

according to claim 46, wherein the isolated antibody, or antigen binding portion thereof or the 

isolated antibody binds to human CD73 with a KD of 0.1 nM to 10 nM, as determined by 

Surface Plasmon Resonance (SPR). 

62. The use of the isolated antibody, or antigen binding portion thereof, of claim 1 or the 

isolated antibody of claim 2 in the manufacture of a medicament for decreasing adenosine 

levels in a tumor of a human subject. 

63. The use of the isolated antibody, or antigen binding portion thereof, of claim 1 or the 

isolated antibody of claim 2 in the manufacture of a medicament for stimulating an immune 

response against a tumor in a human subject in need thereof. 

64. The use of the isolated antibody, or antigen binding portion thereof, of claim 1 or the 

isolated antibody of claim 2 in the manufacture of a medicament for stimulating an immune 

response in a human subject. 

65. The use of the isolated antibody, or antigen binding portion thereof, of claim 1 or the 

isolated antibody of claim 2 in the manufacture of a medicament for inhibiting the growth of a 

tumor in a human subject. 
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66. The use of the isolated antibody, or antigen binding portion thereof, of claim 1 or the 

isolated antibody of claim 2 in the manufacture of a medicament for treating cancer in a 

human subject. 

67. The use according to claim 66, wherein the cancer is selected from the group consisting 

of: bladder cancer, breast cancer, uterine/cervical cancer, ovarian cancer, prostate cancer, 

testicular cancer, esophageal cancer, gastrointestinal cancer, pancreatic cancer, colorectal 

cancer, colon cancer, kidney cancer, head and neck cancer, lung cancer, stomach cancer, 

germ cell cancer, bone cancer, liver cancer, thyroid cancer, skin cancer, neoplasm of the 

central nervous system, lymphoma, leukemia, myeloma, sarcoma, and virus-related cancer. 

68. The use according to claim 66, wherein one or more additional therapeutic agents is to 

be administered to the human subject. 

69. The use according to claim 68, wherein the additional therapeutic agents is  a PD-1 

antagonist, a PD-L1 antagonist, a CTLA-4 antagonist, or a LAG-3 antagonist. 

70. The use according to claim 66, wherein the medicament comprises heavy and light 

chain variable regions comprising the amino acid sequences of SEQ ID NOs: 135 and 12, 

respectively.  

71. The use according to claim 66, wherein the medicament comprises a heavy chain 

sequence comprising the amino acid sequence of SEQ ID NO: 133 or 189 and a light chain 

sequence comprising the amino acid sequence of SEQ ID NO: 102.  

72. The use according to claim 66, wherein the heavy chain is a full-length heavy chain and 

the light chain is a full-length light chain. 

73. The use according to claim 70, wherein the heavy chain is a full-length heavy chain and 

the light chain is a full-length light chain. 

74. The use according to claim 66, wherein the isolated antibody, or antigen binding portion 

thereof or the isolated antibody is an IgG antibody. 
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75. The use according to claim 71 wherein the medicament comprises a heavy chain 

consisting of the amino acid sequence of SEQ ID NO: 133 and a light chain consisting of the 

amino acid sequence of SEQ ID NO: 102. 

76. The use according to claim 71 wherein the medicament comprises a heavy chain 

consisting of the amino acid sequence of SEQ ID NO: 189 and a light chain consisting of the 

amino acid sequence of SEQ ID NO: 102. 

77. The use according to claim 66, wherein the isolated antibody, or antigen binding portion 

thereof or the isolated antibody binds to human CD73 with a KD of 0.1 nM to 10 nM, as 

determined by Surface Plasmon Resonance (SPR). 

78. The use according to claim 66, wherein the medicament inhibits the activity of human 

CD73. 

79. The use according to claim 66, wherein the medicament mediates internalisation of 

human CD73. 

80. The isolated antibody, or antigen binding portion thereof or the isolated antibody for use 

according to claim 66, wherein the medicament has reduced effector function relative to a 

wild type IgG1 antibody. 

81. The isolated antibody, or antigen binding portion thereof or the isolated antibody for use 

according to claim 66, wherein the isolated antibody, or antigen binding portion thereof or the 

isolated antibody binds to human CD73 with a KD of 0.1 nM to 10 nM, as determined by 

Surface Plasmon Resonance (SPR). 


