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Surface rendering of 11F11 ( grey ) with Interacting residues of CD73 ( magenta ) . 
Buried surface shown in yellow and 

contact surface in orange 
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Surface rendering of CD73 ( grey ) with 
Interacting residues of 11F11 ( magenta ) . 

Buried surface shown in yellow and 
contact surface in orange 
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CD73 . 10 - 1961 . 16 

- 2 . 0 - } 4 . 0 - 17 . 3 

0 . 3 0 . 3 99 . 4 

62140 

CD73 . 10 - 19G2 - C2195 

- 2 . 0 - 17 . 5 

0 . 1 

CD73 . 3 - 19G1 . 11 10 : 1 

- 16 . 3 

100 . 0 

11F13 - Fab 

- 2 . 0 w17 . 7 - 20 . 2 

0 . 8 0 . 6 98 . 7 

hC073 - his 

1 : 0 

- 17 . 1 - 18 . 4 

2 . 8 97 . 2 

280 

N - HCD73 - hisi 

1 : 0 

19 . 3 

100 . 0 

38 

MCD73 - his 

CD73 . 10 - 19G1 . 1f 

- 11 . 7 ~ 12 . 7 - 16 . 9 

34 . 2 67 . 2 3 . 0 

1100 540 180 

hCD73 - his CD73 . 10 - 19G2 - C2195 

10 . 3 

11 . 1 

6 . 4 93 . 3 

110000 3400 

hCD73 - his CD73 . 3 - 19G1 . 17 1 : 1 

- 12 . 

01 213 , 0 - 14 . 8 

17 . 5 78 . 3 4 . 0 

530 260 

MCD73 - bis 11F13 - Fab 

- 12 . 6 - 14 . 7 - 16 . 8 - 20 . 1 0 . 9 90 . 7 0 . 8 

300 310 85 

N - HCD73 - hisi CD73 . 10 - IgG1 . 1f 2 : 1 

- 14 . 6 . 

86 . 5 13 . 5 

140 

N - ACD73 - his ! CD73 . 10 - G2 - C21957 2 : 1 

- 14 . 7 17 . 3 

87 . 1 12 . 9 

210 150 

N - hCD73 - his C073 . 3 - 1961 . 15 Hanna 2 : 1 

- 15 . 3 ~ 16 . 2 193 

6 . 4 68 . 7 24 . 9 

170 

N - hCD73 - his ) 11F11 - Fab 

1 : 1 

- 17 , 4 - 20 . 0 

95 . 3 4 . 7 

84 

hC073 

1 : 0 

1 . - 16 . 9 

1000 

120 

hCD73 CD73 . 4 - hybrid 1 : 0 . 25 

0 . 625 - 91 . 81 ~ { 3 . 4 | 17A 

36 . 4 

1200 

120 

hCD73 C073 . 4 - hybrid 

1 . 25 - 1 . 7 - 13 . 4 - 17 . 1 

71 . 9 * 15 . 81 13 . 4 

1900 

130 

CD73 CD73 . 4 - hybrid 111 

2 . 5 T - 11 . 5 - 13 . 4 - 17 . 1 

95 . 3 3 . 9 2 . 8 

3300 

hCD73 CD73 . 4 - hybrid 

1 : 2 2 . 5 5 77 . 7 13 . 4 - 15 . 3 

52 . 5 17 . 7 0 . 6 

1700 

220 140 

hCD73 C073 . 4 - hybrid 11 : 4 2 . 5 10 - 11 . 7 13 . 4 - 15 . 3 1 24 . 1 16 . 2 1 . 2 58 . 6 1300 

200 140 

hCD73 

1 1 : 0 T 2 . 5 D - 16 . 9 - 18 . 2 

97 . 6 2 . 4 

120 

hCD73 CD73 . 4 - 19G1 . 18 11 : 0 . 25 

0 . 625 - 12 . 3 13 . 1 - 17 . 1 

11 . 8 49 . 5 38 . 6 

830 530 120 

HCD73 CD73 . 4 - 19G1 . 1f 11 : 0 . 5 2 . 5 1 . 25 - 12 . 3 - 13 . 1 - 17 . 1 

1 31 . 10 54 . 81 

3 . 3 

10 . 7 890 540 120 81 

ACD73 

CD73 . 4 - 10G131 

5 - 12 . 11 - 12 . 3 - 13 . 1 ~ 17 . 0 55 . 2 44 . 

5 2 . 1 2 . 2 

560 280 

hCD73 CD73 . 4 - 10G1 . 11 

1 : 2 

12 . 3 13 . 1 15 . 3 - 17 . 0 22 . 3 44 . 2 . 8 30 . 7 910 

140 

hC073 CD73 . 4 - I9G1 . 1f 

1 : 4 . 

- 12 . 3 - 13 . 2 - 15 . 3 - 17 . 

0 9 . 1 31 . 01 2 . 4 . 57 . 4 810 

200 140 

N - hCD73 CD73 . 4 - hybrid 

~ 13 . 9 ~ 14 . 7 | ~ 15 . 9 ~ 17 . 0 | 0 . 7 88 . 3 8 . 1 

390 

180 . 150 

N - h2073 CD73 . 4 - 10G1 . 1 

* 13 . 4 - 14 . 7 

98 . 3 

CD73 . 4 - hybrid 

- 15 . 9 - 16 . 9 

0 . 4 99 . 6 

290 140 

CD73 . 4 - 0G1 . 1f 

- 14 . 2 ~ 15 . 9 - 17 . 1 

0 . 6 

98 . 2 

81 120 140 

hC073 C073 . 4 - IgG2 - C2195 

11 . 5 - 13 . 4 | 17 . 3 

95 . 0 

3400 970 480 

hCD73 CD73 . 4 - I9G2 - C219S - I9G1 . 11 . 1 : 1 

11 . 5 - 13 . 4 - 17 . 3 

94 . 7 

3600 100 580 

hCD73 CD73 . 4 - 19G1 . 1f 

- 13 . 0 - 15 . 1 - 17 . 0 60 . 0 35 . 3 

2 . 5 

270 160 

hC073 CD73 . 10 - 10G2 - C2198 

m11 . 8 16 . 9 

96 . 2 

2000 

- 11 . 8 - 16 . 9 

96 . 6 2 . 5 

2000 320 390 

hCD73 CD73 . 10 - 1961 . 1f 

- 12 . 1 - 13 , 0 - 16 . 5 

35 . 1 62 . 1 2 . 7 

1000 530 170 

h2073 

1 1 : 0 2 . 5 0 - 17 . 3 - 18 . 4 

97 . 2 2 . 8 

12060 

h2073 2073 . 4 - 9G2 - C2199 - IgG111 111 5 5 - 11 . 5 - 13 . 4 - 17 . 3 

93 . 9 2 . 6 3 . 5 

4800 1300 1740 

hCD73 CD73 . 4 - 9G2 - C219S - IgG1 , 11 1 : 

1 1 1 * 11 . 5 - 13 . 4 - 15 . 0 - 17 . 3 84 . 4 7 . 6 2 . 5 5 . 4 2900 660 4 60 240 

* Molar concentrations are defined as N - hCD73 monomer , 11F11 - Fab monomer , hCD73 - his dimer , and ( bivalent ) mAb 
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Table 26 : DLS data for CD73 / mAb complexes : 
DLS Molar [ target ] ( mAb ) Target mab ratio ( UM ) ( UM ) Rh RH % Mass 

SD SD Mass 

CD73 . 10 - 19G1 . 18 0 : 1 5 . 0 0 . 6 11 . 0 | 6 . 0 | 100 . 0 0 . 0 
CD73 . 10 - IgG2 - C2195 0 : 1 4 | 5 . 2 0 . 1 11 . 9 2 . 3 | 100 . 0 0 . 0 
CD73 . 3 - IgG1 . 16 4 5 . 1 10 . 5 11 . 6 6 . 9 100 . 0 0 . 0 
11F11 - Fab 3 . 4 0 . 2 22 . 0 | 5 . 3 100 . 0 0 . 1 

hCD73 - his 4 . 3 0 . 3 10 . 6 5 . 2 99 . 8 0 . 2 
N - LCD73 - his 2 . 3 0 . 2 19 . 3 12 . 3 | 99 . 9 0 . 2 
hCD73 - his CD73 . 10 - IgG1 . 11 12 . 8 0 . 7 | 32 . 4 6 . 7 100 . 0 0 . 0 
hC073 - his 1 0073 , 10 - 19G2 - C2195 1 : 1 2 . 9 1 . 5 7 . 5 0 . 8 73 . 9 11 . 5 
hCD73 - his CD73 . 3 - IgG1 . 1f 10 . 8 0 . 1 28 . 2 0 . 6 100 . 0 0 . 0 
hCD73 - his 11F11 - Fab 12 16 . 4 0 . 1 15 . 14 . 3 100 . 0 0 . 0 
N - LCD73 - his CD73 . 10 - IgG1 . 16 2 : 1 | 6 . 6 0 . 3 15 . 3 6 . 5 | 100 . 0 0 . 0 
N - HCD73 - his CD73 . 10 - 16G2 - C2199 2 : 1 6 . 5 0 . 2 15 . 7 | 5 . 7 1 100 . 0 0 . 1 
N - HC073 - his CD73 . 3 - I9G1 . 16 5 . 8 | 0 . 3 | 12 . 8 5 . 3 | 100 . 0 0 . 0 
N - CD73 - his 11F11 - Fab | 4 . 2 0 . 1 12 . 6 4 . 7 100 . 0 0 . 0 
hC073 10 4 . 5 0 . 1 12 . 343 99 . 9 0 . 2 
hC073 CD73 . 4 - hybrid 1 : 0 . 25 2 . 5 0 . 625 13 . 2 17 46 . 5 5 . 9 99 . 9 0 . 1 
hCD73 CD73 . 4 - hybrid 1 : 0 . 5 2 . 5 1 . 25 17 . 5 1 . 0 31 . 7 8 . 8 62 . 6 25 . 8 
hCD73 CD73 . 4 - hybrid 2 . 5 2 . 5 29 . 9 1 . 0 | 25 . 1 21 22 . 3 4 . 9 
hCD73 CD73 . 4 - hybrid 1 : 2 2 . 5 5 14 . 4 | 0 . 1 | 31 , 3 5 . 5 68 . 7 25 . 8 
hCD73 CD73 . 4 - hybrid 2 . 5 10 11 . 4 0 . 9 42 . 9 3 . 5 | 90 . 2 17 . 5 
h2073 1 : 0 2 . 5 0 4 . 7 0 . 1 18 , 6 3 . 3 99 . 8 0 . 1 
hCD73 CD73 . 4 - IgG1 . 11 1 : 0 . 25 2 . 5 0 . 625 10 . 4 1 . 5 38 . 6 15 . 9 81 . 3 37 . 1 
hC073 C073 . 4 - IgG1 . 16 1 : 0 . 5 2 . 5 1 . 25 12 . 9 | 0 . 6 35 . 5 5 . 4 88 . 3 23 . 2 
hCD73 CD73 . 4 - 19G1 . 16 1 : 1 2 . 5 2 . 5 14 . 7 0 . 5 34 . 3 3 . 9 100 . 0 0 . 0 
hCD73 CD73 . 4 - 941 . 17 1 : 2 2 . 5 5 11 . 6 0 . 4 24 . 9 8 . 5 65 . 0 32 . 5 
hC073 CD73 . 4 - I9G111 1 : 4 2 . 5 10 8 . 1 4 . 0 | 33 . 0 16 . 9 1 84 . 2 31 . 7 
N - hCD73 CD73 . 4 - hybrid 5 2 . 5 6 . 7 0 . 3 13 . 9 7 . 0 100 . 0 0 . 0 
N - HCD73 CD73 . 4 - 18G1 . 18 1 2 . 5 6 . 5 0 . 1 7 . 4 3 . 2 100 . 0 0 . 0 

CD73 . 4 - hybrid 0 5 5 . 4 0 . 215 . 7 5 . 7 99 . 9 0 . 1 
CD73 . 4 - 19G1 . 11 15 5 . 3 0 . 4 13 . 679 | 100 . 0 0 . 0 

hCD73 CD73 . 4 - 19G2 - C219 $ 1 : 1 2 . 5 2 . 5 31 . 7 24 316 11 . 4 | 19 . 3 12 . 2 
hCD73 CD73 . 4 - IgG2 - C2195 - 19G1 . 18 1 : 1 2 . 5 1 2 . 5 31 . 2 0 . 9 30 . 8 3 . 8 17 . 5 11 . 4 
hCD73 CD73 . 4 - I9G1 . 16 2 . 5 2 . 5 15 . 6 1 . 2 | 32 . 7 8 . 0 100 . 0 0 . 0 
hCD73 0 073 . 10 - 19G2 - C2199 1 : 1 2 . 5 2 . 5 23 . 9 1 . 2 26 . 7 4 . 4 36 . 3 5 . 3 
hCD73 CD73 . 10 - 0G2CS - 1 . 1 1 : 1 2 . 5 2 . 5 25 . 6 2 . 3 1 30 . 1 | 8 . 8 35 . 9 9 . 1 
hC073 CD73 . 10 - 10G1 . 11 1 1 : 1 2 . 5 2 . 5 13 . 5 1 . 2 316 12 0 83 . 2 31 . 5 
hC073 1 : 0 2 . 5 10 4 . 2 0 . 8 24 . 4 12 . 8 99 . 1 0 . 7 
h2073 2073 . 4 - I9G2 - C219S - 10G1 . 17 1 : 1 5 5 35 . 3 3 . 8 35 . 2 13 . 9 6 . 7 44 
hCD73 CD73 . 4 - 16G2 - C219 $ - I9G1 . 11 1 : 1 1 1 25 . 5 | 3 . 2 | 32 . 9 2 . 9 60 . 7 27 . 5 
* Molar concentrations are defined as N - hCD73 monomer , 11F11 - Fab monomer , hCD73 - his dimer , 
and ( bivalent ) mAb 

0 : 1 

Fig . 29B 
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ANTIBODIES AGAINST CD73 AND USES 
THEREOF 

[ 0001 ] This application is a continuation of U . S . patent 
application Ser . No . 15 / 520 , 638 ( allowed ) , entitled " Anti 
bodies Against CD73 and Uses Thereof ” filed on Apr . 20 , 
2017 , which is a 35 U . S . C . 371 national stage filing of PCT 
Application No . PCT / US2015 / 061639 , entitled “ Antibodies 
Against CD73 and Uses Thereof ” filed Nov . 19 , 2015 , which 
claims priority to U . S . Provisional Application No . 62 / 083 , 
056 , entitled “ Antibodies Against CD73 and Uses Thereof ” 
filed on Nov . 21 , 2014 , the contents of each of which are 
hereby incorporated by reference . 

SEQUENCE LISTING 
[ 0002 ] The instant application contains a Sequence Listing 
which has been submitted in ASCII format via EFS - Web and 
is hereby incorporated by reference in its entirety . Said 
ASCII copy , created on Aug . 27 , 2018 is named MXI 
538USCN _ Sequence _ Listing . txt and is 608 , 870 bytes in 
size . 

BACKGROUND 
[ 0003 ] Cluster of Differentiation 73 ( CD73 ) , also known 
as ecto - 5 - nucleotidase ( ecto - 5 ' NT , EC 3 . 1 . 3 . 5 ) , is a glyco 
syl - phosphatidylinositol ( GPI ) - linked cell surface enzyme 
found in most tissues , but particularly expressed in endothe 
lial 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 monophos 
phates into nucleosides , such as adenosine . Adenosine is a 
widely studied signaling molecule which mediates its bio 
logical effects through several receptors , including A1 , A2A , 
A2B , and A3 . Adenosine has been shown to regulate pro 
liferation 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 ) . 
00041 CD73 has been reported to be expressed on many 
different cancers , including colon , lung , pancreas , ovary , 
bladder , leukemia , glioma , glioblastoma , melanoma , thy 
roid , 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 , neovascu 
larization , invasiveness , metastesis and shorter patient sur 
vival . 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 . 
[ 0005 ] 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 . 

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 . 
[ 0007 ] In certain embodiments , the anti - CD73 antibodies 
exhibit at least one of the following properties : 
[ 0008 ] ( a ) inhibition of CD73 enzymatic activity ; 
[ 0009 ] ( b ) binding to cynomolgus CD73 ; 
[ 0010 ) ( c ) antibody mediated internalization of CD73 into 
cells , e . g . , tumor cells ; and 
[ 0011 ] ( d ) binding to a conformational epitope comprising 
amino acids 65 - 83 and 157 - 172 of human CD73 . 
[ 0012 ] In certain embodiments , the anti - CD73 antibodies , 
or antigen binding portions thereof , bind to human CD73 
( monomeric and / or dimeric CD73 ) with a K , 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 Ty of no 
more than 10 min as measured , e . g . , by pulse chase and as 
described in the Examples . 
10013 ] . In certain embodiments , the anti - CD73 antibodies , 
or antigen binding portions thereof , bind within the regions 
FTKVOQIRRAEPNVLLLDA ( SEO ID NO : 96 ) and / or 
LYLPYKVLPVGDEVVG ( SEQ ID NO : 97 ) of human 
CD73 , e . g . , wherein the epitope spans or overlaps with 
FTKVOOIRRAEPNVLLLDA ( SEO ID NO : 96 and / or 
LYLPYKVLPVGDEVVG ( SEQ ID NO : 97 ) of human 
CD73 . 
[ 0014 ] 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 FTKVQQIRRAEPNV 
LLLDA ( 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 . 
[ 0015 ] 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 35 , e . g . , SEQ 
ID NOs : 4 and 8 ; SEQ ID NOs : 4 and 12 , SEQ ID NOs : 16 
and 20 ; SEQ ID NO : 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 : SEO ID NOs : 52 and 56 ; SEO 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 : 
[ 0016 ] ( a ) heavy chain CDR1 , CDR2 , and CDR3 
sequences comprising SEQ ID NOs : 5 , 6 , and 7 , respec 
tively , and / or light chain CDR1 , CDR2 , and CDR3 
sequences comprising SEQ ID NOs : 9 , 10 , and 11 , respec 
tively ; 
[ 0017 ] ( b ) heavy chain CDR1 , CDR2 , and CDR3 
sequences comprising SEQ ID NOs : 5 , 6 , and 7 , respec 
tively , and / or light chain CDR1 , CDR2 , and CDR3 
sequences comprising SEQ ID NOs : 13 , 14 , and 15 , respec 
tively ; 

SUMMARY 
[ 0006 ] Provided herein are isolated antibodies , such as 
monoclonal antibodies ( antigen binding portions thereof ) , in 
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[ 0018 ] ( c ) heavy chain CDR1 , CDR2 , and CDR3 
sequences comprising SEQ ID NOs : 17 , 18 , and 19 , respec 
tively , and / or light chain CDR1 , CDR2 , and CDR3 
sequences comprising SEQ ID NOs : 21 , 22 , and 23 , respec 
tively ; 
[ 0019 ] ( d ) heavy chain CDR1 , CDR2 , and CDR3 
sequences comprising SEQ ID NOs : 17 , 18 , and 19 , respec 
tively , and / or light chain CDR1 , CDR2 , and CDR3 
sequences comprising SEQ ID NOs : 25 , 26 , and 27 , respec 
tively ; 
[ 0020 ] ( e ) heavy chain CDR1 , CDR2 , and CDR3 
sequences comprising SEQ ID NOs : 17 , 18 , and 19 , respec 
tively , and / or light chain CDR1 , CDR2 , and CDR3 
sequences comprising SEQ ID NOs : 29 , 30 , and 31 , respec 
tively ; 
[ 0021 ] ( f ) heavy chain CDR1 , CDR2 , and CDR3 
sequences comprising SEQ ID NOs : 33 , 34 , and 35 , respec 
tively , and / or light chain CDR1 , CDR2 , and CDR3 
sequences comprising SEQ ID NOs : 37 , 38 , and 39 , respec 
tively ; 
[ 0022 ] ( g ) heavy chain CDR1 , CDR2 , and CDR3 
sequences comprising SEQ ID NOs : 41 , 42 , and 43 , respec 
tively , and / or light chain CDR1 , CDR2 , and CDR3 
sequences comprising SEQ ID NOs : 45 , 46 , and 47 , respec 
tively ; 
[ 0023 ] ( h ) heavy chain CDR1 , CDR2 , and CDR3 
sequences comprising SEQ ID NOs : 41 , 42 , and 43 , respec 
tively , and / or light chain CDR1 , CDR2 , and CDR3 
sequences comprising SEQ ID NOs : 49 , 50 , and 51 , respec 
tively ; 
[ 0024 ] ( i ) heavy chain CDR1 , CDR2 , and CDR3 
sequences comprising SEQ ID NOs : 53 , 54 , and 55 , respec 
tively , and / or light chain CDR1 , CDR2 , and CDR3 
sequences comprising SEQ ID NOs : 57 , 58 , and 59 , respec 
tively ; 
[ 0025 ] ( i ) heavy chain CDR1 , CDR2 , and CDR3 
sequences comprising SEQ ID NOs : 61 , 62 , and 63 , respec 
tively , and / or light chain CDR1 , CDR2 , and CDR3 
sequences comprising SEQ ID NOs : 65 , 66 , and 67 , respec 
tively ; 
[ 0026 ] ( k ) heavy chain CDR1 , CDR2 , and CDR3 
sequences comprising SEQ ID NOs : 69 , 70 , and 71 , respec 
tively , and / or light chain CDR1 , CDR2 , and CDR3 
sequences comprising SEQ ID NOs : 73 , 74 , and 75 , respec 
tively ; 
[ 0027 ] ( 1 ) heavy chain CDR1 , CDR2 , and CDR3 
sequences comprising SEQ ID NOs : 69 , 70 , and 71 , respec 
tively , and / or light chain CDR1 , CDR2 , and CDR3 
sequences comprising SEQ ID NOs : 77 , 78 , and 79 , respec 
tively ; 
[ 0028 ] ( m ) heavy chain CDR1 , CDR2 , and CDR3 
sequences comprising SEQ ID NOs : 81 , 82 , and 83 , respec 
tively , and / or light chain CDR1 , CDR2 , and CDR3 
sequences comprising SEQ ID NOs : 85 , 86 , and 87 , respec 
tively ; or 
[ 0029 ] ( n ) heavy chain CDR1 , CDR2 , and CDR3 
sequences comprising SEQ ID NOs : 89 , 90 , and 91 , respec 
tively , and / or light chain CDR1 , CDR2 , and CDR3 
sequences comprising SEQ ID NOs : 93 , 94 , and 95 , respec 
tively . 
[ 0030 ] 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 . 
[ 0031 ] 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 . 
[ 0032 ] 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 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 . 
10033 ] 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 ; SED ID NOs : 52 and 56 ; SEQ ID 
NOs : 60 and 64 ; SEO ID NOs : 68 and 72 ; SEO ID NOs : 68 
and 76 ; SEQ ID NOs : 80 and 84 ; SEQ ID NOs : 88 and 92 ; 
SEO ID NO : 170 and any one of SEO 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 . 
[ 0034 ] In certain embodiments , the anti - CD73 antibodies , 
or antigen binding portions thereof , comprise heavy and 
light chain variable regions selected from the group con 
sisting of : SEQ ID NOs : 135 and 8 ; SEO 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 ; 
SEO ID NOs : 68 and 76 ; SEO ID NOs : 80 and 84 ; SEO 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 . 
[ 0035 ] 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 . 
[ 0036 ] Provided herein are anti - CD73 antibodies , or anti 
gen 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 NOs : 103 and 104 ; SEQ ID NOs : 103 and 
105 ; SEQ ID NO : 103 and 106 ; SEQ ID NOs : 107 and 108 ; 
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( SEQ ID NO : 128 ) 
GQPREPQVYTLPPSREEMT KNQVSLTCLVKGFYPSDIAVEWESNGQPENN 

YKTTPPVLDSDGSFFLYSKLTVDKSRWOOGNVFSCSVMHEALHNHYTOKS 

LSLSPGK . 

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 ; SEO 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 NO : 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 . 
[ 0037 ] 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 . 
[ 0038 ] In certain embodiments , the anti - CD73 antibodies , 
or antigen - binding portions thereof , are IgG1 , IgG2 , IgG3 , 
or IgG4 antibodies , or variants thereof . In certain embodi 
ments , 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 ) . 

[ 0039 ] 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 
CH1 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 . , 
IgG1 , 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 CH1 , CH2 , and 
CH3 domains is not of an IgG2 isotype . In certain embodi 
ments , CH1 is a human IgG2 CH1 domain , e . g . , having the 
amino acid sequence ASTKGPSVFPLAPCSRSTSES 
TAALGCLVKDYFPEPVTVSWNSGALTSGVHTFPAV 
LOSS GLYSLSSVVTVPSSNFGTQTYTCNVDHKPSNT 
KVDKTV ( 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 
ERKSCVECPPCPAPPVAG ( SEQ ID NO : 123 ) . The modi 
fied constant region may include a human IgG1 CH2 domain 
which reduces or eliminates effector functions , e . g . , a human 
IgG1 CH2 domain having amino acid substitutions A330S 
and P331S , relative to a wildtype human IgG1 CH2 domain 
( SEQ ID NO : 137 ) , e . g . , a human IgG1 CH2 domain 
comprises the amino acid sequence 

[ 0040 ] 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 CH1 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 . 
[ 0041 ] 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 . 
0042 ] 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 CH1 domain . The heavy chain constant region may be 
IgG2CS - IgG1 . 1f ( SEQ ID NO : 169 ) or IgG2CS - IgGif 
( SEQ ID NO : 165 ) , wherein “ CS ” refers to “ C219S . ” 
[ 0043 Provided herein are bispecific molecules compris 
ing 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 . 
[ 0044 ] 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 trans 
formed with the expression vectors . 
[ 0045 ] Compositions and kits comprising anti - CD73 anti 
bodies , or antigen binding portions thereof , are also pro 
vided . 
[ 0046 ] Provided herein is a method of preparing anti 
CD73 antibodies , comprising expressing an anti - CD73 anti 
body disclosed herein in a cell and isolating the antibody 
from the cell . 
[ 0047 ] Methods of using the anti - CD73 antibodies dis 
closed 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 - spe 
cific 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 blad 
der 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 . 
[ 0048 ] In certain embodiments , the methods described 
herein further comprise administering one or more addi 
tional therapeutics , e . g . , a therapeutic that stimulates the 
immune system , e . g . , a PD - 1 antagonist , a CTLA - 4 antago 

( SEO ID NO : 125 ) 
PSVFLFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVKFNWYVDGVEVHNA 

KTKPREEQYNSTYRVVSVLTVLHODWLNGKEYKCKVSNKALPSSIEKTIS 

KAK . 

The modified constant region may include a wildtype human 
IgG1 CH3 domain , e . g . , having the amino acid sequence 
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nist , a LAG - 3 antagonist , a GITR antagonist , and / or an 
anti - CD39 antibody , an anti - A2AR antibody , or chemical 
inhibitor of A2AR . 
[ 0049 Other features and advantages of the instant dis 
closure will be apparent from the following detailed descrip 
tion and examples , which should not be construed as lim 
iting . 

BRIEF DESCRIPTION OF THE DRAWINGS 
[ 0050 ] FIG . 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 mono 
clonal antibody . The CDR1 ( SER 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 . 
[ 0051 ] FIG . 1B 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 . 
[ 0052 ] FIG . 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 mono 
clonal 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 . 
[ 0053 ] FIG . 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 mono 
clonal 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 . 
[ 0054 ] FIG . 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 mono 
clonal 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 . 
[ 0055 ] FIG . 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 monoclo 
nal 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 . 
[ 0056 ] FIG . 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 mono 
clonal 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 . 
[ 0057 ] FIG . 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 monoclo 
nal 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 . 
[ 0058 ] FIG . 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 . 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 . 
100591 . FIG . 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 . 
10060 ] FIG . 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 . 
[ 0061 ] FIG . 6B shows the nucleotide sequence ( SEQ ID 
NO : 144 ) and amino acid sequence ( SEO 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 . 
[ 0062 ] FIG . 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 . 
[ 0063 ] FIG . 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 . 
[ 0064 ] FIG . 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 . 
[ 0065 ] FIG . 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 . 
[ 0066 ] FIG . 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 mono 
clonal 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 . 
0067 ] FIG . 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 ( SEO ID NO : 
46 ) and CDR3 ( SEQ ID NO : 47 ) regions are delineated and 
the V , D and J germline derivations are indicated . 
[ 0068 ] FIG . 10A shows the nucleotide sequence ( SEQ ID 
NO : 148 ) and amino acid sequence ( SEO ID NO : 40 ) of the 
heavy chain variable region of the 10D2 - 2 human mono 
clonal 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 . 
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[ 0069 ] FIG . 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 . 
[ 0070 ] FIG . 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 mono 
clonal 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 . 
10071 ] FIG . 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 . 
[ 0072 ] FIG . 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 mono 
clonal 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 I germline derivations are 
indicated . 
10073 ] FIG . 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 . 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 . 
[ 0074 ] FIG . 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 . 
100751 . FIG . 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 . 
[ 00761 FIG . 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 . 
10077 ] FIG . 14B shows the nucleotide sequence ( SEO 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 . 
[ 0078 ] FIG . 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 . 
[ 0079 ] FIG . 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 delin 
eated and the V , D and J germline derivations are indicated . 
[ 0080 ] FIG . 16A shows the nucleotide sequence ( SEQ ID 
NO : 158 ) and amino acid sequence ( SEO ID NO : 80 ) of the 
heavy chain variable region of the 6E11 - 1 human monoclo 
nal antibody . The CDR1 ( SEQ ID NO : 81 ) , CDR2 ( SEQ ID 
NO : 82 ) and CDR3 ( SEO ID NO : 83 ) regions are delineated 
and the V , D and J germline derivations are indicated . 
[ 0081 ] FIG . 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 . 
[ 0082 ] FIG . 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 mono 
clonal 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 . 
[ 0083 ] FIG . 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 . 
[ 0084 ] FIG . 18 shows the amino acid sequence ( SEQ ID 
NO : 189 ) of the heavy chain of anti - CD73 antibody CD73 . 
4 - IgG2CS - IgG1 . 1f , and its variable region , CDRs 1 , 2 and 
3 , CH1 , Hinge , CH2 and CH3 domains . 
100851 FIG . 19 shows SPR sensorgram data for the bind 
ing 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 - IgG1 . 1f captured on an immobilized protein A 
surface at 25° C . 
[ 0086 ] FIGS . 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 Calub 
cells ( human pulmonary adenocarcinoma cell line ) . 
[ 0087 ] FIGS . 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 ) . 
10088 ] FIGS . 2001 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 . 
[ 0089 ] FIGS . 2001 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 . 
[ 0090 ] FIG . 20E shows the binding of the indicated anti 
bodies to T cells from donors D1 and D2 . 
[ 0091 ] FIG . 20F shows the binding of the indicated anti 
bodies to T cells from donors D1 and D2 . 
[ 0092 ] FIGS . 21A1 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 . 
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[ 0093 ] FIGS . 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 . 
10094 ) FIGS . 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 enzy 
matic activity in these cells . 
[ 0095 ] FIGS . 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 . 
[ 0096 ] FIG . 22C shows EC50 and Ymax values of inhi 
bition of endogenous CD73 activity by 11F11 and 11F11 
F ( ab ' ) , fragments , as determined in cAMP assay using 
Calu - 6 and HEK / A2R cells . FIG . 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 . 
[ 0097 ] FIG . 22D shows a time course of adenosine pro 
duction 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 . 
[ 0098 ] FIG . 23A shows the kinetics of antibody mediated 
internalization of CD73 by the following antibodies : 11F11 , 
4C3 , 6D11 , CD73 . 3 - IgG1 . 1f with the 4C3Vk1 light chain 
( “ 3 - Vh - hHC - IgG1 . 1f / 4C3Vk1 " ) , CD73 . 4 - IgG2CS with the 
11F11 Vk2 light chain ( “ 4 - Vh - hHC - IgG2 - C219S / 11F11 
Vk2 " ) , CD73 . 10 - 1gG2CS ( “ CD73 . 10 - Vh - hHC - IgG2 
C219S ” ) , CD73 . 10 - IgG2CS - IgG1 . 1f ( " CD73 . 10 - Vh - hHC 
IgG2 - C219S - IgG1 . 18 ' ) , and CD73 . 10 - IgG1 . 1f ( “ CD73 . 10 
Vh - hHC - IgG1 . 18 " ) antibodies in H2228 cells . The 11F11 
( which is of an IgG2 isotype ) , CD73 . 4 - IgG2CS , CD73 . 10 
IgG2CS and CD73 . 10 - IgG2CS - IgG1 . 1f antibodies are inter 
nalized faster and to a higher degree than the other tested 
antibodies , which are of an IgG1 isotype . 
[ 0099 ] FIG . 23B shows the kinetics of antibody mediated 
CD73 internalization of the same antibodies as those shown 
in FIG . 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 ) . 
[ 0100 ] FIG . 23C shows the kinetics of antibody mediated 
CD73 internalization of the same antibodies as those shown 
in FIGS . 23A and 23B , as well as CD73 . 11 - IgG2CS ( “ 11 
Vh - hVC - IgG2 - C2198 ” ) , in Calu6 cells , showing similar 
results to those obtained in H2228 and HCC15 cells . 
[ 0101 ] FIG . 23D shows the kinetics of antibody mediated 
CD73 internalization of the same antibodies as those shown 
in FIG . 23C in NCI - 2030 cells ( non - small cell lung carci 
noma cell line ) , showing similar results to those obtained in 
H2228 , HCC15 , and Calu6 cells . 
10102 ] FIG . 23E shows the kinetics of antibody mediated 
CD73 internalization of the indicated antibodies in Calu . 
cells , as measured by flow cytometry . 
[ 0103 ] FIG . 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 anti 
bodies were not washed out after the first incubation of the 
cells with the antibodies . 

[ 0104 ] FIG . 23G shows the percentage of CD73 internal 
ized in Calu6 cells treated with the indicated antibodies , 
showing antibody mediated CD73 internalization of the 
indicated antibodies in Calu6 cells over time . 
[ 0105 ] FIG . 23H shows the percentage of CD73 internal 
ized 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 . 
[ 0106 ] FIG . 231 shows the percentage of CD73 internal 
ized 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 . 
[ 0107 ] FIG . 23J shows the percentage of CD73 internal 
ized in NCI - H1437 cells ( non - small cell lung carcinoma cell 
line ) treated with the indicated antibodies over time , show 
ing antibody mediated CD73 internalization of the indicated 
antibodies in NCI - H1437 cells over time . 
[ 0108 ] . FIG . 23K shows the percentage of CD73 internal 
ized in Calu6 cells treated with the indicated antibodies over 
time , showing antibody mediated CD73 internalization of 
the indicated antibodies in Calub cells over time . 
[ 0109 ] FIG . 23L shows the percentage of CD73 internal 
ized 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 . 
[ 0110 ) FIG . 23M shows the level of CD73 on the surface 
of Calu6 cells treated with 5 ug / ml of the indicated anti 
bodies for 0 , 5 , 15 or 30 minutes . 
[ 0111 ] FIG . 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 . 
10112 ] FIG . 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 FIG . 24A , indicating in 
vivo inhibition of CD73 enzymatic activity by CD73 . 10 
IgG2CS - IgG1 . 1f as early as 1 day after the start of the 
treatment . 
[ 0113 ] FIG . 24C shows xenograft tumor sections from 
animals harvested 2 days after treatment of the animals with 
CD73 . 10 - IgG2CS - IgG1 . 1f and stained for CD73 enzymatic 
activity . The sections show significantly less brown color 
relative to the control tumor sections shown in FIG . 24A and 
relative to the tumor sections after 1 day of treatment of the 
animals with CD73 . 10 - IgG2CS - IgG1 . 1f , indicating in vivo 
inhibition of CD73 enzymatic activity by CD73 . 10 - IgG2CS 
IgG1 . 1f at least 2 days after the start of the treatment . 
[ 0114 ] FIG . 24D shows xenograft tumor sections from 
animals harvested 3 days after treatment of the animals with 
CD73 . 10 - IgG2CS - IgG1 . 1f and stained for CD73 enzymatic 
activity . The sections show significantly less brown color 
relative to the control tumor sections shown in FIG . 24A , 
indicating in vivo inhibition of CD73 enzymatic activity by 
CD73 . 10 - IgG2CS - IgG1 . 1f at least 3 days after the start of 
the treatment . 
[ 0115 ] FIG . 24E shows xenograft tumor sections from 
animals harvested 7 days after treatment of the animals with 
CD73 . 10 - IgG2CS - IgG1 . 1f and stained for CD73 enzymatic 
activity . The sections show significantly less brown color 
relative to the control tumor sections shown in FIG . 24A , 
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indicating in vivo inhibition of CD73 enzymatic activity by 
CD73 . 10 - IgG2CS - IgG1 . 1f at least 7 days after the start of 
the treatment . 
[ 0116 ] FIG . 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 - IgG1 . 1f , 
showing that the anti - CD73 antibody efficiently reduces 
CD73 enzymatic activity in the tumors of the xenograft 
mice . 
[ 0117 ] FIG . 25A shows levels of mouse CD73 enzymatic 
activity in control tumor sections from Balb / c mice bearing 
syngeneic 4T1 tumors and control migG . 
[ 0118 ] FIG . 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 . 
[ 0119 ] FIG . 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 . 
[ 0120 ] FIG . 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 . 
[ 0121 ] FIG . 27A shows the amino acid sequence ( SEQ ID 
NO : 283 ) of human CD73 and the regions of interaction with 
CD73 . 4 - IgG2CS - IgG1 . 1f , which are represented in a darker 
grey . The stronger the interaction , the darker the grey . 
[ 0122 ] FIG . 27B shows a model of the interaction between 
a dimeric human CD73 protein and CD73 . 4 - IgG2CS - IgG1 . 

[ 0134 ] FIG . 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 ) . 
[ 0135 ] FIG . 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 . 
10136 ] FIG . 32B shows an expansion of the chromatogram 
data from 11 - 19 . 5 min of the chromatogram of FIG . 32A , 
with 4 distinct elution species indicated . 
[ 0137 ] FIG . 32C shows the percentage of the UV chro 
matogram signal area for peak 2 of FIG . 32B , plotted for the 
16 different antibody / CD73 - his complexes . Data is sorted 
from left to right in order of increasing peak area . 
10138 ] FIG . 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 : 
Feyr binding stoichiometry . The bars for each antibody are 
shown in the order provided by the color legends at the 
bottom of the slide . 
[ 0139 ] FIG . 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 . 
[ 0140 ] FIG . 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 . 

1f . 
[ 0123 ] FIG . 28A shows a crystallographic model of the 
interaction between human CD73 and 11F11 Fab ' fragment . 
[ 0124 ] FIG . 28B shows a model of a composite structure 
of two human CD73 complexes with 11F11 . 
[ 0125 ) FIG . 28C shows a model of the interaction between 
human CD73 and 11F11 antibody . 
[ 0126 ] FIG . 28D shows a model of the interaction between 
11F11 and human CD73 . 
0127 ] FIG . 29 A shows SEC - MALS data for human CD73 
and antibody complexes . “ CD73 . 4 - hybrid ” refers to CD73 . 
4 - IgG2CS - IgG1 . 1f . 
[ 0128 ] FIG . 29B shows DLS data for human CD73 and 
antibody complexes . 
[ 0129 ] FIG . 30A shows SEC chromatogram data for com 
plexes of hCD73 - his with the CD73 . 4 antibody containing 
different constant regions , showing the effect of an IgG2 
hinge and CH1 domain on the size of antibody / antigen 
complexes . 
[ 0130 ] FIG . 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 
CH1 domain on the size of antibody / antigen complexes . 
[ 0131 ] FIG . 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 
CH1 domain on the size of antibody / antigen complexes . 
[ 0132 ] FIG . 30D shows a schematic model of the hCD73 
his / mAb complexes derived from the MALS - determined 
masses in FIG . 30C . 
[ 0133 ] FIG . 30E shows that higher order complexes are 
impacted by the CH1 region . The histograms show the % 
area under peaks 1 and 2 , shown in the graph , for each 
construct . 

DETAILED DESCRIPTION 
10141 ] Described herein are isolated antibodies , particu 
larly monoclonal antibodies , e . g . , human monocloncal anti 
bodies , which specifically bind to CD73 and thereby reduce 
CD73 activity ( " antagonist anti - CD73 antibodies ” ) . In cer 
tain 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 bispe 
cific molecules comprising such antibodies , and pharmaceu 
tical 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 
[ 0142 ] 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 . 
10143 ] The term “ Cluster of Differentiation 73 ” or 
" CD73 ” as used herein refers to an enzyme ( nucleotidase ) 
capable of converting extracellular nucleoside 5 ' monophos 
phates to nucleosides , namely adenosine monophosphate 
( AMP ) to adenosine . CD73 is usually found as a dimer 
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anchored to the cell membrane through a glycosylphospha - 
tidylinositol ( 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 mol 
ecule . Thus , ecto - 5 ' - nucleotidase catalyzes the dephospho 
rylation of purine and pyrimidine ribo - and deoxyribonul 
ceoside monophosphates to the corresponding nucleoside . 
Although CD73 has broad substrate specificity , it prefers 
purine ribonucleosides . 
[ 0144 ] 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 , antibodies described herein may cross - react 
with CD73 from species other than human ( e . g . , cynomol 
gus 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 . 
[ 0145 ] Two isoforms of human CD73 have been identi 
fied , both of which share the same N - terminal and C - termi 
nal 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 . 
10146 ] 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 . 
[ 0147 ] 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 Vy ) 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 , CH1 , CH2 and CH3 . 
In certain naturally occurring antibodies , each light chain is 
comprised of a light chain variable region ( abbreviated 
herein as V ) and a light chain constant region . The light 
chain constant region is comprised of one domain , CL . The 
Vh and V? 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 V and V . 
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 immuno 
globulin to host tissues or factors , including various cells of 
the immune system ( e . g . , effector cells ) and the first com 
ponent ( Clq ) of the classical complement system . 

[ 0148 ] 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 . 
[ 0149 ] Antibodies typically bind specifically to their cog 
nate antigen with high affinity , reflected by a dissociation 
constant ( K ) ) of 10 to 10 - 11 M or less . Any K , greater than 
about 10 - Mis generally considered to indicate nonspecific 
binding . As used herein , an antibody that “ binds specifi 
cally ” to an antigen refers to an antibody that binds to the 
antigen and substantially identical antigens with high affin 
ity , which means having a K , of 10 ' M or less , preferably 
10 - 8 M or less , even more preferably 5x10 - 9 M or less , and 
most preferably between 10 - 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 . 
[ 0150 ] An immunoglobulin may be from any of the com 
monly known isotypes , including but not limited to IgA , 
secretory IgA , IgG and IgM . The IgG isotype is divided in 
subclasses in certain species : IgG1 , IgG2 , IgG3 and IgG4 in 
humans , and IgG1 , IgG2a , IgG2b and IgG3 in mice . In 
certain embodiments , the anti - CD73 antibodies described 
herein are of the human IgG1 or IgG2 subtype . Immuno 
globulins , e . g . , human IgG1 , 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 ; monoclo 
nal and polyclonal antibodies ; chimeric and humanized 
antibodies ; human and nonhuman antibodies ; wholly syn 
thetic antibodies ; and single chain antibodies . 
[ 0151 ] 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 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 V , VH , CL and CH1 domains ; 
( ii ) a F ( ab ' ) , 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 CH1 
domains ; ( iv ) a Fv fragment consisting of the V , and V , 
domains of a single arm of an antibody , ( v ) a dAb fragment 
( Ward et al . , ( 1989 ) Nature 341 : 544 - 546 ) , which consists of 
a Vu domain ; and ( vi ) an isolated complementarity deter 
mining region ( CDR ) or ( vii ) a combination of two or more 
isolated CDRs which may optionally be joined by a syn 
thetic linker . Furthermore , although the two domains of the 
Fv fragment , V? and VH , are coded for by separate genes , 
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they can be joined , using recombinant methods , by a syn 
thetic linker that enables them to be made as a single protein 
chain in which the V , and Vy regions pair to form mon 
ovalent 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 anti 
bodies . Antigen - binding portions can be produced by recom 
binant DNA techniques , or by enzymatic or chemical cleav 
age of intact immunoglobulins . 
[ 0152 ] 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 . , Song 
sivilai & Lachmann , Clin . Exp . Immunol . 79 : 315 - 321 
( 1990 ) ; Kostelny et al . , J . Immunol . 148 , 1547 - 1553 ( 1992 ) . 
[ 0153 ] The term “ monoclonal antibody , " as used herein , 
refers to an antibody that displays a single binding speci 
ficity 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 . Accordingly , the term “ human monoclonal anti 
body ” 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 . 
[ 0154 ] 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 immuno 
globulin 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 iso 
lated 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 iden 
tical or similar ( i . e . , have at least 80 % identity ) . 
[ 0155 ] A " human ” antibody ( HuMAb ) refers to an anti 
body having variable regions in which both the framework 
and CDR regions are derived from human germline immu 
noglobulin 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 . , mutations introduced by random or site - specific muta 
genesis 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 . 
[ 0156 ] 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 corre 
sponding amino acids derived from human immunoglobu 
lins . In one embodiment of a humanized form of an anti 
body , 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 modifica 
tions 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 speci 
ficity similar to that of the original antibody . 
[ 0157 ] 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 . 

[ 0158 ] A “ modified heavy chain constant region ” refers to 
a heavy chain constant region comprising the constant 
domains CH1 , hinge , CH2 , and CH3 , wherein one or more 
of the constant domains are from a different isotype ( e . g . 
IgG1 , IgG2 , IgG3 , IgG4 ) . In certain embodiments , the 
modified constant region includes a human IgG2 CH1 
domain and a human IgG2 hinge fused to a human IgG1 
CH2 domain and a human IgG1 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 . 
[ 0159 ] 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 hav 
ing the variable regions of CD73 . 3 or CD73 . 4 , respectively , 
with any constant region described herein . 
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[ 0160 ] As used herein , " isotype ” refers to the antibody 
class ( e . g . , IgG1 , IgG2 , IgG3 , IgG4 , IgM , IgA1 , IgA2 , IgD , 
and IgE antibody ) that is encoded by the heavy chain 
constant region genes . 
[ 0161 ] “ 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 . 
[ 0162 ] 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 Immu 
nological Interest , Fifth Edition , U . S . Department of Health 
and Human Services , NIH Publication No . 91 - 3242 ) . 
[ 0163 ] The phrases " an antibody recognizing an antigen ” 
and " an antibody specific for an antigen " are used inter 
changeably herein with the term “ an antibody which binds 
specifically to an antigen . ” 
[ 0164 ) 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 substan 

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 ) . 
[ 0168 ] 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 , includ 
ing allelic variants and alternatively spliced forms of these 
receptors . The Fcyr family consists of three activating 
( FcYRI , FcyRIII , and FcyRIV in mice ; FcYRIA , FYRIIA , 
and FcyRIIIA in humans ) and one inhibitory ( FcyRIIB ) 
receptor . Various properties of human FcyRs are summa 
rized 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 IgG1 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 

Allelic 
variants 

Affinity for 
human IgG Foy Isotype preference Cellular distribution 

FcyRI None 
described 

High ( K ) - 10 
nM ) 

FcyRIIA H131 
R131 

Low to medium 
Low 

FcyRIIIA V158 
F158 

IgG1 = 3 > 4 > > 2 Monocytes , macrophages , 
activated neutrophils , dentritic 
cells ? 

IgG1 > 3 > 2 > 4 Neutrophils , monocytes , 
IgG1 > 3 > 4 > 2 macrophages , eosinophils , 

dentritic cells , platelets 
IgG1 = 3 > > 4 > 2 NK cells , monocytes , 
IgG1 = 3 > > 4 > 2 macrophages , mast cells , 

eosinophils , dentritic cells ? 
IgG1 = 3 = 4 > 2 B cells , monocytes , 
IgG1 = 3 = 4 > 2 macrophages , dentritic cells , 

mast cells 

Medium 
Low 

FCyRIIB 1232 
T232 

Low 
Low 

tially 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 . 
[ 0165 ] As used herein , an antibody that " inhibits CD73 ” 
refers to an antibody that inhibits a biological and / or enzy 
matic function of CD73 . These functions include , for 
example , the ability of an antibody to inhibit CD73 enzy 
matic activity , e . g . , CD73 - regulated production of adenosine 
or reduction of cAMP production . 
0166 ] 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 T1 / 2 equal to about 10 min or 
less . 
[ 0167 ] 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 " effec 
tor 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 

[ 0169 ] A " hinge ” , “ hinge domain ” or “ hinge region ” or 
" antibody hinge region ” refers to the domain of a heavy 
chain constant region that joins the CH1 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 pro 
vides 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 IgG1 , IgG2 , IgG3 and IgG4 hinges are show in 
Tables 2 and 31 . 

TABLE 2 

Hinge region amino acids 

C - termi - Upper 
nal CH1 * Hinge 
( SEQ ID ( SEQ ID 
NO ) NO ) 

Lower 
Hinge 

Middle Hinge ( SEQ ID 
( SEQ ID NO ) NO ) Ig Type 

Iggi EPKSCDK VDKRV 
( 284 ) 

????? 
( 290 ) 

APELLGG 
( 298 ) THT 

( 286 ) 
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TABLE 2 - continued 
Hinge region amino acids 

C - termi - Upper 
nal CH1 * Hinge 
( SEQ ID ( SEQ ID 
NO ) NO ) 

Lower 
Hinge 

Middle Hinge ( SEQ ID 
( SEQ ID NO ) NO ) Ig Type 

IgG2 ERK VDKTV 
( 285 ) 

CCVECPPCP 
( 291 ) 

APPVAG 
( 299 ) 

IgG3 
( 17 - 15 
15 - 15 ) 

VDKRV 
( 284 ) 

ELKTPLG 
DTTHT 
( 287 ) 

APELLGG 
( 298 ) 

CPRCP 
( EPKSCDTP 
PPCPRCP ) 3 
( 292 ) 

IgG3 
( 17 - 15 
15 ) 

VDKRV 
( 284 ) 

ELKTPLG 
DTTHT 
( 287 ) 

APELLGG 
( 298 ) 

CPRCP 
( EPKSCDTP 
PPCPRCP ) 2 
( 293 ) 

IgG3 
( 17 - 15 ) 

VDKRV 
( 284 ) 

ELKTPLG 
DTTHT 
( 287 ) 

APELLGG 
( 298 ) 

CPRCP 
( EPKSCDTP 
PPCPRCP ) 1 
( 294 ) 

IgG3 
( 15 - 15 
15 ) 

VDKRV 
( 284 ) 

EPKS 
( 288 ) 

APELLGG 
( 298 ) 

CDTPPPCPRCP 
( EPKSCDTPPP 
CPRCP ) , 
( 295 ) 

IgG3 
( 15 ) 

VDKRV 
( 284 ) 

EPKS 
( 288 ) 

CDTPPPCPRCP 
( 296 ) 

APELLGG 
( 298 ) 

IgG4 VDKRV 
( 284 ) 

ESKYGPP 
( 289 ) 

CPSCP 
( 297 ) 

APEFLGG 
( 298 ) 

SEQ ID NO : 98 for IgG1 and SEQ ID NO : 124 for IgG2 ) , 
as well as variants thereof ( e . g . , non - naturally - occurring 
CH1 domains or modified CH1 domains ) . For example , the 
term “ CH1 domain ” includes wildtype CH1 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 CH1 domains include CH1 
domains with mutations that modify a biological activity of 
an antibody , such as ADCC , CDC or half - life . Modifications 
to the CH1 domain that affect a biological activity of an 
antibody are provided herein . A CH1 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 
CH1 , to adopt the B form , as opposed to the A form of the 
antibody . 
[ 0172 ] 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 IgG1 ; 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 . Exem 
plary 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 . 
[ 0173 ] 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 . Exem 
plary 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 . 
0174 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 . 
[ 0175 ] 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 IgG1 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 occur 
ring variants thereof . Native sequence Fc includes the vari 
ous allotypes of Fcs ( see , e . g . , Jefferis et al . ( 2009 ) mAbs 
1 : 1 ) . 

[ 0170 ] 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 substi 
tution , which alone , or together with one or more substitu 
tions 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 / IgG1 hinge , and may comprise , e . g . , 
the upper and middle hinges of IgG2 and the lower hinge of 
IgG1 . A hinge may have effector function or be deprived of 
effector function . For example , the lower hinge of wildtype 
IgG1 provides effector function . 
* C - terminal amino acid sequences of the CH1 domains . 
[ 0171 ] The term “ CH1 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 CH1 
domain starts at A118 and ends at V215 . The term “ CH1 
domain ” includes wildtype CH1 domains ( such as having 




















































































































































































































































