
2 

Numerous studies of murine and human T cells indicate that CD137 promotes enhanced 

cellular proliferation, survival, and cytokine production (Croft, 2009, Nat Rev Immunol 9:271-

285). Studies have indicated that some CD137 agonist mAbs increase costimulatory molecule 

expression and markedly enhance cytolytic T lymphocyte responses, resulting in anti-tumor 

efficacy in various models. CD137 agonist mAbs have demonstrated efficacy in prophylactic and 5 

therapeutic settings. Further, CD137 monotherapy and combination therapy tumor models have 

established durable anti-tumor protective T cell memory responses (Lynch, 2008, Immunol Rev. 

22: 277-286). CD137 agonists also have been shown to inhibit autoimmune reactions in a variety of 

art-recognized autoimmunity models (Vinay, 2006, J Mol Med 84:726-736). This dual activity of 

CD137 offers the potential to provide anti-tumor activity while dampening autoimmune side effects 10 

that can be associated with immunotherapy approaches that break immune tolerance. 

There is a long-felt unmet need for antibodies that bind human CD137, increase a CD137-

mediated response, and thereby provide a potential therapeutics for treatment of various diseases 

and conditions, including cancer and autoimmune diseases.  Furthermore, a need exists for anti-

CD137 antibody that is cross-reactive among different species such as human and experimental 15 

animals (mouse, monkey, dog, etc.) to enable animal model studies and provide therapeutic 

candidates at the same time. 

SUMMARY 

It is an object of the disclosure to provide an isolated binding molecule that binds to human 20 

CD137, such as an antibody or a binding fragment thereof, or derivative thereof. It is another object 

of the disclosure to provide a composition comprising a binding molecule that binds to CD137. It is 

also an object of the present disclosure to provide methods for treating a disease and/or condition 

associated with or mediated by CD137 signaling by using one or more binding molecules of the 

disclosure. These and other objects of the disclosure are more fully described herein. 25 

Accordingly, in one example, provided herein is one or more antibodies (e.g., isolated 

antibodies), or one or more antigen-binding fragments thereof, that binds to an extracellular domain 

of human CD137, and which comprise one or more (e.g., 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, or all 10) of the 

following functional characteristics: (a) binds one or more amino acid residues within amino acid 30 

residues 34-108 of SEQ ID NO:1; (b) does not bind to one or more amino acid residues within 

amino acid residues 109-112, 125, 126, 135-138, 150 and 151 of SEQ ID NO:1; (c) binds to human 

CD137 with a KD of 100 nM or less; (d) has agonist activity on human CD137; (e) does not bind to 

human OX40, CD40, GITR and/or CD27 receptor at concentration up to 1000 nM; (f) is cross-

reactive with monkey, mouse, rat, and/or dog CD137; (g) does not induce ADCC effect; (h) is 35 
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capable of inhibiting tumor cell growth; (i) has therapeutic effect on a cancer; and/or (j)blocks 

binding between CD137 and CD137L.  

Accordingly, in one example, provided herein is an antibody (e.g., an isolated antibody), or 

antigen-binding fragment thereof, that binds to an extracellular domain of human CD137. In some 

examples, the antibody or antigen-binding fragment comprises a heavy chain variable region and a 5 

light chain variable region, wherein the heavy chain variable region comprises an HVR-H1, an 

HVR-H2, and an HVR-H3, wherein the HVR-H1 comprises an amino acid sequence according to a 

formula selected from the group consisting of: Formula (I): X1TFX2X3YX4IHWV (SEQ ID NO:2), 

wherein X1 is F or Y, X2 is S or T, X3 is G, N, or S, and X4 is A, G, or W; Formula (II): 

YSIX1SGX2X3WX4WI (SEQ ID NO:3), wherein X1 is S or T, X2 is H or Y, X3 is H or Y, and X4 10 

is A, D, G, N, S, or T; and Formula (III): FSLSTX1GVX2VX3WI (SEQ ID NO:4), wherein X1 is G 

or S, X2 is A or G, and X3 is A, G, S, or T; wherein the HVR-H2 comprises an amino acid 

sequence according to a formula selected from the group consisting of: Formula (IV): 

LALIDWX1X2DKX3YSX4SLKSRL (SEQ ID NO:5), wherein X1 is A, D, or Y, X2 is D or G, X3 

is R, S, or Y, and X4 is P or T; Formula (V): IGX1IYHSGX2TYYX3PSLKSRV (SEQ ID NO:6), 15 

wherein X1 is D or E, X2 is N or S, and X3 is N or S; and Formula (VI): 

VSX1ISGX2GX3X4TYYADSVKGRF (SEQ ID NO:7), wherein X1 is A, G, S, V, or Y, X2 is A, 

D, S, or Y, X3 is D, G, or S, and X4 is S or T; and wherein the HVR-H3 comprises an amino acid 

sequence according to Formula (VII): ARX1GX2X3X4VX5GDWFX6Y (SEQ ID NO:8), wherein 

X1 is E or G, X2 is E or S, X3 is D or T, X4 is A, T, or V, X5 is A, I, L, T, or V, and X6 is A, D, or 20 

G. 

In some examples, provided herein is an antibody (e.g., an isolated antibody), or antigen-

binding fragment thereof, that binds to an extracellular domain of human CD137 comprising a 

heavy chain variable region and a light chain variable region, wherein the heavy chain variable 

region comprises an HVR-H1, an HVR-H2, and an HVR-H3, wherein the HVR-H1 comprises an 25 

amino acid sequence according to a formula selected from the group consisting of: Formula (XII): 

X1TFSX2YWIHWV (SEQ ID NO:853), wherein X1 is F or Y, and X2 is N, or S; Formula (XIII): 

YSIX1SGX2X3WX4WI (SEQ ID NO:854), wherein X1 is S or T, X2 is H or Y, X3 is H or Y, and 

X4 is A, D, G, N, or S; and Formula (XIV): FSLSTX1GVX2VX3WI (SEQ ID NO:855), wherein 

X1 is G or S, X2 is A or G, and X3 is A, G, or S; wherein the HVR-H2 comprises an amino acid 30 

sequence according to a formula selected from the group consisting of: Formula (IV): 

LALIDWX1X2DKX3YSX4SLKSRL (SEQ ID NO:5), wherein X1 is A, D, or Y, X2 is D or G, X3 

is R, S, or Y, and X4 is P or T; and Formula (XV): VSX1ISGX2GX3X4TYYADSVKGRF (SEQ 

ID NO:856), wherein X1 is G, S, V, or Y, X2 is A, D, S, or Y, X3 is D, G, or S, and X4 is S or T; 

and wherein the HVR-H3 comprises an amino acid  35 
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sequence according to Formula (VII): ARX1GX2X3X4VX5GDWFX6Y (SEQ ID NO:8), wherein 

X1 is E or G, X2 is E or S, X3 is D or T, X4 is A, T, or V, X5 is A, I, L, T, or V, and X6 is A, D, or 

G. 

In another example, provided herein is an antibody (e.g., an isolated antibody), or antigen-

binding fragment thereof, that binds to an extracellular domain of human CD137. In some 5 

examples, the antibody or antigen-binding fragment comprises a heavy chain variable region and a 

light chain variable region, wherein the light chain variable region comprises an HVR-L1, an HVR-

L2, and an HVR-L3, wherein the HVR-L1 comprises an amino acid sequence according to Formula 

(VIII): X1ASQX2X3X4X5X6X7X8 (SEQ ID NO:9), wherein X1 is Q or R, X2 is D, G, or S, X3 is 

I or V, X4 is G, R, S, or T, X5 is P, R, S, or T, X6 is A, D, F, S, V, or Y, X7 is L or V, and X8 is A, 10 

G, or N; wherein the HVR-L2 comprises an amino acid sequence according to Formula (IX): 

X1ASX2X3X4X5GX6 (SEQ ID NO:10), wherein X1 is A or D, X2 is N, S, or T, X3 is L or R, X4 

is A, E, or Q, X5 is S or T, and X6 is I or V; and wherein the HVR-L3 comprises an amino acid 

sequence according to a formula selected from the group consisting of: Formula (X): 

YCQQX1YX2X3X4T (SEQ ID NO:11), wherein X1 is A, G, S, or Y, X2 is Q, S, or Y, X3 is I, L, 15 

T, or Y, and X4 is I, S, V, or W; and Formula (XI): YCX1QX2X3X4X5PX6T (SEQ ID NO:12), 

wherein X1 is E or Q, X2 is P, S, or Y, X3 is D, L, S, T, or Y, X4 is D, E, H, S, or T, X5 is D, L T, 

or W, and X6 is L, P, R, or V. 

In some examples, provided herein is an antibody (e.g., an isolated antibody), or antigen-

binding fragment thereof, that binds to an extracellular domain of human CD137 comprising a 20 

heavy chain variable region and a light chain variable region, wherein the light chain variable 

region comprises an HVR-L1, an HVR-L2, and an HVR-L3, wherein the HVR-L1 comprises an 

amino acid sequence according to Formula (XVI): X1ASQX2X3X4X5X6X7X8 (SEQ ID NO:857), 

wherein X1 is Q or R, X2 is D, G, or S, X3 is I or V, X4 is G, R, S, or T, X5 is P, R, S, or T, X6 is 

A, F, S, V, or Y, X7 is L or V, and X8 is A or G; wherein the HVR-L2 comprises an amino acid 25 

sequence according to Formula (XVII): X1ASX2X3X4X5GX6 (SEQ ID NO:858), wherein X1 is A 

or D, X2 is N or S, X3 is L or R, X4 is A, E, or Q, X5 is S or T, and X6 is I or V; and wherein the 

HVR-L3 comprises an amino acid sequence according to Formula (XVIII): YCQQX1YX2X3WT 

(SEQ ID NO:859), wherein X1 is A or G, X2 is S or Y, and X3 is I, L, or T. 

In another example, provided herein is an antibody (e.g., an isolated antibody), or antigen-30 

binding fragment thereof, that binds to an extracellular domain of human CD137. In some 

examples, the antibody or antigen-binding fragment comprises a heavy chain variable region and a 

light chain variable region, wherein the heavy chain variable region comprises the HVR-H1, HVR-

H2, and HVR-H3 of: VH1, VH2, VH3, VH4, VH5, VH6, VH7, VH8, VH9, VH10, VH11,  
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VH12, VH13, VH14, VH15, VH16, VH17, VH18, VH19, VH20, VH21, VH22, VH23, VH24, 

VH25, VH26, VH27, VH28, VH29, VH30, VH31, VH32, VH33, VH34, VH35, VH36, VH37, 

VH38, VH39, VH40, VH41, VH42, VH43, VH44, VH45, VH46, VH47, VH48, VH49, VH50, 

VH51, VH52, VH53, VH54, VH55, VH56, VH57, VH58, VH59, or VH60; and/or the light chain 

variable region comprises the HVR-L1, HVR-L2, and HVR-L3 of: VL1, VL2, VH3, VL4, VH5, 5 

VL6, VL7, VL8, VL9, VL10, VL11, VL12, VL13, VL14, VL15, VL16, VL17, VL18, VL19, 

VL20, VL21, VL22, VL23, VL24, VL25, VL26, VL27, VL28, VL29, VL30, VL31, VL32, VL33, 

VL34, VL35, VL36, VL37, VL38, VL39, VL40, VL41, VL42, VL43, VL44, VL45, VL46, VL47, 

VL48, VL49, VL50, VL51, VL52, VL53, VL54, VL55, VL56, VL57, VL58, VL59, or VL60 (as 

shown in Table 1c). In some examples, the antibody or antigen-binding fragment comprises a 10 

heavy chain variable region and a light chain variable region, wherein the heavy chain variable 

region and light chain variable region comprise the HVR-H1, HVR-H2, HVR-H3, HVR-L1, HVR-

L2, and HVR-L3 of: VH1 and VL1, VH2 and VL2, VH3 and VL3, VH4 and VL4, VH5 and VL5, 

VH6 and VL6, VH7 and VL7, VH8 and VL8, VH9 and VL9, VH10 and VL10, VH11 and VL11, 

VH12 and VL12, VH13 and VL13, VH14 and VL14, VH15 and VL15, VH16 and VL16,VH17 and 15 

VL17, VH18 and VL18, VH19 and VL19, VH20 and VL20, VH21 and VL21, VH22 and VL22, 

VH23 and VL23, VH24 and VL24, VH25 and VL25, VH26 and VL26, VH27 and VL27, VH28 

and VL28, VH29 and VL29, VH30 and VL30, VH31 and VL31, VH32 and VL32, VH33 and 

VL33, VH34 and VL34, VH35 and VL35, VH36 and VL36, VH37 and VL37, VH38 and VL38, 

VH39 and VL39, VH40 and VL40, VH41 and VL41, VH42 and VL42, VH43 and VL43, VH44 20 

and VL44, VH45 and VL45, VH46 and VL46, VH47 and VL47, VH48 and VL48, VH49 and 

VL49, VH50 and VL50, VH51 and VL51, VH52 and VL52, VH53 and VL53, VH54 and VL54, 

VH55 and VL55, VH56 and VL56, VH57 and VL57, VH58 and VL58, VH59 and VL59, or VH60 

and VL60 (as shown in Table 1c).  

In another example, provided herein is an antibody (e.g., an isolated antibody), or antigen-25 

binding fragment thereof, that binds to an extracellular domain of human CD137. In some 

examples, the antibody or antigen-binding fragment comprises a heavy chain variable region and a 

light chain variable region, wherein the heavy chain variable region comprises the heavy chain 

variable region of: VH1, VH2, VH3, VH4, VH5, VH6, VH7, VH8, VH9, VH10, VH11, VH12, 

VH13, VH14, VH15, VH16, VH17, VH18, VH19, VH20, VH21, VH22, VH23, VH24, VH25, 30 

VH26, VH27, VH28, VH29, VH30, VH31, VH32, VH33, VH34, VH35, VH36, VH37, VH38, 

VH39, VH40, VH41, VH42, VH43, VH44, VH45, VH46, VH47, VH48, VH49, VH50, VH51, 

VH52, VH53, VH54, VH55, VH56, VH57, VH58, VH59, or VH60; and/or the light chain variable 

region comprises the light chain variable region of: VL1, VL2, VH3, VL4, VH5, VL6, VL7, VL8, 

VL9, VL10, VL11, VL12, VL13, VL14, VL15, VL16, VL17, VL18, VL19, VL20,  35 
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VL21, VL22, VL23, VL24, VL25, VL26, VL27, VL28, VL29, VL30, VL31, VL32, VL33, VL34, 

VL35, VL36, VL37, VL38, VL39, VL40, VL41, VL42, VL43, VL44, VL45, VL46, VL47, VL48, 

VL49, VL50, VL51, VL52, VL53, VL54, VL55, VL56, VL57, VL58, VL59, or VL60 (as shown in 

Table 1c). In some examples, the antibody or antigen-binding fragment comprises a heavy chain 

variable region and a light chain variable region, wherein the heavy chain variable region and light 5 

chain variable region comprise the heavy chain variable region and light chain variable region of: 

VH1 and VL1, VH2 and VL2, VH3 and VL3, VH4 and VL4, VH5 and VL5, VH6 and VL6, VH7 

and VL7, VH8 and VL8, VH9 and VL9, VH10 and VL10, VH11 and VL11, VH12 and VL12, 

VH13 and VL13, VH14 and VL14, VH15 and VL15, VH16 and VL16,VH17 and VL17, VH18 and 

VL18, VH19 and VL19, VH20 and VL20, VH21 and VL21, VH22 and VL22, VH23 and VL23, 10 

VH24 and VL24, VH25 and VL25, VH26 and VL26, VH27 and VL27, VH28 and VL28, VH29 

and VL29, VH30 and VL30, VH31 and VL31, VH32 and VL32, VH33 and VL33, VH34 and 

VL34, VH35 and VL35, VH36 and VL36, VH37 and VL37, VH38 and VL38, VH39 and VL39, 

VH40 and VL40, VH41 and VL41, VH42 and VL42, VH43 and VL43, VH44 and VL44, VH45 

and VL45, VH46 and VL46, VH47 and VL47, VH48 and VL48, VH49 and VL49, VH50 and 15 

VL50, VH51 and VL51, VH52 and VL52, VH53 and VL53, VH54 and VL54, VH55 and VL55, 

VH56 and VL56, VH57 and VL57, VH58 and VL58, VH59 and VL59, or VH60 and VL60 (as 

shown in Table 1c). 

In another example, provided herein is an antibody (e.g., an isolated antibody), or antigen-

binding fragment thereof, that binds to an extracellular domain of human CD137. In some 20 

examples, the antibody or the antigen-binding fragment thereof binds to one or more amino acid 

residues within amino acid residues 34-108 of SEQ ID NO:1. In some examples, the antibody or 

antigen-binding fragment binds to one or more amino acid residues within amino acid residues 34-

93 of SEQ ID NO:1. In some examples, the antibody or antigen-binding fragment binds to one or 

more amino acid residues selected from the group consisting of amino acid residues 34-36, 53-55, 25 

and 92-93 of SEQ ID NO:1. In some examples, the antibody or antigen-binding fragment binds to 

one or more of amino acid residues 34-36, one or more of amino acid residues 53-55, and one or 

more or amino acid residues 92-93 of SEQ ID NO:1. In some examples, the antibody or antigen-

binding fragment does not bind to one or more of amino acid residues selected from the group 

consisting of amino acid residues 109-112, 125, 126, 135-138, 150 and 151 of SEQ ID NO:1. In 30 

some examples, the antibody or antigen-binding fragment does not bind to amino acid residues 

109-112, 125, 126, 135-138, 150 and 151 of SEQ ID NO:1. In some examples, the antibody or 

antigen-binding fragment is cross-reactive with a CD137 polypeptide from at least one non-human 

species selected from cynomolgus monkey, mouse, rat and/or dog. In some examples, the antibody 

or antigen-binding fragment binds to cynomolgus monkey CD137. 35 
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In some examples, the antibody or antigen-binding fragment comprises a heavy chain 

variable region and a light chain variable region, wherein the heavy chain variable region comprises 

an HVR-H1 comprising the amino acid sequence of SEQ ID NO:711, an HVR-H2 comprising the 

amino acid sequence of SEQ ID NO:735, and an HVR-H3 comprising the amino acid sequence of 

SEQ ID NO:759;  and/or wherein the light chain variable region comprises an HVR-L1 comprising 5 

the amino acid sequence of SEQ ID NO:783, an HVR-L2 comprising the amino acid sequence of 

SEQ ID NO:807, and an HVR-L3 comprising the amino acid sequence of SEQ ID NO:831. In 

some examples, the heavy chain variable region comprises the amino acid sequence of SEQ ID 

NO:41, and/or the light chain variable region comprises the amino acid sequence of SEQ ID 

NO:42. In some examples, the antibody comprises a heavy chain and a light chain, and wherein the 10 

heavy chain comprises the amino acid sequence of SEQ ID NO:617, and/or the light chain 

comprises the amino acid sequence of SEQ ID NO:618. 

In some examples, the antibody or antigen-binding fragment comprises a heavy chain 

variable region and a light chain variable region, wherein the heavy chain variable region comprises 

an HVR-H1 comprising the amino acid sequence of SEQ ID NO:712, an HVR-H2 comprising the 15 

amino acid sequence of SEQ ID NO:736, and an HVR-H3 comprising the amino acid sequence of 

SEQ ID NO:760;  and/or wherein the light chain variable region comprises an HVR-L1 comprising 

the amino acid sequence of SEQ ID NO:784, an HVR-L2 comprising the amino acid sequence of 

SEQ ID NO:808, and an HVR-L3 comprising the amino acid sequence of SEQ ID NO:832. In 

some examples, the heavy chain variable region comprises the amino acid sequence of SEQ ID 20 

NO:61, and/or the light chain variable region comprises the amino acid sequence of SEQ ID 

NO:62. In some examples, the antibody comprises a heavy chain and a light chain, wherein the 

heavy chain comprises the amino acid sequence of SEQ ID NO:619, and/or the light chain 

comprises the amino acid sequence of SEQ ID NO:620. 

In some examples, the antibody or antigen-binding fragment comprises a heavy chain 25 

variable region and a light chain variable region, wherein the heavy chain variable region comprises 

an HVR-H1 comprising the amino acid sequence of SEQ ID NO:731, an HVR-H2 comprising the 

amino acid sequence of SEQ ID NO:755, and an HVR-H3 comprising the amino acid sequence of 

SEQ ID NO:779;  and/or wherein the light chain variable region comprises an HVR-L1 comprising 

the amino acid sequence of SEQ ID NO:803, an HVR-L2 comprising the amino acid sequence of 30 

SEQ ID NO:827, and an HVR-L3 comprising the amino acid sequence of SEQ ID NO:851. In 

some examples, the heavy chain variable region comprises the amino acid sequence of SEQ ID 

NO:71, and/or the light chain variable region comprises the amino acid sequence of SEQ ID 

NO:72. In some examples, the antibody comprises a heavy chain and a light chain, wherein the 

heavy chain comprises the amino acid sequence of SEQ ID NO:657, and/or the light chain 35 

comprises the  
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amino acid sequence of SEQ ID NO:658. 

In one aspect, the present disclosure refers to an isolated antibody, or antigen-binding fragment 
thereof, that binds to an extracellular domain of human CD137, comprising a heavy chain variable 
region and a light chain variable region, wherein: (i) the heavy chain variable region comprises an 
HVR-H1 comprising the amino acid sequence of SEQ ID NO:731, an HVR-H2 comprising the amino 5 
acid sequence of SEQ ID NO:755, and an HVR-H3 comprising the amino acid sequence of SEQ ID 
NO:779; and (ii) the light chain variable region comprises an HVR-L1 comprising the amino acid 
sequence of SEQ ID NO:803, an HVR-L2 comprising the amino acid sequence of SEQ ID NO:827, and 
an HVR-L3 comprising the amino acid sequence of SEQ ID NO:851. 

In one aspect, the present disclosure refers to an isolated antibody, or antigen-binding fragment 10 
thereof, that binds to an extracellular domain of human CD137, comprising a heavy chain variable 
region and a light chain variable region, wherein the heavy chain variable region comprises an amino 
acid sequence of SEQ ID NO:71, and the light chain variable region comprises an amino acid sequence 
of SEQ ID NO:72. 

In one aspect, the present disclosure refers to an isolated antibody, or antigen-binding fragment 15 
thereof, that binds to an extracellular domain of human CD137, wherein the antibody comprises a heavy 
chain and a light chain, wherein the heavy chain comprises an amino acid sequence of SEQ ID NO: 
657, and the light chain comprises an amino acid sequence of SEQ ID NO: 658.  

In another example, provided herein is an antibody (e.g., an isolated antibody), that binds to an 
extracellular domain of human CD137, comprising a heavy chain variable region and a light chain 20 
variable region, wherein the heavy chain variable region comprises an HVR-H1, an HVR-H2, and an 
HVR-H3, wherein the HVR-H1 comprises an amino acid sequence according to a formula selected 
from the group consisting of: Formula (I), Formula (II), and Formula (III); the HVR-H2 comprises an 
amino acid sequence according to a formula selected from the group consisting of: Formula (IV), 
Formula (V), and Formula (VI); and the HVR-H3 comprises an amino acid sequence according to 25 
Formula (VII); and/or the light chain variable region comprises an HVR-L1, an HVR-L2, and an HVR-
L3, wherein the HVR-L1 comprises an amino acid sequence according to Formula (VIII); the HVR-L2 
comprises an amino acid sequence according to Formula (IX); and the HVR-L3 comprises an amino 
acid sequence according to a formula selected from the group consisting of: Formula (X) and Formula 
(XI). In some examples, provided herein is an antibody (e.g., an isolated antibody), that binds to an 30 
extracellular domain of human CD137, comprising a heavy chain variable region and a light chain 
variable region, wherein the heavy chain variable region comprises an HVR-H1, an HVR-H2, and an 
HVR-H3, wherein the HVR-H1 comprises an amino acid sequence according to a formula selected 
from the group consisting of: Formula (XIII) and Formula (XVI); the HVR-H2 comprises an amino 
acid sequence according to a formula selected from the group consisting of: Formula (IV) and Formula 35 
(XV); and the HVR-H3 comprises an amino acid sequence according to Formula (VII); and/or the light 
chain variable region comprises an HVR-L1, an HVR-L2, and an HVR-L3, wherein the HVR-L1 
comprises an amino acid sequence according to Formula (XVI); the HVR-L2 comprises an amino acid 
sequence according to Formula (XVII); and the HVR-L3 comprises an amino acid sequence according 
to Formula (XVIII). 40 

In some examples, the HVR-H1 comprises an amino acid sequence selected from the group 

consisting of SEQ ID NOs: 253-312, the HVR-H2 comprises an amino acid sequence selected from 

the group consisting of SEQ ID NOs: 313-372, the HVR-H3 comprises an amino acid sequence 

selected from the group consisting of SEQ ID NOs: 373-432, the HVR-L1 comprises the amino 

acid sequence selected from the group consisting of SEQ ID NOs: 433-492, the HVR-L2 comprises 45 

the amino acid sequence selected from the group consisting of SEQ ID NOs: 493-552, and/or the 

HVR-L3 comprises an amino acid sequence selected from the group consisting of SEQ ID NOs: 

553-612. In some examples, the heavy chain variable region comprises an amino acid sequence 

selected from the group consisting of SEQ ID NOS:13, 15, 17, 19, 21, 23, 25, 27, 29, 31, 33, 35, 

37, 39, 41, 43, 45, 47, 49, 51, 53, 55, 57, 59, 61, 63, 65, 67, 69, 71, 73, 75, 77, 79, 81, 83, 85, 87, 50 

89, 91, 93, 95, 97, 99, 101, 103, 105, 107, 109, 111, 113, 115, 117, 119, 121, 123, 125, 127, 129, 

and 131, and/or the light chain variable region comprises an amino acid sequence selected from the  
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group consisting of SEQ ID NOS:14, 16, 18, 20, 22, 24, 26, 28, 30, 32, 34, 36, 38, 40, 42, 44, 46, 

48, 50, 52, 54, 56, 58, 60, 62, 64, 66, 68, 70, 72, 74, 76, 78, 80, 82, 84, 86, 88, 90, 92, 94, 96, 98, 

100, 102, 104, 106, 108, 110, 112, 114, 116, 118, 120, 122, 124, 126, 128, 130, and 132. 

In some examples, the HVR-H1 comprises an amino acid sequence according to a formula 

selected from the group consisting of Formula (XII), Formula (XIII), and Formula (XIV); 5 

the HVR-H2 comprises an amino acid sequence according to Formula (IV) or Formula (XV); and 

the HVR-H3 comprises an amino acid sequence according to Formula (VII); and/or wherein the 

HVR-L1 comprises an amino acid sequence according to Formula (XVI); the HVR-L2 comprises 

an amino acid sequence according to Formula (XVII); and the HVR-L3 comprises an amino acid 

sequence according to Formula (XVIII). In some examples, the HVR-H1 comprises an amino acid 10 

sequence selected from the group consisting of SEQ ID NOS:709-732, the HVR-H2 comprises an 

amino acid sequence selected from the group consisting of SEQ ID NOS:733-756, the HVR-H3 

comprises an amino acid sequence selected from the group consisting of SEQ ID NOS:757-780, the 

HVR-L1 comprises an amino acid sequence selected from the group consisting of SEQ ID 

NOS:781-804, the HVR-L2 comprises an amino acid sequence selected from the group consisting 15 

of SEQ ID NOS:805-828, and the HVR-L3 comprises an amino acid sequence selected from the 

group consisting of SEQ ID NOS:829-852. In some examples, the heavy chain variable region 

comprises an amino acid sequence selected from the group consisting of SEQ ID NOS:15, 17, 31, 

33, 35, 37, 39, 41, 43, 45, 47, 49, 53, 61, 63, 65, 67, 71, 73, 75, 79, 83, 85, and 87, and/or the light 

chain variable region comprises an amino acid sequence selected from the group consisting of SEQ 20 

ID NOS:16, 18, 32, 34, 36, 38, 40, 42, 44, 46, 48, 50, 54, 62, 64, 66, 68, 72, 74, 76, 80, 84, 86, and 

88. In some examples, the antibody comprises a heavy chain and a light chain, wherein the heavy 

chain comprises an amino acid sequence selected from the group consisting of SEQ ID NOs: 613, 

615, 617, 619, 621, 623, 625, 627, 629, 631, 633, 635, 637, 639, 641, 643, 645, 647, 649, 651, 653, 

655, 657, and 659, and/or the light chain comprises an amino acid sequence selected from the group 25 

consisting of SEQ ID NOs: 614, 616, 618, 620, 622, 624, 626, 628, 630, 632, 634, 636, 638, 640, 

642, 644, 646, 648, 650, 652, 654, 656, 658, and 660. 

In some examples, the HVR-H1 comprises an amino acid sequence of SEQ ID NO:711 or 

731, the HVR-H2 comprises an amino acid sequence of SEQ ID NO:735 or 755, the HVR-H3 

comprises an amino acid sequence of SEQ ID NO:759 or 779, the HVR-L1 comprises an amino 30 

acid sequence of SEQ ID NO:783 or 803, the HVR-L2 comprises an amino acid sequence or SEQ 

ID NO:807 or 827, and the HVR-L3 comprises an amino acid sequence of SEQ ID NO:831 or 851. 

In some examples, the heavy chain variable region comprises an amino acid sequence of SEQ ID 

NO:41 or 71, and the light chain variable region comprises an amino acid sequence of SEQ ID 

NO:42 or 72. In some examples, the antibody comprises a heavy chain and a light chain,  35 
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wherein the heavy chain comprises an amino acid sequence of SEQ ID NO: 617 or 657, and the 

light chain comprises an amino acid sequence of SEQ ID NO: 618 or 658. 

In some examples, the HVR-H1 comprises an amino acid sequence of SEQ ID NO:712, the 

HVR-H2 comprises an amino acid sequence of SEQ ID NO:736, the HVR-H3 comprises an amino 

acid sequence of SEQ ID NO:760, the HVR-L1 comprises an amino acid sequence of SEQ ID 5 

NO:784, the HVR-L2 comprises an amino acid sequence or SEQ ID NO:808, and the HVR-L3 

comprises an amino acid sequence of SEQ ID NO:832. In some examples, the heavy chain variable 

region comprises an amino acid sequence of SEQ ID NO:61, and the light chain variable region 

comprises an amino acid sequence of SEQ ID NO:62. In some examples, the antibody comprises a 

heavy chain and a light chain, wherein the heavy chain comprises an amino acid sequence of SEQ 10 

ID NO: 619, and the light chain comprises an amino acid sequence of SEQ ID NO:620. 

In some examples that may be combined with any of the preceding examples, the antibody 

or antigen-binding fragment binds human CD137 with a KD of 100 nM or less (e.g., as measured by 

surface plasmon resonance). In some examples, the antibody or antigen-binding fragment binds 

human CD137 with a KD of 50 nM or less (e.g., as measured by surface plasmon resonance). 15 

In some examples that may be combined with any of the preceding examples, the antibody 

or antigen-binding fragment is cross-reactive with a CD137 polypeptide from at least one non-

human species selected from cynomolgus monkey (e.g., GenBank Gene ID 102127961), mouse 

(e.g., GenBank Gene ID 21942), rat (e.g., GenBank Gene ID 500590) and/or dog (e.g., GenBank 

Gene ID 608274). In some examples, the antibody or antigen-binding fragment binds to 20 

cynomolgus monkey CD137. 

In some examples that may be combined with any of the preceding examples, an activity of 

human CD137 (e.g., when expressed on a cell such as a human cell) is decreased when contacted 

with the antibody or antigen-binding fragment. 

In some examples that may be combined with any of the preceding examples, the antibody 25 

or antigen-binding fragment has a half maximal inhibitory concentration (IC50) of about 100 nM or 

less for blocking binding of human CD137 to human CD137L in vitro. In some examples, the 

antibody or antigen-binding fragment completely blocks binding of human CD137 to human 

CD137L in vitro when the antibody or antigen-binding fragment is provided at a concentration of 

about 1 µM or greater. In some examples that may be combined with any of the preceding 30 

examples, an activity of human CD137 (e.g., when expressed on a cell such as a human cell) is 

increased when contacted with the antibody or antigen-binding fragment. In some examples, 

contacting CD137 (e.g., expressed on a human cell) with the antibody or antigen- 
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binding fragment results in increased NF-κB-dependent transcription.  In some examples of any of 

the above examples, the antibody or antigen-binding fragment blocks one or more examples of 

CD137 signaling stimulated by CD137L, e.g., CD137L-stimulated NF-κB-dependent transcription, 

in a cell that expresses CD137. 

In some examples that may be combined with any of the preceding examples, the antibody 5 

comprises a human IgG2 Fc region. In some examples that may be combined with any of the 

preceding examples, the antibody comprises a human IgG4 Fc region. In some examples, the 

human IgG4 Fc region comprises an S241P mutation, wherein numbering is according to Kabat. In 

some examples, the antibody or antigen-binding fragment does not induce ADCC effects.  

In another example, provided herein are antibody heavy chain variable regions encoded by a 10 

polynucleotide comprising a sequence selected from SEQ ID NOs: 133, 135, 137, 139, 141, 143, 

145, 147, 149, 151, 153, 155, 157, 159, 161, 163, 165, 167, 169, 171, 173, 175, 177, 179, 181, 183, 

185, 187, 189, 191, 193, 195, 197, 199, 201, 203, 205, 207, 209, 211, 213, 215, 217, 219, 221, 223, 

225, 227, 229, 231, 233, 235, 237, 239, 241, 243, 245, 247, 249, and 251, and/or antibody light 

chain variable regions encoded by a polynucleotide comprising a sequence selected from SEQ ID 15 

NOs: 134, 136, 138, 140, 142, 144, 146, 148, 150, 152, 154, 156, 158, 160, 162, 164, 166, 168, 

170, 172, 174, 176, 178, 180, 182, 184, 186, 188, 190, 192, 194, 196, 198, 200, 202, 204, 206, 208, 

210, 212, 214, 216, 218, 220, 222, 224, 226, 228, 230, 232, 234, 236, 238, 240, 242, 244, 246, 248, 

250, and 252. In some examples, provided herein are antibody heavy chains encoded by a 

polynucleotide comprising a sequence selected from SEQ ID NOs:661, 663, 665, 667, 669, 671, 20 

673, 675, 677, 679, 681, 683, 685, 687, 689, 691, 693, 695, 697, 699, 701, 703, 705, and 707, 

and/or antibody light chains encoded by a polynucleotide comprising a sequence selected from 

SEQ ID NOs:662, 664, 666, 668, 670, 672, 674, 676, 678, 680, 682, 684, 686, 688, 690, 692, 694, 

696, 698, 700, 702, 704, 706, and 708. 

In some examples, the HVRs are according to Kabat.  In some examples, the antibody 25 

comprises a heavy chain variable (VH) domain comprising an HVR-H1 comprising the sequence 

GFSLSTSGVGVG (SEQ ID NO:866), an HVR-H2 comprising the sequence 

LIDWDDDKYYSPSLKS (SEQ ID NO:867), and an HVR-H3 comprising the sequence 

GGSDTVLGDWFAY  (SEQ ID NO:868); and/or a light chain variable (VL) domain comprising 

an HVR-L1 comprising the sequence RASQSVSPYLA (SEQ ID NO:869), an HVR-L2 comprising 30 

the sequence DASSLES (SEQ ID NO:870), and an HVR-L3 comprising the sequence 

QQGYSLWT  (SEQ ID NO:871). 

In some examples, the HVRs are according to Kabat. In some examples, the antibody 

comprises a heavy chain variable (VH) domain comprising an HVR-H1 comprising the  
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sequence  GYSITSGHYWA  (SEQ ID NO:872), an HVR-H2 comprising the sequence 

SISGYGSTTYYADSVKG (SEQ ID NO:873), and an HVR-H3 comprising the sequence 

GGSDAVLGDWFAY (SEQ ID NO:874); and/or a light chain variable (VL) domain comprising an 

HVR-L1 comprising the sequence RASQGIGSFLA  (SEQ ID NO:875), an HVR-L2 comprising 

the sequence DASNLET (SEQ ID NO:876), and an HVR-L3 comprising the sequence 5 

QQGYYLWT  (SEQ ID NO:877). 

In some examples, the HVRs are according to Kabat. In some examples, the antibody 

comprises a heavy chain variable (VH) domain comprising an HVR-H1 comprising the sequence 

GFSLSTGGVGVG  (SEQ ID NO:878), an HVR-H2 comprising the sequence 

LIDWADDKYYSPSLKS (SEQ ID NO:879), and an HVR-H3 comprising the sequence 10 

GGSDTVIGDWFAY (SEQ ID NO:880); and/or a light chain variable (VL) domain comprising an 

HVR-L1 comprising the sequence RASQSIGSYLA (SEQ ID NO:881), an HVR-L2 comprising the 

sequence DASNLET (SEQ ID NO:882), and an HVR-L3 comprising the sequence QQGYYLWT 

(SEQ ID NO:883). 

In some examples of any of the above examples, an antibody of the present disclosure is a 15 

multimeric antibody (e.g., a bispecific antibody).  In some examples of any of the above examples, 

an antibody of the present disclosure is an IgM antibody, e.g., comprises an IgM Fc region (e.g., a 

human IgM Fc region). 

In another example, provided herein is a polynucleotide encoding any of the antibodies or 

antigen-binding fragments described herein. In some examples, provided herein is a polynucleotide 20 

comprising a sequence selected from SEQ ID NOs:133-252. 

In another example, provided herein is a vector comprising any of the polynucleotides 

described above. In some examples, the vector is an expression vector. 

In another example, provided herein is a host cell (e.g., a bacterial cell, a yeast cell, an 

insect cell, a mammalian cell (such as a CHO cell or a 293T cell), etc.) comprising any of the 25 

polynucleotides or vectors described herein. In some examples, provided herein is a method of 

making an antibody or antigen-binding fragment comprising culturing the host cell under 

conditions suitable for producing the antibody or antigen-binding fragment. In some examples, the 

method further comprises recovering the antibody or antigen-binding fragment produced by the 

host cell. 30 

In another example, provided herein is a pharmaceutical composition comprising any of the 

antibodies or antigen-binding fragments described herein (or any derivatives thereof) and a 

pharmaceutically acceptable carrier. 

In one aspect, the present disclosure refers to a pharmaceutical composition comprising the 

antibody or antigen-binding fragment as disclosed herein and a pharmaceutically acceptable carrier. 35 

In another example, provided herein are methods of treating abnormal cell growth (e.g., a 

cancer) in a subject in need thereof, comprising administering to the subject a therapeutically  
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effective amount of any of the antibodies, antigen-binding fragments, and/or pharmaceutical 

compositions described herein. In some examples, provided herein are methods of reducing tumor 

cell metastasis in a subject, comprising administering to said subject a therapeutically effective 

amount of any of the antibodies, antigen-binding fragments, and/or pharmaceutical compositions 

described herein. In some examples, the methods further comprise administering to the subject a 5 

therapeutically effective amount of at least one (e.g., at least one, at least two, at least three, at least 

four, at least five, at least 10, etc.) additional therapeutic agent. In some examples, the at least one 

additional therapeutic agent is selected from the group consisting of viral gene therapy, immune 

checkpoint inhibitors, target therapies, radiation therapies, and chemotherapies. In some examples, 

the at least one additional therapeutic agent is selected from the group consisting of pomalyst, 10 

revlimid, lenalidomide, pomalidomide, thalidomide, a DNA-alkylating platinum-containing 

derivative, cisplatin, 5-fluorouracil, cyclophosphamide, an anti-CTLA4 antibody, an anti-PD-1 

antibody, an anti-PD-L1 antibody, an anti-CD20 antibody, an anti-CD40 antibody, an anti-DR5 

antibody, an anti-CD1d antibody, an anti-TIM3 antibody, an anti-SLAMF7 antibody, an anti-KIR 

receptor antibody, an anti-OX40 antibody, an anti-HER2 antibody, an anti-ErbB-2 antibody, an anti-15 

EGFR antibody, cetuximab, rituximab, trastuzumab, pembrolizumab, radiotherapy, single dose 

radiation, fractionated radiation, focal radiation, whole organ radiation, IL-12, IFNα, GM-CSF, a 

chimeric antigen receptor, adoptively transferred T cells, an anti-cancer vaccine, and an oncolytic 

virus. Also provided herein is the use of any of the pharmaceutical compositions, antibodies, and/or 

antigen-binding fragments described herein (or any derivatives thereof) for the treatment of 20 

abnormal cell growth (e.g., a cancer) and/or the reduction of tumor cell metastasis in a subject in 

need thereof. Also provided herein is the use of any of the antibodies or antigen-binding fragments 

described herein (or any derivatives thereof) for the manufacture of a medicament for the treatment 

of abnormal cell growth (e.g., a cancer) and/or the reduction of tumor cell metastasis in a subject in 

need thereof.  25 

It is to be understood that one, some, or all of the properties of the various examples 

described above and herein may be combined to form other examples of the present disclosure.  

These and other examples of the present disclosure will become apparent to one of skill in the art.  

These and other examples of the present disclosure are further described by the detailed description 

that follows. 30 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1A shows hyper-variable region (HVR) definition as compared to the Kabat CDR 

definition for an exemplary heavy chain variable region (VH) (SEQ ID NO:13) and an exemplary 

light chain variable region (VL) (SEQ ID NO:14).35 
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CLAIMS

What is claimed is: 

1. An isolated antibody, or antigen-binding fragment thereof, that binds to an extracellular 5 

domain of human CD137, comprising a heavy chain variable region and a light chain variable 

region, 

wherein: 

(i)  the heavy chain variable region comprises an HVR-H1 comprising the amino acid 

sequence of SEQ ID NO:731, an HVR-H2 comprising the amino acid sequence of SEQ ID 10 

NO:755, and an HVR-H3 comprising the amino acid sequence of SEQ ID NO:779;          

and 

(ii)  the light chain variable region comprises an HVR-L1 comprising the amino acid 

sequence of SEQ ID NO:803, an HVR-L2 comprising the amino acid sequence of SEQ ID 

NO:827, and an HVR-L3 comprising the amino acid sequence of SEQ ID NO:851.  15 

2. The antibody or antigen-binding fragment of claim 1, wherein the antibody or antigen-

binding fragment binds human CD137 with a KD of 0.1 pM to 100 nM, as measured by surface 

plasmon resonance. 

3. The antibody or antigen-binding fragment of claim 2, wherein the antibody or antigen-

binding fragment binds human CD137 with a KD of 0.1 pM to 50 nM, as measured by surface 20 

plasmon resonance. 

4. The antibody or antigen-binding fragment of claim 1, wherein the antibody or antigen-

binding fragment is cross-reactive with a CD137 polypeptide from at least one non-human species 

selected from the group consisting of cynomolgus monkey, mouse, rat and dog. 

5. The antibody or antigen-binding fragment of claim 4, wherein the antibody or antigen-25 

binding fragment binds to cynomolgus monkey CD137.

6. The antibody or antigen-binding fragment of claim 1, wherein an activity of human CD137 

expressed on a human cell is decreased when contacted with the antibody or antigen-binding 

fragment. 

7. The antibody or antigen-binding fragment of claim 1, wherein the antibody or antigen-30 
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binding fragment has a half maximal inhibitory concentration (IC50) of 0.1 pM to 100 nM for 

blocking binding of human CD137 to human CD137L in vitro.  

8. The antibody or antigen-binding fragment of claim 1, wherein the antibody or antigen-

binding fragment completely blocks binding of human CD137 to human CD137L in vitro when the 

antibody or antigen-binding fragment is provided at a concentration of about 1 µM or greater.  5 

9. The antibody or antigen-binding fragment of claim 1, wherein the antibody or antigen-

binding fragment blocks CD137 signaling stimulated by CD137L in a cell that expresses CD137. 

10. The antibody or antigen-binding fragment of claim 1, wherein an activity of human CD137 

expressed on a human cell is increased when contacted with the antibody or antigen-binding 

fragment. 10 

11. The antibody or antigen-binding fragment of claim 10, wherein contacting a human cell 

expressing CD137 with the antibody or antigen-binding fragment results in increased NF-κB-

dependent transcription.  

12. The antibody or antigen-binding fragment of claim 1, wherein the antibody comprises a 

human IgG2 Fc region. 15 

13. The antibody or antigen-binding fragment of claim 1, wherein the antibody comprises a 

human IgG4 Fc region. 

14. The antibody or antigen-binding fragment of claim 13, wherein the human IgG4 Fc region 

comprises an S241P mutation, wherein numbering is according to Kabat. 

15. A pharmaceutical composition comprising the antibody or antigen-binding fragment of 20 

claim 1 and a pharmaceutically acceptable carrier. 

16. The antibody or antigen-binding fragment of claim 1, wherein the antibody or antigen-

binding fragment binds to one or more amino acid residues within amino acid residues 34-93 of 

SEQ ID NO:1. 25 

17. The antibody or antigen-binding fragment of claim 1, wherein the antibody or antigen-

binding fragment binds to one or more amino acid residues selected from the group consisting of 

amino acid residues 34-36, 53-55, and 92-93 of SEQ ID NO:1. 

30 
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18.  The antibody or antigen-binding fragment of claim 17, wherein the antibody or antigen-

binding fragment binds to one or more of amino acid residues 34-36, one or more of amino acid 

residues 53-55, and one or more or amino acid residues 92-93 of SEQ ID NO:1. 

19.  The antibody or antigen-binding fragment of claim 1, wherein the antibody or antigen-5 

binding fragment does not bind to one or more of amino acid residues selected from the group 

consisting of amino acid residues 109-112, 125, 126, 135-138, 150 and 151 of SEQ ID NO:1. 

20.  The antibody or antigen-binding fragment of claim 19, wherein the antibody or antigen-

binding fragment does not bind to amino acid residues 109-112, 125, 126, 135-138, 150 and 151 of 10 

SEQ ID NO:1. 

21. An isolated antibody, or antigen-binding fragment thereof, that binds to an extracellular 

domain of human CD137, comprising a heavy chain variable region and a light chain variable 

region, wherein the heavy chain variable region comprises an amino acid sequence of SEQ ID 15 

NO:71, and the light chain variable region comprises an amino acid sequence of SEQ ID NO:72. 

22. An isolated antibody, or antigen-binding fragment thereof, that binds to an extracellular 

domain of human CD137, wherein the antibody comprises a heavy chain and a light chain, wherein 

the heavy chain comprises an amino acid sequence of SEQ ID NO: 657, and the light chain 20 

comprises an amino acid sequence of SEQ ID NO: 658. 

23. The antibody or antigen-binding fragment of claim 1, wherein the antibody or antigen-

binding fragment does not induce ADCC effect. 

25 

24.  The antibody or antigen-binding fragment of claim 1, wherein the antigen-binding fragment 

is selected from the group consisting of a Fab fragment, a F(ab’)2 fragment, a Fv fragment, and a 

single chain antibody (scFv).   

25.  The antibody or antigen-binding fragment of claim 21, wherein the antibody comprises a 30 

human IgG4 Fc region. 

26. The antibody or antigen-binding fragment of claim 25, wherein the human IgG4 Fc region 

comprises an S241P mutation, wherein numbering is according to Kabat. 

27.  The antibody or antigen-binding fragment of claim 21, wherein the antigen-binding 
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fragment is selected from the group consisting of a Fab fragment, a F(ab’)2 fragment, a Fv 

fragment, and a single chain antibody (scFv). 

28.  A pharmaceutical composition comprising the antibody or antigen-binding fragment of 

claim 21 and a pharmaceutically acceptable carrier. 

29.  A pharmaceutical composition comprising the antibody or antigen-binding fragment of 5 

claim 22 and a pharmaceutically acceptable carrier. 
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