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COMBINATION THERAPY COMPRISING ANTI-CD137ANTIBODIES 

CROSS REFERENCE TO RELATED APPLICATIONS 

[00011 Thisapplication claims the priority benefit of US Provisional Application No.  

63/043,042, filed on June 23, 2020, which is incorporated herein by reference in its 

entirety.  

SUBMISSION OF SEQUENCE LISTING ON ASCII TEXT FILE 

[0002] The content of the following submission on ASCII text file is incorporated 

herein by reference in its entirety: a computer readable form (CRF) of the Sequence 

Listing (file name: 695402000740SEQLIST.txt, date recorded: June 21, 2021. size: 38 

KB).  

FIELD 

[00031 The present application is in the field of cancer therapeutics, and relates to 

compositions and methods for treating cancers using antibodies that bind to human 

CD137.  

BACKGROUND 

[00041 CD137 (also referred to as CD137 receptor, 4-1BB, TNFRSF9, etc.) is a 

transmembrane protein of theTumor Necrosis Factor Receptor Superfamily (TNFRS).  

Current understanding of CD137 indicates that its expression is generally activation 

dependent and is present in a broad subset of immune cells including activated NK and 

NKT cells, regulatory Tcells, dendritic cells (DC), stimulated mast cells, differentiating 

myeloid cells. monocytes. neutrophils, and eosinophils (Wang., 2009, Immunological 

Reviews 229: 192-215). CD137 expression has also been demonstrated on tumor 

vasculature(Broll, 2001,Amer. J. Clin. Pathol. 115(4):543-549; Seaman,2007,Canicer 

Cell 11: 539-554) and at sites of inflamed or atherosclerotic endothelium (Drenkard, 

2007 FASEB J. 21: 456-463; Olofsson, 2008, Circulation 117: 1292-1301). The ligand 

that stimulates CD137, i.e., CD137 Ligand (CD37L), is expressed on activated 

antigen-presenting cells (APCs), myeloid progenitorcells, andhentatopoietic stem cells.  

[00051 Numerous studies of murine and humanTcells indicate that CD137 promotes 

enhanced cellular proliferation, survival, and cytokine production (Croft, 2009, Nat Rev 
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Immunol 9:271-285). Studies have indicated that some CD137 agonist monoclonal 

antibodies (mAbs) increase costimulatory molecule expression and markedly enhance 

cytolyticT lymphocyte responses, resulting in anti-tumor efficacy in various models.  

CD137 agonist mAbs have demonstrated efficacy in prophylactic and 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 that can be 

associated with immunotherapy approaches that break immune tolerance.  

BRIEF SUMMARY 

[0006] The present application provides methods for treating cancers in a subject 

using an anti-CD137 antibody and an agent that induces expression of CD137 on an 

immune cell and/or induces expression of CD137L on a cancer cell of the subject.  

[0007 Thepresentinvention none aspectprovides a method of treating acancerin 

a subject (e.g., a human subject), comprising administering to the subject: (a) an 

effective amount of an anti-CD137 antibody that specifically binds to an extracellular 

domain of human CD137, wherein the antibody binds to one or more amino acid 

residues selected from the group consisting of amino acid residues 51, 53, 62-73, 83, 

89, 92, 95-104 and 112-116 of SEQID NO: 1: and (b) an effective amount of an agent 

that induces expression of CD137 on an immune cell and/or induces expression of 

CD137L on a cancer cell of the subject. In some embodiments, the agent induces 

expression of CD137 on an immune cell of the subject In some embodiments, the 

immune cell is selected from the group consisting of CD8+ T cells, regulatory T (Treg) 

cells, natural killer (NK) cells,and NK-T cells. In some embodiments, the agent induces 

expression of CD137L on a cancer cell of the subject.  

[00081 In some embodiments, there is provided a method of treating a cancer in a 

subject (e.g., a human subject), comprising administering to thesubject: (a) an effective 

amount of an anti-CD137 antibody that specifically binds toan extracellular domain of 

human CD137,xherein theantibody binds to one or more amino acid residues selected 

from the group consisting of amino acid residues 51, 53, 62-73, 83, 89, 92, 95-104 and 
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112-116 of SEQ ID NO: 1; and (b) an effective amount of a cytokine that induces 

expression of CD137 on an immune cell of the subject. In some embodiments, the 

cytokine is selected from the group consisting of IL-2, IL-12 IL-10 and INFV. In some 

embodiments, the cytokine induces expression of CD137L on a cancer cell of the 

subject.  

[00091 In some embodiments, there is provided a method of treating a cancer in a 

subject (e.g., a human subject), comprising administering to the subject: (a) an effective 

amount of an anti-CD137 antibody that specifically binds to anextracellular domain of 

human CD137, wherein the antibody binds to one or more amino acid residues selected 

from the group consisting of amino acid residues 51, 53, 62-73, 83, 89, 92, 95-104 and 

112-116 of SEQ ID NO: 1; and (b) an effective amount of IL-2. In some embodiments, 

the IL-2 is a wildtype IL-2, a chemically modified IL-2 variant (e.g., a PEGylated IL

2), or an IL-2 analog. In some embodiments, the IL-2 is aldesleukin. In some 

embodiments, the IL-2 is a polyethylene glycol (PEG) modified IL-2, such as 

bempegaldesleukin. In some embodiments, the IL-2 is administered at a dose of no 

more than about 2 8 1 0 IU/i 2 (e.g., about 7.2x101W U/kg or about 2.8x106 I 1 [/.in 

some embodiments, the IL-2 is administered twice or three times daily. In some 

embodiments, the IL-2 is administered no more than once every three days. In some 

embodiments, the IL-2 is administered at a dose of no more than about 1,4x107 IU/m2 

(e.g., 7.2x105 1U/kg or about 1.4x107 1im 2).  

[00101 In some embodiments, there is provided a method of treating a cancer in a 

subject (e.g. a human subject), comprising administering to the subject: (a) an effective 

amount of an anti-CD137 antibody that specifically binds to an extracellular domain of 

human CDI37, wherein the antibody binds to one or more amino acid residues selected 

from the group consisting of amino acid residues 51, 53, 62-73, 83, 89, 92, 95-104 and 

112-116 of SEQ ID NO: 1; and (b)aneffective amount of ahistone deacetylase (HDAC) 

inhibitor that induces expression of CD137 on an immune cell of the subject. In some 

embodiments, the HDAC inhibitor is selected from the group consisting of belinostat 

vorinostat, romidepsin, and chidamide. In some embodiments, the HDAC inhibitor is 

belinostat. In some embodiments, the HDAC inhibitor induces expression of CD137L 

on a cancer cell of the subject.
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10011] In some embodiments, there is provided a method of treating a cancer in a 

subject (e.g., a human subject), comprising administering to the subject: (a) an effective 

amount of an anti-CD137 antibody that specifically binds to an extracellular domain of 

human CD137, wherein the antibody binds to one or more amino acid residues selected 

from the group consisting of amino acid residues 51, 53, 62-73, 83, 89, 92, 95-104 and 

112-116 of SEQ ID NO. 1; and (b) an effective amount of a DNA-damaging agent that 

induces expression of CD137 on an immune cell of the subject. In some embodiments, 

the DNA-damaging agent is a DNA chelator. such as mitomycin, bleomycin, or 

doxorubicin. In some embodiments, the DNA-damaging agent is an alkylating agent, 

such as bendamustine. In some embodiments, the DNA-damaging agent induces 

expression of CD137L on a cancer cell of the subject.  

[00-12 In some embodiments according to any one of the methods described above, 

the agent (including cytokine e.g., IL-2, HDAC inhibitor, and DNA-damaging agent) 

is administered intravenously. In some embodiments, the agent (including cytokine e.g..  

IL-2. HDAC inhibitor, and DNA-damaging agent) is administered prior to 

administration of the anti-CD137 antibody. In some embodiments, theagent (including 

cvtokine e.g., IL-2, HDAC inhibitor, and )NA-damaging agent) and the anti-CD137 

antibody are administered simultaneously.  

[00131 In some embodiments according to any one of the methods described above, 

the method further comprises administering an effective amount of an anti-CD20 

antibody. In some embodiments. the anti-CD20 antibody is rituximab.  

100141 In some embodiments according to any one of the methods described above, 

the method further comprises administering an effective amount of an immune 

checkpoint inhibitor. In some embodiments, the immune checkpoint inhibitor is an anti

PD-I antibody, such as2E5.  

[00151 In some embodiments according to any one of the methods described above, 

the cancer is a liquid cancer. In some embodiments, the cancer is non-Hodgkin's 

lymphoma. In some embodiments, the cancer is T-cell lymphoma. In some 

embodiments, the cancer is B-cell lyimphoma. In some embodiments, the cancer is 

multiple mycloma.  

[00161 In some embodiments according to any one of the methods described above.  

the cancer is a solid cancer. In some embodiments, the cancer is selected from the group 
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consisting of breast cancer. ovarian cancer, colorectal cancer, gastric cancer, melanoma, 

liver cancer, lung cancer, thyroid cancer, kidney cancer, brain cancer, cervical cancer, 

bladder cancer, and esophageal cancer. In some embodiments, the cancer is lung cancer.  

In some embodiments, the cancer is melanoma.  

[00171 In some embodiments according to any one of the methods described above, 

the cancer is in adjuvant setting. In some embodiments, the cancer is in neoadjuvant 

setting.  

100181 In some embodiments according to any one of the methods described above, 

the anti-CDI37 antibody is administered at a dose of no more than 500 mg, e.g., about 

125 ing to about 500 mg. In some embodiments, the anti-CD137 antibody is 

administered at a dose of no more than about 10 mg/kg, e.g., about2.5 mg/kg to about 

10 mg/kg. In some embodiments, the anti-CD137 antibody is administered 

intravenously. In some embodiments, the anti-CD137 antibody is administered about 

once every three weeks.  

100191 In some embodiments according to any one of the methods described above, 

the cancer is advanced-stage cancer. In some embodiments, the cancer is metastatic 

cancer.  

[00201 In some embodiments according to any one of the methods described above, 

the aiti-CD137 antibody 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. In some embodiments, the anti-CD137 antibody binds to amino acid 

residues 51, 63-67, 69-73, 83, 89, 92, 98-104 and 112-114 of SEQ ID NO: 1.  

100211 In some embodiments according to any one of the methods described above, 

the anti-CD137 antibody comprises a heavy chain variable region (VH) and a light 

chain variable region (VL), wherein the V-I comprises a HVR-H1 comprising the 

amino acid sequence of SEQ ID NO: 2, aHVR--12 comprising the aminoacid sequence 

of SEQ ID NO: 3, and a HVR-H3 comprising theamino acid sequence of SEQ ID NO: 

4; and wherein the VL comprises a HVR-L1 comprising the amino acid sequence of 

SEQ ID NO: 5, a IVR-L2 comprising the amino acid sequence of SEQ ID NO: 6, and 

a HVR-L3 comprising the amino acid sequence of SEQ ID NO: 7. I some 

embodiments, the VH comprises the amino acid sequence of SEQ ID NO: 8, and/or the 

VL comprises the amino acid sequence of SEQ ID NO: 9. In some embodiments. the 
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antibody comprises a heavy chain and a light chain, and wherein the heavy chain 

comprises theamino acid sequence of SEQIDNO: 10, and/or the light chain comprises 

the amino acid sequence of SEQ ID NO: 11.  

[00221 In some embodiments according to any one of the methods described above, 

the anti-CD137 antibody comprises a V and -a VL, wherein the VI comprises a HVR

H Comprising the amino acid sequence of SEQ ID NO: 12, a HVR-H2 comprising the 

amino acid sequence of SEQ ID NO: 13, and a HVR-H3 comprising the amino acid 

sequence of SEQ ID NO: 14; and wherein the VL comprises a I-IVR-L1 comprising 

the amino acid sequence of SEQ ID NO: 15, HVR-L2 comprising the amino acid 

sequence of SEQ ID NO: 16, and a HMR-L3 comprising the amino acid sequence of 

SEQ ID NO: 17. In some embodiments, the V- comprises the amino acid sequence of 

SEQ ID NO: 18, and/or the VL comprises the amino acid sequence of SEQ ID NO: 19.  

In some embodiments. theantibody comprises aheavy chain and alight chain, wherein 

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

chain comprises the amino acid sequence of SEQ ID NO: 21.  

[0023] In some embodiments according to any one of the methods described above, 

theanti-CD137 antibody comprises aVH and aVL, wherein the VH comprises aHVR

HI comprising the amino acid sequence of SEQ IDNO: 22, aHVR-H2 comprising the 

mino acidsequence of SEQ ID NO: 23, and -a HVR-13 comprising the amino acid 

sequence of SEQ ID NO: 24; and wherein the VL comprises a HVR-LI comprising 

the amino acid sequence of SEQ ID NO: 25, a HVR-L2 comprising the amino acid 

sequence of SEQ ID NO: 26, and a -IVR-L3 comprising the amino acid sequence of 

SEQ ID NO: 27. In some embodiments, the V comprises the amino acid sequence of 

SEQ ID NO: 28, and/or the VL comprises the amino acid sequence of SEQ ID NO: 29, 

In some embodiments, the antibody comprises a heavy chain and a light chain, wherein 

the heavy chain comprises the amino acid sequence of SEQ ID NO: 30,and/or the light 

chain comprises the amino acid sequence of SEQ ID NO: 31.  

100241 In some embodiments according to any one of the methods described above, 

the anti-CD137 antibody comprises a human IgGI Fc region. In some embodiments, 

the anti-CD137 antibody comprises a human IgG4 Fc region. In some embodiments, 

the human IgG4 Fc region comprises an S241P mutation, wherein numbering is 

according to Kabat.  

6
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10025] Also provided are compositions, kits, and articles of manufacture for use in 

any one of the methods described herein.  

[0026j It is to be understood that one, some, or all of the properties of the various 

embodiments described aboveandherein may be combinedto form other embodiments 

of the present disclosure. These and other aspects of the present disclosure will become 

parent to one of skill in the art. These and other embodiments of the present 

disclosure are further described by the detailed description that follows.  

BRIEF DESCRIPTION OF THE DRAWINGS 

[00271 FIGs. IA-1B show CD137 levels on the surface of soiled peripheral blood 

mononuclear cells (PBMCs) treated with recombinant human IL-2. In each of FIGI 1A 

and FIG. 1B, the type of sorted PBMCs and the concentration of IL-2 in IU/ml are 

indicated on the x-axis, and the percentage of cells that expressed CD137 is indicated 

on the v-axis. Two panels of markers were used to sort the PBMCs into NK, NKT, 

CD8+, CD4+ andTreg cells, as showvnin Table 1. FIG. IA shows CDI37 levels of cells 

sorted using Panel 1. FIG. 1B shows CD137 levels of cells sorted using Panel 2.  

[00281 FIGs. 2A-2D show the effect of treatment with anti-CD137 antibody 

(ADG106) and/or a continuous high dose of IL-2 on reduction of tumor volumes in a 

mouse model of Lewis lung cancer. In each of FIGs. 2A-2D, the number of days post 

inoculation is shown on the x-axis, and the tumor volume in mm3 is shown on the y

axis. FIG. 2A shows tumor volume in individual mice treated with vehicle over time, 

FIG. 2B shows tumor volume in individual mice treated with anti-CD137 antibody 

ADG106 over time. 5 mg/kg of ADG106 was administered two times a week for 4 

doses. FIG. 2C shows tumor volume in individual mice treated with IL-2 over time.  

XI0(7 IU/m2 IL-2 was administered twice a day for 27 doses FIG. 2D shows tumor 

volume in individual mice treated with ADG106 and IL-2 over time. 5 mg/kg of 

ADG106 was administered two times a week for 4 doses, and 1.4 10" IU/m2 IL-2 was 

administered twice a day for 13 doses.  

[00291 FIGs. 3A-3F show the effect of treatment with anti-CD137 antibody 

(ADG106) and/or IL-2 at a low frequency high dose or a continuous low dose on 

reduction of tumor volume in a mouse model of Lewis lung cancer. In each of FIGs.  

3A-3F, the number of days post inoculation is shown on the x-axis, and the volume of



WO 2021/262869 PCT/US2021/038718 

thetumorinmmis shown on the -axis. FIG. 3A shows tumor volume in individual 

mice treated with vehicle over time. FIG. 3B shows tumor volume in individual mice 

treated with anti-CD137 antibody ADG106 over time. 2.5 mg/kg of ADG106 was 

administered two times a week for 4 doses. FIG.3C shows tumor volume in individual 

mice treated with a high dose of IL-2 over time. 1.4x0 II 2 IL-2wasadministered 

twice a dayevery 3 days for 4 doses. FIG. 3D shows tumor volume in individual mice 

treated with a low dose of IL-2 over time. 2.8x106 U/m2 of L-2was administered 

twice a day for 5 consecutive days, for a total of 10 doses. FIG. 3E shows tumor volume 

in individual mice treated with anti-CD137 antibody ADG106 and a high dose of IL-2 

overtime. 1.4x10 7 IU/ 1miL-2 was administered twice a day every 3 days for 4 doses, 

and 2.5 mg/kg of ADG106 was administered two times a week for 4 doses. FIG. 3F 

shows tumor volume in individual mice treated with anti-CD137 antibody ADG106 

and a low dose of IL-2 over time. 2.8x106 U/ 2 of I-2was administered twiceaday 

for 5 consecutive days, for a total of 10 doses, and 2.5 mg/kg of ADG106 was 

administered two times a week for 4 doses.  

[0030]J FIGs, 4A-zE show the effect of treatment with anti-CD137 antibody 

(ADG106) and/or Bendamustine on reduction of tumor volume in a mouse model of 

A20 B-cell lymphoma model. The number of days post inoculation is shown on the x

axis, and the volume of the tumor in mm 3 is shown on the y-axis. FIGs. 4A shows 

tumor growth curves of different treatment groups. Data points represent group mean, 

and error bars represent standard error of mean (SEM). FIG. 4B shows tumor volume 

in individa micetreatedwith vehicle over time. FIG. 4C shows tumor volume in 

individual mice treated with anti-CD137 antibody ADG106 over time. 2.5 ing/kg of 

ADG106 was administered. two times a week for 4 doses. FIGs. 4D shows tumor 

volume in individual mice treated with Bendamustine over time. 12.5 mg/kg of 

Bendainustine was administered once daily for 4 doses. FIGs. 4E shows tumor volume 

in individual mice treated with ADG106 in combination of Bendanustine over time.  

2.5 mg/kg of ADG1O6 was administered two times a week for 4 doses, 12.5mg/kg of 

Bendamustine was admnistered once daily for 4 doses.  

[0031] FIGs. 5A-5E show the effects of treatment with different dose of romidepsin, 

bortezomib, chidamide, belinostat, and vincristine on CD1371L protein expression 

levels on I-IUT78 cutaneous T cell lynphoma (CTCL) cells surface. FIG. 5A shows the 

8



WO 2021/262869 PCT/US2021/038718 

effects of treatment with romidepsin on CD137L protein expression levels on HUT78 

CTCL cells surface. FIG. 5B shows the effects of treatment with bortezomib on 

CD137L protein expression levels on HUT78 CTCL cells surface. FIG. 5C shows the 

effects of treatment with chidamide on CD137L protein expression levels on HUT78 

CTCL cells surface. FIG, 5D shows the effects of treatment with beinostat on CDI37L 

protein expression levels on HUT78 CTCL cells surface. FIG. 5E shows the effects of 

treatment with vincristine on CD137L protein expression levels on HUT78 CTCL cells 

surface. FIG. SF shows the effects of treatment with romidepsin on CD137L protein 

expression levels on HUT78 CTCL cells surface. FIG. 5G shows the effects of 

treatment with bortezomib onCDI37L protein expression levels onHUT78 CTCL cells 

surface. FIG. 5- shows the effects of treatment with chidamide on CD137L protein 

expression levels on HUT7S CTCL cells surface. Cells in FIGs. 5A-5E were stained 

with PE-conjugated Isotype Control (Biolegend catalog #400112) or anti-human

CD137L (Biolegend catalog#311504) antibodies: cells in FIGs. 5F-5H were stained 

with PE-Cy7-conjugated Isotype Control (Thermofisher catalog #25-4714-80) and anti

human-CD137. (Thermofisher catalog #25-5906-42) antibodies.  

[0032] FIGs. 6A-6B show the effects of treatment with romidepsin and bortezomib, 

on CD137L protein expression levels on HUT78 CTCL cells surface at different time 

points. FIG. 6A shows the effects of treatment with 0.003 pM romidepsin on CDI37L 

protein expression levels on HUT78 CTCL cells surface at different time points. FIG.  

6B shows the effects of treatment with 0.01 pM bortezomib on CD137L protein 

expression levels on HUT78 CTCL cells surface at different time points.  

100331 FIGs. 7A-7C showthe effects of treatment with different dose of romidepsin 

on mRNA expression in HUTI02, HUT78, and SU-DHLI human T cell lymphoma 

(TCL) cells. FIG. 7A shows the effects of treatment with romidepsin on mRNA 

expression in 111T02 human TCL cells FIG. 7B shows the effects of treatment with 

romidepsin on mRNA expression in HUT78 human TCL cells. FIG 7C shows the 

effects of treatment with ronidepsin on mRNA expression in SU-DHLI human TCL 

cells. # indicates genes with low basal expression.  

100341 FIGs. SA-8C show the effects of treatment with different dose of belinostat 

on mRNA expression in HUTi02, HUT78, and SU-DH1. humanTCL cells. FIG. 8A 

shows the effects of treatment with beinostat on mRNA expression in 1-UT102 human 

9
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TCL cells. FIG. 8B shows the effects of treatment with belinostat on mRNA expression 

in HUT78 human TCL cells. FIG. 8C shows the effects of treatment with belinostat on 

mRNA expression in SU-DHL1 humanTCL cells. # indicates genes with low basal 

expression.  

[00351 FIGs. 9A-9C show the effects of treatment with different dose of bortezomib 

on mRNA expression in HUT102, HUT78, and SU-DHI1 human TCL cells. FIG. 9A 

shows the effects of treatment with bortezonib on mRNA expression in HUT102 

human TCL cells. FIG. 9B shows the effects of treatment with bortezomib on mRNA 

expression in HUT78 humanTCL cells. FIG. 9C shows the effects of treatment with 

bortezonib on mRNA expression in SU-DHLI humanTCL cells. t indicates genes 

with low basal expression.  

[00361 FIGs. IOA-1OC show the effects of treatment with different dose of vincristine 

on mRNA expression in HUT102, HUT78, and SU-DHL1 humanTCL cells. FIG I1OA 

shows the effects of treatment with vincristine on mRNA expression in HUT102 human 

TCL cells. FIG. 10B shows the effects of treatment with vincristine on mRNA 

expression in HUT78 human TCL cells. FIG. 1IC shows the effects of treatment with 

vincristine on mRNA expression in SU-DHLi humanTCL cells. #indicatesenes with 

low basal expression.  

[00371 FIGs. H1A-iIC show the effects of treatment with different dose of 

romidepsin. bortezomib, and chidamide on viability ofHUT78 human TCL cells. FIG.  

IIA shows the effects of treatment with different dose of romidepsin on viability of 

HIjT78 human TCL cells. FIG. IIB shows the effects of treatment with different dose 

of bortezomib on viability of HUT78 human TCL cells. FIG. I IC shows the effects of 

treatment with different dose of chidamide on viability of HUT78 human TCL cells.  

[00381 FIGs. 12A-12C show the effects of treatment with different dose of 

romidepsin, bortezomib, and chidamide on viability of purified human T cells. FIG.  

12A shows the effects of treatment with different dose of romidepsin on viabilty of 

purified humanT cells. FIG. 12B shows the effects of treatment with different dose of 

bortezonib on viability of purified human T cells. FIG. 12C shows the effects of 

treatment with different dose of chidamide on viability of purified human T cells.  

[00391 FIGs, 13A-131 show the effects of treatment with anti-CD137 antibody 

ADG106, anti-PDI antibody 2E5, 1L-2, ADG106 in combination with IL-2, 2E5 in 
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combination with IL-2, ADG106 in combination with 2E5. and ADGI06 in 

combination with both IL-2 and 2E5 on a BI6F10 mouse model. FIG. 13A shows a 

comparison of the average tumor volume over time among the various treatment groups.  

FIG. 13B shows individual response in the ADG106 monotherapy group. FIG. 13C 

shows individual response in the vehicle (control) group. FIG. 13D shows individual 

response in the IL-2 monotherapy group. FIG. 13E shows individual response in the 

ADGI06 + I-2combination therapy group. FIG. 13F shows individual response in the 

2E5 monotherapy group. FIG. 13G shows individual response in the ADG106 + 2E5 

combination therapy group. FIG. 13H shows individual response in the 2E5 + IL-2 

combination therapy group. FIG. 131 shows individual response in the ADG106 + IL

2 + 2E5 combination therapy group.  

DETAILED DESCRIPTION 

10040] The present application provides methods of treating cancers in a subject 

using an anti-CD137 antibody and an agent such as a cytokine (e.g., IL-2) or a histone 

deacetylase (HDAC) inhibitor that induces expression of CD137 on an immune cell 

and/or induces expression of CD1371 on a cancer cell in the subject. The methods 

described herein are based at least in part ont the inventors' discovery that IL-2 induces 

expression of CD137 on T cells, NK cells and NK-T cells, which may contribute to the 

synergistic effects of 1L-2 and an anti-CD137 antibody in a combination therapy for 

treating cancer. Furthermore, although combination of an anti-CD137 antibody with a 

continuous high dose of IL-2 led to significant toxicity in an in vivo mouse model of 

lung cancer, combination of an anti-CD137 antibody with IL-2 at a low-frequency high 

dose or at a continuous low dose showed synergistic mU-tumor effects without 

incurring toxicity.  

[00411 Accordingly, the present application in one aspect provides a method of 

treating a cancer in a subject, comprising administering to the subject: (a) an effective 

amount of an anti-CD137 antibody that specifically binds to an extraceillar domain of 

human CD137, wherein the antibody binds to one or more amino acid residues selected 

from thegroup consisting of amino acid residues 51, 53, 62-73, 83, 89, 9295-104 and 

112-116 of SEQ ID NO: 1, and (b) an agent (e.g., IL-2) that induces expression of 
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CD137 on an immune cell and/or induces expression of CD137L on a cancer cell of the 

subject.  

. Definitions 

100421 Unless otherwise defined herein, scientific and technical terms used in 

connection with the present disclosure shall have the meanings that are commonly 

understood by those of ordinary skill in the art. Further, unless otherwise required by 

context, singular terms shall include pluralities and plural terms shall include the 

singular. Generally, nomenclatures used in connection with, and techniques of, 

antibody engineering, immunotherapy, cell and tissue culture, molecular biology, 

immunology,microbiology, genetics and protein and nucleic acid chemistry described 

herein are those well-knownand commonly used in the art.  

100431 The terms "CD137" and "CD137 receptor" are used interchangeably in the 

present application, and include the human CD137 receptor, as well as variants, 

isoforms, and species homologs thereof. Accordingly, a binding molecule, as defined 

and disclosed herein, may also bind CD137 from species other than human. In other 

cases, a binding molecule may be completely specific for the human CDI37 and may 

not exhibit species or other types of cross-reactivity.  

100441 The term "CD137 antibody" refers to an antibodyv as defined herein, capable 

of binding to human CD137 receptor.  

100451 The term "antibody" is used herein in the broadest sense and specifically 

covers monoclonal antibodies (including full length monoclonal antibodies), polyclonal 

antibodies, multispecific antibodies (e.g., bispecific antibodies), and antibody 

fragments (e.g., a single-chain variable fragment or scFv) so long as they exhibit the 

desired biological activity.  

100461 The term "antibody" is an art-recognized term and may refer to an antigen

binding protein (i.e., immunoglobulin) having a basic four-polypeptide chain structure 

consisting of two identical heavy (H) chains and two identical light (L) chains. Each L 

chain is linked to an H chain by one covalent disufide bond, while the two H chains 

are linked to each other by one or more disulfide bonds depending on the H chain 

isotype. Each heavy chain has, at the N-terminus, a variable region abbreviatedd herein 

as VH) followed by a constant region. The heavy chain constant region is comprised of 
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three domains, C-11, C-12 and C113. Each light chain has, at theN-terminus, a variable 

region (abbreviated herein as VL) followed by a constant region at its other end. The 

light chain constant region is comprised of one domain, CL. The VL is aligned with the 

VI-I and the CL is aligned with the first constant domain of the heavy chain (CH1). The 

pairing of a VH aid VL together fors a single antigen-binding site. An IgM antibody 

consists of 5 of the basic heterotetramer units along with an additional polypeptide 

called J chain, and therefore contains 10 antigen binding sites, while secreted IgA 

antibodies can polymerize to form polyvalent assemblages comprising 2-5 of the basic 

4-chain units along with J chain.  

[00471 The VH and VL regions can be further subdivided into regions of 

hypervariability, termed hyper-variable regions (FIVR) based on the structural and 

sequenceanalysis. HVRs are interpersedwithregions thatare more conserved, termed 

fi-arework regions (FW). For comparison, the Kabat CDR definition by Yvonne Chen, 

et al. (Selection and Analysis of an Optimized Anti-VEGF Antibody: Crystal Structure 

of an Affinity-matured Fab in Complex with Antigen, J. Mol. Biol. (1999) 293, 865

881) is listed below. Each VH and VL is composed of three HVRs and four FWs 

arranged from amino-terminus to carboxy-terminus in the following order: FWt, 

HVRI, FW2, I-IVR2, FW3, HVR3, FW4. Throughout the present disclosure, the three 

HVRs of the heavy chain are referred to as HVR_11, HVRH2, and HVR_-13.  

Similarly, the three HVRs of the iight chain are referred to as HVR_LI, HVR L2, and 

HVRL3.  

100481 As used herein, the term "CDR" or"complementarity determining region" is 

intended to mean the non-contiguous antigen combining sites found within the variable 

region of both heavy and light chain polypeptides. These particular regions have been 

described by Kabat et al., J. Biol. Chem. 252:6609-6616 (1977); Kabat et al., U.S. Dept.  

of Health ad Human Services, "Sequences of proteins of immunological interest" 

(1991); Chothia et al., J. Mol. Biol. 196:901-917 (1987); Al-Lazikani B. et a., J M/.  

Biol., 273: 927-948 (1997); MacCallum et al., J. Mol. Biol. 262:732-745 (1996); 

Abhinandan and Martin, MoL. Immunol., 45: 3832-3839 (2008); Lefranc M.P. et l.  

Dev. Con. Imunol., 27: 55-77 (2003); and Honegger and Phickthun, .Mol. Biol., 

309:657-670 (2001),twhere the definitions include overlapping or subsets of amino acid 

residues when compared against each other. Nevertheless, application of either 
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definition to refer to a CDR of an antibody or grafted antibodies or variants thereof is 

intended to be within the scope of the term as defined and used herein. The amino acid 

residues, which encompass the CDRs as defined by each of the above-cited references, 

are set forth below in Table A as a comparison. CDR prediction algorithms and 

interfaces are known in the art, including, for example, Abhinandan and Martin, Mol.  

Imnmaol., 45: 3832-3839 (2008); Ehrenmann F. el at, Nucleic Acids Res., 38: D301

D307 (2010); and Adolf-Bryfogle J. et al., Nucleic Acids Res., 43: D432-D438 (2015).  

The contents of the references cited in this paragraph are incorporated herein by 

reference in their entireties for use in the present invention and for possible inclusion 

in one or more claims herein.  

TABLE A: CDR DEFINITIONS 
Kabat' Chothia2  MacCaumin3 IMGT4 AHo5 

VH CDR1 31-35 26-32 30-35 27-38 25-40 

VH CDR2 50-65 53-55 47-58 56-65 58-77 

VH CDR3 95-102 96-101 93-101 105-117 109-137 

VL CDR1 24-34 26-32 30-36 27-38 25-40 

VL CDR2 50-56 50-52 46-55 56-65 58-77 

VL CDR3 89-97 91-96 89-96 105-117 109-137 

'Residue numbering follows the nomenclature of IKabat et alt, supra 

'Residue numbering follows the nomenclature of Chothia et al., stra 

3Residue numbering follows the nomenclature of MacCallum et al., 

supra 

4Residue numbering follows the nomenclature of Lefranc et al., supra 

'Residue numbering follows the nomenclature of Honeggerand 

Plockthun, supra 

f0049] 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 nediate the 

binding of the immunoglobulin to host tissues or factors, including various cells of the 

immune system (eg. effector cells) and the first component (Clq) of the classical 

complement system. Within light and heavy chains, the variable and constant regions 

are joined by a, "J" region of about 12 or more amino acids, with the heavy chain also 
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including a "D" region of about 10 or more amino acids. See generally Fundamental 

Immunology Ch. 7 (Paul, W, ed., 21 ed. Raven Press, N.Y. (1989)).  

[0050] The L chain from any vertebrate species can be assigned to one of two clearly 

distinct types, called kappa and lambda, based on the amino acid sequences of their 

constant domains. Depending on the amino acid sequence of the constant domain of 

their heavy chains (CH), antibodies can be assigned to different classes or isotopes.  

There are five classes of antibodies: IgA, IgD, IgE, IgG, and IgM, having heavy chains 

designated a (alpha), 6 (delta), s (epsilon), y (gamma), and p (mu), respectively. The 

IgG class of antibody can be further classified into four subclasses IgG1, IgG2 IgG3, 

and IgG4 by the gamma heavy chains. Y I-Y4., respectively.  

[00511 "Fc region" as used herein refers to the polypeptide comprising the constant 

region of an antibody heavy chain excluding the first constant region immunoglobulin 

domain. For igG, the Fc region may comprise immunoglobulin domains CH2 and CH3 

and the hinge between CHI and CH2.  

10052] The term "antibody derivative" or "derivative" of an antibody refers to a 

molecule that is capable of binding to the same antigen (eg.CD137) that the antibody 

binds to and comprises an amino acid sequence of the antibody linked to an additional 

molecular entity. The amino acid sequence of the antibody that is contained in the 

antibody derivative may be a full-length heavy chain, a full-length light chain, any 

portion or portions of a full-length heavy chain, any portion or portions of the full

length light chain of the antibody, any other fragment(s) of an antibody, or the complete 

antibody. The additional molecular entity may be a chemical or biological molecule.  

Examples of additional molecular entities include chemical groups, amino acids, 

peptides, proteins (such as enzymes,antibodies), and chemical compounds. The 

additional molecular entity may have any utility, such as for use as a detection agent, 

label, marker, pharmaceutical or therapeutic agent. The amino acid sequence of an 

antibody may be attached or linked to the additional molecular entity by chemical 

coupling, genetic fusion, noncovalent association, or otherwise. The term "antibody 

derivative" also encompasses chimeric antibodies, humanized antibodies, and 

molecules that are derived from modifications of the amino acid sequences of an 

antibody (e.ga CD137 antibody), such as conservation amino acid substitutions, 

additions, and insertions.  
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10053] As used herein, "sequence identity" between two polypeptide sequences 

indicates the percentage of amino acids that are identical between the sequences. The 

amino acid sequence identity of polypeptides can be determined conventionally using 

known computer programs such as Bestfit, FASTA, or BLAST (see, e.g. Pearson, 

Methods Enzymol. 183:63-98 (1990); Pearson.Methods Mol. Biol. 132:185-219 (2000); 

Altschul et al.,J. M/t. Biol. 215:403-410 (1990) Altschul et al., Nucleic Acids Res.  

25:3389-3402 (1997)). When using Bestfit or any other sequence alignment program 

to determine whether a particular sequence is, for instance, 95% identical to a reference 

amino acid sequence, the parameters are set such that the percentage of identity is 

calculated over the full length of the reference amino acid sequence and that gaps in 

homologyof up to 5% of the total number of amino acid residues in the reference 

sequence are allowed. This aforementioned method in determining the percentage of 

identity between polypeptides is applicable to all proteins, fragments, or variants 

thereof disclosed herein.  

10054] The term '"antigen-binding fragment" or "antigen binding portion" of an 

antibody refers to one or more portions of an antibody that retain the ability to bind to 

the antigen that the antibody bonds to (e.g., CD137). Examples of "antigen-binding 

fragment" of an antibody include (i) a Fab fragment, a monovalent fragment consisting 

of the VL, VH, CL and CHI domains; (ii) a F(ab')2 fragment, a bivalent fragment 

comprising two Fab fragments linked by a disulfide bridge at the hinge region; (iii) a 

Fd fragment consisting of the VH and CHI domains; (iv) a Fv fragment consisting of 

the VL and VH domains of a smle arm of an antibody, (v) a dAb fragment (Ward et 

al., Nature 341:544-546 (1989)), which consists of a VI domain; and (vi) an isolated 

complementarity determining region (CDR).  

[00551 The term "binding molecule"encompasses (1) antibody, (2) antigen-binding 

fragment of an antibody, and (3) derivative of an antibody, each as defined herein.  

[00561 Theterm"binding CD137," "binds CD137,""binding to CD137," or "binds 

to CD137" refers to the binding of a binding molecule, as defined herein, to the human 

CD137 in an in vitro assay, such as a Biacore assay, with an affinity (K) of 100 nM or 

less.  

[0057] 'The term "specifically binds" or "specifically binds to," in reference to the 

interaction of a binding molecule, as defined herein, (e.g., an antibody) with its binding 
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partner (e.g., an antigen), refers to the ability of the binding molecule to discriminate 

between an antigen of interest from an animal species and the antigen orthologue from 

a different animal species under a given set of conditions. A CD137 binding molecule 

is said to specifically bind to human CD137 if it binds to human CD137 at an EC50 

that is below 50 percent of the EC50 at which it binds CD137 of rat or mouse as 

determined in an in vitro assay. Binding specificity of an antibody can be determined 

using methods known in the art. Examples of such methods include FACS using PHA 

stimulated primary cells, Western blots, ELISA-, RIA-, ECL-, IRMA-tests and peptide 

scans.  

[00581 The term "compete for binding"refers to the interaction of two antibodies in 

their binding to a binding target. A first antibody competes for binding with a second 

antibody if binding of the first antibody with its cognate epitope is detectably decreased 

in the presence of the second antibody compared to the binding of the firstantibody in 

the absence of the second antibody. The alternative, where the binding of the second 

antibody to its epitope is also detectably decreased in the presence of the first antibody, 

can, but need not, be the case.That is, a firstantibody can inhibit the binding of a second 

antibody to its epitope without that second antibody inhibiting the binding of the first 

antibody to its respective epitome. However, where each antibody detectably inhibits 

the binding of the otherantibody with its cognate epitope, whether to the same, greater, 

or lesser extent, the antibodies are said to "cross-compete" with each other for binding 

of their respective epitope(s).  

100591 The tern "epitope" refers to a part of an antigen to which an antibody (or 

antigen-binding fragment thereofl) binds. Epitopes can be formed both from contiguous 

amino acids or noncontiguous amino acids juxtaposed by tertiary folding of a protein.  

Epitopes formed from contiguous amino acids are typically retained on exposure to 

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

treatment with denaturing solvents. An epitope can include various numbers of amino 

acids in a unique spatial conformation. Methods of determining spatial conformation of 

epitopes include, for example, x-ray crystallography, 2-dimensional nuclear magnetic 

resonance, deuterium and hydrogen exchange in combination with mass spectrometry 

or site-directed mutagenesis. or all methods used in combination with computational 

modeling of antigenand its complex structure with its binding antibody and its variants.  
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See. e.g., Epitope Mapping Protocols in Methods in Molecular Biology, Vol. 66, G. E.  

Morris, Ed (1996). Once a desired epitope of an antigen is determined, antibodies to 

that epitope can be generated, e.g., using the techniques described herein. The 

generation and characterization of antibodies may also elucidate information about 

desirable epitopes. From this information, it is then possible to competitively screen 

antibodies for binding to the same epitope. An approach to achieve this is to conduct 

cross-competition studies to find antibodies that competitively bind with one another, 

i.e., the antibodies compete for binding to the antigen. A high throughput process for 

"binning" antibodies based upon their cross-competition is described in PCT 

Publication No. WO 03/48731.  

[00601 The term "human antibody" refers to an antibody in which the entire amino 

acid sequences of the light chains and heavy chains are from the human 

immunoglobulin genes. A human antibody may contain urine carbohydrate chains if 

produced in a mouse, in a mouse cell or in a hybridoma derived from a mouse cell.  

Human antibodies may be prepared in a variety of ways known in the art.  

[0061] The term "humanized antibody" refers to a chimeric antibody that contains 

amino acid residues derived from human antibody sequences. A humanized antibody 

may contain some or all of the CDRs or HVRs from a non-hunn animal or synthetic 

antibody while the framework and constant regions of theantibody contain amino acid 

residues derived from human antibody sequences.  

j0062] The term "chimeric antibody" refers to an antibody that comprises amino acid 

sequences derived from different animal species, such as those having a variable region 

derived from a human antibody and a murine immunoglobulin constant region.  

[0063] The term "isolated antibody" or "isolated binding molecule" refers to an 

antibody or a binding molecule, as defined herein, that: (1) is not associated with 

naturally associated components that accompany it in its native state; (2) is freeofother 

proteins from the same species; (3) is expressed by a cell from a different species; or 

(4) does not occur in nature. Examples of isolated antibodies include a CD137 antibody 

that has been affinity purified using CD137, a CDI37 antibody that has been generated 

by hybridomas or other cell line in viro, and a CD137 antibody derived from a 

transgenic animal.  
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10064] The term "isolatednucleic acid" refers to anucleic acid molecule of genomic, 

cDNA, or synthetic origin, or a combination thereof, which is separated from other 

nucleic acid molecules present in the natural source of the nucleic acid. For example, 

with regard to genomic DNA, the term solated"includes nucleic acid molecules.  

which are separated from the chromosome with which the genomic DNA is naturally 

associated. Preferably, an "isolated" nucleic acid is free of sequences. which naturally 

flank thenucleic acid (i.e., sequences located atthe 5' and 3' ends ofthenucleic acid of 

interest.  

100651 An "Individual" or a "subject" is a mammal, more preferably a human.  

Manmals also include, but are not limited to, farm animals, sport animals, pets (such 

as cats, dogs, and horses), primates, mice and rats.  

[00661 The term "treat", "treating", or "treatment", with referenceto certain disease 

condition in a mammal, refers causing a desirable or beneficial effect in the mammal 

having the disease condition. The desirable or beneficial effect may include reduced 

frequency or severity of one or more symptoms of the disease (i.e., tumor growthand/or 

metastasis, or other effect mediated by the numbers and/or activity of immune cells, 

and the like), or arrest or inhibition of further development of the disease, condition, or 

disorder. In the context of treating cancer in a mammal, the desirable or beneficial effect 

may include inhibition of further growth or spread of cancer cells, death of cancer cells, 

inhibition of reoccurrence of cancer, reduction of pain associated with the cancer, or 

improved survival of the mammal. The effect can be either subjective or objective. For 

example, if the mammal is human. the human may note improved vigor or vitality or 

decreased pain as subjective symptoms of improvement or response to therapy.  

Alternatively, the clinician may notice a decrease in tumor size or tumor burden based 

on physical exam, laboratory parameters, tumor markers or radiographic findings.  

Some laboratory signs that theclinician may observe for response to treatment include 

normalization of tests, such as white blood cell count, red blood cell count, platelet 

count, erythrocyte sedimentation rate, and various enzyme levels. Additionally, the 

clinicianmay observe adecrease in adetectable tumormarker. Alternatively, othertests 

can be used to evaluate objective improvement, such as sonograms, nuclear magnetic 

resonance testing and positron emissions testing.  
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100671 The term "prevent" or "preventing," with reference to a certain disease 

condition in mammal, refers to preventing or delaying the onset of the disease, or 

preventing the manifestation of clinical or subclinical symptoms thereof.  

[00681 As used herein, an "effective amount" refers to an amount of an agent or drug 

effective to treat a disease or disorder in a subject. In the case of cancer, the effective 

amount of the agent may reduce the number of cancer cells; reduce the tumor size; 

inhibit (i.e., slow to some extent and preferably stop) cancer cell infiltration into 

peripheral organs; inhibit (i.e., slow to some extent and preferably stop) tumor 

metastasis; inhibit, to some extent, tumor growth; and/or relieve to some extent one or 

more of the symptoms associated with the cancer. As is understood in the clinical 

context, an effective amount of a drug, compound, or pharmaceutical composition may 

or may not be achieved in conjunction with another drug, compound, or pharmaceutical 

composition. Thus, an "effective amount" may be considered in the context of 

administering one or more therapeutic agents, and a single agent may be considered to 

be given in an effective amount if, in conjunction with one or more other agents, a 

desirable result may be or is achieved.  

[0069] "Adjuvant setting"refers to a clinical setting inwhich an individual has had a 

history of cancer, and generally (but not necessarily) been responsive to therapy, which 

includes, but is not limited to, surgery (e.g., surgery resection), radiotherapy, and 

chemotherapy, Treatment or administration in the "adjuvantsetting" refers to a 

subsequent mode of treatment.  

100701 "Neoadjuvant setting" refers to a clinical setting in which the method is 

carried out before the primary/defiritive therapy.  

[0071] Theterms "recurrence," "relapse" or "relapsed" refers to the return of a cancer 

or disease after clinical assessment of the disappearance of disease. A diagnosis of 

distant metastasis or local recurrence can be considered a relapse.  

100721 The term "refractory" or "resistant" refers to a cancer or disease that has not 

responded to treatment.  

100731 An "adverse event" or "AE" as used herein refers to any untoward medical 

occurrence in an individual receiving a marketed pharmaceutical product or in an 

individual who is participating on a clinical trial who is receiving an investigational or 

non-investigational pharmaceutical agent. The AE does not necessarily have a causal 
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relationship with the individual's treatment. Therefore, an AE can be any unfavorable 

and unintended sign, symptom, or disease temporally associated with the use of a 

medicinal product, whether or not considered to be related to the medicinal product. An 

AE includes, but is not limited to: an exacerbation of a pre-existing illness; an increase 

in frequency or intensity of a pre-existing episodic event or condition; a condition 

detected or diagnosed after study drug administration even though it may have been 

present prior to the start of the study; and continuously persistent disease or symptoms 

that were present at baseline and worsen following the start of the study. An AE 

generally does not include: medical or surgical procedures (e.g., surgery, endoscopy, 

tooth extraction, or transfusion); however, the condition that leads to the procedure is 

an adverse event; pre-existing diseases, conditions, or laboratory abnormalities present 

or detected at the start of the study that do not worsen; hospitalizations or procedures 

that are done for elective purposes not related to an untoward medical occurrence (e.g, 

hospitalizations for cosmetic or elective surgery or social/convenience admissions); the 

disease being studied or signs/symptoms associated with the disease unless more severe 

than expected for the individual's condition and overdose of study drug without any 

clinical signs or symptoms.  

[00741 A "serious adverse event" or (SAE) as used herein refers to any untoward 

medical occurrence at any dose including, but not limited to, that: a) is fatal; b) is life

threatening (defined as an immediate risk of death from the event as it occurred); c) 

results in persistent or significant disability or incapacity; d) requires in-patient 

hospitalization or prolongs an existing hospitalization (exception: Hospitalization for 

elective treatment of a pre-existing condition that did not worsen during the study is not 

considered an adverse event. Complications that occur during hospitalization are AEs 

and if a complication prolongs hospitalization, then the event is serious); e) is a 

congenital anomaly/birth defect in the offspring of an individual who received 

medication; or f) conditions not included in the above definitions that may jeopardize 

the individual or may require intervention to prevent one of the outcomes listed above 

unless clearly related to the individual's underlying disease. "Lack of efficacy" 

(progressive disease) is not considered an AE or SAE. The signs and symptoms or 

clinical sequelae resulting from lack of efficacy should be reported if they fulfill the AE 

or SAE definitions.  
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10075] The following definitions may be used to evaluate response based on target 

lesions: "complete response" or "CR" refers to disappearance of all target lesions; 

"partial response" or "PR" refers to at least a 30% decrease in the sum of the longest 

diameters (SLD) of target lesions, taking as reference the baseline SLD; "stable disease" 

or "SD" refers to neither sufficient shrinkage of target lesions to qualify for PR, nor 

sufficient increase to qualify for PD, taking as reference the nadir SLD since the 

treatment started; and "progressive disease" or "PD" refers to at least a 20% increase 

in the SLD of target lesions, taking as reference the nadir SLD recorded since the 

treatment started, or, the presence of one or more new lesions.  

[00761 The following definitions of response assessments may be used to evaluate a 

non-target lesion: "complete response" or "CR"refers to disappearance ofall non-target 

lesions; "stable disease" or "SD" refers to the persistence of one or more non-target 

lesions not qualifying for CR or PD; and "progressive disease" or "PD" refers to the 

"unequivocal progression"of existing non-target lesion(s) or appearance of one or more 

new lesion(s) is considered progressive disease (if PD for the individual is to be 

assessed for a time point based solely on the progression of non-target lesion(s), then 

additional criteria are required to be fulfilled.  

[00-771 "Progression free survival"(PFS) indicates the length of time during and after 

treatment that the cancer does not grow. Progression-free survival includes the amount 

of time individuals have experienced a complete response or a partial response, as well 

as the amount of time individuals have experienced stable disease.  

100781 The terms polypeptidee," "protein, and "peptide" are used interchangeably 

herein and may refer to polymers of two or more amino acids.  

[0079] "Polynucleotide," or nucleicc acid," as usedinterchangeably herein, refer to 

polymers of nucleotides of any length, and include DNA and RNA. The nucleotides 

can be deoxvribonucleotides, ribonucleotides, modified nucleotides or bases, and/or 

their analogs, or any substrate that can be incorporated into a polymer by DNA or RNA 

polymerase or by a synthetic reaction. A polvnucleotide may comprise modified 

nucleotides, such as methylated nucleotides and their analogs. If present, modification 

to the nucleotide structure may be imparted before or after assembly of the polymer.  

The sequence of nucleotides may be interrupted by non-nucleotide components. A 

polynucleotide may comprise nodification(s) made after synthesis, such as conjugation 
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to a label. Other types of modifications include, for example, "caps," substitution of 

one or more of the naturally occurring nucleotides with an analog, intemucleotide 

modifications such as, for example, those with uncharged linkages (e.g., methyl 

phosphonates, phosphotriesters, phosphoamidates, carbamates, etc.) and with charged 

linkages (e.g., phosphorothioates, phosphorodithioates, etc.), those containing pendant 

moieties, such as. for example, proteins (e.g., nucleases, toxins, antibodies, signal 

peptides, ply-L-lysine, etc.), those with intercalators (e.g., acridine, psoralen, etc.), 

those containing chelators (e.g., metals, radioactive metals, boron, oxidative metals, 

etc.), those containing alkylators, those with modified linkages (e.g., alpha anomeric 

nucleic acids, etc.), as well as unmodified forms of the polynucleotides(s). Further, any 

of the hydroxyl groups ordinarily present in the sugars may be replaced, for example, 

by phosphonate groups, phosphate groups, protected by standard protecting groups, or 

activated to prepare additional linkages to additional nucleotides, or may be conjugated 

to solid or seti-solid supports. The 5' and 3' terminal OH can be phosphorylated or 

substituted with amines or organic capping groupmoieties of from 1 to 20 carbonatoms.  

Other hydroxyls may also be derivatized to standard protecting groups.  

Polynucleotides can also contain analogous forms of ribose or deoxyribose sugars that 

are generally known in the art, including, for example, 2'-O-methyl-, 2'-O-allyl-, 2'

fluoro- or 2'-azido-ribose, carbocyclic sugar analogs, a-anomeric sugars, epimeric 

sugars such as arabinose, xyloses or lyxoses, pyranose sugars, furanose sugars, 

sedoheptuloses, acyclic analogs, and basic nucleoside analogs such as methyl riboside.  

One or more phosphodiester linkages may be replaced by alternative linking groups.  

These alternative linking groups include, but are not limited to, embodiments wherein 

phosphate is replaced by P(O)S ("thioate"), P(S)S ("dithioate"), (O)NR2 ("amidate"), 

P(O)R, P(O)OR, CO, or C12 ("formacetal"), in which each R or R' is independently 

H or substituted or unsubstituted alkyl (1-20 C) optionally containing an ether (-0-) 

linkage, aryl, alkenyl, cycloalkyi, cycloalkenyl or araldyl. Not all linkages in a 

polynucleotide need be identical. The preceding description applies to all 

polynucleotides referred to herein, including RNA and DNA.  

[0080] "PEG" or "polyethylene glycol," as used herein, is meant to encompass any 

water soluble poly(ethylene oxide). Unless otherwise indicated, a, "PEG polymer" or a 

polyethylene glycol is one in which substantially all (preferably all) monomeric 
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subunits are ethylene oxide subunits, though, the polymer may contain distinct end 

capping moieties or functional groups, eg.for conjugation. PEG polymers for use in 

the present invention will comprise one of the two following structures: "-(CH2CH2O)n-" 

or "-2CH20)n-CH2CH2- depending upon whether or not the terminal oxygen(s) 

has been displaced, e.g. during a synthetic transformation, As stated above, for the PEG 

polymers, the variable (n) ranges from about 3 to 4000, and the terminal groups and 

architecture of the overall PEG can vary.  

100811 The methodsand techniques of the present disclosure are generally performed 

according to methods well known in the art and as described in various general and 

more specific references that are cited and discussed throughout the present 

specification unless otherwise indicated. Such references include, e.g., Sambrook and 

Russell, Moecular Cloning, A LaboratoryApproach, Cold Spring Harbor Press, Cold 

Spring Harbor, N.Y. (2001), Ausubel et al, Current Protocols in Molecuar Biology, 

John Wiley & Sons, NY (2002), and Harlow and Lane Antibodies:A Laboratory 

Manual, Cold Spring Harbor Laboratory Press, Cold Spring Harbor, N.Y. (1990).  

Enzymatic reactions and purification techniques are performed according to 

manufacturer's specifications, as commonly accomplished in the art or as described 

herein. The nomenclatures used in connection with, and the laboratory procedures and 

techniques of, analytical chemistry, synthetic organic chemistry, and medicinal and 

pharmaceutical chemistry described herein are those well-known and commonly used 

in the art. Standard techniques are used for chemical syntheses, chemical analyses, 

pharmaceutical preparation, formulation, and delivery, and treatment of patients.  

100821 As used herein, the twenty conventional amino acids and their abbreviations 

follow conventional usage. See mnunology A Svthesis (2nd Edition, E. S. Golub 

and D. R. Gren, Eds., Sinauer Associates, Sunderland, Mass. (1991)).  

[0083 It is tinderstood that einbodiinents of the present application described herein 

include "comprising," "consisting," and "consisting essentially of' aspects and 

embodiments.  

100841 The term "about" as used herein refers to the usual error range for the 

respective value readily known to the skilled person in this technical field. Reference 

to "about" a value or parameter herein includes (and describes) variations that are 
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directed to that value or parameterper se. For example, description referring to "about 

X" includes description of "X" 

[0085] As used herein, reference to "not" a value or parameter generally means and 

describes "other than" a value or parameter. For example, the method is not used to 

treat cancer of type X means the method is used to treat cancer of types other than X.  

100861 The term"about X-Y"' used herein has the same meaning as "about X to about 

Y." 

100871 As used herein andin the appended claims, the singularforms"a." "an," and 

'the" include plural referents unless the context clearly dictates otherwise.  

[00881 The term "and/or" as used herein a phrase such as "A and/or B" is intended to 

include both A and B: A or B; A (alone); and B (alone). Likewise, the term "and/or" as 

used herein a phrase such as "A, B, and/or C" is intended to encompass each of the 

following embodiments: A, B. and C : A, B, or C A or C; A or B; B or C; A and C; A 

and B; B and C: A (alone); B (alone); and C (alone).  

IL Methods of Treatment 

[00891 The present application provides methods for treating cancers using an anti

CD137 antibody that specifically binds to anextracellular domain of human CD137 in 

combination with an agent ("CD137-inducing agent") that induces expression of 

CD137 on immune cells and/or induces expression of CD137L on a cancer cell. Any 

one of the anti-CD137 antibodies in Section III "Anti-CD137 Antibodies" may be used 

in combination with any one of the CD137-inducing agents in the subsection "CD137

inducing agents" below for the methods described herein.  

[00901 In some embodiments, there is provided a method of treating cancer in a 

subject, comprising administering to the subject: (a) an effective amount of an anti

CD137 antibody that specifically binds to an extracellular domain of human CD137, 

wherein the antibody binds to one or more amino acid residues selected from the group 

consisting of amino acid residues 51, 53, 62-73, 83, 89, 92, 95-104 and 112-116 of SEQ 

ID NO: 1; and (b) an effective amount of an agent that induces expression of CD137 

on an immune cell (e.g., CD8- T cells, Treg cells, NK cells and/or NK-T cells) and/or 

induces expression of CD137L on a cancer cell of the subject. In some embodinents, 

the agent induces expression of CD137 on an immune cell of the subject. In some 
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embodiments, the agentinduces expression of CD137L on a cancer cell of the subject.  

In some embodiments, the agent induces expression of CD137 on an immune cell of 

the subject and induces expression of CD137L on a cancer cell of the subject.  

[00911 In some embodiments, there is provided a method of treating cancer in a 

subject, comprising administering to the subject: (a) an effective amount of an anti

CD137 antibody that specifically binds to an extracellular domain of human CD137, 

wherein the anti-CD137 antibody comprises aVH and aVL, wherein the VH comprises 

a HVR-H1 comprising the amino acid sequence of SEQ ID NO: 2, a HVR-H2 

comprising the amino acid sequence of SEQ ID NO: 3, and a HVR-H3 comprising the 

amino acid sequence of SEQ ID NO: 4, and wherein the VL comprises a HVR-LI 

comprising the amino acid sequence of SEQ ID NO: 5, a HVR-L2 comprising the 

amino acid sequence of SEQ ID NO: 6, and a HVR-L3 comprising the amino acid 

sequence of SEQ ID NO: 7; and (b) an effective amount of an agent that induces 

expression of CD137 on an immune cell (e.g., CD8+ T cells, Treg cells, NK cells and/or 

NK-T cells) and/or induces expression of CD137L on a cancer cell of the subject. In 

someembodiments, the anti-CD137 antibody comprises a VH comprising the amino 

acid sequence of SEQ ID NO: 8, and/or a VL comprises the amino acid sequence of 

SEQ ID NO: 9. In some embodiments, the agent induces expression of CD137 on an 

immune cell of the subject. In some embodiments, the agent induces expression of 

CD137L on a cancer cell of the subject. In some embodiments, the agent induces 

expression of CD137 on an inmune cell of the subject and induces expression of 

CD137L on a cancer cell of the subject.  

10092] In some embodiments, there is provided a. method of treating a cancer in a 

subject, comprising administering to the subject: (a) an effective amount of an anti

CD137 antibody that specifically binds to an extracellular domain of human CD137, 

wherein the anti-CD137 antibody comprises aVH and aVL, wherein the VH comprises 

a HVR-HI comprising the amino acid sequence of SEQ ID NO: 12, a HVR-H2 

comprising the amino acid sequence of SEQ ID NO: 131 and a HVR-H3 comprising the 

amino acid sequence of SEQ ID NO: 14, and wherein the VL comprises a HVR-L1 

comprising the armino acid sequence of SEQ ID NO: 15, a HVR-L2 comprising the 

amino acid sequence of SEQ ID NO: 16, and a HVR-L3 comprising the amino acid 

sequence of SEQ ID NO: 17; and (b) an effective amount of in agent that induces 
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expression of CD137 on an immune cell (e.g., CD8+ T cells, Treg cells, NK cells and/or 

NK-T cells) and/or induces expression of CD137L on a cancer cell of the subject. In 

some embodiments, the anti-CD137 antibody comprises a VH comprising the amino 

acid sequence of SEQ ID NO: 18, and/or a VL comprises the amino acid sequence of 

SEQ ID NO: 19. Iisome embodiments, theagent induces expression of CD137 on an 

immune cell of the subject. In some embodiments, the agent induces expression of 

CD137L on a cancer cell of the subject. In some embodiments, the agent induces 

expression of CD137 on an immune cell of the subject and induces expression of 

CD137L on a cancer cell of the subject.  

[0093j In some embodiments, there is provided a method of treating a cancer in a 

subject, comprising administering to the subject: (a) an effective amount of an anti

CD137 antibody that specifically binds to an extracellular domain of human CD137, 

wherein the anti-CD137 antibody comprises a VH and a VL, wherein the VH comprises 

a HVR-HI comprising the amino acid sequence of SEQ ID NO: 22, a HVR-H2 

comprising the amino acid sequence of SEQ ID NO:23, and a-IVR-H3 comprising the 

amino acid sequence of SEQ ID NO: 24, and wherein the VL comprises a HVR-LI 

comprising the amino acid sequence of SEQ ID NO: 25, a HVR-L2 comprising the 

mtno acid sequence of SEQ ID NO: 26, and a HVR-L3 comprising the amino acid 

sequence of SEQ ID NO: 27; and (b) an effective amount of an agent that induces 

expression of CD137 on an immune cell (e.g, CD8+Tcells, Tregcells,NK cells and/or 

NK-T cells) and/or induces expression of CD137L on a cancer cell of the subject. In 

some embodiments, the anti-CD137 antibody comprises a VII comprising the amino 

acid sequence of SEQ ID NO: 28, and/or a V. comprises the amino acid sequence of 

SEQ ID NO: 29. In some embodiments, the agent induces expression of CD137 on an 

immune cell of the subject. In some embodiments, the agent induces expression of 

CD137L on a cancer cell of the subject. In some embodiments, the agent induces 

expression of CD137 on an immune cell of the subject and induces expression of 

CD137L on a cancer cell of the subject.  

100941 In some embodiments, there is provided a method of treating a cancer in a 

subject, comprising administering to the subject: (a) an effective amount of an anti

CD137 antibody that specifically binds to an extracellular domain of human CD137, 

wherein the antibody binds to one or more amino acid residues selected from the group 
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consisting of amino acid residues 51, 53, 62-73, 83, 89, 92, 95-104 and 112-116 of SEQ 

ID NO: I and (b) an effective amount of a cytokine that induces expression of CD137 

on an inmnune cell an agent that induces expression of CD137 on an immune cell (e.g., 

CD8+ T cells, Treg cells, NK cells and/or NK-T cells) and/or induces expression of 

CD137L on a cancer cell of the subject. In some embodiments, the cytokine is selected 

from the group consisting of 11-2, It-12, IL-10 and INFy. In some embodiments, the 

cvtokine induces expression of CD137 on an immune cell of the subject. In some 

embodiments, the cytokine induces expression of CD137L on a cancer cell of the 

subject. In some embodiments, the cytokine induces expression of CD137 on an 

immune cell of the subject and induces expression of CD137L on cancer cell of the 

subject.  

[0095] In some embodiments, there is provided a method of treating a cancer in a 

subject, comprising administering to the subject: (a) an effective amount of an anti

CD137 antibody that specifically binds to an extracellular domain of human CD137, 

wherein the anti-CD137 antibody comprises aVHandaVL, wherein theVHcomprises 

a HVR-H1 comprising the amino acid sequence of SEQ ID NO: 2, a HVR-H2 

comprising the amino acid sequence of SEQ ID NO: 3, and a -IVR-13 comprising the 

amino acid sequence of SEQ ID NO: 4, and wherein the VL comprises a HVR-LI 

comprising the amino acid sequence of SEQ ID NO: 5, a HVR-L2 comprising the 

aminoacid sequence of SEQ ID NO: 6, and a HVR-L3 comprising the amino acid 

sequence of SEQ ID NO: 7; and (b) an effective amount of a cytokine that induces 

expression of CD137 on an immune cell (e.g, CD8+T cells,1Treg cells,NK cells and/or 

NK-T cells) and/or induces expression of CD137L on a cancer cell of the subject. In 

some embodiments, the ainti-CD137 antibody comprises a VII comprising the amino 

acid sequence of SEQ ID NO: 8, and/or a VL comprises the amino acid sequence of 

SEQ ID NO: 9. In some embodiments, the cytokine is selected from the group 

consisting of IL-2, IL-12, IL-10 and INFy. In some embodiments, the cytokine induces 

expression of CD137 on an immune cell of the subject. In some embodiments, the 

cvtokine induces expression of CD137L on a cancer cell of the subject. In some 

embodiments, the cytokine induces expression of CD137 on an immune cell of the 

subject and induces expression of CD137L on a cancer cell of the subject.  
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10096] In some embodiments, there is provided a method of treating a cancer in a 

subject, comprising administering to the subject: (a) an effective amount of an anti

CD137 antibody that specifically binds to an extracellular domain of human CD137, 

wherein the anti-CD137 antibody comprises a VH and a VL, wherein the anti-CD137 

antibody comprises aVH and aVL, wherein theVH comprises a1VR-II comprising 

the amino acid sequence of SEQ ID NO: 12, a HVR-H2 comprising the amino acid 

sequence of SEQ ID NO: 13, and a HVR-H3 comprising the amino acid sequence of 

SEQ ID NO: 14, and wherein the VL comprises a HVR-LI comprising the amino acid 

sequence of SEQ ID NO: 15, a HVR-L2 comprising the amino acid sequence of SEQ 

ID NO: 16, and a HVR-L3 comprising the amino acid sequence of SEQ ID NO: 17 

and (b) an effective amount of a cytokine that induces expression of CD137 on an 

immune cell (e.g. CD8+ T cells, Treg cells, NK cells and/orNK-T cells) and/or induces 

expression of CDi37L on a cancer cell of the subject In some embodiments, the anti

CD137 antibody comprises a VH comprising the amino acid sequence of SEQ ID NO: 

18, and/or a VL comprises the amino acid sequence of SEQ ID NO: 19. In some 

embodiments, the cytokine is selected from the group consisting of IL-2, IL-2 IL-10 

and INF In some embodiments, the cytokine induces expression of CD137 on an 

immune cell of the subject. In some embodiments, the cytokine induces expression of 

CD137L on a cancer cell of the subject In some embodiments, the cytokine induces 

expression of CD137 on an immune cell of the subject and induces expression of 

CD137L on a cancer cell of the subject.  

[00971 In some embodiments, there is provided a method of treating a cancer in a 

subject, comprising administering to the subject: (a) an effective amount of an anti

CD137 antibody that specifically binds to an extracellular domain of human CD137, 

whereinthe anti-CD137 antibody comprises aVI and aVL, wherein theV- comprises 

a HVR-Hi comprising the amino acid sequence of SEQ ID NO: 22, a HVR-H2 

comprising the amino acid sequence of SEQ ID NO: 23, and a HVR-H3 comprising the 

amino acid sequence of SEQ ID NO: 24, and wherein the VL comprises a HVR-LI 

comprising the amino acid sequence of SEQ ID NO: 25, a HVR-L2 comprising the 

amino acid sequence of SEQ ID NO: 26, and a HVR-L3 comprising the amino acid 

sequence of SEQ ID NO: 27, and (b) an effective amount of a cytokine that induces 

expression of CD137 on an immune cell (eg., CD8+ T cells, Treg cells, NK cells and/or 
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NK-T cells) and/or induces expression of CD137L on a cancer cell of the subject. In 

some embodiments, the anti-CD137 antibodycomprises VH compising the amino 

acid sequence of SEQ ID NO: 28, and/or a VL comprises the amino acid sequence of 

SEQ ID NO: 29. In some embodiments, the cytokine is selected from the group 

consisting of IL-2, IL-12, IL-10 andINFy. In some embodiments, the cytokineinduces 

expression of CD137 on an immune cell of the subject. In some embodiments, the 

cvtokine induces expression of CD137L on a cancer cell of the subject. In some 

embodiments, the cytokine induces expression of CD137 on an immune cell of the 

subject andinduces expression of CD137L on acancer cell ofthe subject.  

100981 In some embodiments, there is provided a method of treating a cancer in a 

subject, comprising administering to the subject: (a) an effective amount of an anti

CD137 antibody that specifically binds to an extracellular domain of human CD137, 

wherein the antibody binds to one or more amino acid residues selected from the group 

consisting of amino acid residues 51, 53, 62-73, 83, 89,92, 95-104 and 112-116 of SEQ 

ID NO: 1; and (b) an effective amount of an IL-2. In some embodiments, the IL-2 is a 

wiidtype IL-2, a chemically modified IL-2 variant, or an IL-1 analog. In some 

embodiments, the IL-2 is bempegaldesleukin.  

10099] In some embodiments, there is provided a method of treating a cancer in a 

subject, comprising administering to the subject: (a) an effective amount of an anti

CD137 antibody that specifically binds to an extracellular domain of human CD137, 

wherein the anti-CD137 antibody comprises a V-Iand a VL, wherein the V- comprises 

a HVR-HI comprising the amino acid sequence of SEQ ID NO: 2, a HVR-H2 

comprising the amino acid sequence of SEQ ID NO: 3, and a HVR-H3 comprising the 

amino acid sequence of SEQ ID NO: 4, and wherein the VL comprises a HVR-LI 

comprising the amino acid sequence of SEQ ID NO: 5, a HVR-L2 comprising the 

amino acid sequence of SEQ ID NO: 6, and a HVR-L3 comprising the amino acid 

sequence of SEQ ID NO: 7; and (b) an effective amount of an IL-2. In some 

embodiments, the anti-CD137 anybody comprises a V- comprising the amino acid 

sequence of SEQ ID NO: 8, and/or a VL comprises the amino acid sequence of SEQ 

ID NO: 9. In some embodiments, the IL-2 is a wildpe iL-2,a chemically modified 

IL-2 variant, or in IL-2 analog. In some embodiments, the IL-2 is bempegaldesleukin.  
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[0100] In some embodiments, there is provided a method of treating a cancer in a 

subject, comprising administering to the subject: (a) an effective amount of an anti

CD137 antibody that specifically binds to an extracellular domain of human CD137, 

wherein the anti-CD137 antibody comprises a VH and a VL, wherein the anti-CD137 

antibody comprises aV- and aVL, wherein theVH comprises aHVR-H1 comprising 

the amino acid sequence of SEQ ID NO: 12, a HVR-H2 comprising the amino acid 

sequence of SEQ ID NO: 13, and a HVR-H3 comprising the amino acid sequence of 

SEQ ID NO: 14, and wherein the VL comprises a HVR-L1 comprising the amino acid 

sequence of SEQ ID NO: 15, a HVR-L2 comprising the amino acid sequence of SEQ 

ID NO: 16, and a HVR-L3 comprising the amino acid sequence of SEQ ID NO: 17 

and (b) an effective amount of an IL-2. In some embodiments, the anti-C D137 antibody 

composes a VI comprising the amino acid sequence of SEQ ID NO: 18, aid/or a VL 

comprises the amino acid sequence of SEQ ID NO: 19. In some embodiments, the IL

2 is a wildtype IL-2, a chemically modified IL-2 variant, or an IL-2 analog. In some 

embodiments, the IL-2 is bempegaldesleukin.  

[0101] In some embodiments, there is provided a method of treating a cancer in a 

subject, comprising administering to the subject: (a) an effective amount of an anti

CD137 antibody that specifically binds to an extracellular domain of human CD137, 

wherein the anti-CD137 antibody comprises aVI and aVL, wherein the VI-I comprises 

a HVR-HI comprising the amino acid sequence of SEQ ID NO: 22, a HVR-H2 

comprising the amino acid sequence of SEQ ID NO: 23. and a HVR-H3 comprising the 

amino acid sequence of SEQ ID NO: 24, and wherein the VL comprises a HVR-L 

comprising the amio acid sequence of SEQ ID NO: 25, a HVR-L2 comprising the 

amino acid sequence of SEQ ID NO: 26, and a HVR-L3 comprising the amino acid 

sequence of SEQ ID NO: 27; and (b) an effective amount of 'n IL-2. In some 

embodiments, the ani-CD137 antibody comprises a VT compising the amino acid 

sequence of SEQ ID NO: 28, and/or a VL comprises the amino acid sequence of SEQ 

ID NO: 29. In some embodiments, the IL-2 is a wildtype IL-2 a chemically modified 

IL-2 variant, or in IL-2 analog. In some embodiments, the IL-2 is bempegaIdesleukin.  

101021 In some embodiments, there is provided a method of treating a cancer (e.g.  

lung cancer or melanoma) in a subject, comprising administering to the subject: (a) an 

effective amount of an anti-CD137 antibody that specifically binds to an extracellular 
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domain of human CD137, wherein the antibody binds to one or more anno acid 

residues selected from the group consisting of amino acid residues 51, 53, 62-73, 83, 

89, 92, 95-104 and 112-116 of SEQ ID NO: 1; and (b) an effective amount of an IL-2, 

wherein the IL-2 is administered at a dose of no more than about 2.8x106 i/m. In 

some embodiments, the IL-2 is a wildtype IL-2, a chemically modified IL-2 variant, or 

an IL-2 analog. In some embodiments, the IL-2 is bempegaldesleukin. In some 

embodiments, the IL-2 is administered twice daily. In some embodiments, the IL-2 is 

administered at a dose of about 7.2x IOlU/kg or about 2.8x106 U/im2.  

101031 In some embodiments, there is provided a method of treating a cancer (e.g..  

lung cancer or melanoma) in a subject, conpising administering to the subject: (a) an 

effective amount of an anti-CD137 antibody that specifically binds to an extracellular 

domain of human CD137, wherein the anti-CD137antibody comprises aVH and aVL, 

wherein the VH comprises a HVR-HI comprising the amino acid sequence of SEQ ID 

NO: 2, a HVR-H2 comprising the amino acid sequence of SEQ ID NO: 3, and a HVR

1-13 comprising the amino acid sequence of SEQ ID NO: 4, and wherein the VL 

comprises a HVR-L Icomprising the amino acid sequence of SEQ ID NO: 5, a HVR

L2 comprising the amino acid sequence of SEQ ID NO: 6, and a HVR-L3 comprising 

the amino acid sequence of SEQ ID NO: 7; and (b) an effective amount of an IL-2, 

wherein the IL-2 is administered at a dose of no more than about 2.8 106 IU/m 2. In 

some embodiments, the anti-CD137 antibody comprises a VH comprising the amino 

acid sequence of SEQ ID NO: 8, and/or a VL comprises the amino acid sequence of 

SEQ ID NO: 9. In some embodiments, the IL-2 isawidtypeIL-2 chemically 

modified IL-2 variant, or an IL-2 analog. In some embodiments, the IL-2 is 

bempegaldesleukin. In some embodiments, the IL-2 is administered twice daily. In 

some embodiments, the IL-2is administeredat a dose of about 7.2;104 IU/kg or about 

8 x 106 1I/n 2 

[01041 In some embodiments, there is provided a method of treating a cancer (e.g., 

lung cancer or melanoma) in a subject, comprising administering to the subject: (a) an 

effective amount of an anti-CD137 antibody that specifically binds to an extracellular 

domain of human CDI37,,wherein the anti-CD137 antibody comprises aVIand aVL, 

wherein the VH comprises a HVR-HI comprising the amino acid sequence of SEQ ID 

NO: 12, a HVR-H2 comprising the amino acid sequence of SEQ ID NO: 13, and a 
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HVR-H3 comprising the amino acid sequence of SEQ ID NO: 14, and wherein the VL 

comprises a HVR-L1 comprising the amino acid sequence of SEQ ID NO: 15, a HVR

L2 coinprising the amino acid sequence of SEQID NO: 16., and a HVR-L3 comprising 

the amino acid sequence of SEQ ID NO: 7; and (b) an effective amount of an IL-2, 

wherein the IL-2 is administered at a dose of no more than about 2.8x106 lU/m .In 

some embodiments, the anti-CD137 antibody comprises a VH comprising the amino 

acid sequence of SEQ ID NO: 18, and/or a VL comprises the amino acid sequence of 

SEQ ID NO: 19. In some embodiments, the IL-2 is a wildtype IL-2, a chemically 

modified IL-2 variant, or an IL-2 analog. In some embodiments, the IL-2 is 

bempegaldesleukin. In some embodiments, the IL-2 is administered twice daily. In 

some embodiments, the IL-2 is administeredat a dose of about 7.2x104 IU/kg or about 

2.8x 106 1U/m2 

[0105] In some embodiments, there is provided a method of treating a cancer (e.g., 

lung cancer or melanoma) in a subject, comprising administering to the subject: (a) an 

effective amount of an anti-CD137 antibody that specifically binds to an extracellular 

domain of human CDI37, wherein the anti-CD137 antibody comprises a VHand a.VL, 

wherein the VH comprises a HVR-H1 comprising the amino acid sequence of SEQ ID 

NO: 22, a HVR-H2 comprising the amino acid sequence of SEQ ID NO: 23, and a 

HVR-I-13 comprising the amino acid sequence of SEQID NO: 24, and wherein the VL 

comprises a HVR-L Icomprising the amino acid sequence of SEQ ID NO: 25, a HVR

L2 comprising the amino acid sequence of SEQID NO: 26, and a HVR-L3 comprising 

the amino acid sequence of SEQ ID NO: 27; and (b) an effective amount of an IL-2, 

wherein the IL-2 is administered at a dose of no more than about 2,8x106 IU/m. In 

some embodiments, the anti-CD137 antibody comprises a VH comprising the amino 

acid sequence of SEQ ID NO: 28, and/or a VL comprises the amino acid sequence of 

SEQ ID NO: 29. In sone embodiments, the IL-2 is a wildtype IL-2, a chemically 

modified IL-2 variant, or an IL 2 analog. In some embodiments, the IL-2 is 

bempegaldesleukin. In some embodiments, the IL-2is administered twice daily. In 

some embodiments, the IL-2 is administered at a dose of about 7.2x04 IlU/kg or about 

2.8x106 IU/nm.  

[0106] In some embodiments, there is provided amethod of treating acancer(e.g., 

lung cancer or melanoma) in a subject, comprising administering to the subject: (a) an 
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effective amount of an anti-CD137 antibody that specifically binds to an extracellular 

domain of human CD137. wherein the antibody binds to one or more amino acid 

residues selected from the group consisting of amino acid residues 51, 53, 62-73, 83, 

89, 92, 95-104 and 112-116 of SEQ ID NO: 1; and (b) an effective amount of an IL-2 

wherein the IL-2 is administered no more than once every three days. In some 

embodiments, the IL-2 is a wildtype IL-2, a chemically modified IL2 variant, or an IL

2 analog. In some embodiments, the IL-2 is bempegaldesleukin. In some embodiments, 

the IL-2 is administered at a dose of no more than about I.4x107 IUm2 , e.g., about 

72x10lU/kg or about 1,4x10' lU/m2 .  

[01071 In some embodiments, there is provided a method of treating a cancer (eg., 

lung cancer or melanoma) in a subject, comprising administering to the subject: (a) an 

effective amount of an anti-CD137 antibody that specifically binds to an extracellular 

domain of human CD137, wherein theanti-CD137 antibody comprises aVH and a VL, 

wherein the VH comprises a HVR-H1 comprising the amino acid sequence of SEQ ID 

NO: 2, a HVR--12 comprising the amino acid sequence of SEQ ID NO: 3, and a HVR

H3 comprising the amino acid sequence of SEQ ID NO: 4, and wherein the VL 

comprises a HVR-L1 conpising the amino acid sequence of SEQ ID NO: 5. a HVR

L2 comprising the amino acid sequence of SEQ ID NO: 6, and a HVR-L3 comprising 

the amino acid sequence of SEQ ID NO: 7; and (b) an effective amount of an IL-2, 

wherein the IL-2 is administered no more than once every three days. In some 

embodiments, the anti-CD137 antibody comprises a VH comprising the amino acid 

sequence of SEQ ID NO: 8, and/or a VL comprises the amino acid sequence of SEQ 

ID NO: 9. In some embodiments, the IL-2 is a wildtype IL-2, a chemically modified 

IL-2 variant, or an 11-2 analog. In some embodiments, the IL-2 is bempegaldesleukin.  

Insomeembodiments, the IL-2 is administered at a dose of no more thanabout 1.4 x;107 

>iU/ 2 , e.g., about 7.2xo1 I1/kg or about 1.4x 10U/n 2 .  

[0-108 In some embodiments, there is provided a method of treating a cancer (e.g., 

lung cancer or melanoma) in a subject, comprising administering to the subject: (a) an 

effective amount of an anti-CD137 antibody that specifically binds to an extracellular 

domain of human CDI37, wherein the anti-CD137 antibody comprises aVIand a.VL, 

wherein the VH comprises a HVR-HI comprising the amino acid sequence of SEQ ID 

NO: 12, a HVR-112 comprising the amino acid sequence of SEQ ID NO: 13, and a 
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HVR-H3 comprising the amino acid sequence of SEQ ID NO: 14, and wherein the VL 

comprises a HVR-LI comprising the amino acid sequence of SEQ ID NO: 15, a HVR

L2 conprising the amino acid sequence of SEQID NO: 16., and a HVR-L3 comprising 

the amino acid sequence of SEQ ID NO: 17; and (b) an effective amount of an IL-2, 

wherein the IL-2 is administered no more than once every three days. In some 

embodiments, the anti-CD137 antibody comprises a VH comprising the amino acid 

sequence of SEQ ID NO: 18, and/or a VL comprises the amino acid sequence of SEQ 

ID NO: 19. In some embodiments, the IL-2 is a wildtype IL-2, a chemically modified 

IL-2 variant, or an 11-2 analog. In some embodiments, the IL-2 is bempegaldesleukin.  

In some embodiments, the IL-2 is administered at a dose of no more than about 1.4Ox 107 

IU/M2 , e.g., aboui 7.2x10' IU/kg or about 1.4x10 7 IUm 2 

[0109f In some embodiments, there is provided a method of treating a cancer (e.g., 

lung cancer or melanoma) in a subject, comprising administering to the subject: (a) an 

effective amount of an anti-CD137 antibody that specifically binds to an extracellular 

domain of human CD137, wherein the anti-CD137 antibody comprises a VH and a VL, 

wherein the VH comprises a HVR-H1 comprising the amino acid sequence of SEQ ID 

NO: 22, a HVR-H2 comprising the amino acid sequence of SEQ ID NO: 23, and a 

HVR-H3 comprising the amino acid sequence of SEQID NO: 24, and wherein the VL 

comprises a HVR-L1 comprising the amino acid sequence of SEQID NO: 25, a HVR

L2 comprising the amino acid sequence of SEQID NO: 26,and a HVR-L3 comprising 

the amino acid sequence of SEQ ID NO: 27; and (b) an effective amount of an IL-2, 

wherein the IL-2 is administered no more than once every three days. In some 

embodiments, the anti-CD137 antibody composes a VI comprising the amino acid 

sequence of SEQ ID NO: 28, and/or a VL comprises the amino acid sequence of SEQ 

ID NO: 29. In some embodiments, the IL-2 is a wildivpe IL-2, a chemically modified 

IL-2 variant, or an IL-2 analog. In some embodiments, the IL-2 is bempegaidesleukin.  

In some embodiments, the IL-2 is administered at a dose of no more thanabout 1.4x1 

IU/m2, e.g., about 7.2x10-lIU/kg or about 1.4x10 7 IU/m .  

101101 In some embodiments, there is provided a method of treating a cancer in a 

subject, comprising administering to the subject: (a) an effective amount of an anti

CD137 antibody that specifically binds to an extracellular domain of human CD137, 

wherein the antibody binds to one or more amino acid residues selected from the group 
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consisting of amino acid residues 51, 53, 62-73, 83, 89, 92, 95-104 and 112-116 of SEQ 

ID NO: 1; and (b) an effective amount of a histone deacetylase (HDAC) inhibitor that 

induces expression of CD137 on an immune cell (e.g., CD8- T cells, Treg cells, NK 

cells and/or NK-T cells) and/or induces expression of CD137L on a cancer cell of the 

subject. In some embodiments, the HDAC inhibitor is selected from the group 

consisting of belinostat, vorinostat, romidepsin, and chidamide. In sone embodiments, 

the HDAC inhibitor induces expression of CD137 on an immune cell of the subject. In 

some embodiments, the HDAC inhibitor induces expression of CD137L on a cancer 

cell of the subject, In some embodiments, the HDAC inhibitor induces expression of 

CD137 on an immune cell of the subject and induces expression of CD137L on a cancer 

cell of the subject.  

[01-11 In some embodiments, there is provided a method of treating a cancer in a 

subject, comprising administering to the subject: (a) an effective amount of an anti

CD137 antibody that specifically binds to an extracellular domain of human CD137, 

wherein the anti-CD137 antibody comprises aVIIand aVL, wherein the VH comprises 

a HVR-H1 comprising the amino acid sequence of SEQ ID NO: 2 a HVR-H2 

comprising the amino acid sequence of SEQ ID NO: 3, and a HVR-H3 comprising the 

amino acid sequence of SEQ ID NO: 4, and wherein the VL comprises a HVR-LI 

comprising the amino acid sequence of SEQ ID NO: 5, a HVR-L2 comprising the 

amino acid sequence of SEQ ID NO. 6. and a HVR-L3 comprising the amino acid 

sequence of SEQ ID NO: 7; and (b) an effective amount of an HDAC inhibitor that 

induces expression of CD137 on an immune cell (e.g., CD8+ T cells, Treg cells, NK 

cells and/or NK-T cells) and/or induces expression of CD137L on a cancer cell of the 

subject. In some embodiments, the anti-CD137 antibody comprises a VH comprising 

the amino acid sequence of SEQ ID NO: 8, and/or a VL comprises the amino acid 

sequence of SEQ ID NO: 9. In some embodiments, the HDAC inhibitor is selected from 

the group consisting of belinostat., vorinostat, romidepsin. and chidamide. In some 

embodiments, the HDAC inhibitor induces expression of CD137 on an immune cell of 

the subject. In some embodiments, the HDAC inhibitor induces expression of CD137L 

on a. cancer cell of the subject. In some embodiments, the HDAC inhibitor induces 

expression of CD137 on an immune cell of the subject and inducesexpression of 

CD137L on a cancer cell of the subject.  
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101121 In some embodiments, there is provided a method of treating a cancer in a 

subject, comprising administering to the subject: (a) an effective amount of an anti

CD137 antibody that specifically binds to an extracellular domain of human CD137, 

wherein the anti-CD137 antibody comprises a VH and a VL, wherein the anti-CD137 

antibody comprises aV- and aVL, wherein theVH comprises aHVR-H1 comprising 

the amino acid sequence of SEQ ID NO: 12, a HVR-H2 comprising the amino acid 

sequence of SEQ ID NO: 13, and a HVR-H3 comprising the amino acid sequence of 

SEQ ID NO: 14, and wherein the VL comprises a HVR-L1 comprising the amino acid 

sequence of SEQ ID NO: 15, a HVR-L2 comprising the amino acid sequence of SEQ 

ID NO: 16, and a HVR-L3 comprising the amino acid sequence of SEQ ID NO: 17 

and (b) an effective amount of an HDAC inhibitor that induces expression of CD137 

on an immune cell (egCD8- T cells, Treg cells, NK cells and/or NK-T cells) and/or 

induces expression of CD1371 on a cancer cell of the subject. In some embodiments, 

the anti-CD137 antibody comprises a VH comprising the amino acid sequence of SEQ 

ID NO: 18, and/or a VL comprises the amino acid sequence of SEQ ID NO: 19. In some 

embodiments, the HDAC inhibitor is selected from the group consisting of beinostat, 

vorinostat, romidepsin, and chidamide. In some embodiments, the HDAC inhibitor 

induces expression of CD137 on an immune cell of the subject. In some emnbodinents, 

the HDAC inhibitor induces expression of CD137L on a cancer cell of the subject. In 

some embodiments, the HDAC inhibitor induces expression of CD137 on an immune 

cell of the subject and induces expression of CD137L on a cancer cell of the subject.  

10113] In some embodiments, there is provided a method of treating a cancer in a 

subject, comprising administering to the subject: (a) an effective amount of an anti

CD137 antibody that specifically binds to an extracellular domain of human CD137, 

wherein the anti-CD137 antibody comprises aV- and aVL, whereinthe VH comprises 

a HVR-H-1 comprising the amino acid sequence of SEQ ID NO: 22, a IVR-1-H2 

comprising the amino acid sequence of SEQ ID NO: 23, and aHVR-H3 comprising the 

amino acid sequence of SEQ ID NO: 24, and wherein the VL comprises a HVR-L1 

comprising the amino acid sequence of SEQ ID NO: 25, a HVR-L2 comprising the 

amino acid sequence of SEQ ID NO: 26, and a HVR-L3 comprising the amino acid 

sequence of SEQ ID NO: 27: and (b) an effective amount of an HDAC inhibitor that 

induces expression of CD137 on an immune cell (e.g., CD8- T cells, Treg cells, NK 
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cells and/or NK-T cells) and/or induces expression of CD137L on a cancer cell of the 

subject. In some embodiments, the anti-CD137 antibody comprises a VH comprising 

the amino acid sequence of SEQ ID NO: 28, and/or a VL comprises the amino acid 

sequence of SEQ ID NO: 29. In some embodiments, the HDAC inhibitor is selected 

front the group consisting ofbelinostat, vorinostat,ronidepsin, and chidamide, Insome 

embodiments, the HDAC inhibitor induces expression of CD137 on an immune cell of 

the subject. In some embodiments, the HDAC inhibitor induces expression of CD137L 

on a cancer cell of the subject. In some embodiments, the HDAC inhibitor induces 

expression of CD137 on an immune cell of the subject and induces expression of 

CD137L on a cancer cell of the subject.  

[01.14 In some embodiments, there is provided a method of treating a cancer (e.g., 

B-cell lymphorna) in a subject, comprisingadministering to the subject: (a) an effective 

amount of an anti-CD137 antibody that specifically binds toan extracellular domain of 

human CD137, wherein the antibody binds to one or more amino acid residues selected 

from the group consisting of amino acid residues 51, 53, 62-73, 83, 89, 92, 95-104 and 

112-116 of SEQID NO: 1; and (b) an effective amount of a DNA-damaging agent (e.g., 

bendamustine) that induces expression of CD137 on an immune cell (e.g., CD8+ T cells, 

Treg cells, NIK cells and/or NK-T cells) and/or induces expression of CD137L on a 

cancer cell of the subject. In some enbodiments, the DNA-damaging agent is a DNA 

chelator or an alkylating agent, In some embodiments, the DNA-damaging agent is 

selected from the group consisting of nuitoycin, bleomycin., doxorubicin and 

bendamustine. In some embodiments. the DNA-damaging agent induces expression of 

CD137 on an immune cell of the subject. In some embodiments, the DNA-damaging 

agent induces expression of CD137L on a cancer cell of the subject. In some 

embodiments, the DNA-damaging agent induces expression of CD137 on an immune 

cell of the subjectand induces expression of CD137L on a cancer cell of thesubject.  

[0115¶ In some embodiments, there is provided a method of treating a cancer (e.g., 

B-cell lvmphoma) in a subject, comprising administering to the subject: (a) an effective 

amount of an anti-CD137 antibody that specifically binds to an extracellular domain of 

human CD137, wherein the anti-CD137 antibody comprises a VII and a VL, wherein 

the VH comprises a HVR-HI comprising the amino acid sequence of SEQID NO: 2. a 

HVR-H2 comprising the amino acid sequence of SEQ ID NO: 3, and a I-IVR-H3 
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comprising the amino acid sequence of SEQ ID NO: 4, and wherein the VL comprises 

a HVR-LI comprising the amino acid sequence of SEQ ID NO: 5, a HVRL2 

comprising the amino acid sequence of SEQ ID NO: 6, and a HVR-L3 comprising the 

amino acid sequence of SEQ ID NO: 7; and (b) an effective amount of a DNA

damaging agent (e.g., bendamustine) that induces expression of CD137 on an immune 

cell (e.g., CD8+ T cells, Treg cells, NK cells and/or NK-T cells) and/or induces 

expression of CD137L on a cancer cell of the subject. In some embodiments, the anti

CD137 antibody comprises a VI comprising the amino acid sequence of SEQ ID NO: 

S. and/or a VL comprises the amino acid sequence of SEQ ID NO: 9. In some 

embodiments, the DNA-damaging agent is a DNA chelator or an alkylating agent. In 

some embodiments, the DNA-damaging agent is selected from the group consisting of 

mitonycin, bleomycin, doxorubicin and bendamustine, In some embodiments, the 

DNA-damaging agent induces expression of CD137 on an immune cell of the subject.  

In some embodiments, the DNA-damaging agent induces expression of CD137L on a 

cancer cell of the subject. In some embodiments, the DNA-damaging agent induces 

expression of CD137 on an immune cell of the subject and induces expression of 

CD137L on a cancer cell of the subject.  

[01161 In some embodiments, there is provided a method of treating a cancer (e.g.  

B-cell lymphoma) in a subject, comprising administering to the subject: (a) an effective 

amount of an anti-CD137 antibody that specifically binds toan extracellular domain of 

human CD137, wherein the anti-CD137 antibody comprises a VH and a VL, wherein 

the anti-CD137 antibody comprises aVH and a VL, wherein the VI comprises a HVR

HI comprising the amino acid sequence of SEQ ID NO: 12, a HVI-12 comprising the 

amino acid sequence of SEQ ID NO: 13, and a HVR-H3 comprising the amino acid 

sequence of SEQ ID NO: 14, and wherein the VL comprises a HVR-L comprising the 

amino acid sequence of SEQ ID NO: 15, HVR-L2 comprising the amino acid 

sequence of SEQ ID NO: 16, and a HVR-L3 comprising the amino acid sequence of 

SEQ ID NO: 17; and (b) an effective amount of a DNA-damaging agent (e.g., 

bendamustine) that induces expression of CDI37 onan immune cell (e.g., CD8+ T cells, 

Treg cells, NK cells and/or NK-T cells) and/or induces expression of CD137L on a 

cancer cell of the subject. In some embodiments, the anti-CD137 antibody comprises a 

VI comprising the amino acid sequence of SEQ ID NO: 18, ad/or a VL comprises the 
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amino acid sequence of SEQ ID NO: 19. In some embodiments, the DNA-damaging 

agent is a DNA chelator or an alkylating agent. In some embodiments, the DNA

damaging agent is selected from the group consisting of mitomycin, bleomycin, 

doxorubicin and bendamustine. In some embodiments, the DNA-damaging agent 

induces expression of CD137 on an immune cell of the subject. In some embodiments, 

theDNA-damaging agent induces expression of CD137L on acancer cell ofthe subject.  

In some embodiments, the DNA-damaging agent induces expression of CD137 on an 

immune cell of the subject and induces expression of CD137L on cancer cell of the 

subject.  

[01171 In some embodiments, there is provided a method of treating a cancer (eg.  

B-celllymphoma)inasubject, comprising administering to the subject: (a) an effective 

amount of an anti-CD137 antibody that specifically binds toan extracellular domain of 

human CD137, wherein the anti-CD137 antibody comprises a VH and a VL, wherein 

the VH comprises a HVR-Hi comprising the amino acid sequence of SEQ ID NO: 22, 

a HVIV-H2 comprising the amino acid sequence of SEQ ID NO: 23. and a HVR-H3 

comprising the amino acid sequence of SEQ ID NO: 24, andwherein the VL comprises 

a HVR-LI comprising the amino acid sequence of SEQ ID NO: 25, a HVR-L2 

comprisingthe amino acid sequence of SEQ IDNO: 26, and aHVR-L3 comprising the 

amino acid sequence of SEQ ID NO: 27; and (b) an effective amount of a DNA

damaging agent (e.g.. bendamustine) that induces expression of CD137 on an immune 

cell (e.g., CD8+ T cells, Treg cells, NK cells and/or NK-T cells) and/or induces 

expression of CD137L on a cancer cell of the subject. In some embodiments, the anti

CD137 antibody comprises a VII comprising the amino acid sequence of SEQ ID NO: 

28, and/or a VL comprises the amino acid sequence of SEQ ID NO: 29. In some 

embodiments, the DNA-damaging agent is a DNA chelator or an alkylating agent. In 

some embodiments, the DNA-damaging agent is selected from the group consisting of 

mitomycin. bleomycin. doxorubicin and bendamustine. In some embodiments, the 

DNA-damaging agent induces expression of CD137 on an immune cell of the subject.  

In some embodiments, the DNA-damaging agent induces expression of CD137L on a 

cancer cell of the subject. In some embodiments, the DNA-damaging agent induces 

expression of CD137 on an immune cell of the subject and inducesexpression of 

CD137L on a cancer cell of the subject.  
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10118] The anti-CD137 antibody and the CD137-inducing agent (e.g., cytokine, 

HDAC inhibitor, or DNA-damaging agent) may be administered in combination with 

one or more additional therapeutic agents or therapies. In some embodiment, the anti

CDI37 antibody and the CD137-inducing agent (e.g, cytokine, HDAC inhibitor, or 

DNA-damaging agent) are administered in combination with one or more additional 

therapeutic agents for separate, sequential or simultaneous administration. The term 

"additional therapeutic agent" refers to any therapeutic agent other than an anti-CD137 

antibody or a CD137-inducing agent (e.g., cytokine, HDAC inhibitor, or DNA

damaging agent) provided herein. Exemplary additional therapeutic agents or therapies 

include, for example, chemotherapeutic agents, immunotherapeutic agents, and 

hormone therapeutic agents. In some embodiments, the one or more additional 

therapeutic agents are selected from the group consisting of selected from the group 

consisting of viral gene therapy, immune checkpoint inhibitors, targeted therapies, 

radiation therapies, and chemotherapies.  

10119] In some embodiments, the anti-CD137 antibody and the CD137-inducing 

agent (e.g.. cytokine, HDAC inhibitor, or DNA-damaging agent) are administered in 

combination with an anti-CD20 antibody. Exemplary anti-CD20 antibodies include, 

but are not limited to, rituximab, obinutuzumab. B-Lyi, 11B8, AT80, 1147, 2C6, 2F2, 

21-17 and GAl01, biosimilars thereof, and derivatives thereof. In some embodiments, 

theanti-CD20 antibody is a type Ianti-CD20 antibody. Income embodiments, the anti

CD20 antibody is a type II anti-CD20 antibody. In some embodiments, art recognized 

anti-CD20 antibodies can be used. For example, the anti-CD-20 antibodies disclosed in 

U.S. Pat. No. 7,879,984, WO2005/044859, W02004/035607, W02005/103081, 

W02004/056312, W02007/031875, and WO2015/095410 can be used in the methods 

disclosed herein. The teachings of each of the aforementioned publications are hereby 

incorporated by reference. In some embodiments, the antibodies that compete with any 

of these art-recognized antibodies for binding to CD-20 also can be used. In some 

embodiments, the anti-CD20 antibody is rituximab.  

101201 In some embodiments, there is provided a method of treating a cancer (e.g.  

B-cell lymphoma) in a subject, comprising administering to the subject: (a) an effective 

amount of an anti-CD137 antibody that specifically binds to an extracellular domain of 

human CD137, wherein the antibody binds to one or more amino acid residues selected 
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from the group consisting of amino acid residues 51, 53, 62-73, 83, 89, 92, 95-104 and 

112-116 of SEQ IDNO: 1 (b) an effective amount of a DNA-damagingagent that that 

induces expression of CD137 on an immune cell (e.g., CDS- T cells, Treg cells, NK 

cells and/or NK-T cells) and/or induces expression of CDl37L on a cancer cell of the 

subject; and (c) an effective amount of an anti-CD20 antibody. In some embodiments, 

the anti-CD20 antibody is rituximab. In some embodiments, the DNA-damagingagent 

is a DNA chelator or an alkylating agent. In some embodiments, the DNA-damaging 

agent is selected from the group consisting of mitomycin, bleomycin, doxorubicin and 

bendamustine. In some embodiments, the DNA-damaging agent induces expression of 

CD137 on an immune cell of the subject. In some embodiments, the DNA-damaging 

agent induces expression of CD37Lon a cancer cell of the subject. In some 

embodiments, the DNA-damaging agent induces expression of CD137 on an immune 

cell of the subject and induces expression of CD137L on a cancer cell of the subject.  

101211 In some embodiments, there is provided a method of treating a B-cell 

lymphoma in a subject, comprising administering to the subject: (a) an effective amount 

of any one of the anti-CD137 antibodies described herein; (b) an effective amount of 

bendamustine; and (c) an effective amount of an anti-CD20 antibody. In some 

embodiments, the anti-CD20 antibody is rituximab, a biosimilar thereof, or a derivative 

thereof In some embodiments, the anti-CD137 antibody comprises a VH and a VL, 

wherein the VH comprises a HVR-H Icomprising the amino acid sequence of SEQ ID 

NO: 2, a HVR-H2 comprising the amino acid sequence of SEQ ID NO: 3, and a HVR

1-13 comprising the amino acid sequence of SEQ ID NO: 4, and wherein the VL 

comprises a IVR-L1 comprising the amino acid sequence of SEQ ID NO: 5, a HVR

L2 comprising the amino acid sequence of SEQ ID NO: 6, and a HVRL3 comprising 

the amino acid sequence of SEQ ID NO: 7. In some embodiments, the anti-CD137 

antibody comprises a VH comprising the amino acid sequence of SEQ ID NO: 8, and/or 

a VL comprises the amino acid sequence of SEQ ID NO: 9. In some embodiments, the 

anti-CD137 antibody comprises a heavy chain and a light chain, and wherein the heavy 

chain comprises the amino acid sequence of SEQ ID NO: 10, and/or the light chain 

comprises the amino acid sequence of SEQ ID NO: 11.  

[0122] In some embodiments, the anti-CD137 antibody and the CD137-inducing 

agent (e.g., cytokine, HDAC inhibitor, or DNA-damagingagent)areadinisteredin 
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combination with an immune checkpoint inhibitor. Immune checkpoint inhibitors are 

compounds that inhibit the activity of control mechanisms of the immune system.  

Immune system checkpoints, or immune checkpoints, are inhibitory pathways in the 

immune system that generally act to maintain self-tolerance or modulate the duration 

and amplitude of physiological immune responses to minimize collateral tissue damage.  

Checkpoint inhibitors can inhibit an immune system checkpoint by stimulating the 

activity of a stimulatory checkpoint molecule, or inhibiting the activity of an inhibitory 

checkpoint molecule in the pathway. Immune system checkpoint molecules include, 

but are not limited to, cytotoxic T-lymphocyte antigen 4 (CTLA-4), programmed cell 

death I protein (PD-1), programmed cell death I ligand 1 (PD-L), programmed cell 

death ligand 2 (PD-L2), lymphocyte activation gene 3 (LAG3), B7-1, B7-H3, B7-1-14, 

T cell membrane protein 3 (TIM3), B- and T-lymnphocyte attenuator (BTLA), V-donain 

immunoglobulin (ig)-containing suppressor of T-cell activation (VISTA), Killer-cell 

immunoglobulin-like receptor (KIR), and A2A adenosine receptor (A2aR). As such, 

checkpoint inhibitors include antagonists of CTLA-4, PD-, PD-LI, PD-L2, LAG3, 

B7-1, B7-H3, B7-H4, BTLA, VISTA, KIR, A2aR, orTIM3. For example, antibodies 

that bind to CTLA-4, PD-L PD-LL, PD-L2, LAG3, B7-1, B7-H3, B7-H4, BTLA, 

VISTA, KIR, A2aR, or TIM3 and antagonize their function are checkpoint inhibitors.  

Moreover, any molecule (e.g., peptide, nucleic acid, small molecule, etc.) that inhibits 

the inhibitory function of an immunesystem checkpoint is a checkpoint inhibitor 

10123] In some embodiments, the immune checkpoint inhibitor is an antibody that 

specifically binds to an immune checkpoint molecule. In some embodiments, the 

immune checkpoint inhibitor is selected from the group consisting of an anti-PD-i 

antibody, an anti-PD-Li antibody, adan anti-CTLA-4 antibody.  

[01241 In some embodiments, the immune checkpoint inhibitor is an anti-PD-1 

antibody, Exemplary anti-PD-i antibodies include, but are not limited to, 2E5 (Cstone 

Pharmaceuticals), tislelizumab (BGB-A317), BGB-108, STI-A1110, AM0001, BI 

754091, sintilimab (1B1308), cetrelimab (JNJ-63723283), toripaimab (JS-001), 

camrelizumab (SiR-1210, INCSiR-1210, -IR-301210). MEDI-0680 (AMP-514), 

MGA-012 (INCMGA 0012), nivolumab (BMS-936558, MDX1106, ONO-4538), 

spartalizumab (PDR00i), pembrolizumab (MK3475, SCH 900475), PF-06801591, 

cemiplimab (REGN-2810, REGEN2810), dostarlimab (TSR-042, ANBOIi), 

43



WO 2021/262869 PCT/US2021/038718 

pidilizumab (CT-011), FITC-YT-16 (PD-i binding peptide), APL-501 or CBT-501 or 

genolimzumab (GB-226), AB-122, AK-105, AMG 404, BCD-100, F520, HLXI0, 

HX008, JTX-4014, LZM009, Sym021, PSB205, AMP-224 (fusion protein targeting 

PD-1), CX-188 (PD-1 probody), AGEN-2034, GLS-010, budigalimab (ABBV-181), 

AK-103, BAT-1306, CS-1003, AM-0001, TILT-123, BH-2922, BH-2941, BH-2950, 

ENUM-244C8, ENUtM-388D4, HAB-21, H EISCOI 11-003, IKT202, MCLA-134, 

MT-17000, PEGMP-7, PRS-332, RXI762, STI-1110, VXM-10. XnAb-23104. AK

112, HLX-20. SSI-361, AT-16201, SNA-01, AB122, PD1-PIK, PF-06936308, RG

7769, CAB PD-i Abs, AK-123,MEDI-3387, MED-5771, 4H1128Z-E27, REMD-288, 

SG-001, BY-24.3, CB-201, IBI-319, ONCR-177, Max-I, CS-4100, JBI-426, CCC

0701, CCX- 4503, biosimilars thereof, and derivatives thereof. In some embodiments, 

the antibodies that compete with any of these art-recognized antibodies for binding to 

PD-i also can be used. In some embodiments, the immune checkpoint inhibitor is 2E5.  

2E5 and related anti-PD-1 antibodies have been described, for example, in 

CN107840887A, which is incorporated herein by reference in its entirety. In some 

embodiments, the immune checkpoint inhibitor is toripalimab. Toripalimab and related 

anti-PD-1 antibodies have been described, for example. in US10066013B21, which is 

incorporated herein by reference in its entirety.  

[01251 In some embodiments, the immune checkpoint inhibitor is an anti-PD-L1 

antibody. Exemplary anti-PD-Li antibodies include, but are not limited to, 

atezolizumab, avelumab, durvalumab (iifinzi), BGB-A333, SHR-1316 (HTI-1088), 

CK-301, BMS-936559, envafolimab (KN035, ASC22), CS100I MDX-1105 (BMS

936559), LY3300054 STI-A1014, FAZ053, CX-072, INCB086550, GNS-1480, CA

170, CK-301, M-7824,HTI-1088 (HI'-131 , SHR-1316), MSB-2311, AK- 106, AVA

004, BBI-801, CA-327, CBA-0710, CBT-502, FPT-155, IKT-201, IKT703, 10-103, 

JS-003, KD-033, KY-1003, MCLA-145, MT-5050, SNA-02, BCD-135, APL-502 

(CBT-402 orTQB2450), IMC-001, KD-045, JNBRX-105, KN-046, IMC-2102, IMC

2101, KD-005, IMM-2502, 89Zr-CX-072, 89Zr-DFO-6E11, KY-1055, MEDI-1109, 

IT-5594. SL-279252, DSP-106, Gensci-047, REMD-290, N-809, PRS-344, FS-222, 

GEN-1046, BH-29xx, FS-118, biosimilars thereof, and derivatives thereof. In some 

embodiments, the antibodies that compete with any of these art-recognized antibodies 
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for binding to PD-LI also can be used. In some embodiments, the immune checkpoint 

inhibitor is atezolizumab.  

[0126] In some embodiments, the immune checkpoint inhibitor is an anti-CTLA-4 

antibody. Exemplary anti-CTLA-4 antibodies include, but are not limited to, 

ipilirnumab (IBI310, BMS-734016, MDXO10, MDX-CTLA4, MED14736), 

tremelimurnab (CP-675, CP-675,206), APL-509, AGFN1884, and CS1002, 

AGEN1181, Abatacept (Orencia, BMS-188667., RG2077), BCD-145., ONC-392, 

ADU-1604, REGN4659, ADG116, KN044, KN046, biosimilars thereof and 

derivatives thereof In some embodiments, art recognized anti-CTLA-4 antibodies can 

be used. For example, the anti-CTLA-4 antibodies disclosed in: W02019/149281, U.S.  

Patent No. 8,119,129, WO 01/14424, WO 98/42752; WO 00/37504 (CP675,206, also 

kiown as tremelimurnab;' formerly ticilimumab), U.,S. Patent No. 6,207,156 

W02001014424, W02000037504, and U.S. Patent No. 8,017.114; Hurwitz etal. (1998) 

Proc Natl Acad SciL USA 95(17): 10067-10071; Camacho et al. (2004) J Clin Oncology 

22(145): Abstract No. 2505 (antibody CP-675206); and Mokyr et al. (1998) Cancer Res 

58:5301-5304 can be used in the methods disclosed herein. The teachings of each of 

the aforementioned publications are hereby incorporated by reference. In some 

embodiments, the antibodies that compete with any of these art-recognized antibodies 

for binding to CTLA-4 also can be used. In some embodiments, the anti-CTLA-4 

antibody isADG116, ADGI16 (also known as T21580) and related anti-CTLA-4 

antibodies have been described, for example, in W02019/149281, which is 

incorporated herein by reference in its entirety.  

10127] In some embodiments, there is provided a method of treating a cancer (e.g..  

melanoma) in a subject, comprising administering to the subject: (a) an effective 

amount of ananti-CD137 antibody that specifically binds to an extracellular domain of 

human CD137, wherein theantibody binds to one or rorearnino acid residues selected 

from the group consisting of amino acid residues 51, 53, 62-73, 8389, 92, 95-104 and 

112-116 of SEQ ID NO: 1; (b) an effective amount of a cytokine that that induces 

expression of CD137 on an immune cell (e.g. CD8+ T cells, Treg cells, NK cellsand/or 

NK-T cells) and/or induces expression of CD137L on a cancer cell of the subject; and 

(c) an effective amount of ananti-PD-i antibody, In someembodiments, the anti-PD-1 

antibody is2E5. In some embodiments, the cytokine induces expression of CD137 on 
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an immune cell of the subject. In some embodiments, the cytokine induces expression 

of CD137L on a cancer cell of the subject. In some embodiments, the cytokine induces 

expression of CD137 on an immune cell of the subject and induces expression of 

CD137L on a cancer cell of the subject. In some embodiments, the cytokine s selected 

from the group consisting of IL-2, IL-12, IL-10 and INFy. In some embodiments, the 

cvtokine is IL-2. In some embodiments, the IL-2 is administered at a dose of no more 

than about 2.8 x 106 lU/n2, e.g., about 7.2x104 IU/kg or about 2.8 x106 U/m2 .  

[0-128 Insomeembodiments, thereis provided amethodoftreatinga melanoma in 

a subject, comprising administering to the subject: (a) an effective amount of any one 

of the anti-CD137 antibodies described herein; (b) an effective amount of IL-2; and (c) 

an effective amount of an anti-PD-i antibody. In some embodiments, the anti-CD137 

antibody comprises a VH and a VL wherein the VH comprises a HVR-H Icomprising 

the amino acid sequence of SEQ ID NO: 2, a HVR-H2 comprising the amino acid 

sequence of SEQ ID NO: 3, and a I-IVR-1-13 comprising the amino acid sequence of 

SEQ ID NO: 4, and wherein the VL comprises a HVR-I.. comprising the amino acid 

sequence of SEQ ID NO: 5, a HVR-L2 comprising the amino acid sequence of SEQ ID 

NO: 6, and a HVR-L3 comprising the amino acid sequence of SEQ ID NO: 7. In some 

embodiments, the anti-CD137 antibody comprises a V-I comprising the amino acid 

sequence of SEQ ID NO: 8, and/or a VL comprises the amino acid sequence of SEQ 

ID NO: 9. In some embodiments, the anti-CD137 antibody comprises a heavy chain 

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

SEQ ID NO: 10, and/or the light chain comprises the amino acid sequence of SEQ ID 

NO: 11.  

|0129] Cancer treatments can be evaluated by, e.g. tumor regression. tumor weight 

or size shrinkage, time to progression, duration of survival, progression free survival, 

overall response rate, duration of response, quality of life, protein expression and/or 

activity. Approaches to detennining efficacy of therapy can be employed, including for 

example, measurement of response through radiological imaging.  

[01301 The anti-CD137 antibodies and the CD137-inducing agents (e g., cytokine, 

HDAC inhibitor, or DNA-damaging agent) provided by the present disclosure can be 

administered via any suitable enteral route or parenteral route of administration. The 

term enterall route" of administration refers to the administration via any part of the 
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gastrointestinal tract. Examples of enteral routes include oral, mucosal, buccal, and 

rectal route, or intragastric route. "Parenteral route" of administration refers to a route 

of administration other than enteral route. Examples of parenteral routes of 

administration include intravenous, intramuscular, intradermal, intraperitoneal, 

intratumor, intravesical, intraarterial, intrathecal, intracapsular, intraorbital, 

intracardiac, transtracheal, intraarticular, subcapsular, subarachnoid, intraspinal, 

epidural and intrasternal, subcutaneous, or topical administration. The antibodies and 

compositions of the disclosure can be administered using any suitable method, such as 

by oral ingestion, nasogastric tube, gastrostomy tube. injection, infusion, implantable 

infusion pump, and osmotic pump. The suitable route and method of administration 

may vary depending on a number of factors such as the specific antibody being used, 

the rate of absorption desired, specific formulation or dosage form used, type or severity 

of the disorder being treated, the specific site of action, and conditions of the patient, 

and can be readily selected by a person skilled in the art. In some embodiments, the 

anti-CD137 antibody is administered intravenously. In some embodiments. the CD137

inducing agent (e.g., cytokine, HDAC inhibitor, or DNA-damaging agent) is 

administered intravenously.  

[01311 In some embodiments, the anti-CID137 antibody is administered at a flat dose.  

In sone embodiments, the anti-CD137 antibody is administered at a dose of no more 

than any one of 500 mg, 475 mg, 450 mg, 425 mg 400 mg, 390 mg, 380 mg, 370 mg, 

360 mg, 350 mg, 340 mg, 330 m, 0g, 310 mg, 300 mg, 275 mg, 250 mg, 225 mg, 

200 mg. 175 mg, 150 mg, or 125 mg. In some embodiments, the dose of the anti-CDi37 

antibodyiswithin any one of the following ranges, wherein the ranges have an upper 

limit ofany one of: 500mg,475 mg,450 mg, 425 mg.,400 mg.390 mg,380mg,370 

mg,360mg 350 mg,340mg, 330mg,320mg, 310mg, 300 mg, 275mg, 250 mg,225 

mg, 200 mg, 175 mg, or 150 mg, andan independently selected lower limit of any one 

of 475 mg, 450 mg, 425 mg, 400 mg, 390 mg, 380 mg, 370 mg, 360 mg, 350 mg, 340 

mg. 330 mg, 320 ing 310 mg, 300 mg, 275 mg, 250 mg, 225 mg, 200 mg, 175 mg, 150 

mg or 125 mg, and wherein the lower limit is less than the upper limit. In some 

embodiments, the anti-CD137 antibody is administered at a dose of any one of about 

150 mg to about 200 mg. about 150 mg to about 300 mg, about 150 mg to about 400 

mg, about 150 mg to about 500 mg, about 125 mg to about 200 mg, about 200 mg to 
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about 300 ig, about 300 ig to about 400 ig, about 400 ig to about 500 ig, about 

125 mg to about 300 mg, about 300 mg to about 500 rug, about 200 mg to about 400 

mg, about 125 mg to about 250 mg, about 250 mg to about 500 mg, about 250 mg to 

about 400 mg, about 125 mg to about 400 ig, about 200 ig to about 500 mg, or about 

125 mg to about 500 mg. The doses described herein mayrefer to a suitable dose for a 

human, or an equivalent dose for the specific species of the subject. In some 

embodiments, the anti-CD137 antibody is administered at a dose equivalent to no more 

than 500 g (such as no more than 400 mg/kg) forahumansubject.Insome 

embodiments, the anti-CD137 antibody is administered at a dose of about 125 mg to 

about 500 mg, such as about any one of 125, 150, 200, 250, 300, 350, 40 450 or 500 

Ig.  

[0-132 In some embodiments, the anti-CD137 antibody is administered at a dose of 

no more than any one of 10 mg/kg, 9 mg/kg, 8 mg/kg, 7 mg/kg, 6 mg/kg, 5 mg/kg, 4 

mg/kg, 3 mg/kg, 2 mg/kg, 1I mg/kg, 0.8 ng/kg, 0.6 mg/kg, 0.5 mg/kg 0.4 mgkg, 0.3 

mg/kg, 0.2 m/g, 0.1 mg/kg, 0.j08 mg/kg 0.05 mg/kg,0.04 mg/kg, or 0.03 mg/kg. In 

some embodiments, the dose of the anti-CD137 antibody is within any one of the 

following ranges, wherein the ranges have an upper limit of any one of 10 rg/kg, 9 

ig/kg, 8 mg/kg, 7 mg/kg, 6 mg/kg, 5 ig/kg 4 mg/g,3mg/kg.2 g/kg,1 ig/kg, 0.8 

mrig/kg, 0,6 mg/kg, 0.5 mg/kg, 0.4 mg/kg, 0.3 igkg, 0.2 mg/kg, 0.1 mg/kg, 0.08 mg/kg, 

0.05 mg/kg, or 0.04 mg/kg, and an independently selected lower limit of any one of 9 

mg/kg, 8 mg/kg. 7 mg/kg, 6 rg/kg, 5 mg mg/4kg. 3tmg/ig/k,2tig/kg,1 mg/kg, 0.8 

mg/kg, 0.6 mg/kg, 0.5 ig/kg, 0.4 mg/kg,0.3 mg/kg,0.2g/kg,0.1mg/kg, 0.08 mg/kg, 

0.05 mg/kg, 0.04 mg/kg, or 0,03 ig/kg, and wherein the lower limit is less than the 

upper limit. In some embodiments, the anti-CD137 antibody is administered at a dose 

ofany oneofabout0.03 ig/kgto about 10mg/kgabout0.1 rig/kg to about 10 migkg, 

about 0.3 mg/kg to about 10 mg/kg, about 1 ig/kg to about 10 ig/kg, about 3 mg/kg 

to about 10 mg/kg, about 5 mg/kg to about 10 mg/kg, about 0.03 mg/kg to about 0.1 

mg/kg, about 0.1 mg/kg to about 0.3 mg/kg,. about 0.3 mg/kg to about 1 mg/kg, about 

1 ig/kg to about 3 ig/kg, about 3 mg/kg to about 5 mg/kg, about 0.1 ig/kg to about 

3tig/kg, or about 1I mg/kg to about 5 g/kg. The doses described herein miay refer to 

a suitable dose for a human, or an equivalent dose for the specific species of the subject, 

In some embodiments, the anti-CD137 antibody is administered at a dose equivalent to 
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about 0.1 mg/kg to about 10 mg/kg (such as about 3 mg/kg to about 8 mg/kg, or about 

5mg/kgto about 10 mg/kg) for human subject. In some embodiments, the anti-CD137 

antibody is administered at a dose equivalent to no more than 10 mg/kg (such as no 

more than 8 mg/kg, or no more than 5 mg/kg) for a human subject. In some 

embodiments, the anti-CD137 antibody is administered at a dose of about 0.03 mg/kg 

to about 10 mg/kg, such as about any one of 0,03, 01, 0.3, 1, 3, 5, 8 or 10 mg/kg.  

|0133] The effective amount of the anti-CD137 antibody may be administered in a 

single dose or in multiple doses. For methods that comprises administration of the anti

CD137 antibody in multiple doses, exemplary dosing frequencies include, but are not 

limited to, weekly, weekly without break, weekly for two out of three weeks, weekly 

for three out of four weeks, once every three weeks, once every two weeks, monthly, 

every six months, yearly, etc. In some embodiments, the anti-CD137 antibody is 

administered about weekly. once every 2 weeks, or once every 3 weeks. In some 

embodiments, the intervals between each administration are less than about any of 3 

years, years, 12 months, 11 months, 10 months, 9 months, 8 months, 7 months, 6 

months, 5 months, 4 months, 3 months, 2 months, Imonth, 4 weeks, 3 weeks, 2 weeks, 

or I week. In some embodiments, the intervals between each administration are more 

than about any of I week, 2 weeks, 3 weeks, 4 weeks, I month, 2 months, 3 months, 4 

months, 5 months, 6 months, 7 months, 8 months, 9 months, 10 months, I Imonths, 12 

months, 2 years, or 3 years. In some embodiments, there is no break in the dosing 

schedule.  

10134] In some embodiments, the anti-CD137 antibody is administered at a low 

frequency, for example, any one of no more frequent than once per week, once every 

other week, once per three weeks, once per month, once per 2 months, once per 3 

months, once per 4 months, once per 5 months, once per 6 months, once per 7 months, 

once perS months, once per 9 months, once per 10 months, once per 11 months, once 

per year, or less. In someembodiments, the anti-CD137 antibody is administered in a 

single dose. In some embodiments, the anti-CD137 antibody is administered about 

once every three weeks.  

101351 In some embodiments, the anti-CD137 antibody is administered at a dose of 

no more than 500 mg, such as no more than any one of 400 mg, 350 mg, 300 mg, 250 

mg, 200 mg 150 mg or 125 mg once every three weeks. In some embodiments, the 
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anti-CD137 antibody is administered at a dose of about 125 mg to about 500 mg, such 

as about any one of 125 mg, 200 mg, 250 mg, 300 mg, 350 rg, or 400 mg, once every 

three weeks.  

[01361 In some embodiments, the anti-CD137 antibody is administered at a dose of 

no more than 10 mg/kg, such as no more than any one of 8 mg/kg, 5 mg/kg, 3 ing/kg, 

2mg/kg, or 1 mg/kg once every three weeks, In some embodiments, the anti-CD137 

antibodyisadministered at a dose of about 0.03 mg/kgto about 10 mg/kg, suchasabout 

any one of 0.03, 0.1, 0.3, 1, 3,5, 8. or 10mg/kg, once every three weeks.  

101371 Suitable dosages for the CDI37-inducingagent (e.g., cytokine, HDAC 

inhibitor, or DNA-damaging agent) depend on factors such as the nature of the 

CD137-inducing agent, type of the cancer being treated, and the routes of 

administration. Exemplary doses of the CDI37-inducing agent (e.g., cytokine, HDAC 

inhibitor, or DNA-damagingagent) include, but are not limited to, about any one of I 

mg/ni, 5 mg/ni, 10 mg/n?, 20 mg/n, 50 mg/n, 100 mg/n 2 , 00 g/im 2 300 

mg/n, 400 mg/m2, 500 mg/n. 750 ig/i 2 , 1000 mg/in2, or more. In some 

embodiments, the dose of the CD137-inducing agent (e.g.. cytokine, HDAC inhibitor, 

or DNA-damaging agent) is included in any one of the following ranges: about I to 

about 5 mg/m, about 5 to about 10 mg/m2, about 10 to about 20 mg/m2, about20 to 

about 50 mg/n2 , about 50 to about 100 ng/m2 , about 100 mg/M2 to about 200 mg/ni, 

about200toabout300mg/m 2 .about 300 to about 400 mg/nC, about 400 to about 500 

mg/m-, about 500 to about 750 mm2, or about 750 to about 1000 mg/n?. In some 

embodiments, the dose of the CD137-inducing agent (e.g., cytokine, HDAC inhibitor, 

orDNA-damagingagent) is about any one of I g/kg, 2 pg/kg, 5 pg/kg, 10 pg/kg, 20 

pg/kg. 50 pg/kg, 0.1 mg/kg, 0.2 mg/kg, 03 mg/kg, 0.4 mg/kg, 0.5 mg/kg, 1 mg/kg, 2 

mgkg,5mg/kg, 10 mg/kg, 20 mg/kg, 50 mg/kg, 100 mg/kg, or more. In some 

embodiments, the dose of the CD137-inducing agent (eg.,cytokine, HDAC inhibitor, 

or DNA-damaging agent) is any one of about I pg/kg to about pg/kg, about 5 g/kg 

to about 10 pg/kg, about 10 pg/kg to about 50 pg/kg, about 50 pg/kg to about 0.1 

mg/kg, about 0.1 mg/kg to about 0.2 mg/kg, about 0.2 mg/kg to about 0.3 mg/kg, 

about 0.3 ng/kg to about 0.4 ng/kg, about 0.4 ig/kg to about 0.5 mg/kg, about 0.5 

mg/kg toabout 1 mg/kg, about 1 mg/kg to about 5 mg/kg. about 5 mg/kg to about 10 

mg/kg,about 10 mg/kg to about 20 ig/kg, about 20 mg/kg to about 50 mg/kg, about 
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50mg/kgto about 100 mg/kg, or about 1 mg/kg to about 100 mg/kg. In some 

embodiments, the dose of the CD137-inducing agent (e.g. .cytokine, HDAC inhibitor, 

or DNA-damaging agent) is about any one of I w, 10 pg, 50 pg, 100 g, 500 ug, I 

mg, 10 mg, 50 mg, 100 mg, 500 mg or 1000 mg. In some embodiments, the dose of 

the CD137-inducing agent (e.g. .cytokine, HDAC inhibitor, or DNA-damaging agent) 

is any one of about I ig to about 10ig., about 10 ig to about 50 10 pg, about 50 kg 

to about 100 g, about 100 ig to about 500 pg, about 500 tg to about I mg, about I 

mg to about 5 mgabout mgto about 10 mg, about 10 mg to about 25 mg, about 25 

mg to about 50 mg, about 50 mg to about 100 mg, about 100 mg to about 500 mg, 

about 500 mg to about 1000 mg, about 1k g to about Img, about I mgto about 1000 

mg, or about 1k g to about 1000 mg.  

10138 In some embodiments, the CD137-inducing agent (e.g., cytokine, HDAC 

inhibitor, or DNA-damaging agent) is administered daily. In some embodiments, the 

CD137-inducing agent (e.g., cytokine, HDAC inhibitor, or DNA-damaging agent) is 

administered is administered at least about any one of 1x, 2x, 3x, 4x, 5x, 6x, or 7x (i.e.  

daily) a week. In some embodiments, the CD137-inducing agent (e.g., cytokine, HDAC 

inhibitor, or DNA-damaging agent) is administered weekly. In some embodiments, the 

CD137-inducing agent (e.g., cytokine, HDAC inhibitor, or DNA-damaging agent) is 

administered weekly without break; weekly two out of three weeks; weekly three out 

of four weeks; once every two weeks; once every 3 weeks; once every 4 weeks; once 

every 6 weeks; once every 8 weeks, monthly, or every two to 12 months. In some 

embodiments, the intervals between each administration are less than about any one of 

6 months, 3 months, 1 month, 20 days, 15, days, 12 days, 10 days, 9 days, 8 days, 7 

days, 6 days, 5 days, 4 days, 3 days, 2 days, or 1 day. In some embodiments, the 

intervals between each administration are more than about any one of I month, 2 

months, 3 months, 4 months, 5 months, 6 months, 8 months, or 12 months. In some 

embodiments, there is no break in the dosing schedule. In some embodiments. the 

interval between each administration is no more than about a week. In some 

embodiments, the CD137-inducing agent (e.g., cytokine, HDAC inhibitor, or DNA

damaging agent) is administered with the same dosing schedule as the anti-CD137 

antibody. In some embodiments, the CD137-inducing agent (e.g., cytokine, HDAC 

51



WO 2021/262869 PCT/US2021/038718 

inhibitor, or DNA-damaging agent) is administered with a different dosing schedule as 

the anti-CD137 antibody.  

[0139] In some embodiments, the IL-2 is administered at a continuous low dose. In 

some embodiments, the IL-2 is administered at least daily. In some embodiments, the 

IL-2 is administered twice daily. In some embodiments, the IL-2 is administered three 

times per day, i.e., every 8 hours. In some embodiments, the IL-2 is administered at 

least daily for at least 7, 8, 9, 10 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 

25, 26, 27, 28 days or more. In some embodiments, the 1L-2 is administered twice daily 

for about 14 days to about 28 days. In some embodiments, the IL-2 is administered at 

a dose of no more than about any one of 2.8 x 106, 2.5 X106, 2x106 1.5x106, 1x106 , 90x 105 

8x105 7x105. 6x 10,5104x 103x10,2x 5, 1.4 x International Units (I)m2 

In some embodiments, the IL-2 is administered at a dose of about any one of 1.4x15 

IUi/nto5x105 IU/n, 5X105 IU/n to IX106 i/n 2 , ix106 i/m2 to1.x106 I'n2 , 

1x10 6 IU/n to 2x106 iU/n_,1xO 10, 1Uin2 to 2.8x106 IU/n), 1.4 x106 IU/nz to2.8x 10 6 

RI/n, 7x10 IU/n to 2.8x06 I/ 2 , or 1.4x1 IU/n2 to 2.8x10 6 IU/m. In some 

embodiments, the IL-2 is administered at a dose of no more than about any one of 8 x 104, 

7.2x0,>x1'6x04, 5x04, 4x10, 3x104, 2x14, x104, 9xi03, x103, 7103, 6x103or 

5 x103 IU/kg. In some embodiments, the IL-2 is administered at a dose of about any one 

of 5x103 IU/kg to 1x10 IU/kg, 1x111/kg to 4x0 It/kg, 4x10 IU/kg to 8x10 

IU/kg, 5x03 IUi/kg to 8xI04 i/kg, 5x103 IU/kg to 5x104 IU/kg, 5x10 ItU/kg to 

7.2x104 IU/kg, xI104 iU/kg to 7.2x104 lU/kg, or 7.2x103 IU/kg to 7.2x10 IU/kg. In 

some embodiments, the IL-2 is administered twice or three times daily at a dose of 

about 7,2x104 I./kg.In some embodiments, the IL-2 is administered twice or three 

times daily at a dose of about 2.8x106 JU/m2. The doses described herein may refer to 

a suitable dose for a mouse, or an equivalent dose for the specific species of the subject 

(e.g., human).  

[01401 In some embodiments, the IL-2 is administered at a low frequency. In some 

embodiments, the IL-2 is administered at a frequency of no more than about once every 

2, 3, 4 5, 6, 7 days or more. In some embodiments, the IL-2 is administered at a 

frequency of no more than once every three days. In some embodiments, the IL-2 Is 

administered for no more than about any one of 14, 13, 12, 11, 10, 9, 8, 7, 6, 5, 4., or 3 

doses. In some embodiments, the IL-2 is adinistered at a dose of at least about any 
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one of 2.8x106, 3x106, 4x106, 5x106, 6106 7x106, 8>106, 9X106.ix107,1.2xi07,or 

1.4x]0l IU/n 2 . In some embodiments, the IL-2 is administered at a dose of no more 

than about any one of 1.4x10,I.2x107 1 9106, 8x106 7/106, 6106, 5106 

4x106, 3 x106, or 2.8x106 lU/in. In some embodiments, the IL-2 is administered at a 

dose of about any one of 2.8 X106 U/n 2 to5106 I/ 2 ,5x106 I/m2to 10 lU/m2 , 

2.8x106 IU i 2 to 7 106 U/in2 7 X106 iU/ 2 to 1.4 107 IU/n, 1 x107 IU/nto1.410 

lU/im2, .8X106 lU/ni to 1x10l IU/n2, or 2.8x106 lU/n 2 to 1.4x107 U/n2 .In some 

embodiments, the IL-2 is administered at a dose of at least about any one of 7.2 04, 

8x149x0,1x10,2x0, 3x10, 4x10, 5x10, 6x]1 or 7.2x1 IU/kg, In some 

embodiments, the IL-2 is administered at a dose of no more than about any one of 

7.2x 105, 6x10, 5x0,410,3 x102x10,1 x109 x108 0, or 7.2x 0 I/kg. In 

some embodiments, the IL-2 is administered at a. dose of about any one of 7.2x104 

IU/kg to 1X105 lU/kg, 1x10 IU/kg to 3x105 IU/kg, 3x10 IU/kg to 7.2/x105 U/kg, 

7.2x104 1U/kg to 2x101 1U/kg, ix105 1U/kg to 7.2x105 U/kg, or 7.2x10 IU/kg to 

7.2x105 LU/kg. In some embodiments, the IL-2 is administered once every three days 

atadoseofabout721 i/kg.In some embodiments, the IL-2 is administered once 

every three days at a dose of about 1.4x0l IU/n2 . The doses described herein may 

refer to a suitable dose for a mouse, or an equivalent dose for the specific species of the 

subject (e.g., human).  

[0141] In some embodiment, the DNA-damaging agent (e.g, bendamustine) is 

administered at a dose of about 12.5 mg/kg. In some embodiments. the DNA-damaging 

agent (e.g., bendamustine) is administered once daily. In some embodiments, the DNA

damaging agent is administered format least about any one of 3, 4, 5, 6, 7, or more doses.  

The doses described herein may refer to a suitable dose for a mouse, or an equivalent 

dose for the specific species of the subject (e.g. human).  

[01,421 In some embodiments, the anti-CD137 antibody and the CD137-inducing 

agent (e.g., cytokine, HDAC inhibitor, or DNA-damaging agent) are administered 

sequentially. i.e., the anti-CD137 antibody is administered before or after the 

administration of the CDi37-inducing agent (e.g., cytokine, HDAC inhibitor, or DNA

damaging agent). In some embodiments, the CD137-inducing agent (e.g.cytokine, 

HDAC inhibitor, or DNA-damaging agent) is administered prior to the administration 

of the anti-CD137 antibody. In some embodiments, the CD137-inducing agent (e.g., 
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cytokine, HDAC inhibitor, or DNA-damaging agent) is administered no more than 

aboutany of 15 minutes. 30 minutes, I hour, 2 hours, 3 hours, 4 hours, 5 hours, 6 hours, 

12 hours, or24 hours prior to the administration of the anti-CD137 antibody. In some 

embodiments, the CD137-inducing agent (e.g., cytokine, HDAC inhibitor, or DNA

damaging agent) is administered about days or weeks (such as about any of I day, 2 

days, 3 days, 4 days, 5 days, 6 days. I week, 2 weeks, 3 weeks, 4 weeks, or more) prior 

to the administration of the anti-CD137 antibody. In some embodiments, the CD137

inducing agent (e.g., cytokine, HDAC inhibitor, or DNA-damaging agent) is 

administered after the administration of the anti-CD137 antibody. In some 

embodiments, the CD137-inducing agent (e.g., cytokine, HDAC inhibitor, or DNA

damaging agent) is administered no more than about any of 15 minutes, 30 minutes, I 

hour, 2 hours, 3 hours, 4 hours, 5 hours, 6 hours, 12 hours, or 24 hours after the 

administration of the anti-CD137 antibody. In some embodiments, the CD137-inducing 

agent (e.g., cytokine, HDAC inhibitor, or DNA-damaging agent) is administered about 

days or weeks (such as about any of 1 day, 2 days, 3 days, 4 days, 5 days, 6 days, I 

week, 2 weeks, 3 weeks, 4 weeks, or more) after the administration of the anti-CD137 

antibody'. In some embodiments, the anti-CD137 antibody and the CD137-inducing 

agent (e.g., cytokine, HDAC inhibitor, or DNA-damaging agent) are administered with 

one immediately after another (e.g., within 5 minutes or less between the two 

administrations). For example, in some embodiments, the CD137-inducing agent (e.g., 

cytokine, HDAC inhibitor, or DNA-damaging agent) is administered immediately 

before the administration of the anti-CD137 antibody. In some embodiments, the 

CD137-inducing agent (e.g., cytokine, HDAC inhibitor, or DNA-damaging agent) is 

administered immediately after the administration of the anti-CD137 antibody.  

[01431 In some embodiments, the anti-CD137 antibody and the CD137-inducing 

agent (e.g., cytokine, HDAC inhibitor, or DNA-damnaging agent) are administered 

simultaneously. In some embodiments, the anti-CD137 antibody and the CD137

inducing agent (e.g., cytokine, HDAC inhibitor, or DNA-damaging agent) are 

administered simultaneously via separate compositions. In some embodiments. the 

anti-CD137antibodyaridtheCD137-inducingagent (e.g., cytokine, HDAC inhibitor, 

or DNA-damaging agent) are administered as a single composition. In some 

embodiments,theanti-CD137 antibody and the CD137-inducingagent (e.g., cytokine, 
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HDAC inhibitor, or DNA-damaging agent) are mixed prior to (such as immediately 

prior to, e.g., within less than about 10, 5. or 1 minutes before) the administration of the 

composition. In some embodiments, the composition comprising the anti-CD137 

antibody and the CD137-inducing agent (e.g. cytokine, HDAC inhibitor, or DNA

damaging agent) is pre-made and stored for at least about 1 hours, 2 hours, 3 hours, 4 

hours, 5 hours, 6 hours, 12 hours, 24 hours, 2 days, 3 days, 4 days, 5 days, 6 days, 7 

days, 2 weeks, 3 weeks, or more prior to the administration.  

101441 In some embodiments, the anti-CD137 antibody and the CD137-inducing 

agent are administered for 2 or more cycles, such as about any one of 2,3 4, 5, 6, 7, 8, 

9, 10, 11, 12, or more cycles. The administration of the anti-CD137 antibody and the 

CD137-inducing agent can be extended overran extended period of time, such as from 

about a. week to about a month, from about a month to about a year, from about a year 

to about several years. In some embodiments, the anti-CD137 antibody and the CD137

inducing agent are administered over a period of at least any of about I week, 2 weeks, 

3 weeks, 4 weeks, 5 weeks, 1 month, 2 months, 3 months, 4 months, 5 months, 6 months, 

months, 8 months, 9 months, 10 months, I Imonths, 12 months, 1 year, 2 years, 3 

years, 4 years, or more.  

[01451 The methods described herein are useful for treating a variety of cancers. In 

some embodiments, the cancer is a solid cancer. In some embodiments, the cancer is a 

liquid cancer. A variety of cancers where CD137 is implicated, whether malignant or 

benign and whether primary or secondary, may be treated or prevented with a method 

provided by the disclosure. The methods are applicable to liquid or solid cancers of all 

stages, including stages, , Ii, III, and IV, according to the American Joint Committee 

on Cancer (AJCC) staging groups. In some embodiments, the cancer is an/a: early stage 

cancer, non-metastatic cancer, primary cancer, advanced cancer, locally advanced 

cancer, metastatic cancer, cancer in remission, cancer in an adjuvant setting, or cancer 

in a neoadjuvant setting. In some embodiments, the cancer is localized resectable, 

localized unresectable, or unresectable. In some embodiments, the cancer has been 

refractory to prior therapy.  

101461 In some embodiments, the cancer is a liquid cancer. In some embodiments, 

the cancer is non-Hodgkin's lymphoma (NHL). In some embodiments, the NHL arises 
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from B-lymphocytes. In some embodiments, the cancer is a B cell lymphoma. In some 

embodiments, the cancer is a diffuse large B-cell lymphoma (DLBCL).  

[0147] In some embodiments, the cancer is T cell lymphoma (TCL). In some 

embodiments, the cancer is T-lymphoblastic lymphoma or leukemia. In some 

embodiments, the cancer is peripheral T-cell lymphoma. In some embodiments, the 

cancer is angioimmunoblastic T-cell lymphoma (AITL), In some embodiments, the 

cancer is extranodal natural killer/T-cell iymphona e.g., nasal type. In some 

embodiments, the cancer is enteropathy-associated intestinal T-cell lymphoma (EATL).  

In some embodiments, the cancer is lymph node/tonsil type of TCL, In some 

embodiments, the cancer is anaplastic large cell lymphoma (ALCL). In some 

embodiments, the cancer is peripheral T-cell lymphoma (PTCL).  

[01481 In some embodiments, the canceris multiplemyeloma.  

[01491 In some embodiments, the canceris a solid cancer. In some embodiments, the 

cancer is selected from the group consisting of breast cancer, ovarian cancer., colorectal 

cancer, gastric cancer, melanoma, liver cancer, lung cancer, thyroid cancer, kidney 

cancer, brain cancer, cervical cancer, bladder cancer, and esophageal cancer. In some 

embodiments, the cancer is lung cancer, e.g.. non-small cell lung cancer or NSCLC. In 

some embodiments, the cancer is melanoma.  

[01501 The methods described herein are useful for various aspects of cancer 

treatment. In some embodiments, there is provided a method of inhibiting cell 

proliferation (such as tumor growth) in an individual, comprising administering to the 

individual an effective amount of any one of the anti-CD137 antibodies described 

herein and an effective amount of any one of the CD137-inducing agents described 

herein. In some embodiments, at least about 10% (including for example at least about 

any of 20, 30%, 40%, 60%,70%, 80%, 90%, 95% or more) cell proliferation is 

inhibited.  

[01511 In some embodiments, there is provided a method of inhibiting tumor 

metastasis in an individual, comprising administering to the individual an effective 

amount of any one of the anti-CD137 antibodies described herein and an effective 

amount of any one of the CD137-inducing agents described herein. In some 

embodiments, at least about 10% (including for example at least about any of 20%, 

30%, 40%, 60%, 70%, 80%, 90%,95% or more) metastasis is inhibited.  
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10152] In some embodiments, there is provided a method of reducing (such as 

eradicating) pre-existing turnor metastasis (such as metastasis to the lymph node) in an 

individual, comprising administering to the individual an effective amount of any one 

of the anti-CD137 antibodies described herein and an effective amount of aMv one of 

the CD137-inducing agents described herein. Income embodiments, at least about 10% 

(including for example at least about any of 20%, 30%, 40%, 60%, 70%, 80%, 90%, 

95% or more) metastasis is reduced.  

101531 In some embodiments, there is provided a method of reducing incidence or 

burden of preexisting tumor metastasis (such as metastasis to the lymph node) in an 

individual, comprising administering to the individual an effective amount of any one 

of the anti-CD137 antibodies described herein and an effective amount of aMv one of 

the CD137-inducing agents described herein.  

[01541 In some embodiments, there is provided a method of reducing tumor size in 

an individual, comprising administering to the individual an effective amount of any 

one of the anti-CD137 antibodies described herein and an effective amount of any one 

of the CD137-inducing agents described herein. In some embodiments, the method 

reduces tumor size by at least about 10% (including for example at least about any of 

20%, 30%, 40%, 60% 70%, 80%, 90%, 95% or more).  

[01551 In some embodiments, there is provided a method of prolonging time to 

disease progression of cancer in an individual, comprising administering to the 

individual an effective amount of any one of the anti-CD137 antibodies described 

herein and an effective amount of any one of the CD137-inducing agents described 

herein. In some embodiments, the method prolongs the time to disease progression by 

at least any of 1, 2, 3, 4, 5, 6, 7, 8, 9, 10 1 L 12, 16, 20, 24 28, 32 36, or more weeks.  

[01561 In some embodiments, there is provided a method of prolonging survival (e.g., 

overall survival or progression-free survival) of an individual having cancer, 

comprising administering to the individual an effective amount of any one of the anti

CD137 antibodies described herein and an effective amount of any one of the CD137

inducing agents described herein. In some embodiments, the method prolongs the 

survival of the individual by at least any of 1, 2, 3, 4, 5, 6, 7 8 9, 10, 11, 12, 18, or 24 

months.
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10157] In some embodiments, there is provided a method of alleviating one or more 

symptoms in an individual having cancer, comprising administering to the individual 

an effective amount of any one of the anti-CD137 antibodies described herein and an 

effective amount of any one of the CD137-inducing agents described herein.  

[01581 In sone embodiments, there is provided a method of improving the quality of 

life in an individual having cancer, comprising administering to the individual an 

effective amount of any one of the anti-CD137 antibodies described herein and an 

effective amount of any one of the CD137-inducing agents described herein.  

101591 Also provided are compositions of any one of the anti-CD137 antibodies 

described herein and any one of the CD137-inducing agents described herein for use in 

the methods described in this section, and use of any one of the anti-CD137 antibodies 

described herein and an one of the CD137-inducing agents described herein in the 

manufacture of a medicament for treating cancer 

CD137-inducing Agents 

[01601 The methods described herein comprise administration of an agent (also 

referred herein as "CD137-inducing agent") that induces expression of CD137 on an 

immune cell and/or induces expression of CD137L on a cancer cell of the subject.  

101611 In some embodiments, the CD137-inducing agent induces expression of 

CD137 on immune cells. Exemplary immune cells include, but are not limited to, 

peipheral blood mononuclear cells (PBMCs), CD8+ T cells, regulatory T (eg) cells, 

natural killer (NK) cells, and NK-T cells. In some embodiments, the CD137-inducing 

agent induces expression of CD137 by at least about any one of 5, 10, 20, 50, 100, 200, 

500, 1000, or more folds. In some embodiments, the CD137-inducing agent increases 

the percentage of CD137+ immune cells (e.gCD8+ T cells, Treg cells, NK cells, 

and/or NK-T cells) in a sample (e.g., blood sample or tumor biopsy) of the subject by 

at least about any one of 5, 10, 20, 50, 100, 200, 500, 1000, or more folds. In some 

embodiments, the percentage of CD137-expressing immune cells (e.g., CD8+ T cells, 

Treg cells, NK cells, and/or NK-T cells) in the subject after treatment with the CD137

inducing agent is at least about any one of 10%, 15%, 20%, 25%, 30%, 35%, 40%, or 

more. Expression of CD137 can be assessed at RNA or protein level using known 
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methods in the art, including, for example, quantitative polymerase chain reaction 

(qPCR), RNA sequencing, Western blotting, and immunohistochemical staining.  

[0162] In some embodiments. the CD137-inducing agent induces expression of 

CD137L on cancer cells. In some embodiments. the CD137-inducing agent induces 

expression of CD137L by at least about any one of 5, 10, 20, 50, 100, 200, 500, 1000, 

or more folds. In some embodiments, the CD137-inducing agent increases the 

percentage of CD137L+ cancer cells in a sample (e.g., tumor biopsy) of the subject by 

at least about any one of 5, 10, 20, 50, 100, 200,500 1000, or more folds. In some 

embodiments, the percentage of CD137L-expressing cancer cells in the subject after 

treatment with the CD137-inducing agent is at least about any one of 10%, 15%,20%, 

25%, 30%, 35%, 40%. or more. Expression of CD137L can be assessed at RNA or 

protein level using known methods in the art, including, for example, quantitative 

polymerase chain reaction (qPCR), RNA sequencing, Western blotting, and 

immunohistochemical staining.  

10163] In some embodiments, the CD137-inducing agent is a cytokine. Exemplary 

cvtokines include, but are not limited to IL-2, IL-12, IL-10 and IN. In some 

embodiments, the cytokine is a wild-type cytokine, a native cytokine, a recombinant 

cytokine, a chemically modified cytokine (e.g.aPEGylated cytokine, a deglycosylated 

cytokine, etc.), or a cytokine analog, A "cytokine analog" refers to an engineered 

polypeptide having insertion(s), deletion(s), and/or substitution(s) of one or more amino 

acid residues while retaining substantially the same (e.g., at least about any one of 60%.  

70%, 80%, 90%, 95%, or more) activity (e.g., receptor binding) as a wild-type cytokine.  

Typically, a cytokine analog has enhanced pharmacokinetic properties. such as stability 

and serum half-life, compared to a wild-type cytokine. In some embodiments, a 

cytokineanalog has an amino acid sequence having at least about any one of 80%, 85%, 

90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or more identity to the amino 

acid sequence of a wildtype cytokine. In some embodiments, a cvtokine analog about 

y oneof 10, 9,8, 7, 6, 5, 4, 3 2, or I m utations (e.g., substitution, insertion and/or 

deletion) to the amino acid sequence of a wildtype cytokine.  

101641 In some embodiments, the CD137-inducing agent is IL-2. In some 

embodiments, the CD137-inducing agent is an agonist of IL-2 receptor. In some 

embodiments, the CD137-inducing agent is an IL-2Rj-selective agonist. In some 
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embodiments, the CD137-inducing agent is a long-acting IL-2 analog. In some 

embodiments, the CD137-inducing agent is a conjugate of IL-2 to a water-soluble 

polymer, such as PEG. Non-limiting examples of long acting, IL-2R-selective 

agonists are described in WO 2012/065086,xwhich is incorporated herein by reference 

in its entirety.  

[0165j IL-2orinterleukin-2 is acytokine that regulates the activities of lymphocytes.  

Native IL-2 is a protein of about 15.5-I6kDa, which functions by binding to IL-2 

receptors, The IL-2 receptor is a complex having three chains: IL-2a (CD25), IL-2 

(CD122) and IL-2(CD132), with each of IL-2Ra and IL-2R havingbindingaffinity 

for IL-2 while IL-2Ry alone has no appreciable affinity. See, Theze et al (1994) 

Immunol. Today 17(10):481-486. The IL-2 receptor (IL-2R) a subunit binds IL-2 with 

low affinity (Kd~I0 8 M). Interaction of IL-2 and CD25 alone does not lead to signal 

transduction but has the ability (when bound to the p and y subunit) to increase the IL

2R affinity. 1-eterodimerization of the and y subunits of IL-2R is essential for 

signaling in T cells. IL-2 can signal either via intermediate-affinity dimeric 

CD122/CD132 IL-2R (Kd-109 M) or via high-affinity trimeric CD25/CD122/CD132 

IL-2R (Kd~ 10 M). Dimeric IL-2R is expressed by memory CD8- T cells and NK 

cells, whereas regulatory T cells and activated T cells express high levels of timeric 

IL-2R.  

[01661 A high-dose IL-2 therapy, PROLEUKIN*, has been approved by the U.S.  

Food and Drug Administration (FDA) for treatment of patients with metastatic 

melanomaand renal cell carcinoma(RCC), with beneficial results in asubset of patients.  

However, vascular leak syndrome, hypotension, and liver toxicities associated with 

high-dose IL-2 have limited its use in cancer immunotherapy. In addition, high-dose 

IL-2 can expand potently suppressive CD44+CD25+ Foxp3+ Tregs in cancer patients, 

possibly limiting its efficacy as a monotherapy for cancer therapy.  

[01671 In some embodiments, the IL-2 is a human IL-2. Human IL-2 (UniProt ID: 

P60568) is a glycosylated protein having 153 amino acids, including a signal peptide at 

amino acid residues 1-20, In some embodiments, the IL-2 is a wildtype human IL-2 

comprising amino acid residues 21-153 of the amino acid sequence of SEQ ID NO: 43.  

In some embodiments, the IL-2 is a functional variant of human IL-2.  

SEQ ID NO: 43 human IL-2 amino acid sequence 
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MYRMQLLSCIALSLALVTNSAPTSSSTKKTQLQLEHL LLDLQMILNGINNYKN 
PKLTRMLTFKFYMPKKATELKHLQCLEEELKPLEEVLNLAQSKNFHLRPRDLI 
SNIN VIVLELKGSETTFMCEYADETATIVEFLNRWITFCQSIISTL T 

[01681 In some embodiments, the IL-2 is an analog of human IL-2. In some 

embodiments, the IL-2 comprising the amino acid sequence of SEQID NO: 44. In some 

embodiments, the IL-2 is aldesleukin. Aldesleukin (e.g., PROLEUIN*) is a human 

recombinant IL-2 product, which is a highly purified protein with a molecular weight 

of approximately 15,300 Daltons.'The chemical name is desalanyl-1, serine-125 human 

interleukin-2. PROLEUKFN* is produced by recombinant DNA technology using a 

genetically engineered E coli strain containing ai analog of the human IL-2 gene 

encoding a modified human IL2. Aldesleukin differs from native IL-2 in the following 

ways: a) Aldesleukin is not glycosylated because it is derived from E coih; b) the 

molecule has no N-terminal alanine; c) the molecule has serine substituted for cysteine 

atamino acid position 125; and d) the aggregation state of Aldesleukin is likely to be 

different from that of native IL-2 

SEQ ID NO: 44 Aldesleukin amino acid sequence 

MAPTSSSTKKTQLQLEHLLLDLQMILNGINN-YKNPKLTRILTFKFYMPKKAT 
ELKHLQCLEEELKPLEEVLNLAQSKNFHLIPILISNINVIVLELKGSETTFMC 
EYADETATIVEFLNRWITFSQSIISTLT 

[0169] In some embodiments, the IL-2 is a chemically modified human IL-2, such as 

a deglycosylated and/or polyethylene glycol-modified (PEGylated) 1L-2. In some 

embodiments, the IL-22 is a PEGylated 1L-2 comprising the amino acid sequence of 

SEQ ID NO: 44. In some embodiments, the IL-2 is a PEvylated aldesleukin. In some 

embodiments, theL-2 comprises about any oneof 1.2,3,4.5,6, or more polyethylene 

glycol moieties. In some embodiments, the IL-2 is bempegaldesleukin.  

10170] Bempegaidesleukin (also known as NKTR,-214) is an engineered IL-2R 

agonist with an average of six releasable polyethylene glycol (PEG) molecules attached 

to the IL-2Ra binding region of IL-2 (aldesleukin). This site-specific PEGylation 

preferentially reduces IL-2 binding to CD25 over CD122/CD132. Bempegaidesleukin 

and other long-acting IL-2 analogs have been described, for example, in Sharma M. et 

aL. Nature Communications, (2020) i1:661: W02012/065086A1, and 

WO2015125159AL which are incorporated herein by reference in their entirety.  
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101711 In some embodiments. the CD137-inducing agent is a histone deacetylase 

(HDAC) inhibitor. In some embodiments, the HDAC inhibitor is selected from the 

group consisting of belinostat, vorinostat, romidepsin, and chidamide. In some 

embodiments, the IDAC inhibitor is belinostat.  

[01721 The acetylation state of histories and other proteins is maintained by histone 

acetyltransferase (HAT) and histone deacetvlase (HDAC) enzymes. HATs catalyze the 

transfer of an acetyl group from acetyl-CoA to lysine residues in proteins and HDAC 

removes it. Depending on the mechanisms of removing the acetyl group, IDACs can 

be divided into two distinct families. The "classical family" comprises Zn--dependent 

HDACs, the second family of HDACs depends in catalysis on NAD and subsequently, 

O-acetyl-ADP-ribose and icotinamide are formed as a result of the acetyl transfer.  

HDACs comprise a family of 18 genes in humans and are divided into four classes 

based on their homology to yeast analogs: class I (HDACs 1, 2, 3, 8), class Ila (HDACs 

4,5, 7, 9)., class ib (HDACs 6, 10) and class IV (HDAC11).  

10173] Various classes of HDAC inhibitors have been developed, including: 1) 

hydroxamic acids: 2) aliphatic acids: 3) benzamides; and 4) cyclic tetrapeptides 

Vorinostat (SAHA), panobinostat (LBH-589), belinostat (PXD-101), and romidepsin 

(FK-228) have been approved by the US FDA for the treatment of cancer (refractory 

cutaneous/peripheral T-cell lymphoma).  

[01741 In some embodiments, the CD137-inducing agent is aDNA-damaging agent.  

In some embodiments, the DNA-damaging agent is an alkylating agent. Exemplary 

alkvlatingagentsinclude, but are not limited to, bendamustine (BENDEKA©), 

chlorambucil (LEUKERAN©), mcyclophosphamide (CYTOXAN©), ifosfamide 

(IFEX©), mechlorethamine hydrochloride (MUSTARGEN©'), thiotepa (THIOPLEX©), 

streptozotocin (ZANOSAR*), carmustine (BICNU©, GLIADEL WAFER©), lomustine 

(CEFNU), and dacarbazine (DTIC-DOME*). In some embodiments, the CD137

inducing agent is bendamustine.  

|0175] In some embodiments, the CD137-inducing agent is a DNA chelator. In some 

embodiments, the CD137-inducing agent is an alkaloid. Exemplary alkaloids include, 

but are riot limited to, doxorubicin (ADRIAMYCIN©), epirubicin (ELLENCE©, 

PHARMORUBICIN©), daunorubicin (CERUBIDINE©, DAUNOXO ME) 

nemorubicin, idarubicin (DAMYCIN© PFS, ZAVEDOS>), mitoxantrone (DHAD*, 
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NOVANTRONE*). dactinonycin actinomycinn D, COSMEGEN*), plicamycin 

(MITHRACINm), mitomycin (MUTAMYCIN©), and bleomycin (BLENOXANE). In 

some embodiments, the CD137-inducing agent is mitomvcin. In some embodiments., 

the CD137-inducing agent is bleomycin. In some embodiments, the CD37-inducing 

agent is doxorubicin. Mitornycin, bleornycin and doxorubicin have been shown to 

induce expression of CD137 in human Tlymphocytes. See, forexample, Kim K, e al., 

Immunology 2002, 107: 472-479.  

101761 In some embodiments, the CD137-iducingagent isaproteasomeinhibitor.  

In some embodiments, the CD137-inducing agent is bortezomib (VELCADE).  

[01771 In some embodiments, the CD137-inducing agent is a chemotherapeutic agent.  

The term "chemotherapeutic agent" refers to a chemical or biological substance that 

can cause death of cancer cells, or interfere with growth, division, repair, and/or 

function of cancer cells. In some embodiments, the CD137-inducing agent isan 

alkaloid or a plant vinca alkaloid, such as a cytotoxic antibiotic, e.g doxorubicin 

(ADRIAMYCIN©), epirubicin (ELLENCE*, PHARMORUBICIN©), daunorubicin 

(CERUBIDINE*, DAUNOXOME*), nemorubicin, idarubicin (IDAMYCIN© PFS.  

ZAVEDOS*), mitoxantrone (DHAD-, NOVANTRONE*). dactinomycin 

(actinomycin D, COSMEGEN*), plicamycin (MITHRACIN©), mitomycin 

(MUTAMYCIN*), and bleonycin (BLENOXANE*), vinorelbine tartrate 

(NAVELBI.BNE), vinblastine (VELBAN*), vincristine (ONCOVIN©), or vindesine 

(ELDISINE). In some embodiments, the CD137-inducing agent is vincristine 

(ONCOVIN4).  

ML Anti-CD137 Antibodies 

[01781 The method described herein comprise administration of an anti-CD137 

antibody that specifically binds to an extracellular domain of human CD137. The anti

CD137 antibodies described herein include full-length anti-CD137 antibodies. antigen

binding fragments of the CD137 antibodies, and derivatives of the CD137 antibodies 

In some embodiments, the anti-CD137 antibody is any one of the antibodies described 

herein, including antibodies described with reference to epitope binding and antibodies 

described with reference to specific amino acid sequences of CDRs variable regions 

(VL, VH), and IgG (e.g. IgG I or IgG4) light and heavy chains. In some embodiments, 
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the anti-CD137 antibody has at least one (e.g., at least one, at least two, at least three, 

at least four, at least five, at least six, at least seven, eight, or all nine) of the following 

functional properties: (a) bind to human CD137 with a KD of 500 nM or less; (b) have 

agonist activity on human CD137; (c) do not bind to human OX40, CD40, GITR and/or 

CD27 receptor at concentration up to 1000 nM; (d) is cross-reactive with monkey, 

mouserat, ordogCD137; (e) do not induce ADCC effects; (f) are capable of inhibiting 

tumor cell growth; (g) have therapeutic effect on a cancer; (h) blocks binding between 

CD137 and CD137L; and (i) blocks CD137 signaling stimulated by CD137L (e.g.  

CD137L-stimulated NF-B-dependent transcription) in a cell that expresses CD137. In 

some embodiments, the antibodies disclosed herein can also block, e.g , completely 

block, the binding between CD137 and its igand CD137L. In some embodiments, the 

anti-CD137 antibody is an antibody (or aan tigen-binding fragment thereof) that cross

competes for binding to human CD137 with one or more of the antibodies or antigen

binding fragments as described herein. Exemplary anti-CD137 antibodies that are 

suitable for the methods described herein have been described, for example, in 

US20190055314A1, WO2019036855A1, and W02019037711A1, which are 

incorporated herein by reference in their entirety.  

[01791 Human CD137, also known as tumor necrosis factor receptor superfamily 

member 9 (TNFRSF9), 4-1BB and induced by lymphocyte activation (ILA), is a 255 

minoacid protein (e.g.,GenBank Accession No. NM_001561; NP_001552; SEQ ID 

NO. :1).The protein comprises a signal sequence (amino acid residues 1-17), followed 

by an extracellular domain (169 amino acids), atransmembrane region (27 amino acids), 

and an intracellular domain (42 amino acids) (Cheuk ATC e al. 2004 Cancer Gene 

Therapy 1: 215-226). The receptor is expressed on the cell surface in monomer and 

dimer forms and likely trimerizes with CD137 ligand to signal.  

SEO ID NO: I human CD137 ami acid sequence 

MGNSCYNIVATLLLVLNFERTRSLQDPCSNCPAGTFCDNNRNQICSPCPPNSFS 
SAGGQRTCDICRQCKGVFRTRKECSSTSNAECDCTPGFHCLGAGCSMCEQDC 
KQGQELTKKGCKDCCFGTFNDQK-RGICRPWTNCSLDGKSVLVNGTKERDVV 
(GPSPADLSPGASSVTPPAPAREPGHSPQIISFFLALTSTALLFLLFFLTLRFSVV 

KRGRKKLLYIFKQPFMRPVQTTQEEDGCSCRFPEEEEGGCEL 

[01801 In some embodiments, the anti-CD137 antibody specifically binds to one or 

more amino acid residues withinamino acidresidues 34-108 of SEQ IDNO: 1 In some 

64



WO 2021/262869 PCT/US2021/038718 

embodiments, the anti-CD137 antibody specifically binds to one or more amino acid 

residues within amino acid residues 34-93 of SEQ ID NO: 1. In some embodiments, 

the anti-CD137 antibody specifically 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. In some embodiments, the anti-CD137 antibody specifically 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 embodiments, the 

anti-CD137 antibody 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 some embodiments, the anti-CD137 antibody specifically does 

not bind to amino acid residues 109-112, 125, 126, 135-138, 150 and 151 of SEQ ID 

NO: 1. Methods of measuringan antibody or antigen-binding fragment'sability to bind 

a target antigen may be carried out using any method known in the art, including for 

example, by surface plasmon resonance, an ELISA, isothermal titration calorimetry, a 

filter binding assay, an EMSA, etc., or based on the crystal structure of the anti-CD137 

antibody with CD137.  

[0181] In some embodiments, the anti-CD137 antibody specifically binds to one or 

more amino acid residues selected from the group consisting of amino acid residues 51, 

53, 62-73, 83, 89, 92, 95-104 and 112-116 of SEQ ID NO: 1. In some embodiments, 

the anti-CD137 antibody specifically binds to one or more amino acid residues selected 

from the group consisting of amino acid residues 51, 53, 63-67, 69-73, 83, 89, 92, 98

104, and 112-116 of SEQ ID NO: 1. In some embodiments, the anti-CD137 antibody 

specifically binds to one ormore amino acidresidues selected from thegroup consisting 

of amino acid residues 51, 63-67, 69-73, 83, 8992, 98-104 and 112-114 of SEQ ID 

NO: 1.  

[01821 In some embodiments, the anti-CD137 antibody specifically binds to amino 

acid residues 51, 53. 62-73, 83, 89, 92, 95-104 and 112-116 of SEQ ID NO: 1. In some 

embodiments, the anti-CD137 antibody specifically binds to amino acid residues 51, 

53, 63-67, 69-73, 83, 89, 92, 98-104, and 112-116 of SEQ ID NO: 1. In some 

embodiments, the anti-CD137 antibody specifically binds to amino acid residues 51, 

63-67, 69-73, 83, 89, 92,98-104 and 112-114 of SEQ ID NO: 1, 
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10183] Insome embodiments, the anti-CD137 antibody specifically binds to human 

CD137 with aKD ofabout 500 nM or less (e.g., about 500 nM or less, about 400 nM 

or less, about 300 nM or less, about 200 nM or less, about 150 nM or less, about 100 

nM or less, about 90 nM or less, about 80 nM or less, about 75 nM or less, about 70 nM 

or less, about 60 nM or less, about 50 nM or less, about 40 nM or less, about 30 nM or 

less, about 25 nM or less, about 20 nM or less, about 10 nM or less, about I nM or less, 

about 0.1 nM or less, etc.) In some embodiments, the anti-CD137 antibody specifically 

binds to human CD137 with a KD of about 100 nM or less. In some embodiments, the 

anti-CD137 antibody specifically binds to human CD137 with a KD of about 50 nM or 

less. Methods of measuring the KD of an antibody or antigen-binding fragment may be 

carried out using any m ethod known in the art, including for example, by surface 

plasmon resonance, an ELISA, isothermal titration calorimetry, a filter binding assay, 

an EMSA, etc.  

101841 Anti-CD137 antibodies need to be cross-linked to become agonistic. For 

example, cross-linking is achieved in vivo through Fcganma receptors, while typically 

polyclonal anti-Fc antibodies are used in cell-based experiments in vtro. In some 

embodiments, the anti-CD137 antibodies described herein have agonist activity on 

human CD137. In some embodiments, the anti-CD137 antibody induces one or more 

(e.g., one or more, two or more, three or more, etc.) activities of human CD137 when a 

cell (e.g.,a human cell) expressing human CD137 is contacted by the anti-CD137 

antibody. Various CD137 activities are known in the art and may include, without 

limitation, induction of NF-KB-dependent transcription, induction of T cell 

proliferation, prolonging T cell survival, co-stimulation of activated T cells, induction 

of cytokine secretion (such as IL-2). and induction of monocyte activation , In some 

embodiments, the one or more CD137 activities is not CD137 binding to its ligand.  

Methods of measuring CD137 activity (egthe induction of NF«-cB-dependeit 

transcription and/or T cell proliferation, etc.) are known in the art. In some 

embodiments, the anti-CD137 antibody increases NF-KB dependent transcription in 

cells (e.g., human cells) expressing human CD137. In some embodiments, NF-KB 

dependent transcription is increased by about 10% or more, about 20% or more, about 

30% or more, about 40% or more, about 50% or more, about 60% or more, about 70% 

or more, about 80% or more, about 90% or more, or about 99% or more in cells (e.g.  
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human cells) expressing CD137 contacted with the anti-CD137 antibody, relative to a 

corresponding cell not contacted with the anti-CD137 antibody (e.g., a corresponding 

cell not contacted with an antibody, or contacted with an isotope control antibody). In 

some embodiments, NF-xB dependent transcription is increased by about 2-fold, 3-fold, 

4-foir, 5-fold, 6-fold, 7-fold, 8-fold, 9-fold, 10-fold, 100-fold, 1000-fold or more in cells 

(e.g. human cells) expressing CDI37 contacted with the anti-CD137 antibody, relative 

to a corresponding cell not contacted with the anti-CD137 antibody (e.g., a 

corresponding cell not contacted with an antibody, or contacted with an isotope control 

antibody).  

[0185j In some embodiments, the anti-CD137 antibody is cross-reactive with 

monkey (e.g., cynomolgus monkey), mouse, rat, and/or dog CD137. In some 

embodiments, the anti-CD137 antibody is cross-reactive with monkey CD137. In some 

embodiments, the anti-CD137 antibody is cross-reactive with mouse CD137. In some 

embodiments, the anti-CD137 antibody is cross-reactive with rat CD137. In some 

embodiments, the anti-CD137 antibody is cross-reactive with dog CD137. In some 

embodiments, the anti-CD137 antibody is cross-reactive with monkey and mouse 

CD137: monkey and rat CD137; monkey and dog CD137; mouse and rat CD137; 

mouse and dog CD137; ratanddog CD137; monkey, mouse, andratCD137; monkey, 

mouse, and dog CD137; monkey, rat, and dog CD137: mouse, rat, and dog CD137: or 

monkey, mouse, rat, and dog CD137. In some embodiments, the anti-CD137 antibody 

is cross-reactive at about 100 nM (e.g.,. at about lnM, at about IOnM, at about 25nM, 

at about 5OnM, at about 75nM, at about IOOnM). Methods of measuring antibody cross

reactivity are known in the art, including, without limitation, surface plasmon resonance, 

an ELISA, isothermal titration calorimetry, a filter binding assay, an EMSA, etc 

[01861 In some embodiments, the anti-CD137 antibody does not induce ADCC 

effects, Methods of measuring ADCC effects (e.g., in vivo methods) are known in the 

art. In some embodiments, the anti-CD137 antibody does not ADCC effects by more 

than about 10% (do not induce ADCC by more than about 10%, more than about 5%, 

more than about 1%, more than about 0.1%, more than about 0.01%) relative to a 

control.  

[01871 Insoneembodiments,the anti-CD137 antibody'iscapableofinhibiting tumor 

cell growth/proliferation. In some embodiments, the tumor cell growth/proliferation is 
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inhibited by at least about 5% (e.g., at least about 5%, at least about 10%, at least about 

20%, at least about 30%, at least about 40%, at least about 50%. at least about 60%, at 

least about 70%, at least about 80%, at least about 90%, or at least about 99%) when 

contacted with the anti-CD137 antibody relative to corresponding tumor cells not 

contacted with the anti-CD137 antibody. In some embodiments, the anti-CD137 

antibody is capable of reducing tumor volume in a subject when the subject is 

administeredthe anti-CD137 antibody In some embodiments, the anti-CD137 antibody 

is capable of reducing tumor volume in a subject by at least about 5% (e.g., at least 

about 5%, atleast about 10%, atleast about 20%. at least about 30%. atleast about40%, 

at least about 50%, at least about 60%, at least about 70%, at least about 80%, at least 

about 90%, or at least about 99%) relative to the initial tumor volume in the subject 

(e.g., prior to administration of the anti-CD137 antibody). Methods of monitoring 

tumor cell growth/proliferation, tumor volume, and/or tumor inhibition are known in 

the art.  

10188] In some embodiments, the anti-CD137 antibody has therapeutic effect on a 

cancer. In some embodiments, the anti-CD137 antibody reduces one or more signs or 

symptoms of a cancer. In some embodiments, a subject suffering from a cancer goes 

into partial or complete remission when administered the anti-CD137 antibody.  

[01891 In some embodiments, the anti-CD137 antibody is selected from the group 

consisting of AG1005S, AG10059 and ADG106. In some embodiments, the anti

CD137 antibody competes or cross-competes for binding to human CD137 with any of 

the illustrative antibodies of the present application, such as AG10058, AG10059 and 

ADG106. In some embodiments, the anti-CD137 antibody is anantibody that competes 

or cross-competes for binding to the same epitope on human CD137 as AG10058, 

AG10059 or ADG106. The ability of an antibody to compete or cross-compete for 

binding with another antibody can be determined using standard binding assays known 

in the art, such as BAcore analysis, ELISA assays, or flow cytometry. For example, 

one can allow an illustrative antibody of the disclosure to bind to human CD137 under 

saturating conditions and then measure the ability of the test antibody to bind to the 

CD137. If the test antibody is able to bind to the CD137 at the same time as the 

illustrative antibody, then the test antibody binds to a different epitope as the illustrative 

antibody. However, if the test antibody is not able to bind to the CD137 at the same 
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time, then the test antibody binds to the same epitope, an overlapping epitope, or an 

epitope that is in close proximity to the epitope bound by the illustrative antibody. This 

experiment can be performed using various methods, such as ELISA, RA, FACS or 

surface plasmon resonance.  

[01901 In some embodiments, the anti-CD137 antibody blocks the binding between 

CD137 and its ligand (e.g., human CD137 and human CD137L). In some embodiments, 

the anti-CD137 antibody blocks the binding between CD137 and its ligand in vitro. In 

some embodiments, the anti-CD137 antibody has a half maximal inhibitory 

concentration (IC50) of about 500 nM or less (e.g., about 500 nM or less, about 400nM 

or less, about 300nM or less, about 200nM or less, about I00nM or less, about 50nM 

or less, about 25nM or less, about 10nM or less, about InM or less, etc.) for blocking 

binding of CD137 its ligand. In some embodiments, the aiti-CD137 antibody las a 

half-maximal inhibitory concentration (C50) of about 100 nM or less for blocking 

bindina of CD137 its iaand. In some embodiments, the anti-CD137 antibody 

completely blocks binding of human CD37 to its ligand when provided at a 

concentration of about 100 nM or greater (e.g, about 1OOnM or greater, about 500nM 

or greater, about 1IpM or greater, about lOPM or greater, etc.). As used herein, the term 

"complete blocking" or "completely blocks" refers to the antibody or antigen-binding 

fragment's ability to reduce binding between a first protein and a second protein by at 

least about 80% (e.g., at least about 80%, at least about 85%, at least about 90%. at least 

about 95%, at least about 99%, etc.). Methods of measuring the ability of an antibody 

or antigen-binding fragment to block binding of a first protein(e.g.,aCD137)anda 

second protein (e.g., CD137L) are known in the art, including, without limitation, via 

BiAcore analysis, ELISA assays, and flow cytometr.  

[01911 In some embodiments, the anti-CD137 antibody comprises a heavy chain 

variable region (VI) aid a light chain variable region (VL), a) wherein the VH4 

comprises aHVR-HI, a.HVR-H2 and aHVR-H3,wherein the HVR-Hi comprisesan 

amino acid sequence according to a formula selected from the group consisting of 

Formula (1): X1TFX2X3YX4II-WV (SEQ ID NO: 32), wherein X1 is F or Y, X2 is S 

or T, X3 is G, N, or S, aid X4 Is A, G, or rmula (II): YSIXSCX2X3WX4WI 

(SEQ ID NO: 33). wherein X] is S orT, X2 is H or Y, X3 is H or Y, and X4 is A, D, 

G, N, S. or T; and Formula (111): FSLSTXGVX2VX3WI (SEQ ID NO: 34), wherein 
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X1 is G or S, X2 is A or G, and X3is A G, S, or T; wereinhe e HIVR--12 comprises 

an amino acid sequence according to a formula selected from the group consisting of: 

Formula (IV): LALIDWXIX2DKX3YSX4SLKSRL (SEQ ID NO: 35), 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): 

IGXIIYHSCX2TYYX3PSLKSRV (SEQ ID NO: 36),.wherein X1 is D or E, X2 is N 

or S, and X3 is N or S; and Formula (VI):VSXISGX2GX3X4iTYYADSVKGRF 

(SEQ ID NO: 37), 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: 38), 

wherein X1 is E or G, X2 is E or S, X3 is D orT1, X4 is A,T, or V, X5 is A, 1, L,LT, or 

V, and X6 is A, D, or G; and/or b) wherein the VL comprises a HVR-L, a HVR-L2.  

and a HVR-L3, wherein the HVR-L I comprises an amino acid sequence according to 

Formula (VIII): XASQX2X3X4X5X6X7X (SEQ ID NO: 39). wherein X1 is Q or R, 

X2 is D, G. or S, X3 is I or V, X4 is G, R, S, orT, X5 is P, R, S, orT. X6 is A, D, F, S, 

V, or Y, X7 is L or V, and X8 is A. G, or N; wherein the HVR-L2 comprises an amino 

acid sequence according to Formula (IX): XIASX2X3X4X5GX6 (SEQ ID NO: 40), 

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, 

andX6 is I orV; and wherein the FIVR-L3 comprises an amino acid sequence according 

to aformula selected from the group consisting of: Formula(X):YCQQXIYX2X3X4T 

(SEQID NO: 41),whereinX is A,G, SorYX2 isQ. S, orY,X3 isIL,T, orY, 

and X4 is 1, S, V. or W; and Fornula (XI): YCXQX2X3X4X5PX6T (SEQ ID NO: 

42), wherein X1 is E or Q, X2 is P, S, orY, 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.  

[01921 In some embodiments, the anti-CD137 antibody comprises aVHand aVL, 

wherein the VH comprises a I-IVR-1 comprising the amino acid sequence of SEQ ID 

NO: 34, a HVR-H2 comprising the amino acid sequence of SEQ ID NO: 35, and a 

HVR-,H3 comprising the amino acid sequence of SEQ ID NO: 38; and/or wherein the 

VL comprises a HVR-L1 comprising the amino acid sequence of SEQ ID NO: 39. a 

HVR-L2 comprising the amino acid sequence of SEQ ID NO: 40, and a HVR-L3 

comprising the amino acid sequence of SEQ ID NO: 41, 

[01931 Sequences of exemplary anti-CD137 antibodies areshown in TableBbelow.  

Table B. Exemplary anti-CD137 antibodies.  
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Antibody HVR-HI HVR-H2 HVR-H3 HVR-L1 HVR-L2 HVR-L3 
ADG106 FSLSTGG LALIDWA ARGGSDT RASQSIGS DASNLET YCQQGY 

VGVGWVI DDKYYSP VIGDWFA YLA (SEQ GV(SEQ YLWT 
(SEQ ID SLKSRL Y (SEQ ID ID NO: 5) ID NO: 6) (SEQ ID 
NO: ) (SEQ ID NO: 4) NO: 7) 

NO: 3) 
AG10059 YSITSGHY VSSISGYG ARGGSDA RASQGIG DASNLET YCQQGY 

WAWI STTYYAD VLGDWF SFLA (SEQ GV(SEQ YLWT 
(SEQ ID SVKGRF AY(SEQ ID NO: 15) ID NO: 16) (SEQ ID 
NO: 12) (SEQ ID ID NO: 14) NO: 17) 

NO: 13) 
AG10058 FSLSTSGV LALIDWD ARGGSDT RASQSVS DASSLES YCQQGYS 

GVGWI DDKYYSP VLGDWF PYLA GV(SEQ LWT (SEQ 
(SEQ ID SLKSRL AY(SEQ (SEQ ID IDNO:26) ID NO: 27) 
NO: 22) (SEQ ID ID NO: 24) NO: 25) 

NO: 23) 1 1 1 1 
[01941 In some embodiments, the anti-CD137 antibody comprises a VI- and a VL, 

wherein the VH comprises a HVR--1 comprising theamino acid sequence of SEQ ID 

NO: 2, a HVR-H2 comprising the amino acid sequence of SEQ ID NO: 3, and a HVR

H3 comprising the amino acid sequence of SEQ ID NO: 4; and/orwherein the VL 

comprises a HVR-L1 comprising the amino acid sequence of SEQ ID NO: 5, a HVR

L2 comprising the amino acid sequence of SEQ ID NO: 6, and a HVR-L3 comprising 

the amino acid sequence of SEQ ID NO: 7.  

[01951 In some embodiments, the anti-CD137 antibody comprises a VH comprising 

a heavy chain complementarity determining region (HC-CDR) 1, a HC-DR2, and a 

HC-CDR3 of the amino acid sequence of SEQ ID NO: 8; and/or a VL comprising a 

light chain complementarity determining region (LC-CDR) 1, a LC-CDR2, and a LC

CDR3 of the amino acid sequence of SEQ ID NO: 9. In certain embodiments, theanti

CD137 antibody comprises a heavy chain variable region comprising the amino acid 

sequence of SEQ ID NO: 8, and/or a light chain variable region comprising the amino 

acid sequence of SEQ ID NO: 9. In certain embodiments the anti-CD137 antibody 

comprises heavy chain comprising the amino acid sequence of SEQ ID NO: 10, and/or 

a light chain comprising the amino acidsequence of SEQ ID NO: 11.  

SEQ ID NO: 8 ADG106 VH 

EVQLVESGGGLVQPGGSLRLSCAASGFSLSTGGVGVGWIRQAPGKGLEWLA 
IIDWADDKYYSPSIKSRI TISRDNSKN'TLYLQLNSILRAEDTAVYYCARGGSD 

TVIGDWFAYWGQGTLVTVSS 

SEQ ID NO: 9 ADG106 VL 
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DIQL TQSPSSLSASVGDRVTITCRASQSIGSYL AWYQQKPGKAPKLLIYDASNL 
ETGVPSRFSGSGSGI'DFTLTISSLQPEDFAI'YYCQQGYYLWTFGQGIKVEIKR 

SEQ ID NO: 10 ADG06 Heavy Chain 

EVQLVESGGGLVQPGGSLRLSCAASGFSLSTOGVOVGWIRQAPGKGLEWLA 
LIDWADDKYYSPSLKSRLTISRDNSIQNTLYLQLNSLRAEDTAVYYCARGGSD 
TVICDWFAYWGQGTLVTVSSASTKGPSVFPL APCSRSTSESTAALGCLVKDY 
FPEPVTVSWNSGALTSGVHTFPAVLQSSGLYSLSSVVTVPSSSLGTKTYI'CNV 
DHKPSNTKVDKRVESKYGPPCPPCPAPEFLGPSVFLFPPKPKDTLMISRTPEV 
TCV\VVDVSQEDPEVQFNWY\VDGVEVHNAXKTKPREEQFNSTYRVVSVLTVLH 
QDWLNCKEYKCKVSNKGLPSSIEK-TISKAKGQPREPQVYTLPPSQEEMTKNQ 
VSLTCLVKGFYPSDIAVEWESNGQPENNYKTI'PPVLDSDGSFFLYSRLTVDKS 
RWQEGNVFSCSVMHEALHNHYTQKSLSLSLGK 

SEQ ID NO: 11 ADGi06 Liuht Chain 

DIQLTQSPSSLSASVGDRVTITCRASQSIGSYLAWYQQKPGKAPKLLIYDASNL 
ETGVPSRFSGSGSGTDFTLTISSLQPEDFATYYCQQGYYLWTFGQGTKVEIKR 
TVAAPSVFIFPPSDEQLIKSGTASVVCLLNNFYPREAKVQWKVDNALQSGNSQ 
ESVTEQDSKDSTYSLSSTLTLSKADYEKHKV YACEVTHQGLSSPVTKSFNRGE 
C 

10196] In some embodiments, the anti-CD137 antibody comprises aVH-and aVL, 

wherein the VH comprises a HVR-Hi comprising the amino acid sequence of SEQ ID 

NO: 12, a HVR-12 comprising the amino acid sequence of SEQ ID NO: 13, and a 

HVR-I-3 comprising the amino acid sequence of SEQ ID NO: 14: and/or wherein the 

VL comprises a HVR-L1 comprising the amino acid sequence of SEQ ID NO: 15, a 

HVR-L2 comprising the amino acid sequence of SEQ ID NO: 16, and a HVR-L3 

comprising the amino acid sequence of SEQ ID NO: 17.  

10197] Insome embodiments,the aiti-CD137antibodycomprisesaVTVHcomprising 

a HC-CDR.1, aHC-CDR2,and a.HC-CDR3 of the amino acid sequence of SEQ ID NO: 

18; and/or a VL comprising a LC-CDR1, a LC-CDR2., and a LC-CDR3 of the amino 

acid sequence of SEQ ID NO: 19. In certain embodiments, the anti-CD137 antibody 

comprises a heavy chain variable region comprising the amino acid sequence of SEQ 

ID NO: 18, and/or a light chain variable region composing the amino acid sequence of 

SEQ ID NO: 19. In certain embodiments, the anti-CD137 antibody comprises a heavy 

chain comprising the amino acid sequence of SEQ ID NO: 20, and/or a light chain 

comprising the amino acid sequence of SEQ ID NO: 21.  

SEQ ID NO: 18 ADGI0059 VH 
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EVQLVESGGGLVQPGGSLRLSCAASGYSITSGHYWAWIRQAPGKIG&LEWVSSI 
SGYGSTI'YYADSVKGRFTISRDNSKNTLYLQLNSLRAEDTAVYYCARGGSDA 
VLGDWFAYWGQGTLVTVSS 

SEQ ID NO: 19 ADGIO059 VL 

DIQL TQSPSSLSASVGDRVTITCRASQGIGSFLAWYQQKPGKAPKLLIYDASNL 
ETGVPSRFSGSGSGTDFTL TISSLQPEDFATYYCQQGYYLWTFGQGTKVEIKR 

SEQID NO 20 ADG10059 He t cha 

EVQLVESGGGLVQPGGSLRLSCAASGYSITSGHYWAWIRQAPGKGLEWVSSI 
SCYGSTTYYADSVKGRFTISRDNSKNTLYLQLNSLRAEDTAVYYCARCCSDA 
VLGI)WFAYWGQGTLVI'VSSASTKGPSVFPLAPCSRSTSESTAALGCLVKDYF 
PEPVTVSWNSGALTSGVHTFPAVLQSSGLYSLSSVVTVPSSSLGTKTYTCNVD 
HKPSNTKVDKRVESKYGPPCPPCPAPEFLCGPSVFLFPPKPKDTLMISRTPEVT 
CVVVDVSQEDPEVQFNWYVDGVEVHNAKTKPREEQFNSTYRVVSVLTVLH 
QDWLNGKEYKCKVSNKGLPSSIEKTISKAKGQPREPQVYTLPPSQEEMTKNQ 
VSLTCLVKGFYPSDIAVEWESNGQPENNYKTTPPVLDSDGSFFLYSRLTVDKS 
RWQEGNVFSCSVMI-IEALHNHYTQKSLSLSLGK 

SEQ ID NO: 21 ADG10059 Light chain 
DIQLTQSPSSLSASVGDRVTITCRASQGIGSFLAWYQQKPGKAPKLLIYDASNL 
ETGVPSRFSGSGSGTDFTLTISSLQPEDFATYYCQQGYYLWTFGQGTKVEIKR 
TVAAPSVFIFPPSDEQLKSGI'ASVVCLLNNFYPREAKVQWKVDNALQSGNSQ 
ESVTEQDSKDSTYSLSSTLTLSKADYEKHKVYACEVTHQGLSSPVTKSFNRGE 
C 

10198] In sone embodiments, the anti-CD137 antibody comprises aVH and aVL, 

wherein the VH comprises a HVR-HI comprising the amino acid sequence of SEQ ID 

NO: 22, a HVR-H2 comprising the amino acid sequence of SEQ ID NO: 23, and a 

HVR-H3 comprising the amino acid sequence of SEQ ID NO: 24; and/or wherein the 

VL comprises a HVR-L comprising the amino acid sequence of SEQ ID NO: 25, a 

HVR-L2 comprising the amino acid sequence of SEQ ID NO: 26, and a HVR-L3 

comprising the amino acid sequence of SEQ ID NO: 27.  

10199] Insome embodiments,the anti-CD137antibodycomprisesaVH comprising 

a HC-CDR.1, aHC-CDR2,and aHC-CDR3 of the amino acid sequence of SEQ ID NO: 

28: and/or a VL comprising a LC-CDR1, a LC-CDR2, and a LC-CDR3 of the amino 

acid sequence of SEQ ID NO: 29. In certain embodiments, the anti-CD37 antibody 

composes heavy chain variable region comprising the amino acid sequence of SEQ ID 

NO: 28, and/or a light chain variable region comprising the amino acid sequence of 

SEQ ID NO: 29. In certain embodiments., the anti-CD137 antibody comprises a heavy 
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chain comprising the amino acid sequence of SEQ ID NO: 30, and/or a light chain 

comprising the amino acid sequence of SEQ ID NO: 31.  

SEQ ID NO: 28 AG10058 VH 

EVQLVESGGGLVQPGSLRLSCAASGFSLSTSG(VGWIRQAPGKGLEWLAL 
IDWDDDKYYSPSLKSRLTISRDNSKNTLYLQLNSLRAEDTAVYYCARGGSDT 
VLGDWFAYWGQGTLVTVSS 

SEQ ID NO: 29 AG10058 VL 

DIQLTQSPSSLSASVGDRVTITCRASQSVSPYL AWYQQKPGKAPKLLIYDASSL 
ESGVPSRFSGSGSGTDFTLTISSLQPEDFATYYCQQGYSLWTFGQGTKVEIKR 

SEQ ID NO: 30 AG10058 Heavy chain 

EVQLVESGGGLVQPGGSLRLSCAASGFSLSI'SGGVGWIRQAPGKGLEWLAL 
IDWDDDKYYSPSLKSRLTISRDNSKNTLYLQLNSLRAEDTAMYYCARGGSDT 
VLGDWFAYWGQGI'LVTVSSASTKGPSVFPLAPCSRSTSESI'AALGCLVKDYF 
PEPVTVSWNSGALTSGVIITFPAVLQSSCLYSLSSVVTVPSSSLGTKTYTCNVD 
HKPSNIKVDKRVESKYGPCPPCIAPEFLGGPSVFLFPPKPKDTLMISRIPEVT 
CVVVDVSQEDPEVQFNWYVDGVEVHNAKTKPREEQFNSTYRVSVLTVLH 
QDWLNGKEYKCKIVSNKGLPSSIEKTISKAKGQPREPQVYTLPPSQEEMTKNQ 
VSLTCLVKGFYPSDIAVEWESNGQPENNYKTTPPVLDSDGSFFLYSRLTVDKS 
RWQEGNVFSCSVMHEALHNHYTQKSLSLSLGK 

SEQ ID NO: 31 AG10058 Light chain 

DIQLTQSPSSLSASVGDRTITCRASQSVSPYLANYQQKPGKAPKLLIYDASSIL 
ESGVPSRFSGSGSGTDFTLTISSLQPEDFATYYCQQGYSLWTFGQGTKVEIKRT 
VAAPSVFIFPPSDEQLKSGTASVVCLLNNFYPREAKVQWKVDNALQSGNSQE 
SVTEQDSKDSTYSLSSTLTLSKADYEIKH-IKVYACEVTHQGLSSPVTKSFNRGEC 

10200] The CD137 antibodies described herein can be in any class, such as IgG, IgM, 

IgE, IgA, or IgD, It is preferred that the CD137 antibodies are in the igG class, such as 

IgGI, IgG2 , IgG3, or IgG4 subclass. A CD137 antibody can be converted from one 

class or subclass to another class or subclass using methods known in the art. An 

exemplary method for producing an antibody in a desired class or subclass comprises 

the steps of isolating anucleic acid encoding aheavy chain of an CD137 antibody and 

a nucleic acid encoding a light chain of a CD137 antibody, isolating the sequence 

encoding the VH- region, ligating the VH sequence to a sequence encoding a heavy 

chain constant region of the desired class or subclass, expressing the light chain gene 

and the heavy chain construct in a cell, and collecting the CD137 antibody. In some 

embodiments, theanti-CD37 antibody comprises a human IgGI Fc region. In some 

embodiments, the anti-CD137 atibody comprises a human IgG4 Fc region. In some 

74



WO 2021/262869 PCT/US2021/038718 

embodiments, the hunnnIgG4 Fe region comprises an S241P mutation, wherein 

numbering is according to Kabat. In some embodiments, the anti-CD137 antibody 

comprises an Fe region comprising one or more mutations that promotes cross-linking.  

Antigen-binding Fragments and Antibody Derivatives 

10201] In some embodiments, the anti-CD137 antibody is an antigen-binding 

fragment of any one of the anti-CD137 antibodies described herein.  

[02021 In some embodiments, the antigen-binding fragments of an CD137 antibody 

include: (i) a Fab fragment, which is a monovalent fragment consisting of the VL,. VH 

CL and CH1 domains; (ii) a F(ab')2 fragment, which is 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 Cil domains; (iv) a Fv fragment consisting of the Vi. and Vii 

domains of a single arm ofan antibody; (v) a dAb fragment (Ward ealo, (1989) Nature 

341:544-546). which consists of a VH domain; (vi) an isolated CDR, and (vii) single 

chain antibody (scFv), which is a polypeptide comprising a Vi region of an antiLbody 

linked to a Vii region of an antibody. Bird et al., (1988) Science 242:423-426 and 

Huston e a[, (1988) Proc. Natl. Acad. Sci. USA 85:5879-5883.  

102031 In some embodiments, the anti-CD137 antibody is a derivative of any one of 

the anti-CD137 antibodies described herein.  

10204] In some embodiments, the antibody derivative is derived from modifications 

of the amino acid sequences of an illustrative antibody ("parent antibody") of the 

disclosure while conserving the overall molecular structure of the parent antibody 

amino acid sequence. Amino acid sequences of any regions of the parent antibody 

chains may be modified, such as framework regions, CDR regions, or constant regions.  

Types of modifications include substitutions, insertions, deletions, or combinations 

thereof, of one or more amino acids of the parent antibody.  

10205] Insome embodimentsthe antibody derivative comprisesa VH comprising-an 

amino acid sequence that is at least 80%, at least 85%, at least 90%, at least 95%. at 

least 96%, at least 97%, at least 98%, or at least 99% identical to the amino acid 

sequence of SEQ ID NO: 8; and/or a VL comprising an amino acid sequence that is at 

least 80%, at least 85%, at least 90%, at least 95%. at least 96%, at least 97%, at least 

98%, or at least 99% identical to the amino acid sequence of SEQ ID NO: 9. In some 

embodiments, the antibody derivative comprises a HVR-1-1 amino acid sequence 
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region that is at least 80%, at least 85%, at least 90%, at least 95%. at least 96%. at least 

97%, at least 98%, or at least 99% identical to an amino acid sequence as set forth in 

SEQ ID NO: 2. In some embodiments, the antibody derivative comprises a HVR-H2 

amino acid sequence region that is at least 80%, at least 90%, at least 95%., at least 96%, 

at leaste97/,ast9 , oleast()oatleast 99% identical to an amino acid sequence as set 

forth in SEQ ID NO: 3. In some embodiments, the antibody derivative comprises a 

HVR-H3 amino acid sequence region that is at least 80%. at least 85%, at least 90%. at 

least 95%, at least 96%, at least 97%, at least 98%, or at least 99% identical to an amino 

acid sequence as set forth in SEQ ID NO: 4. In some embodiments, the antibody 

derivative comprises alHVR-LI amino acid sequence region that is at least 80%, at least 

85%, at least 90%, ai least 95%. at least 96%. at least 97%, at least 98%, orat least 99% 

identical to anamino acid sequence as set forth in SEQID NO: 5. In some embodiments, 

the antibody derivative comprises a HVR-L2 amino acid sequence region that is at least 

80%, at least 90%, at least 95%, at least 96%, at least 97%, at least 98%, or at least 99% 

identical to an amino acid sequence as set forth in SEQ ID NO: 6. Insomeembodiments, 

the antibody derivative comprises a HVR-L3 amino acid sequence region that is at least 

80%, at least 85%, at least 90%, at least 95%, at least 96%, at least 97%, at least 98%.  

or at least 99% identical to an amino acid sequence as set forth in SEQ ID NO: 7. In 

some particular embodiments, the antibody derivative comprises 1, 2 3, 4, 5, 6, 7. 8, 9, 

10, 11, 12, 13, 14, or 15 conservative or non-conservative substitutions, and/or 1, 2, 3, 

4, 5, 6, 7, 8, 9, 10, I 12, 13, 14, or 15 additions and/or deletions to an amino acid 

sequence as set forth in any of SEQ ID NOs: 8, 9, 10, and 11.  

10206] Insome embodimentsthe antibody derivative comprisesa VH comprising-an 

amino acid sequence that is at least 80%, at least 85%, at least 90%. at least 95%. at 

least 96%. at least 97%, at least 98%. or at least 99% identical to the amino acid 

sequence of SEQID NO: 18; and/or aVL comprising an amino acid sequence that is at 

least 80%, at least 85%, at least 90%, at least 95%, at least 96%. at least 97%, at least 

98%, or at least 99%identical to the amino acid sequence of SEQID NO: 19. In some 

embodiments, the antibody derivative comprises a HVR-H1 amino acid sequence 

regionthat is at least 80%, at least 85%, at least 90%, at least 95%, atleast 96%, atleast 

97%, at least 98%, or at least 99% identical to an amino acid sequence as set forth in 

SEQ ID NO: 12. In some embodiments, the antibody derivative comprises a HVR-12 
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amino acid sequence region that is at least 80%, at least 90%, at least 95%, at least 96%, 

at least 97%, at least 98%, or at least 99% identical to an amino acid sequence as set 

forth in SEQ ID NO: 13. In some embodiments, the antibody derivativecomprises a 

HVR-H3 amino acid sequence region that is at least 80%, at least 85%, at least 90%, at 

least 95%, at least 96%, at least 97%, at least 98%, orat least 99% identical to an amino 

acid sequence as set forth in SEQ ID NO: 14. In some embodiments, the antibody 

derivative comprises alHVR-LI amino acid sequence region that is at least 80%, at least 

85%, at least 90%, at least 95%, at least 96%, at least 97%, at least 98%, or at least 99% 

identical to an amino acid sequence as set forth inSEQ ID NO: 15. In some 

embodiments, the antibody derivative comprises a HVR-L2 amino acid sequence 

region that is at least 80%, at least 90%, at least 95%, at least 96%, at least 97%, at least 

98%, or at least 99% identical to an amino acid sequence as set forth in SEQ ID NO: 

16. In some embodiments, the antibody derivative comprises a HVR-L3 amino acid 

sequence region that is at least 80%, at least 85%, at least 90%, at least 95%, at least 

96%, at least 97%, at least 98%, or at least 99% identical to an amino acid sequence as 

set forth in SEQ ID NO: 17. In some particular embodiments, the antibody derivative 

comprises 1, 2, 3, 4 5, 6, 7, 8, 9, 10, IL 12, 13, 14, or 15 conservative or non

conservative substitutions, and/or 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, or 15 

additions and/or deletions to anamino acid sequence as set forth in any of SEQ ID NOs: 

18, 19, 20, and 21 

[0207] In some embodiments, the antibody derivativecomprises a VH comprising an 

amino acid sequence that is at least 80% at least 85%, at least 90%, at least 95%, at 

least 96%, at least 97%, at least 98%, or at least 99% identical to the amino acid 

sequence of SEQ ID NO: 28; and/or a VL comprising an amino acid sequence that is at 

least 80%, at least 85%, at least 90%, at least 95%, at least 96%, at least 97%, at least 

98%, orat least 99% identical to the amino acid sequence of SEQ ID NO: 29. In some 

embodiments, the antibody derivative comprises a HVR-H1 amino acid sequence 

region that is at least 80%, at least 85%, at least 90% at least 95%, at least 96%, at least 

97%, at least 98%, or at least 99% identical to an amino acid sequence as set forth in 

SEQIDNO:22. Insome embodiments,theantibody derivativecomprisesalHVR-H2 

amino acid sequence region that is at least 80%, at least 90%, at least 95%. at least 96%.  

at least 97%, at least 98%, or at least 99% identical to an amino acid sequence asset 
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forth in SEQ ID NO: 23. In some embodiments, the antibody derivative comprises a 

HVR-H3 amio acid sequence region that is at least 80%, at least 85%. at least 90%, at 

least 95%, at least 96%, at least 97%, at least 98%, or at least 99% identical to an amino 

acid sequence as set forth in SEQ ID NO: 24. In some embodiments. the antibody 

derivative comprises a HVR-L1 amino acid sequence region that is at least 80%, at least 

85%, at least 90%, at least 95%, at least 96%, at least 97%, at least 98%, or at least 99% 

identical to an amino acid sequence as set forth in SEQ ID NO: 25. In some 

embodiments, the antibody derivative comprises a I-VR-L2 amino acid sequence 

region that is at least 80%, at least 90%, at least 95%, at least 96%, at least 97%, at least 

98%, or at least 99% identical to an amino acid sequence as set forth in SEQ ID NO: 

26. In some embodiments, the antibody derivative comprises a HVR-L3 amino acid 

sequence region that is at least 80%, at least 85%, at least 90%, at least 95%. at least 

96%, at least 97%, at least 98%, or at least 99% identical to an amino acid sequence as 

set forth in SEQ ID NO: 27. In some particular embodiments, the antibody derivative 

comprises 1, 2, 3, 4, 5, 6, 7. 8, 9, 10,1, 12, 13, 14, or 15 conservative or non

conservative substitutions, and/or 1, 2, 3 4, 5, 6,7, 8 9, 10, 11, 12, 13. 14, or 15 

additions and/or deletions to an amino acid sequence as set forth in any of SEQ ID NOs: 

28, 29, 30, and 31.  

[02081 Amino acid substitutions encompass both conservative substitutions and non

conservative substitutions. The term "conservative amino acid substitution" means a 

replacement of one amino acid with another amino acid where the two amino acids 

have similarity in certain physico-cheinical properties such as polarity, charge, 

solubility, hydrophobicity, hydrophilicity, and/or the amphipathicnature of theresidues 

involved. For example, substitutions typically may be made within each of the 

following groups: (a) nonpolar (hydrophobic) amino acids, such as alanine, leucine, 

isoleucine, valine, proline, phenylalanine, tryptophan,and methionine; (b) polarneutral 

amino acids, such as glvcine, serine, threonine, cysteine, tyrosine, asparagine, and 

glutamine; (c) positively charged (basic) amino acids, such as arginine. lysine, and 

histidine, and (d) negatively charged (acidic) amino acids, such as aspartic acid and 

glutamic acid.  

[02091 The modifications may be made in any positions of the amino acid sequences 

of the antibody, including the CDRs, framework regions, or constant regions. In some 
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embodiments, the present disclosure provides an antibody derivative that contains the 

VH and VL CDR sequences of an illustrative antibody of this disclosure, yet contains 

framework sequences different from those of the illustrative antibody. Such framework 

sequences can be obtained from public DNA databases or published references that 

include germline antibody gene sequences. For example, germline DNA sequences for 

human heavy and light chain variable region genes can be found in the Genbank 

database or in the "VBase" human germline sequence database (Kabat, E. A., et al., 

Sequences of Proteins of Immunological Interest, Fifth Edition, U.S. Department of 

Health and Human Services, NIH Publication No. 91-3242 (1991); Tomlinson, I, M.  

et al., J. Mol. Biol. 227:776-798 (1992); and Cox, J. P. L. et al., Eur. J nmunol.  

24:827-836 (1994)). Framework sequences that may be used in constructing an 

antibody derivative include those that are structurally similar to the framework 

sequences used by illustrative antibodies of the disclosure, e.g.. similar to the VH 3-23 

framework sequences and/or the VL )3 or 11-13 framework sequences used by 

illustrative antibodies of the disclosure. For example, the HVR--1, HVR-H2, and 

HVR-H3 sequences, and the HVRLI1, HVR-L2, and HVR-L3 sequences of an 

illustrative antibody can be grafted onto framework regions that have theidentical 

sequence as that found in the germline immiunoglobulin gene from which the 

framework sequence derive, or the CDR sequences can be grafted onto framework 

regions that contain one or more mutations as compared to the germline sequences 

102101 In some embodiments, the antibody derivative is a chimeric antibody, which 

comprises in amino acid sequence of an illustrative antibody of the disclosure. In one 

example, one or more CDRs from one or more illustrative human antibodies are 

combined with CDRs from an antibody from a non-human animal, such as mouse or 

rat. In another example, all of the CDRs of the chimeric antibody are derived from one 

or more illustrative atibodies. In sore particular embodiments, the chimeric antibody 

comprises one, two, or three CDRs from the heavy chain variable region or from the 

light chain variable region of an illustrative antibody. Chimeric antibodies can be 

generated using conventional methods known in the art.  

10211] Anothertype of modification is to mutate amino acid residues within the CDR 

regions of the VH and/or VL chain. Site-directed mutagenesis or PCR-mediated 

mutagenesis can be performed to introduce the mutation(s) and the effect on antibody 
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binding, or other functional property of interest, can be evaluated in in vitro or in vivo 

assays known in the art. Typically, conservative substitutions are introduced. The 

mutations may be amino acid additions and/or deletions. Moreover, typically no more 

than one, two, three, four or five residues within a CDR region are altered. In some 

embodiments, the antibody derivative comprises 1, 2, 3, or 4 amino acid substitutions 

in the heavy chain CDRs and/or in the light chain CDRs. In some embodiments, the 

amino acid substitution is to change one or more cysteines in an antibody to another 

residue, such as, without limitation, alanine or serine. The cysteine may be a canonical 

or non-canonical cysteine. In some embodiments, the antibody derivative has 1, 2 3, 

or 4 conservative amino acid substitutions in the heavy chain CDR regions relative to 

the amino acid sequences of an illustrative antibody.  

[0212 Modifications may also be nade to the framework residues within the VHI 

and/or VL regions. Typically, such framework variants are made to decrease the 

immunogenicity of the antibody. One approach is to "back mutate" one or more 

framework residues to the corresponding gernmie sequence. An antibody that has 

undergone somatic mutation may contain framework residues that differ from the 

gernine sequence from which the antibody is derived. Such residues can be identified 

by comparing the antibody framework sequences to the germline sequences from which 

the antibody is derived. To return the framework region sequences to their germine 

configuration, the somatic mutations can be "back mutated" to the germiine sequence 

by, for example, site-directed mutagenesis or PCR-mediated mutagenesis.  

102131 In addition, modifications may also be made within the Fc region of an 

illustrative antibody, typically to alter one or more functional properties of theantibody, 

such as serum half-life, complement fixation, Fe receptor binding, and/or antigen

dependent cellular cytotoxicity. In one example, the hinge region of CH1 is modified 

such that the rmmber of cysteine residues in the hinge region is altered, e.g., increased 

or decreased.This approach is described further in US. Pat. No 5,677,425. Thenumber 

of cysteine residues in the hinge region of CHI is altered to, for example, facilitate 

assembly of the light and heavy chains or to increase or decrease the stability of the 

antibody. In another case, the Fe hinge region of an antibody is mutated to decrease the 

biological half-life of the antibody.  
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10214] Furthermore, an antibody of the disclosure may be modified to alter its 

potential glycosylation site or pattern in accordance with routine experimentation 

known in the art In some embodiments, the anti-CD137 antibody derivative contains 

at least one mutation in a variable region of a light chain or heavy chain that changes 

the pattern of glycosylation in the variable region. Such an antibody derivative may 

have an increased affinity and/or a modified specificity for binding an antigen. The 

mutations may add a novel glycosylation site in the V region, change the location of 

one or more V region glycosylation site(s), or remove a pre-existing V region 

glycosylation site. In some embodiments, the anti-CD137 antibody derivative has a 

potential N-linked glycosylation site at asparagine in the heavy chain variable region, 

wherein the potential N-linked glycosylation site in one heavy chain variable region is 

removed. In some embodiments, the anti-CD137 antibody derivative has having a 

potential N-linked gycosylation site at asparagine in the heavy chain variable region, 

wherein the potential N-linked glycosylation site in both heavy chain variable regions 

is removed. Method of altering the glycosylation pattern of an antibody is known in the 

art, such as those described in U.S. Pat. No. 6,933,368, the disclosure of which 

incorporated herein by reference.  

[02151 In some embodiments, the antibody derivatives aCD137 antibody multimer, 

which is amultimeric form of aCD137 antibody, such as antibody dimers, trimers, or 

higher-order multimers of monomeric antibodies. Individual monomers within an 

antibody multimer may be identical or different. In addition, individual antibodies 

within a multimer may have the same or different binding specificities. Multimerization 

of antibodies may be accomplished through natural aggregation of antibodies. For 

example, some percentage of purified antibody preparations (e.g., purified IgGl or 

IgG4 molecules) spontaneously form protein aggregates containing antibody 

homodimers, and other higher-order antibody multimers. Alternatively, antibody 

homodimers may be formed through chemical linkage techniques known in the art, 

such as through using crosslinking agents. Suitable crosslinkers include those that are 

heterobifunctional, having two distinctly reactive groups separated by an appropriate 

spacer (such as m-maleimidobenzoyl-N-hvdroxvsuccinimide ester, succinimidyl 4

(maileimidomethvl)cvclohexane-1-carboxylate, and N-succinimidyl S-acethylthio

acetate) or homobifunctional (such as disuccinimidyl suberate). Such linkers are 
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commercially available from, for example, Pierce Chemical Company, Rockford, IL.  

Antibodies can also be made to multimerize through recombinant DNA techniques 

known in the art.  

[02161 In some embodiments, the anti-CD137 antibody is a multimeric antibody (e.g.  

a bispecific antibody). In some embodiments, the anti-CD137 antibody is an IgM 

antibody, e.g., comprises an IgM Fe region (e.g a human gM Fc region).  

102171 Examples of other antibody derivatives provided by the present disclosure 

include single chain antibodies, diabodies, domain antibodies, and unibodies. A 

"single-chain antibody"(scFv) consists of a single polypeptide chain comprising a VL 

domain linked to a VH domainwherein VL domain and VH domain are paired to form 

a monovalent molecule. Single chain antibody can be prepared according to method 

known in the art (see, for example, Bird et al., (1988) Science 242:423-426 and Huston 

et al, (1988) Proc. Natl. Acad. Sci. USA 85:5879-5883). A "diabody" consists of two 

chains, each chain comprising a heavy chain variable region connected to a light chain 

variable region on the same polypeptide chain connected by a short peptide linker, 

wherein the two regions on the same chain do not pair with each other but with 

complementary domains on the other chain to form a bispecific molecule. Methods of 

preparing diabodies are known in the art (See, e.g., Holliger P. et al., (1993) Proc. Natl.  

Acad. Sci. USA 90:6444-6448, and Poijak R. e al, (1994) Structure 2:1121-1123).  

Domain antibodies (dAbs) are small functional binding units of anibodies, 

corresponding to the variable regions of either the heavy or light chains of antibodies.  

Domain antibodies are well expressed in bacterial, yeast, and mammalian cell systems.  

Further details of domain antibodies and methods of production thereof are known in 

the art (see, for example, U S. Pat. Nos. 6,291,158; 6,582,915; 6,593,081; 6,172,197; 

6,696,245; European Patents 0368684 & 0616640; WO05/035572. W004/101790.  

W004/081026, W004/058821, W004/003019and W003/002609). Unibodies consist 

of one light chain and one heavy chain of an IgG4 antibody. Unibodies may be made 

by the removal of the hinge region of IgG4 antibodies. Further details of unibodies and 

methods of preparing them may be found in WO2007/059782.  
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Methods of Making 

[02181 Antibodies of the present disclosure can be produced by techniques known in 

the art, including conventional monoclonal antibody methodology e.g., the standard 

somatic cell hybridization technique (See e.g., Kohler and Milstein, Nature 256:495 

(1975),viral or oncogenic transformation of B lyiphocytes, or recombinant antibody 

technologies as described in detail herein below.  

[02191 Hybridoma production is a very well established procedure. The common 

animal system for preparing hy bridomas is the urine system. Immunization protocols 

ndtechniques for isolationof immunized splenocytes for fusion are known in the art.  

Fusion partners (e.g., munrine myeloma cells) and fusion procedures are also known.  

One well-known method that may be used for making human CD137 antibodies 

provided by the present disclosure involves the useofaXENOMOUSETM animal 

system.XENOMOUSET" mice are engineered mouse strains that comprise large 

fragments of human immunoglobulin heavy chain and light chain loci and are deficient 

in mouse antibody production. See, e.g., Green et al., Nature Genetics 7:13-21 (1994) 

and W02003/040170. The animal is immunized with a CD137 antigen. The CD137 

antien is isolated and/or purified CD137, preferably CD137. It may be a fragment of 

CD137, such as the extracellular domain of CD137, particularly a CD137 extracellular 

domain fragment comprising amino acid resides 34-108 or 34-93 of SEQ ID NO: 1 

Immunization of animals can be carried out by any method known in the art. See, e.g.  

Harlow and Lane, Antibodies: A Laboratory Manual, New York: Cold Spring Harbor 

Press, 1990. Methods for immunizing non-human animals such as mice, rats, sheep, 

goats, pigs, cattle and horses are well known in the art. See, e.g.HariowandLane, 

supra, and US. Pat. No. 5,004619. The CD137 antigen may be administered with an 

adjuvant to stimulate the immune response. Exemplary adjuvants include complete or 

incomplete Freund's adjuvant, RIBI (muramyl dipeptides) or ISCOM 

(immunostimulating complexes), After immunization of an animal with a CD137 

antigen, antibody-producing immortalized cell lines are prepared from cells isolated 

from the immunized animal. After immunization, the animal is sacrificed and lymph 

nodeand/or splenic B cells are immortalized. Methods of immortalizing cells include, 

but are not limited to, transferring them with oncogenes, inflecting them with the 

oncogenic virus cultivating them under conditions that select for immortalized cells, 
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subjecting them to carcinogenic or mutating compounds, fusing them with an 

immortalized cell e.g,a meoma cell, and inactivating a tumor suppressor gene. See, 

e.g., Harlow and Lane, supra. If fusion with nyeloma cells is used, the myeloma cells 

preferably do not secrete immunoglobulin polypeptides (a non-secretory cell line).  

Immortalized cells are screened using CD137, a portion thereof, or a cell expressing 

CD137. CD137 antibody-producing cells, e.g., hybrdomas, are selected, cloned and 

further screened for desirable characteristics, including robust growth, high antibody 

production and desirable antibody characteristics, as discussed further below.  

Hybridomas can be expanded in vivo in syngeneic animals, in animals that lack an 

immune systeme, nude mice, or in cell culture in vitro. Methods of selecting, 

cloning and expanding hybridomas are well known to those of ordinary skill in the art.  

[02201 Antibodies of the disclosure can also be prepared using phage display or yeast 

display methods. Such display methods for isolating human antibodies are established 

in the art, such as Achim Knappik, et al., "Fully Synthetic Human Combinatorial 

Antibody Libraries (HuCAL) Based on Modular Consensus Frameworks Md CDRs 

Randomized with Trinucleotides." J. Mol. Biol. (2000) 296, 57-86; and Michael J.  

Feldhaus, et al., "Flow-cytometric isolation of human antibodies from a non-immune 

Saccharomyces cerevisiae surface display library" Nat Biotechnol (2003) 21:163-170.  

[02211 In some embodiments, the anti-CD137 antibody is preparedby expressing one 

or more nucleic acids encoding the anti-CD137 antibody or polypeptide chains thereof 

in a host cell. In some embodiments, the one or more nucleic acids is a DNA or RNA, 

and may or may not contain intronic sequences. Typically, the nucleic acid is a cDNA 

molecule.  

[02221 Nucleic acids of the disclosure can be obtained using any suitable molecular 

biology techniques. Forantibodies expressed by hy bridomas, cDNAs encoding the light 

and heavy chains of the antibody made by the hybridoma can be obtained by PCR 

amplification or cDNA cloning techniques. For antibodies obtained from an 

immunoglobulin gene library (e.g , using phage display techniques), the nucleic acid 

encoding the antibody can be recovered from the library.  

[0223] The isolated DNA encoding the VI region can be converted to a full-length 

heavy chain gene by operatively linking the VH-encoding DNA to another DNA 

molecule encoding heavy chain constant regions (CH, CHC-2 and CH3). The sequences 
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of human heavy chain constant region genes are known in the art (see e.g.. Kabat e al.  

(1991) Sequences of Proteins of Immunological Interest, Fifth Edition, U.S.  

Department of Health and Human Services, NIH Publication No. 91-3242) and DNA 

fragments encompassing these regions can be obtained by standard PCR amplification.  

The heavy chain constant region can be an IgGIgG2, IgG3, IG4, IgA, IgE, IgM or 

IgD constant region, but most preferably is an IgG4 or IgG2 constant region without 

ADCC effect. The IgG4 constant region sequence can be any of the various alleles or 

allotypes known to occur among different individuals. These allotypes represent 

naturally occurring amino acid substitution in the IgG4 constant regions. For a Fab 

fragment heavy chain gene, the VH-encoding DNA can be operatively linked to another 

DNA molecule encoding only the heavy chain C-1 constant region.  

[02241 The isolated DNA encoding theVLregion can be convertedto afull-length 

light chain gene (as well as a Fab light chain gene) by operatively linking the VL

encoding DNA to another DNA molecule encoding the light chain constant region, CL.  

The sequences of human light chain constant region genes are known in the art (see e.g.  

Kabat etal. (1991) Sequences of Proteins of Immunological Interest, Fifth Edition, U.S 

Department of Health and Human Services, NIH Publication No. 91-3242) and DNA 

fragments encompassing these regions can be obtained by standard PCR amplification.  

The light chain constant region can be a kappa or lambda constant region.  

[02251 To create a scFv gene, the VH- and VL-encoding DNA fragments are 

operatively linked to another fragment encoding a flexible linker, e.g., encoding the 

amino acid sequence (Gy'4-Ser)3, such that the VH and VL sequences can be expressed 

as a contiguous single-chain protein, with the VL and VI- regions joined by the flexible 

linker (see e.g., Bird et al,Science 242:423-426 (1988); Huston e/ al., Proc. Nadt. Acad 

Sci. USA 85:5879-5883 (1988); and McCafferty et al., Nature 348:552-554 (1990)).  

[02261 In some embodiments, there is provided a vector that comprises one or more 

nucleic acid molecules encoding an anti-CD137 antibody described herein. In some 

embodiments, the vector is an expression vector useful for the expression of the anti

CD137 antibody. In some embodiments, provided herein are vectors, wherein a first 

vector comprises a polynucleotide sequence encoding a heavy chain variable region as 

described herein, and a second vector comprises a polynucileotide sequence encoding a 

light chain variable region as described herein. In some embodiments, a single vector 
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comprises polynucleotides encoding a heavy chain variable region as described herein 

and a light chain variable region as described herein.  

[0227] To express an anti-CD137 antibody described herein., DNAs encoding partial 

or full-length light and heavy chains are inserted into expression vectors such that the 

DNA molecules are operatively linked to transcriptional and translational control 

sequences. In this context, the term "operatively linked" means that an antibody gene 

is ligated into a vector such that transcriptional and translational control sequences 

within the vector serve their intended function of regulating the transcription and 

translation of the DNA molecule. The expression vector and expression control 

sequences are chosen to be compatible with the expression host cell used.The antibody 

light chain gene and the antibody heavy chain gene can be inserted into separate vector 

or, more typically, both genes are inserted into the same expression vector. The 

antibody genes are inserted into the expression vector by any suitable methods (e.g, 

ligation of complementary restriction sites on the antibody gene fragment and vector, 

or homologous recombination-based DNA ligation). The light and heavy chain variable 

regions of the antibodies described herein can be used to create full-length antibody 

genes of any antibody isotype and subclass by inserting them into expression vectors 

already encoding heavy chain constant and light chain constant regions of the desired 

isotope and subclass such that the VII segment is operatively linked to the CH 

segment(s) within the vector and the VL segment is operatively linked to the CL 

segment within the vector. Additionally or alternatively, the recombinant expression 

vector can encode a signal peptide that facilitates secretion of the antibody chain from 

ahost cell. The antibody chain gene can be cloned into the vector such that the signal 

peptide is linked in-frame to the amino terminus of the antibody chain gene. The signal 

peptide can be an immunoglobulin signal peptide or a heterologous signal peptide (i.e.  

a signal peptide from a non-immunoglobulin protein).  

[02281 In addition to the antibody chain genes., the expression vectors of the 

disclosure typically carry regulatory sequences that control the expression of the 

antibody chain genes in a host cell. The teorm regulatory sequence" is intended to 

include promoters, enhancers and other expression control elements (e.g., 

polyadenylation signals) that control the transcription or translation of the antibody 

chain genes. Such regulatory sequences are described, for exarnple, in Goeddel (Gene 
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Expression Technology. Methods in Enzymology 185, Academic Press, San Diego, 

Calif. (1990)). It will be appreciated by those skilled in the art that the design of the 

expression vector, including the selection of regulatory sequences, may depend on such 

factors as the choice of the host cell to be transformed, the level of expression of protein 

desired, etc. Examples of regulatory sequences for mammalian host cell expression 

include viral elements that direct high levels of protein expression in mammalian cells, 

such as promoters and/or enhancers derived from cytomegalovirus (CMV), Simian 

Virus 40 (SV40). adenovirus, (e.g.. the adenovirus major late promoter (AdMLP) and 

polyoma. Alternatively, nonviral regulatory sequences may be used, such as the 

ubiquitin promoter or g-globin promoter. Still further, regulatory elements composed 

of sequences from different sources, such as the SR promoter system, which contains 

sequences from the SV40 early promoter and the long terminal repeat of human T cell 

leukemia virus type 1 (Takebe, Y. et a/. (1988)Mo. Cell. Biol. 8:466-472).  

102291 In addition to the antibody chain genes and regulatory sequences, the 

expression vectors may carry additional sequences, such as sequences that regulate 

replication of the vector in host cells (e.g., origins of replication) and selectable marker 

genes. Theselectable marker gene facilitates selection of host cells into which the 

vector has been introduced (see, e.g., U.S. Pat. Nos. 4,399,216, 4,634,665 and 

5,179,017, all by Axel et al.). For example, typically the selectable marker gene confers 

resistance to drugs. such as G418. hygromycin or methotrexate, on a host cell into 

which the vector has been introduced. Selectable marker genes include the 

dihydrofolate reductase (DHFR) gene (for use in dhfr-host cells with methotrexate 

selection/arnplification) and the neo gene (for C418 selection).  

[0230] For expression of the light and heavy chains, the expression vector(s) 

encoding the heavy and light chains is transfected into a host cell by any suitable 

techniques. The various forms of the term "transfection" are intended to encompass a 

wide variety of techniques commonly used for the introduction of exogenous DNA into 

a prokarvotic or eukarvotic host cell, e.g., electroporation, calcium-phosphate 

precipitation, DEAE-dextran transfection and the like. Althoughit is possible to express 

the antibodies of the disclosure in either prokaryotic or eukaryotic host cells, expression 

of antibodies in eukaryotic cells, and typically mammalian host cells, is most typical.  
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10231] In some embodiments, there is provided a host cell containing a nucleic acid 

molecule provided by the present disclosure. The host cell can be virtually any cell for 

which expression vectors are available. It may be, for example, a higher eukarvotic host 

cell, such as a mammalian cell, a lower eukaryotic host cell, such as ayeast cell, and 

may be a prokaryotic cell, such as a bacterial cell. Introduction of the recombinant 

nucleic acid construct into the host cell can be effected by calcium phosphate 

transfection, DEAE, dextran mediated transfection, electroporation or phage infection.  

102321 Suitable prokarotic hosts for transformation include E coli, Bacillus subtilis, 

Salmonzella typhnuuriwn and various species within the genera PseudoImonas, 

Streptomyces, and.Staphylococcus.  

[02331 Mammalian host cells for expressing a binding molecule of the disclosure 

include, for example, Chinese Hamster Ovay (CHO) cells (including dhfr-CHO cells, 

described in Urlaub and Chasm, Proc. NaLA. Acad. Sci. LSA 77:42164220 (1980), used 

with a DHFR selectable marker, e.g., as described in Kaufman and Sharp, J Mol. Biol.  

159:601-621 (1982), NSO myelorna cells, COS cells and Sp2 cells. In particular, for use 

with NSO myelorna or CHO cells, another expression system is the GS (glutamine 

synthetase) gene expression system disclosed in WO 87/04462, WO 89/01036 and EP 

338,841. When expression vectors encoding antibody genes are introduced into 

mammalian host cells, the antibodies are produced by culturing the host cells for a 

period of time sufficient to allow for expression of the antibody in the host cells or 

secretion of the antibody into the culture medium in which the host cells are grown.  

Antibodies can be recovered from the culture medium using any suitable protein 

purification methods.  

V. Pharmaceutical Compositions, Kits, and Articles ofManufacture 

I0234] One aspect of the present application provides a composition comprising any 

one of the anti-CD317 antibodies described herein and/or any one of the CD137

inducing agents (e.g., cytokine, HDAC inhibitor or DNA-damaging agent) described 

herein. Also provided are pharmaceutical compositions comprising any one of the anti

CD137 antibodies described herein and/or any one of the CD137-inducing agents 

described herein. In some embodiments, the composition is a pharmaceutical 

composition comprising: (a) an effective amount of the anti-CD137 antibody; (b) an 
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effective amount of the CD137-inducing agent; and (c) a pharmaceutically acceptable 

carrier. In some embodiments, the composition further comprises an anti-CD20 

antibody (e.g., rituximab). The compositions can be prepared by conventional methods 

known in the art.  

[02351 The tern pharmaceuticallyy acceptable carrier" refers to any inactive 

substance that is suitable for use in a formulation for the delivery of an active agent 

(eg., the anti-CD137 antibody and/or the CD137-inducing agent). A carrier may be an 

antiadherent, binder, coating, disintegrant, filler or diluent, preservative (such as 

antioxidant, antibacterial, or antifungal agent), sweetener, absorption delaying agent, 

wetting agent, emulsifying agent, buffer, and the like. Examples of suitable 

pharmaceutically acceptable carriers include water, ethanol, polvols (such as glycerol, 

propylene glycol, polyethylene glvcoli and the like) dextrose, vegetable oils (such as 

olive oil), saline, buffer, buffered saline, and isotonic agents such as sugars, 

poly alcohols, sorbitol, and sodium chloride.  

10236] The compositions may be in any suitable forms, such as liquid, semi-solid, 

and solid dosage forms. Examples of liquid dosage forms include solution (e.g., 

injectable and infusible solutions), microemulsion, liposome, dispersion, or suspension.  

Examples of solid dosage forms include tablet, pill, capsule, nicrocapsule, and powder.  

A particular form of the composition suitable for delivering an anti-CD137 antibody 

and/or a CD137-inducing agent is a sterile liquid, such as a solution, suspension, or 

dispersion, for injection or infusion. Sterile solutions can be prepared by incorporating 

the antibody in the required amount in an appropriate carrier, followed by sterilization 

microfiltration. Generally, dispersions are prepared by incorporating the antibody into 

sterile vehicle that contains a basic dispersion medium and other carriers. In the case 

of sterile powders for the preparation of sterile liquid, methods of preparation include 

vacuum drying and freeze-drying (lyophilization) to yield a powder of the active 

ingredient plus any additional desired ingredient from a previously sterile-filtered 

solution thereof The various dosage forms of the compositions can be prepared by 

conventional techniques known in the art.  

102371 The relative amount of an anti-CD137 antibody and/or a CD137-inducing 

agent included in the composition will vary depending upon a number of factors, such 

as the specific anti-CD137 antibody and/or CD137-inducing agent and carriers used, 
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dosage form, and desired release and pharmacodynamic characteristics. The amount of 

an anti-CD137 antibody and/or a CDI37-inducing agent in a single dosage form will 

generally be that amount which produces a therapeutic effect, but may also be a lesser 

amount. Generally, this amount will range from about 0.01 percent to about 99 percent.  

from about 0.1 percent to about 70 percent, or from about 1 percent to about 30 percent 

relative to the total weight of the dosage form, 

102381 In some embodiments, there is provided an article of manufacture comprising 

materials useful for the treatment of a cancer. The article of manufacture can comprise 

a container and a label or package insert on or associated with the container. Suitable 

containers include, for example, bottles, vials, syringes, etc. The containers may be 

formed from a variety of materials such as glass or plastic. Generally, the container 

holds a composition, which is effective for treating a cancer, described herein, and may 

have a sterile access port (for example. the container may be an intravenous solution 

bag or a vial having a stopper pierceable by a hypodermic injection needle). Package 

insert refers to instructions customarily included in commercial packages of therapeutic 

products that contain information about the indications, usage, dosage, administration, 

contraindications and/or wamings concerning the use of such therapeutic products. In 

some embodiments, the package insert indicates that the composition is used for 

treating a cancer. The label or package insert may further comprise instructions for 

administering the composition to a patient.  

j0239] Additionally, the article of manufacture may further comprise a second 

container comprising a pharmaceutically acceptable buffer, such as bacteriostatic water 

for injection (BWFI), phosphate-buffered saline, Ringer's solution and dextrose 

solution, It may further include other materials desirable from a commercial and user 

standpoint, including other buffers, diluents, filters, needles, andsyringes.  

[02401 Kits are also provided that are useful for various purposes, e.g., for treatment 

of acancer described herein, optionally in combination with the articles of manufacture.  

Kits of the present application include one or more containers comprising any one of 

the compositions described herein (or unit dosage form and/or article of manufacture).  

In some embodiments, the kit further comprises instructions for use in accordance with 

any of the methods described herein. The kit may further comprise a description of 

selection of individuals suitable for treatment. Instructions supplied in the kits of the 
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present application are typically written instructions on a label or package insert (e.g., 

a paper sheet included in the kit), butm achine-readable instructions (e.g.. instructions 

carried on a magnetic or optical storage disk) are also acceptable.  

[02411 For example, in some embodiments, there is provided a kit comprising: (a) a 

pharmaceutical composition comprising any one of the anti-CD137 antibodies 

described herein and a pharmaceutically acceptable carrier; (b) a pharmaceutical 

composition comprising any one of the CD137-inducing agents described herein and a 

pharmaceutically acceptable carrier; and (c) instructions for administering the 

phannaceutical composition to a subject having a cancer. In some embodiments, the kit 

further comprises a pharmaceutical composition comprising an anti-CD20 antibody 

(e.g., rituximab).  

[02421 The kits of the present application are in suitable packaging. Suitable 

packaging includes, but is not limited to, vials, bottles, jars, flexible packaging (e.g., 

sealed Mylar or plastic bags), and the like. Kits may optionally provide additional 

components such as buffers and interpretative information. The present application thus 

also provides articles of manufacture, which include vials (such as sealed vials), bottles.  

jars, flexible packaging, and the like.  

[02431 The containers may be unit doses, bulk packages (e.g., multi-dose packages) 

or sub-unit doses. Kits may also include multiple unit doses of the pharmaceutical 

compositions and instructions for use and packaged in quantities sufficient for storage 

and use in pharmacies, for example, hospital pharmacies and compounding pharmacies.  

EXAMPLES 

[02441 The examples below are intendedto be purely exemplary of the inventionand 

should therefore not be considered to limit the invention in any way. The following 

examples and detailed description are offered by way of illustration and not by way of 

limitation.  

Example 1. CD137 expression on the surface of IL-2-stimulated PBMCs 

[0245] 'The following example describes CD137 expression on the surface of 

peripheral blood mononuclear cells (PBMCs) stimulated with the cytokine IL-2.  

[02461 Fresh human PBMCs were separated from the whole blood by a density 

gradient centrifugation method using Ficoll Histopaque. The isolated cells were 
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cultured in 96-well plates (2x105 cells/well) and treated in vitro with different 

concentrations of IL-2 (0, 100, 1000 iU/mL)After 72 hours, PBMCs were collected 

and CD137 on the cell surface was stained as follows.  

[02471 IL-2-stinulatedPBMCs were stained with panels of antibodies to detect cell 

surface markers and thereby identify subsets of cell types in the PBMCs. As shown in 

Table 1, Panel I consisted of anti-human CD45, CD3, CD4, CD8, CD56 and CD137 

antibodies, and Panel consisted of anti-human CD45. CD3, CD4, CD20, CD25, 

CD127 and CD137 antibodies. Subsets of cell types in the PBMCs were sorted by 

fluorescence-activated cell sorting (FACS). CD137 expression on the different subsets 

of PBMCs was detected, and the data was analyzed using FlowJo software.  

TABLE IPBMC RCSStaining Panel 

FACS Staining Panel 1 FACS Staining Panel 2 

T-NK Markers Fluorochrome B-Treg Markers Fluorochrone 

I CD45 BV510 I CD45 BV510 

2 CD3 F1TC 2 CD3 APC-Cv7 

3 CD4 PerCP-Cy5.5 3 CD4 PerCP-Cv5.5 

4 CD8 APC-Cy7 4 CD20 PE-Cy7 

5 CD56 APC 5 CD25 FITC 

6 CD137 PE-Cy7 6 CD127 BV42I 

7 CD137 AF647 

[02481 As shown in FIGs. IA-1B, 100 and 1000 IU/ML of IL-2 strongly induced 

CD137 expression on human NK NKT, CD8- and Treg cells in vitro.  

Example 2. ADG106 in combination with continuous high dose IL-2 in a mouse 

model of Lewis lung cancer 

10249] The followingexampledescribesthe therapeuticefficacy oftheanti-CD137 

antibody ADG106 in combination with IL-2 in a mouse model of Lewis lung cancer.  

[0250] C57BL/6 mice were transplanted subcutaneously with 5x105 Lewis lung 

cancer cells. After tumors were established (i.e., having reached a volume of 75 nm 3), 

mice were treated witheither vehicle only, ADG106 (5 mg/kg, twice weekly for 4 

doses), IL-2 (14x07 IU/n, twice a day for 13 consecutive days), or ADG106 (5 

mg/kg, twice weekly for 4 doses) and IL-2 (1.4x107 IU/in, twice a day for 13 
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consecutive days) by intraperitoneal injection. Tumor growth was monitored twice 

weekly and reported as tumor volume + SEM over time.  

[0251] As shown in FIGs. 2A-2D, the continuous high dose IL-2 exhibited robust 

anti-tumor activity but also caused significant toxicity in mice, resulting in one animal 

death (1/8) on Day 19 and early termination of all other sick animals (7/8)on Day 22 

(FIG, 2C). Combination of ADG106 with the continuous high dose of iL-2 further 

induced serious toxicity and resulted in accelerated animal death (7/8) from Day 12 to 

Day 19 (FIG. 2D).  

Example 3. ADC106 in combination with IL-2 at a high dose and low frequency, 

or a continuous low dose, in a mouse model of Lewis lung cancer 

[0252] This example describes the therapeutic efficacy of anti-CD137 antibody 

ADGI06 in combination with IL-2. IL-2 was administered at high dose in low 

frequency, or at a continuous low dose, in a mouse model of Lewis lung cancer.  

[02531 C57BL/6 mice were transplanted subcutaneously with 5x105 Lewis lung 

cancercells. After tumors were established (.e., having reached a volume of 76mm), 

mice were treated with vehicle alone, ADG06 (2.5 mng/kg. twice weekly for 4 doses), 

IL-2 at a low frequency high dose (14x 107 lIU/mn2, twice a. day, every 3 days for4 doses), 

IL-2 at a continuous low dose (2.8x106 U/n2 , twice a day for 5 consecutive days), a 

combination of ADG106 and IL-2 at a low frequency high dose, or a combination of 

ADGI06 and IL-2 at a continuous low dose, by intraperitoneal Mjection. Tumor growth 

was monitored twice weekly is reported as tumor volume + SEM over time.  

102541 As shown in FIGs. 3A-3F, the low-frequency high dose of IL-2 and the 

continuous low dose of IL-2 were well tolerated by the mice, but had weak anti-tumor 

activity (FIGs. 3C-3D). Combination of ADG106 with either IL-2 dose regimen 

exhibited enhanced anti-tumor efficacy' especially with the continuous low dose IL-2 

regimen (FIGs. 3E-3F). No obvious toxicity was observed during the study.  

Example 4. ADG106 in combination with DNA damaging agents in a mouse 

model of A20 B cell lymphoma 

[02551 BALB/c mice (n:::8 per group, female, 6-8 weeks old) were transplanted 

subcutaneously with 5 x 105 A20 B cell lymphoma cells. After tumors were established 
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(i.e., having reached a volume of 100 mm), mice were treated with vehicle, ADG106 

(5 mg/kg, twice a week for 4 doses by intraperitoneal injection), Bendamustine (12.5 

mg/kg, once a day for 4 doses by intraperitoneal injection), or ADG106 (5 mg/kg, twice 

a week for 4 doses by intraperitoneal injection) in combination with Bendamustine 

(12.5 ig/kg, once a day for 4 doses by intraperitoneal injection). Tumor growth was 

monitored twice weekly and reported as mean tumor volume SEM over time.  

10256] As shown in FIGs. 4A-4E, both ADG106 and Bendamustine treatment were 

well tolerated by mice as ionotherapies. Combination of ADG106 with Bendamustine 

exhibited enhanced antitumor efficacy compared to ADG106 and Bendamustine 

monotherapies. Additionally, no obvious toxicity was observed for the combination 

therapy.  

Example 5. Dose-dependent effects of standard of care (SOC) drug treatments on 

CD137L protein surface expression 

10257] HUT78 cells, culturedin 6-well plates in RPMI-1640medium containing 20% 

fetal boviie serun (FBS), were treated with a dose range of Romidepsin (0 - 0 1 M), 

Bortezomib (0 - 1.0pM), Belinostat (0 - 1.0pM), Chidamide (0 - 3 0pM), or 

Vincristine (0 - 0.03pM) for 24 hours. Cells (x05) were washed twice in Dulbecco's 

Phosphate Buffered Saline (DPBS), stained with either Phycoerythrin (PE)-conjugaed 

Isotype Control (Biolegend catalog #400112) and anti-human-CD137L (Biolegend 

catalog #311504) antibodies (lpL antibody in 100pL DPBS, FIG. 5A-5E) orPE-Cy7

conjugated 1sotype Control (Thermofisher catalog #25-4714-80) and anti-human

CD137L (Therinofisher catalog #25-5906-42) antibodies (1 antibody in 100pL 

DPBS, FIG. 5F-5H) at 4°C for 30 minutes, washed twice in DPBS, and resuspended in 

100pL DPBS for flow cytometry analysis.  

[02581 As shown in FIGs. 5A-5H. upon treatment of Ronidepsin (FIGs. 5Aand 5F), 

Bortezomib (FIGs. 5B and 5G), Chidamide (FIGs. 5C and 5-), and Belinostat (FIG.  

5D), HUT78 human TCL cells showed dose-dependent upregulation of CD137L 

protein surface expression. On the other hand, upon treatment of Vincristine (FIG. 5E), 

HUT78 human TCL cells did not show upregulation of CD137L protein surface 

expression.  
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Example 6. Time-Dependent Effects of SOC Drug Treatments on CD137L 

Protein Surface Expression 

[0259] HUT78Xcells,.culturedin 6-wellplatesinRPMI-1640 mediumcontaining20% 

FBS, were treated with 0.003pM Romidepsin or 001pM Bortezomib for 2, 6, 16, or 24 

hours. Cells (xO) were washed twice in DPBS, stained with PE-conjugated Isotype 

Control (Biolegend catalog #400112) and ani-human-CD137L (Biolegend catalog 

#311504) antibodies (1pL antibody in 100iL DPBS) at 4°C for 30 minutes, washed 

twice in DPBS, and resuspended in 100pL DPBS for flow cytometry analysis.  

10260] As shown in FIGs. 6A and 6B, upon treatments with Ronidepsin (FIG. 6A) 

and Bortezonib (FIG. 6B), HUT78 human TCL cells showed time-dependent 

upregulation of CDI37L protein surface expression.  

Example 7. Dose-Dependent Effects of SOC Drug Treatments on CD137L 

mRNA Expression 

[02611 HUTI02, HUT78, and SU-DHL cells, cultured in 96-well plates, were 

treated with a dose range of Rouidepsin (0 - 0.1pM), Bortezomib (0-- 1.0pM), 

Belinostat (0 - 10.0pM), or Vincristine (0 - 0.03pM) for 24 hours. Cells were lysed 

with Lvsis Buffer and cell lysates were used for the QuantiGene Plex assay (7-gene 

multiplex (CD80, CD86, CD274, CD137, CD137L, HPRT1, GAPDH)) 

[02621 Table 2 shows basal expression levels of HPRT1, CD86, CD80, CD274(PD

LI), GAPDH, TNFSF9 (CD137L/4-1BBL), and TNFRSF9 (CD137/4-1BB) in 

HUT102, HUT78, and SU-DHL1 human TCL cells. Mean Fluorescence Intensity 

(MFI) levels, which are surrogates for geneexpression levels, are shown HUT78 and 

SU-DHLI cells express very low or no mRNA levels of CD86 and CD80. HUT78 cells 

express very low orno mRNA levels of CD274 and TNFRSF9 (CD137/4-IBB). When 

MFI levels are low, slight changes may MFI values may cause dramatic changes in 

fold-change; thus, caution should be used when interpreting fold-changes in these genes 

(#).  

Table 2. Mean Fluorescence intensity (MF) levels of PRT, CD8 CD84,CD274 

(PD-Ll),GAPDH, INFSF9 (CD137L/4-BBL), and NFRS9 (CDJ137/4-JBB) in 

HIT102, HUT78, ndSU-DHLI human TCL cells 

HPRT1I CD86 | CD80 CD274 GAPDH TNFSF9 TNFRSF9 
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(PD- (CD137L/ (CDl37/ 
LI) 4-1BBL) 4-1 BB) 

HUIT102 2427 4113 3575 713 27138 135 1661 
UT71 8 9845 #5 79 29538 4353 56 

5492 43 1 3294 29140 577 150 
DHL1I 

Low basal expression, caution should be used when interpreting fold-changes in 
these genes.  
[02631 As shown in FIGs. 7A-7C, Rolidepsin treatment induced dose-dependent 

upregulation of CD137L mRNA expression in HUT102 (FIG. 7A), HUT78 (FIG. 7B), 

andSU-DHL1 (FIG. 7C) human TCL cells. Romidepsintreatment also inducedCD137 

and CD274 mRNA expression in HUT102 cells (FIG. 7A), and CD137 nRNA 

expression in SU-DHLI cells (FIG. 7C).  

10264] As shown in FIGs. SA-C, Belinostat treatment induced dose-dependent 

upregulation of CD1371 mRNA expression in HUT102 (FIG. 8A), HUT78 (FIG. 81), 

and SU-DHLI (FIG. SC) human TCL cells. Belinostat treatment also induced CD137 

and CD274 nRNA expression in HUTI02 cells (FIG. 8A), and CD137 mRNA 

expression inSU-DHL1 cells (FIG 7C).  

10265] As shown in FIGs 9A-9C, Bortezomib treatment induced dose-dependent 

upregulation of CD137L mRNA expression in HUT102 (FIG. 9A) and SU-DHL1 (FIG.  

9C), but riot HUT78 (FIG. 913) human TCL cells. Bortezomib treatment also induced 

CD274 mRNA expression in HUTI02 cells (FIG. 9A).  

[02661 As shown in FIGs. 10A-10C. Vincristine treatment induced upregulation of 

CD137L mRNA expression in HUTI02 (FIG. 10A), but not HUT78 (FIG. I0A B) or 

SU-DHLI (FIG. IOA C), human TCL cells. Vincristine treatment also induced CD137 

mRNA expression in HUT102 cells (FIG. IOA).  

Example 8. Effects of SOC Drug Treatments on Cell Viability of HUT78 Cells 

102671 HUT78 cells, cultured in 96-well plates in RPM1-1640 medium containing 20% 

fetal bovine serum (FBS), were treated with a dose range of Romidepsin (0 - 0.1 M), 

Bortezomib (0 - 1.OpM), or Chidamide (0 - 30pM) for 24 hours. The CellTiter-Glo 

assay (Promega) was used to assess cell viability according to the manufacturer's 

instructions.  
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10268] As shown in FIGs. I1A-11C, Romidepsin (FIG. IIA) and Bortezomib (FIG.  

11B), but not Chidamide (FIG. I1C), inhibited cell viability of HUT78 humanTCL 

cells in a dose-dependent manner.  

Example 9. Effects of SOC Drug Treatments on Cell Viability of Purified Human 

T Cells 

[02691 T cells were purified from human PBMCs (>95%purity, data not shown), 

cultured in 96-well plates in RPMI-1640 mediurn containing 10% fetal bovine serum 

(FBS), and treated with a dose range of Romidepsin (0 - 0.1pM), Bortezomib (0 

1.0pM), or Chidamide (0 - 3.0pM) for 24 hours. The CellTiter-Glo assay (Promega) 

was used to assess cell viability according to the manufacturer's instructions.  

[0270] As shown in FIGs. 12A-12C. Romidepsin (FIG. 12A), Bortezomib (FIG. 12B), 

and Chidamide (FIG. 12C) had minimal or no effect on the viability of purified human 

T cells.  

[02711 Table3. shows a summary for the regulation of CD137L expression by SOC 

drugs in TCL cell lines. Regulation of CD137L protein surface expression is indicated 

by the "Protein" columns while regulation of CD137L mRNA expression is indicated 

by the "mRNA" columns. "Y" indicates the treatment caused upregulation; "N" 

indicates the treatment did not cause upregulation.  

Table 3.  
HUT78 HUT102 SU-DHLI 

Drugs (type) Protein iRNA i mRNA mRNA 
Romaidepsin (HDACi) Y Y Y Y 
Belinostat (HDA( i) Y Y Y Y 
(hidamide (HDA(i) Y Not tested Not tested 

Bortezomib 
(Proteasome Inhibitor) 

Vincristine 
((hemotherapy) 

Example 10. ADG106, IL-2, anti-PD-1 antibody as monotherapies or in 

combination in B16F10 mouse model 

102721 C57BL/6 mice (n=8 per group, female, 6-8 weeks old) were transplanted 

subcutaneously with 5x05 B16F10 murine melanoma cancer cells. After tumors were 

established (i.e., having reached a volume of 80 mm 3), mice were treated with vehicle 
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alone, ADG106 (mouse IgG1, 10 mg/kg. twice weekly for 4 doses), anti-PDI antibody 

2E5 (10 mg/kg, twice weekly for 4 doses), a combination of ADG106 and ani-PDI 

antibody 2E5, IL-2 at a continuous low dose (2.8x106 IU/nr, twice a day for 5 

consecutive days), a combination of ADG106 and IL-2 at a continuous low dose, a 

combination of anti-PD1 antibody 2E5 and IL-2 at a continuous low dose, or a 

combination of ADG106, anti-PD Iantibody 2E5 and iL-2 at a continuous low dose by 

intraperitoneal injection. Tumor growth was monitored twice weekly and is reported as 

tumor volume SEM over time.  

102731 As shown in FIGs. 13A-131, combination therapy of ADG106, IL-2 and 2E5 

exhibited enhanced anti-tumor efficacy compared to ADG106, IL-2 and 2E5 

monotherapies.  
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CLAIMS 

Wh at is claimed is: 

1. A method of treating a cancer in a subject, comprising administeringto the 

subject: (a) an effective amount of an anti-CD137 antibody that specifically binds 

to an extracellular domain of human CD137, wherein the antibody binds to one or 

more amino acid residues selected from the group consisting of amino acid 

residues 51, 53, 62-73, 83, 89, 92, 95-104 and 112-116 of SEQ ID NO: 1; and (b) 

an effective amount of an agent that induces expression of CD137 on an immune 

cell and/or induces expression of CDJ37L on a cancer cell of the subject.  

2. The method of claim 1, wherein the immune cell is selected from the group 

consisting of CD8+ T cells, regulatory T (Treg) cells, natural killer (NK) cells, and 

NK-T cells.  

3, The method of claim I or 2, wherein the agent is a cytokine.  

4. The method of claim 3, wherein the cytokine is selected from the group consisting 

of IL-2, IL-12, IL-10 and INFy.  

5, The method of claim 3, wherein the agent is IL-2.  

6. The method of claim 5, wherein the IL-2 is a wildtype IL-2, a chemically 

modified IL-2 variant, or an IL-2analog.  

7. The method of claim 5., wherein the IL-2 is aldesleukin or bempegaldesleukin.  

8. The method of any one of claims 5-7, wherein the IL-2 is administered at a dose 

of no more than about 2.8 x06 IUI/m2 

9. The method of claim 8, wherein the IL-2 is administeredat a dose of about 

7 2x1 0 m IU/kg or about 2,8x106 IU/n.  

10. The method of claim 8 or 9, wherein the IL-2 is administered twice or three times 

daily, 

11. The method of any one of claims 5-7, wherein the L-2 is administered no more 

than once every three days.  

12. The method of claim 11, wherein the IL-2 is administered at a dose of no more 

than about 1.4x10~ lU/i 2 .  

13. The method of claim I or 2, wherein the agent is a histone deacetylase (HDAC) 

inhibitor.  
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14. The method of claim 13, wherein the HDAC inhibitor is selected from the group 

consisting of belinostat, vorinostat, romidepsin, and chidamide.  

15. The method of claim 14, wherein the HDAC inhibitor is belinostat.  

16. The method of claim I or2, wherein the agent is a DNA-damaging agent.  

17. The method of claim 16, wherein the DNA-damaging agent is selected from the 

group consisting of mitomycin, bleomycin, doxorubicin and bendamustine.  

18. The method of claim 17, wherein the DNA-damaging agent is bendamustine.  

19. The method of any one of claims 1-18, further comprising administering an 

effective amount ofan anti-CD2O antibody.  

20. The method of claim 19, wherein the anti-CD20 antibody is rituximab.  

21. The method of any one of claims 1-18, further comprising administering to the 

subjectan effective amount of an immune checkpoint inhibitor.  

22.The method of claim 21., wherein the immune checkpoint inhibitor is an anti-PD-1 

antibody.  

23. The method of any one of claims 1-22, wherein the agent is administered 

intravenously.  

24. The method of any one of claims 1-23, wherein the agent is administered prior to 

administration of the anti-CD137 antibody.  

25. The method of any one of claims 1-23, wherein the agent and the anti-CD137 

antibody are administered simultaneously.  

26.The method of any one of claims 1-25, wherein the cancer is a liquid cancer.  

27. The method of claim26, wherein the cancer is non-Hodgkin's lymphoma.  

28. The method of claim 26 or 27, wherein the cancer is T-cell lymphoma.  

29. The method of claim 26 or 27, wherein the cancer is B-cell lymphoma.  

30. The method of claim 26, wherein the cancer is multiple myeloma.  

31. The method of any one of claims 1-25, wherein the cancer is a solid cancer.  

32. The method of claim 31, wherein the cancer is selected from the group consisting 

of breast cancer, ovanan cancer., colorectal cancer, gastric cancer, melanoma, liver 

cancer, lung cancer, thyroid cancer, kidney cancer, brain cancer, cervical cancer, 

bladder cancer, and esophageal cancer, 

33.The method of claim 32, wherein the cancer is lung cancer.  

34. The method of claim 32, wherein the cancer is melanoma.  
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35. The method any one of claims 1-34, wherein the cancer is in aduvant setting or 

neoadjuvant setting.  

36. The method of any one of claims 1-35, wherein the anti-CD137 antibody is 

administered at a dose of no more than 500 mg.  

37. The method of claim 36, wherein the anti-CD137 antibody is administered at a 

dose of about 125 mg or more.  

38. The method of any one of claims 1-37, wherein the anti-CD137 antibody is 

administered at a dose of no more than about 10 mg/kg.  

39. The method of claim 38, wherein the anti-CD137 antibody is administered at a 

dose of about 2.5 mg/kg or more.  

40. The method ofany one of claims 1-39, wherein the anti-CD137 antibody is 

administered intravenously.  

41. The method of any one of claims 1-40, wherein the anti-CD137 antibody is 

administered about once eve7 three weeks.  

42. The method of any one of claims 1-41, wherein the cancer is advanced-stage 

cancer.  

43. The method of any one of claims 1-421 wherein the cancer is metastatic cancer.  

44. The method of any one of claims 1-43, wherein the anti-C D137 antibody is cross

reactive with a CD137 polypeptide from at least one non-human species selected 

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

45. The method of any one of claims 1-44, wherein the anti-CD137 antibody binds to 

amino acid residues 51, 63-67, 69-73, 83, 89, 92, 98-104 and 112-114 of SEQ ID 

NO: 1.  

46. The method of any one of claims 1-45, wherein the anti-CD137 antibody 

comprises a heavy chain variable region (VH) and a light chain variable region 

(VL)wherein the VH comprises a HVR-H1 comprising the amino acid sequence 

of SEQ ID NO: 2, a HVR-H2 comprising the amino acid sequence of SEQ ID 

NO: I, and a HVR-H3 comprising the amino acid sequence of SEQ ID NO: 4; 

and wherein the VL comprises a HVR-L Icomprising the amino acid sequence of 

SEQ ID NO: 5, a HVR-L2 comprising the amino acid sequence of SEQ ID NO: 6, 

and a HVR-L3 comprising the amino acid sequence of SEQ ID NO: 7.  
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47. The method of claim 46, wherein the VH comprises the amino acid sequence of 

SEQID NO: 8, and/or the VL comprises the amino acid sequence of SEQID NO: 

9.  

48. The method of claim 47, wherein the antibody comprises a heavy chain and a light 

chain, and wherein the heavy chain comprises the amino acid sequence of SEQ ID 

NO: 10, and/or the light chain comprises the amino acid sequence of SEQ ID NO: 

11.  

49. The method of any one of claims 1-45, wherein the anti-CD137 antibody 

comprises a VH and a VL, wherein the VH comprises a HVR-H Icomprising the 

amino acid sequence of SEQ ID NO: 12, a HVR-H2 comprising the amino acid 

sequence of SEQ ID NO: 13, and a IIVR--13 comprising the amino acid sequence 

of SEQ ID NO: 14; and wherein the VL comprises a HVR-LI comprising the 

amino cid sequence of SEQ ID NO: 15. a HVR-L2 comprising the amino acid 

sequence of SEQ ID NO: 16, and a HVR-L3 comprising the amino acid sequence 

of SEQ ID NO: 17.  

50. The method of claim 49, wherein the VH comprises theamino acid sequence of 

SEQID NO: 18, and/or the VL comprises the amino acid sequence of SEQ ID 

NO: 19.  

51. The method of claim 50, wherein the antibody comprises a. heavy chain and a light 

chain, wherein the heavy chain comprises the amino acid sequence of SEQ ID 

NO: 20, and/or the light chain comprises the amino acid sequence of SEQ ID NO: 

21.  

52, The method of any one of claims 1-45, wherein the anti-CD137 antibody 

comprises a VH and a VL, wherein the VH comprises a HVR-H Icomprising the 

amino cid sequence of SEQ ID NO: 22, a HVR--12 comprising the amino acid 

sequence of SEQ ID NO: 23, and a I-IVR,--13 comprising the amino acid sequence 

of SEQ ID NO: 24- and wherein the VL comprises a HVR-LI comprising the 

amno acid sequence of SEQ ID NO: 25. a HVR-L2 comprising the amino acid 

sequence of SEQ ID NO: 26, and a HVR-L3 comprising the amino acid sequence 

of SEQ ID NO: 27.  
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53. The method of claim 52, wherein the VH comprises the amino acid sequence of 

SEQID NO: 28, and/or the VL comprises the amino acid sequence of SEQID 

NO: 29.  

54. The method of claim 53, wherein the antibody comprises a heavy chain and a light 

chain, wherein the heavy chain comprises the amino acid sequence of SEQ ID 

NO: 30., and/or the light chain comprises the amino acid sequence of SEQ ID NO: 

31.  

55. The method of any one of claims 1-54, wherein the anti-CD137 antibody 

comprises a human IgGI Fe region.  

56. The method of any one of claims 1-54, wherein the anti-CD137 antibody 

comprises a human IgG4 Fc region.  

57. The method of claim 56, wherein the human IgG4 Fc region comprises an S241P 

mutation, wherein numbering is according to Kabat.  

58. The method of any one of claims 1-57, wherein the subject is a human subject.  
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                                SEQUENCE LISTING

<110> ADAGENE PTE. LTD.

<120> COMBINATION THERAPY COMPRISING ANTI‐CD137 ANTIBODIES

<130> 69540‐20007.40

<140> Not Yet Assigned
<141> Concurrently Herewith

<150> US 63/043,042
<151> 2020‐06‐23

<160> 44

<170> FastSEQ for Windows Version 4.0

<210> 1
<211> 255
<212> PRT
<213> Homo sapiens

<400> 1
Met Gly Asn Ser Cys Tyr Asn Ile Val Ala Thr Leu Leu Leu Val Leu
 1               5                  10                  15      
Asn Phe Glu Arg Thr Arg Ser Leu Gln Asp Pro Cys Ser Asn Cys Pro
            20                  25                  30          
Ala Gly Thr Phe Cys Asp Asn Asn Arg Asn Gln Ile Cys Ser Pro Cys
        35                  40                  45              
Pro Pro Asn Ser Phe Ser Ser Ala Gly Gly Gln Arg Thr Cys Asp Ile
    50                  55                  60                  
Cys Arg Gln Cys Lys Gly Val Phe Arg Thr Arg Lys Glu Cys Ser Ser
65                  70                  75                  80  
Thr Ser Asn Ala Glu Cys Asp Cys Thr Pro Gly Phe His Cys Leu Gly
                85                  90                  95      
Ala Gly Cys Ser Met Cys Glu Gln Asp Cys Lys Gln Gly Gln Glu Leu
            100                 105                 110         
Thr Lys Lys Gly Cys Lys Asp Cys Cys Phe Gly Thr Phe Asn Asp Gln
        115                 120                 125             
Lys Arg Gly Ile Cys Arg Pro Trp Thr Asn Cys Ser Leu Asp Gly Lys
    130                 135                 140                 
Ser Val Leu Val Asn Gly Thr Lys Glu Arg Asp Val Val Cys Gly Pro
145                 150                 155                 160 
Ser Pro Ala Asp Leu Ser Pro Gly Ala Ser Ser Val Thr Pro Pro Ala
                165                 170                 175     
Pro Ala Arg Glu Pro Gly His Ser Pro Gln Ile Ile Ser Phe Phe Leu
            180                 185                 190         
Ala Leu Thr Ser Thr Ala Leu Leu Phe Leu Leu Phe Phe Leu Thr Leu
        195                 200                 205             
Arg Phe Ser Val Val Lys Arg Gly Arg Lys Lys Leu Leu Tyr Ile Phe
    210                 215                 220                 
Lys Gln Pro Phe Met Arg Pro Val Gln Thr Thr Gln Glu Glu Asp Gly



225                 230                 235                 240 
Cys Ser Cys Arg Phe Pro Glu Glu Glu Glu Gly Gly Cys Glu Leu
                245                 250                 255 

<210> 2
<211> 13
<212> PRT
<213> Artificial Sequence

<220> 
<223> Synthetic Construct

<400> 2
Phe Ser Leu Ser Thr Gly Gly Val Gly Val Gly Trp Ile
 1               5                  10              

<210> 3
<211> 20
<212> PRT
<213> Artificial Sequence

<220> 
<223> Synthetic Construct

<400> 3
Leu Ala Leu Ile Asp Trp Ala Asp Asp Lys Tyr Tyr Ser Pro Ser Leu
 1               5                  10                  15      
Lys Ser Arg Leu
            20  

<210> 4
<211> 15
<212> PRT
<213> Artificial Sequence

<220> 
<223> Synthetic Construct

<400> 4
Ala Arg Gly Gly Ser Asp Thr Val Ile Gly Asp Trp Phe Ala Tyr
 1               5                  10                  15  

<210> 5
<211> 11
<212> PRT
<213> Artificial Sequence

<220> 
<223> Synthetic Construct



<400> 5
Arg Ala Ser Gln Ser Ile Gly Ser Tyr Leu Ala
 1               5                  10      

<210> 6
<211> 9
<212> PRT
<213> Artificial Sequence

<220> 
<223> Synthetic Construct

<400> 6
Asp Ala Ser Asn Leu Glu Thr Gly Val
 1               5                  

<210> 7
<211> 10
<212> PRT
<213> Artificial Sequence

<220> 
<223> Synthetic Construct

<400> 7
Tyr Cys Gln Gln Gly Tyr Tyr Leu Trp Thr
 1               5                  10  

<210> 8
<211> 123
<212> PRT
<213> Artificial Sequence

<220> 
<223> Synthetic Construct

<400> 8
Glu Val Gln Leu Val Glu Ser Gly Gly Gly Leu Val Gln Pro Gly Gly
 1               5                  10                  15      
Ser Leu Arg Leu Ser Cys Ala Ala Ser Gly Phe Ser Leu Ser Thr Gly
            20                  25                  30          
Gly Val Gly Val Gly Trp Ile Arg Gln Ala Pro Gly Lys Gly Leu Glu
        35                  40                  45              
Trp Leu Ala Leu Ile Asp Trp Ala Asp Asp Lys Tyr Tyr Ser Pro Ser
    50                  55                  60                  
Leu Lys Ser Arg Leu Thr Ile Ser Arg Asp Asn Ser Lys Asn Thr Leu
65                  70                  75                  80  
Tyr Leu Gln Leu Asn Ser Leu Arg Ala Glu Asp Thr Ala Val Tyr Tyr
                85                  90                  95      
Cys Ala Arg Gly Gly Ser Asp Thr Val Ile Gly Asp Trp Phe Ala Tyr
            100                 105                 110         



Trp Gly Gln Gly Thr Leu Val Thr Val Ser Ser
        115                 120             

<210> 9
<211> 107
<212> PRT
<213> Artificial Sequence

<220> 
<223> Synthetic Construct

<400> 9
Asp Ile Gln Leu Thr Gln Ser Pro Ser Ser Leu Ser Ala Ser Val Gly
 1               5                  10                  15      
Asp Arg Val Thr Ile Thr Cys Arg Ala Ser Gln Ser Ile Gly Ser Tyr
            20                  25                  30          
Leu Ala Trp Tyr Gln Gln Lys Pro Gly Lys Ala Pro Lys Leu Leu Ile
        35                  40                  45              
Tyr Asp Ala Ser Asn Leu Glu Thr Gly Val Pro Ser Arg Phe Ser Gly
    50                  55                  60                  
Ser Gly Ser Gly Thr Asp Phe Thr Leu Thr Ile Ser Ser Leu Gln Pro
65                  70                  75                  80  
Glu Asp Phe Ala Thr Tyr Tyr Cys Gln Gln Gly Tyr Tyr Leu Trp Thr
                85                  90                  95      
Phe Gly Gln Gly Thr Lys Val Glu Ile Lys Arg
            100                 105         

<210> 10
<211> 450
<212> PRT
<213> Artificial Sequence

<220> 
<223> Synthetic Construct

<400> 10
Glu Val Gln Leu Val Glu Ser Gly Gly Gly Leu Val Gln Pro Gly Gly
 1               5                  10                  15      
Ser Leu Arg Leu Ser Cys Ala Ala Ser Gly Phe Ser Leu Ser Thr Gly
            20                  25                  30          
Gly Val Gly Val Gly Trp Ile Arg Gln Ala Pro Gly Lys Gly Leu Glu
        35                  40                  45              
Trp Leu Ala Leu Ile Asp Trp Ala Asp Asp Lys Tyr Tyr Ser Pro Ser
    50                  55                  60                  
Leu Lys Ser Arg Leu Thr Ile Ser Arg Asp Asn Ser Lys Asn Thr Leu
65                  70                  75                  80  
Tyr Leu Gln Leu Asn Ser Leu Arg Ala Glu Asp Thr Ala Val Tyr Tyr
                85                  90                  95      
Cys Ala Arg Gly Gly Ser Asp Thr Val Ile Gly Asp Trp Phe Ala Tyr
            100                 105                 110         
Trp Gly Gln Gly Thr Leu Val Thr Val Ser Ser Ala Ser Thr Lys Gly
        115                 120                 125             



Pro Ser Val Phe Pro Leu Ala Pro Cys Ser Arg Ser Thr Ser Glu Ser
    130                 135                 140                 
Thr Ala Ala Leu Gly Cys Leu Val Lys Asp Tyr Phe Pro Glu Pro Val
145                 150                 155                 160 
Thr Val Ser Trp Asn Ser Gly Ala Leu Thr Ser Gly Val His Thr Phe
                165                 170                 175     
Pro Ala Val Leu Gln Ser Ser Gly Leu Tyr Ser Leu Ser Ser Val Val
            180                 185                 190         
Thr Val Pro Ser Ser Ser Leu Gly Thr Lys Thr Tyr Thr Cys Asn Val
        195                 200                 205             
Asp His Lys Pro Ser Asn Thr Lys Val Asp Lys Arg Val Glu Ser Lys
    210                 215                 220                 
Tyr Gly Pro Pro Cys Pro Pro Cys Pro Ala Pro Glu Phe Leu Gly Gly
225                 230                 235                 240 
Pro Ser Val Phe Leu Phe Pro Pro Lys Pro Lys Asp Thr Leu Met Ile
                245                 250                 255     
Ser Arg Thr Pro Glu Val Thr Cys Val Val Val Asp Val Ser Gln Glu
            260                 265                 270         
Asp Pro Glu Val Gln Phe Asn Trp Tyr Val Asp Gly Val Glu Val His
        275                 280                 285             
Asn Ala Lys Thr Lys Pro Arg Glu Glu Gln Phe Asn Ser Thr Tyr Arg
    290                 295                 300                 
Val Val Ser Val Leu Thr Val Leu His Gln Asp Trp Leu Asn Gly Lys
305                 310                 315                 320 
Glu Tyr Lys Cys Lys Val Ser Asn Lys Gly Leu Pro Ser Ser Ile Glu
                325                 330                 335     
Lys Thr Ile Ser Lys Ala Lys Gly Gln Pro Arg Glu Pro Gln Val Tyr
            340                 345                 350         
Thr Leu Pro Pro Ser Gln Glu Glu Met Thr Lys Asn Gln Val Ser Leu
        355                 360                 365             
Thr Cys Leu Val Lys Gly Phe Tyr Pro Ser Asp Ile Ala Val Glu Trp
    370                 375                 380                 
Glu Ser Asn Gly Gln Pro Glu Asn Asn Tyr Lys Thr Thr Pro Pro Val
385                 390                 395                 400 
Leu Asp Ser Asp Gly Ser Phe Phe Leu Tyr Ser Arg Leu Thr Val Asp
                405                 410                 415     
Lys Ser Arg Trp Gln Glu Gly Asn Val Phe Ser Cys Ser Val Met His
            420                 425                 430         
Glu Ala Leu His Asn His Tyr Thr Gln Lys Ser Leu Ser Leu Ser Leu
        435                 440                 445             
Gly Lys
    450 

<210> 11
<211> 213
<212> PRT
<213> Artificial Sequence

<220> 
<223> Synthetic Construct

<400> 11
Asp Ile Gln Leu Thr Gln Ser Pro Ser Ser Leu Ser Ala Ser Val Gly



 1               5                  10                  15      
Asp Arg Val Thr Ile Thr Cys Arg Ala Ser Gln Ser Ile Gly Ser Tyr
            20                  25                  30          
Leu Ala Trp Tyr Gln Gln Lys Pro Gly Lys Ala Pro Lys Leu Leu Ile
        35                  40                  45              
Tyr Asp Ala Ser Asn Leu Glu Thr Gly Val Pro Ser Arg Phe Ser Gly
    50                  55                  60                  
Ser Gly Ser Gly Thr Asp Phe Thr Leu Thr Ile Ser Ser Leu Gln Pro
65                  70                  75                  80  
Glu Asp Phe Ala Thr Tyr Tyr Cys Gln Gln Gly Tyr Tyr Leu Trp Thr
                85                  90                  95      
Phe Gly Gln Gly Thr Lys Val Glu Ile Lys Arg Thr Val Ala Ala Pro
            100                 105                 110         
Ser Val Phe Ile Phe Pro Pro Ser Asp Glu Gln Leu Lys Ser Gly Thr
        115                 120                 125             
Ala Ser Val Val Cys Leu Leu Asn Asn Phe Tyr Pro Arg Glu Ala Lys
    130                 135                 140                 
Val Gln Trp Lys Val Asp Asn Ala Leu Gln Ser Gly Asn Ser Gln Glu
145                 150                 155                 160 
Ser Val Thr Glu Gln Asp Ser Lys Asp Ser Thr Tyr Ser Leu Ser Ser
                165                 170                 175     
Thr Leu Thr Leu Ser Lys Ala Asp Tyr Glu Lys His Lys Val Tyr Ala
            180                 185                 190         
Cys Glu Val Thr His Gln Gly Leu Ser Ser Pro Val Thr Lys Ser Phe
        195                 200                 205             
Asn Arg Gly Glu Cys
    210             

<210> 12
<211> 12
<212> PRT
<213> Artificial Sequence

<220> 
<223> Synthetic Construct

<400> 12
Tyr Ser Ile Thr Ser Gly His Tyr Trp Ala Trp Ile
 1               5                  10          

<210> 13
<211> 21
<212> PRT
<213> Artificial Sequence

<220> 
<223> Synthetic Construct

<400> 13
Val Ser Ser Ile Ser Gly Tyr Gly Ser Thr Thr Tyr Tyr Ala Asp Ser
 1               5                  10                  15      
Val Lys Gly Arg Phe



            20      

<210> 14
<211> 15
<212> PRT
<213> Artificial Sequence

<220> 
<223> Synthetic Construct

<400> 14
Ala Arg Gly Gly Ser Asp Ala Val Leu Gly Asp Trp Phe Ala Tyr
 1               5                  10                  15  

<210> 15
<211> 11
<212> PRT
<213> Artificial Sequence

<220> 
<223> Synthetic Construct

<400> 15
Arg Ala Ser Gln Gly Ile Gly Ser Phe Leu Ala
 1               5                  10      

<210> 16
<211> 9
<212> PRT
<213> Artificial Sequence

<220> 
<223> Synthetic Construct

<400> 16
Asp Ala Ser Asn Leu Glu Thr Gly Val
 1               5                  

<210> 17
<211> 10
<212> PRT
<213> Artificial Sequence

<220> 
<223> Synthetic Construct

<400> 17
Tyr Cys Gln Gln Gly Tyr Tyr Leu Trp Thr
 1               5                  10  



<210> 18
<211> 123
<212> PRT
<213> Artificial Sequence

<220> 
<223> Synthetic Construct

<400> 18
Glu Val Gln Leu Val Glu Ser Gly Gly Gly Leu Val Gln Pro Gly Gly
 1               5                  10                  15      
Ser Leu Arg Leu Ser Cys Ala Ala Ser Gly Tyr Ser Ile Thr Ser Gly
            20                  25                  30          
His Tyr Trp Ala Trp Ile Arg Gln Ala Pro Gly Lys Gly Leu Glu Trp
        35                  40                  45              
Val Ser Ser Ile Ser Gly Tyr Gly Ser Thr Thr Tyr Tyr Ala Asp Ser
    50                  55                  60                  
Val Lys Gly Arg Phe Thr Ile Ser Arg Asp Asn Ser Lys Asn Thr Leu
65                  70                  75                  80  
Tyr Leu Gln Leu Asn Ser Leu Arg Ala Glu Asp Thr Ala Val Tyr Tyr
                85                  90                  95      
Cys Ala Arg Gly Gly Ser Asp Ala Val Leu Gly Asp Trp Phe Ala Tyr
            100                 105                 110         
Trp Gly Gln Gly Thr Leu Val Thr Val Ser Ser
        115                 120             

<210> 19
<211> 107
<212> PRT
<213> Artificial Sequence

<220> 
<223> Synthetic Construct

<400> 19
Asp Ile Gln Leu Thr Gln Ser Pro Ser Ser Leu Ser Ala Ser Val Gly
 1               5                  10                  15      
Asp Arg Val Thr Ile Thr Cys Arg Ala Ser Gln Gly Ile Gly Ser Phe
            20                  25                  30          
Leu Ala Trp Tyr Gln Gln Lys Pro Gly Lys Ala Pro Lys Leu Leu Ile
        35                  40                  45              
Tyr Asp Ala Ser Asn Leu Glu Thr Gly Val Pro Ser Arg Phe Ser Gly
    50                  55                  60                  
Ser Gly Ser Gly Thr Asp Phe Thr Leu Thr Ile Ser Ser Leu Gln Pro
65                  70                  75                  80  
Glu Asp Phe Ala Thr Tyr Tyr Cys Gln Gln Gly Tyr Tyr Leu Trp Thr
                85                  90                  95      
Phe Gly Gln Gly Thr Lys Val Glu Ile Lys Arg
            100                 105         

<210> 20



<211> 450
<212> PRT
<213> Artificial Sequence

<220> 
<223> Synthetic Construct

<400> 20
Glu Val Gln Leu Val Glu Ser Gly Gly Gly Leu Val Gln Pro Gly Gly
 1               5                  10                  15      
Ser Leu Arg Leu Ser Cys Ala Ala Ser Gly Tyr Ser Ile Thr Ser Gly
            20                  25                  30          
His Tyr Trp Ala Trp Ile Arg Gln Ala Pro Gly Lys Gly Leu Glu Trp
        35                  40                  45              
Val Ser Ser Ile Ser Gly Tyr Gly Ser Thr Thr Tyr Tyr Ala Asp Ser
    50                  55                  60                  
Val Lys Gly Arg Phe Thr Ile Ser Arg Asp Asn Ser Lys Asn Thr Leu
65                  70                  75                  80  
Tyr Leu Gln Leu Asn Ser Leu Arg Ala Glu Asp Thr Ala Val Tyr Tyr
                85                  90                  95      
Cys Ala Arg Gly Gly Ser Asp Ala Val Leu Gly Asp Trp Phe Ala Tyr
            100                 105                 110         
Trp Gly Gln Gly Thr Leu Val Thr Val Ser Ser Ala Ser Thr Lys Gly
        115                 120                 125             
Pro Ser Val Phe Pro Leu Ala Pro Cys Ser Arg Ser Thr Ser Glu Ser
    130                 135                 140                 
Thr Ala Ala Leu Gly Cys Leu Val Lys Asp Tyr Phe Pro Glu Pro Val
145                 150                 155                 160 
Thr Val Ser Trp Asn Ser Gly Ala Leu Thr Ser Gly Val His Thr Phe
                165                 170                 175     
Pro Ala Val Leu Gln Ser Ser Gly Leu Tyr Ser Leu Ser Ser Val Val
            180                 185                 190         
Thr Val Pro Ser Ser Ser Leu Gly Thr Lys Thr Tyr Thr Cys Asn Val
        195                 200                 205             
Asp His Lys Pro Ser Asn Thr Lys Val Asp Lys Arg Val Glu Ser Lys
    210                 215                 220                 
Tyr Gly Pro Pro Cys Pro Pro Cys Pro Ala Pro Glu Phe Leu Gly Gly
225                 230                 235                 240 
Pro Ser Val Phe Leu Phe Pro Pro Lys Pro Lys Asp Thr Leu Met Ile
                245                 250                 255     
Ser Arg Thr Pro Glu Val Thr Cys Val Val Val Asp Val Ser Gln Glu
            260                 265                 270         
Asp Pro Glu Val Gln Phe Asn Trp Tyr Val Asp Gly Val Glu Val His
        275                 280                 285             
Asn Ala Lys Thr Lys Pro Arg Glu Glu Gln Phe Asn Ser Thr Tyr Arg
    290                 295                 300                 
Val Val Ser Val Leu Thr Val Leu His Gln Asp Trp Leu Asn Gly Lys
305                 310                 315                 320 
Glu Tyr Lys Cys Lys Val Ser Asn Lys Gly Leu Pro Ser Ser Ile Glu
                325                 330                 335     
Lys Thr Ile Ser Lys Ala Lys Gly Gln Pro Arg Glu Pro Gln Val Tyr
            340                 345                 350         
Thr Leu Pro Pro Ser Gln Glu Glu Met Thr Lys Asn Gln Val Ser Leu
        355                 360                 365             



Thr Cys Leu Val Lys Gly Phe Tyr Pro Ser Asp Ile Ala Val Glu Trp
    370                 375                 380                 
Glu Ser Asn Gly Gln Pro Glu Asn Asn Tyr Lys Thr Thr Pro Pro Val
385                 390                 395                 400 
Leu Asp Ser Asp Gly Ser Phe Phe Leu Tyr Ser Arg Leu Thr Val Asp
                405                 410                 415     
Lys Ser Arg Trp Gln Glu Gly Asn Val Phe Ser Cys Ser Val Met His
            420                 425                 430         
Glu Ala Leu His Asn His Tyr Thr Gln Lys Ser Leu Ser Leu Ser Leu
        435                 440                 445             
Gly Lys
    450 

<210> 21
<211> 213
<212> PRT
<213> Artificial Sequence

<220> 
<223> Synthetic Construct

<400> 21
Asp Ile Gln Leu Thr Gln Ser Pro Ser Ser Leu Ser Ala Ser Val Gly
 1               5                  10                  15      
Asp Arg Val Thr Ile Thr Cys Arg Ala Ser Gln Gly Ile Gly Ser Phe
            20                  25                  30          
Leu Ala Trp Tyr Gln Gln Lys Pro Gly Lys Ala Pro Lys Leu Leu Ile
        35                  40                  45              
Tyr Asp Ala Ser Asn Leu Glu Thr Gly Val Pro Ser Arg Phe Ser Gly
    50                  55                  60                  
Ser Gly Ser Gly Thr Asp Phe Thr Leu Thr Ile Ser Ser Leu Gln Pro
65                  70                  75                  80  
Glu Asp Phe Ala Thr Tyr Tyr Cys Gln Gln Gly Tyr Tyr Leu Trp Thr
                85                  90                  95      
Phe Gly Gln Gly Thr Lys Val Glu Ile Lys Arg Thr Val Ala Ala Pro
            100                 105                 110         
Ser Val Phe Ile Phe Pro Pro Ser Asp Glu Gln Leu Lys Ser Gly Thr
        115                 120                 125             
Ala Ser Val Val Cys Leu Leu Asn Asn Phe Tyr Pro Arg Glu Ala Lys
    130                 135                 140                 
Val Gln Trp Lys Val Asp Asn Ala Leu Gln Ser Gly Asn Ser Gln Glu
145                 150                 155                 160 
Ser Val Thr Glu Gln Asp Ser Lys Asp Ser Thr Tyr Ser Leu Ser Ser
                165                 170                 175     
Thr Leu Thr Leu Ser Lys Ala Asp Tyr Glu Lys His Lys Val Tyr Ala
            180                 185                 190         
Cys Glu Val Thr His Gln Gly Leu Ser Ser Pro Val Thr Lys Ser Phe
        195                 200                 205             
Asn Arg Gly Glu Cys
    210             

<210> 22



<211> 13
<212> PRT
<213> Artificial Sequence

<220> 
<223> Synthetic Construct

<400> 22
Phe Ser Leu Ser Thr Ser Gly Val Gly Val Gly Trp Ile
 1               5                  10              

<210> 23
<211> 20
<212> PRT
<213> Artificial Sequence

<220> 
<223> Synthetic Construct

<400> 23
Leu Ala Leu Ile Asp Trp Asp Asp Asp Lys Tyr Tyr Ser Pro Ser Leu
 1               5                  10                  15      
Lys Ser Arg Leu
            20  

<210> 24
<211> 15
<212> PRT
<213> Artificial Sequence

<220> 
<223> Synthetic Construct

<400> 24
Ala Arg Gly Gly Ser Asp Thr Val Leu Gly Asp Trp Phe Ala Tyr
 1               5                  10                  15  

<210> 25
<211> 11
<212> PRT
<213> Artificial Sequence

<220> 
<223> Synthetic Construct

<400> 25
Arg Ala Ser Gln Ser Val Ser Pro Tyr Leu Ala
 1               5                  10      

<210> 26



<211> 9
<212> PRT
<213> Artificial Sequence

<220> 
<223> Synthetic Construct

<400> 26
Asp Ala Ser Ser Leu Glu Ser Gly Val
 1               5                  

<210> 27
<211> 10
<212> PRT
<213> Artificial Sequence

<220> 
<223> Synthetic Construct

<400> 27
Tyr Cys Gln Gln Gly Tyr Ser Leu Trp Thr
 1               5                  10  

<210> 28
<211> 123
<212> PRT
<213> Artificial Sequence

<220> 
<223> Synthetic Construct

<400> 28
Glu Val Gln Leu Val Glu Ser Gly Gly Gly Leu Val Gln Pro Gly Gly
 1               5                  10                  15      
Ser Leu Arg Leu Ser Cys Ala Ala Ser Gly Phe Ser Leu Ser Thr Ser
            20                  25                  30          
Gly Val Gly Val Gly Trp Ile Arg Gln Ala Pro Gly Lys Gly Leu Glu
        35                  40                  45              
Trp Leu Ala Leu Ile Asp Trp Asp Asp Asp Lys Tyr Tyr Ser Pro Ser
    50                  55                  60                  
Leu Lys Ser Arg Leu Thr Ile Ser Arg Asp Asn Ser Lys Asn Thr Leu
65                  70                  75                  80  
Tyr Leu Gln Leu Asn Ser Leu Arg Ala Glu Asp Thr Ala Val Tyr Tyr
                85                  90                  95      
Cys Ala Arg Gly Gly Ser Asp Thr Val Leu Gly Asp Trp Phe Ala Tyr
            100                 105                 110         
Trp Gly Gln Gly Thr Leu Val Thr Val Ser Ser
        115                 120             

<210> 29
<211> 107



<212> PRT
<213> Artificial Sequence

<220> 
<223> Synthetic Construct

<400> 29
Asp Ile Gln Leu Thr Gln Ser Pro Ser Ser Leu Ser Ala Ser Val Gly
 1               5                  10                  15      
Asp Arg Val Thr Ile Thr Cys Arg Ala Ser Gln Ser Val Ser Pro Tyr
            20                  25                  30          
Leu Ala Trp Tyr Gln Gln Lys Pro Gly Lys Ala Pro Lys Leu Leu Ile
        35                  40                  45              
Tyr Asp Ala Ser Ser Leu Glu Ser Gly Val Pro Ser Arg Phe Ser Gly
    50                  55                  60                  
Ser Gly Ser Gly Thr Asp Phe Thr Leu Thr Ile Ser Ser Leu Gln Pro
65                  70                  75                  80  
Glu Asp Phe Ala Thr Tyr Tyr Cys Gln Gln Gly Tyr Ser Leu Trp Thr
                85                  90                  95      
Phe Gly Gln Gly Thr Lys Val Glu Ile Lys Arg
            100                 105         

<210> 30
<211> 450
<212> PRT
<213> Artificial Sequence

<220> 
<223> Synthetic Construct

<400> 30
Glu Val Gln Leu Val Glu Ser Gly Gly Gly Leu Val Gln Pro Gly Gly
 1               5                  10                  15      
Ser Leu Arg Leu Ser Cys Ala Ala Ser Gly Phe Ser Leu Ser Thr Ser
            20                  25                  30          
Gly Val Gly Val Gly Trp Ile Arg Gln Ala Pro Gly Lys Gly Leu Glu
        35                  40                  45              
Trp Leu Ala Leu Ile Asp Trp Asp Asp Asp Lys Tyr Tyr Ser Pro Ser
    50                  55                  60                  
Leu Lys Ser Arg Leu Thr Ile Ser Arg Asp Asn Ser Lys Asn Thr Leu
65                  70                  75                  80  
Tyr Leu Gln Leu Asn Ser Leu Arg Ala Glu Asp Thr Ala Val Tyr Tyr
                85                  90                  95      
Cys Ala Arg Gly Gly Ser Asp Thr Val Leu Gly Asp Trp Phe Ala Tyr
            100                 105                 110         
Trp Gly Gln Gly Thr Leu Val Thr Val Ser Ser Ala Ser Thr Lys Gly
        115                 120                 125             
Pro Ser Val Phe Pro Leu Ala Pro Cys Ser Arg Ser Thr Ser Glu Ser
    130                 135                 140                 
Thr Ala Ala Leu Gly Cys Leu Val Lys Asp Tyr Phe Pro Glu Pro Val
145                 150                 155                 160 
Thr Val Ser Trp Asn Ser Gly Ala Leu Thr Ser Gly Val His Thr Phe
                165                 170                 175     



Pro Ala Val Leu Gln Ser Ser Gly Leu Tyr Ser Leu Ser Ser Val Val
            180                 185                 190         
Thr Val Pro Ser Ser Ser Leu Gly Thr Lys Thr Tyr Thr Cys Asn Val
        195                 200                 205             
Asp His Lys Pro Ser Asn Thr Lys Val Asp Lys Arg Val Glu Ser Lys
    210                 215                 220                 
Tyr Gly Pro Pro Cys Pro Pro Cys Pro Ala Pro Glu Phe Leu Gly Gly
225                 230                 235                 240 
Pro Ser Val Phe Leu Phe Pro Pro Lys Pro Lys Asp Thr Leu Met Ile
                245                 250                 255     
Ser Arg Thr Pro Glu Val Thr Cys Val Val Val Asp Val Ser Gln Glu
            260                 265                 270         
Asp Pro Glu Val Gln Phe Asn Trp Tyr Val Asp Gly Val Glu Val His
        275                 280                 285             
Asn Ala Lys Thr Lys Pro Arg Glu Glu Gln Phe Asn Ser Thr Tyr Arg
    290                 295                 300                 
Val Val Ser Val Leu Thr Val Leu His Gln Asp Trp Leu Asn Gly Lys
305                 310                 315                 320 
Glu Tyr Lys Cys Lys Val Ser Asn Lys Gly Leu Pro Ser Ser Ile Glu
                325                 330                 335     
Lys Thr Ile Ser Lys Ala Lys Gly Gln Pro Arg Glu Pro Gln Val Tyr
            340                 345                 350         
Thr Leu Pro Pro Ser Gln Glu Glu Met Thr Lys Asn Gln Val Ser Leu
        355                 360                 365             
Thr Cys Leu Val Lys Gly Phe Tyr Pro Ser Asp Ile Ala Val Glu Trp
    370                 375                 380                 
Glu Ser Asn Gly Gln Pro Glu Asn Asn Tyr Lys Thr Thr Pro Pro Val
385                 390                 395                 400 
Leu Asp Ser Asp Gly Ser Phe Phe Leu Tyr Ser Arg Leu Thr Val Asp
                405                 410                 415     
Lys Ser Arg Trp Gln Glu Gly Asn Val Phe Ser Cys Ser Val Met His
            420                 425                 430         
Glu Ala Leu His Asn His Tyr Thr Gln Lys Ser Leu Ser Leu Ser Leu
        435                 440                 445             
Gly Lys
    450 

<210> 31
<211> 213
<212> PRT
<213> Artificial Sequence

<220> 
<223> Synthetic Construct

<400> 31
Asp Ile Gln Leu Thr Gln Ser Pro Ser Ser Leu Ser Ala Ser Val Gly
 1               5                  10                  15      
Asp Arg Val Thr Ile Thr Cys Arg Ala Ser Gln Ser Val Ser Pro Tyr
            20                  25                  30          
Leu Ala Trp Tyr Gln Gln Lys Pro Gly Lys Ala Pro Lys Leu Leu Ile
        35                  40                  45              
Tyr Asp Ala Ser Ser Leu Glu Ser Gly Val Pro Ser Arg Phe Ser Gly



    50                  55                  60                  
Ser Gly Ser Gly Thr Asp Phe Thr Leu Thr Ile Ser Ser Leu Gln Pro
65                  70                  75                  80  
Glu Asp Phe Ala Thr Tyr Tyr Cys Gln Gln Gly Tyr Ser Leu Trp Thr
                85                  90                  95      
Phe Gly Gln Gly Thr Lys Val Glu Ile Lys Arg Thr Val Ala Ala Pro
            100                 105                 110         
Ser Val Phe Ile Phe Pro Pro Ser Asp Glu Gln Leu Lys Ser Gly Thr
        115                 120                 125             
Ala Ser Val Val Cys Leu Leu Asn Asn Phe Tyr Pro Arg Glu Ala Lys
    130                 135                 140                 
Val Gln Trp Lys Val Asp Asn Ala Leu Gln Ser Gly Asn Ser Gln Glu
145                 150                 155                 160 
Ser Val Thr Glu Gln Asp Ser Lys Asp Ser Thr Tyr Ser Leu Ser Ser
                165                 170                 175     
Thr Leu Thr Leu Ser Lys Ala Asp Tyr Glu Lys His Lys Val Tyr Ala
            180                 185                 190         
Cys Glu Val Thr His Gln Gly Leu Ser Ser Pro Val Thr Lys Ser Phe
        195                 200                 205             
Asn Arg Gly Glu Cys
    210             

<210> 32
<211> 11
<212> PRT
<213> Artificial Sequence

<220> 
<223> Synthetic Construct

<220> 
<221> VARIANT        
<222> 1
<223> Xaa = F or Y

<220> 
<221> VARIANT        
<222> 4
<223> Xaa = S or T

<220> 
<221> VARIANT        
<222> 5
<223> Xaa = G, N, or S

<220> 
<221> VARIANT        
<222> 7
<223> Xaa = A, G, or W

<400> 32
Xaa Thr Phe Xaa Xaa Tyr Xaa Ile His Trp Val
 1               5                  10      



<210> 33
<211> 12
<212> PRT
<213> Artificial Sequence

<220> 
<223> Synthetic Construct

<220> 
<221> VARIANT        
<222> 4
<223> Xaa = S or T

<220> 
<221> VARIANT        
<222> 7
<223> Xaa = H or Y

<220> 
<221> VARIANT        
<222> 8
<223> Xaa = H or Y

<220> 
<221> VARIANT        
<222> 10
<223> Xaa = A, D, G, N, S, or T

<400> 33
Tyr Ser Ile Xaa Ser Gly Xaa Xaa Trp Xaa Trp Ile
 1               5                  10          

<210> 34
<211> 13
<212> PRT
<213> Artificial Sequence

<220> 
<223> Synthetic Construct

<220> 
<221> VARIANT        
<222> 6
<223> Xaa = G or S

<220> 
<221> VARIANT        
<222> 9
<223> Xaa = A or G

<220> 



<221> VARIANT        
<222> 11
<223> Xaa = A, G, S, or T

<400> 34
Phe Ser Leu Ser Thr Xaa Gly Val Xaa Val Xaa Trp Ile
 1               5                  10              

<210> 35
<211> 20
<212> PRT
<213> Artificial Sequence

<220> 
<223> Synthetic Construct

<220> 
<221> VARIANT        
<222> 7
<223> Xaa = A, D, or Y

<220> 
<221> VARIANT        
<222> 8
<223> Xaa = D or G

<220> 
<221> VARIANT        
<222> 11
<223> Xaa = R, S, or Y

<220> 
<221> VARIANT        
<222> 14
<223> Xaa = P or T

<400> 35
Leu Ala Leu Ile Asp Trp Xaa Xaa Asp Lys Xaa Tyr Ser Xaa Ser Leu
 1               5                  10                  15      
Lys Ser Arg Leu
            20  

<210> 36
<211> 20
<212> PRT
<213> Artificial Sequence

<220> 
<223> Synthetic Construct

<220> 
<221> VARIANT        



<222> 3
<223> Xaa = D or E

<220> 
<221> VARIANT        
<222> 9
<223> Xaa = N or S

<220> 
<221> VARIANT        
<222> 13
<223> Xaa = N or S

<400> 36
Ile Gly Xaa Ile Tyr His Ser Gly Xaa Thr Tyr Tyr Xaa Pro Ser Leu
 1               5                  10                  15      
Lys Ser Arg Val
            20  

<210> 37
<211> 21
<212> PRT
<213> Artificial Sequence

<220> 
<223> Synthetic Construct

<220> 
<221> VARIANT        
<222> 3
<223> Xaa = A, G, S, V, or Y

<220> 
<221> VARIANT        
<222> 7
<223> Xaa = A, D, S, or Y

<220> 
<221> VARIANT        
<222> 9
<223> Xaa = D, G, or S

<220> 
<221> VARIANT        
<222> 10
<223> Xaa = S or T

<400> 37
Val Ser Xaa Ile Ser Gly Xaa Gly Xaa Xaa Thr Tyr Tyr Ala Asp Ser
 1               5                  10                  15      
Val Lys Gly Arg Phe
            20      



<210> 38
<211> 15
<212> PRT
<213> Artificial Sequence

<220> 
<223> Synthetic Construct

<220> 
<221> VARIANT        
<222> 3
<223> Xaa = E or G

<220> 
<221> VARIANT        
<222> 5
<223> Xaa = E or S

<220> 
<221> VARIANT        
<222> 6
<223> Xaa = D or T

<220> 
<221> VARIANT        
<222> 7
<223> Xaa = A, T, or V

<220> 
<221> VARIANT        
<222> 9
<223> Xaa = A, I, L, T, or V

<220> 
<221> VARIANT        
<222> 14
<223> Xaa = A, D, or G

<400> 38
Ala Arg Xaa Gly Xaa Xaa Xaa Val Xaa Gly Asp Trp Phe Xaa Tyr
 1               5                  10                  15  

<210> 39
<211> 11
<212> PRT
<213> Artificial Sequence

<220> 
<223> Synthetic Construct

<220> 
<221> VARIANT        



<222> 1
<223> Xaa = Q or R

<220> 
<221> VARIANT        
<222> 5
<223> Xaa = D, G, or S

<220> 
<221> VARIANT        
<222> 6
<223> Xaa = I or V

<220> 
<221> VARIANT        
<222> 7
<223> Xaa = G, R, S, or T

<220> 
<221> VARIANT        
<222> 8
<223> Xaa = P, R, S, or T

<220> 
<221> VARIANT        
<222> 9
<223> Xaa = A, D, F, S, V, or Y

<220> 
<221> VARIANT        
<222> 10
<223> Xaa = L or V

<220> 
<221> VARIANT        
<222> 11
<223> Xaa = A, G, or N

<400> 39
Xaa Ala Ser Gln Xaa Xaa Xaa Xaa Xaa Xaa Xaa
 1               5                  10      

<210> 40
<211> 9
<212> PRT
<213> Artificial Sequence

<220> 
<223> Synthetic Construct

<220> 
<221> VARIANT        
<222> 1



<223> Xaa = A or D

<220> 
<221> VARIANT        
<222> 4
<223> Xaa = N, S, or T

<220> 
<221> VARIANT        
<222> 5
<223> Xaa = L or R

<220> 
<221> VARIANT        
<222> 6
<223> Xaa = A, E, or Q

<220> 
<221> VARIANT        
<222> 7
<223> Xaa = S or T

<220> 
<221> VARIANT        
<222> 9
<223> Xaa = I or V

<400> 40
Xaa Ala Ser Xaa Xaa Xaa Xaa Gly Xaa
 1               5                  

<210> 41
<211> 10
<212> PRT
<213> Artificial Sequence

<220> 
<223> Synthetic Construct

<220> 
<221> VARIANT        
<222> 5
<223> Xaa = A, G, S, or Y

<220> 
<221> VARIANT        
<222> 7
<223> Xaa = Q, S, or Y

<220> 
<221> VARIANT        
<222> 8
<223> Xaa = I, L, T, or Y



<220> 
<221> VARIANT        
<222> 9
<223> Xaa = I, S, V, or W

<400> 41
Tyr Cys Gln Gln Xaa Tyr Xaa Xaa Xaa Thr
 1               5                  10  

<210> 42
<211> 11
<212> PRT
<213> Artificial Sequence

<220> 
<223> Synthetic Construct

<220> 
<221> VARIANT        
<222> 3
<223> Xaa = E or Q

<220> 
<221> VARIANT        
<222> 5
<223> Xaa = P, S, or Y

<220> 
<221> VARIANT        
<222> 6
<223> Xaa = D, L, S, T, or Y

<220> 
<221> VARIANT        
<222> 7
<223> Xaa = D, E, H, S, or T

<220> 
<221> VARIANT        
<222> 8
<223> Xaa = D, L, T, or W

<220> 
<221> VARIANT        
<222> 10
<223> Xaa = L, P, R, or V

<400> 42
Tyr Cys Xaa Gln Xaa Xaa Xaa Xaa Pro Xaa Thr
 1               5                  10      



<210> 43
<211> 153
<212> PRT
<213> Homo sapiens

<400> 43
Met Tyr Arg Met Gln Leu Leu Ser Cys Ile Ala Leu Ser Leu Ala Leu
 1               5                  10                  15      
Val Thr Asn Ser Ala Pro Thr Ser Ser Ser Thr Lys Lys Thr Gln Leu
            20                  25                  30          
Gln Leu Glu His Leu Leu Leu Asp Leu Gln Met Ile Leu Asn Gly Ile
        35                  40                  45              
Asn Asn Tyr Lys Asn Pro Lys Leu Thr Arg Met Leu Thr Phe Lys Phe
    50                  55                  60                  
Tyr Met Pro Lys Lys Ala Thr Glu Leu Lys His Leu Gln Cys Leu Glu
65                  70                  75                  80  
Glu Glu Leu Lys Pro Leu Glu Glu Val Leu Asn Leu Ala Gln Ser Lys
                85                  90                  95      
Asn Phe His Leu Arg Pro Arg Asp Leu Ile Ser Asn Ile Asn Val Ile
            100                 105                 110         
Val Leu Glu Leu Lys Gly Ser Glu Thr Thr Phe Met Cys Glu Tyr Ala
        115                 120                 125             
Asp Glu Thr Ala Thr Ile Val Glu Phe Leu Asn Arg Trp Ile Thr Phe
    130                 135                 140                 
Cys Gln Ser Ile Ile Ser Thr Leu Thr
145                 150             

<210> 44
<211> 134
<212> PRT
<213> Artificial Sequence

<220> 
<223> Synthetic Construct

<400> 44
Met Ala Pro Thr Ser Ser Ser Thr Lys Lys Thr Gln Leu Gln Leu Glu
 1               5                  10                  15      
His Leu Leu Leu Asp Leu Gln Met Ile Leu Asn Gly Ile Asn Asn Tyr
            20                  25                  30          
Lys Asn Pro Lys Leu Thr Arg Met Leu Thr Phe Lys Phe Tyr Met Pro
        35                  40                  45              
Lys Lys Ala Thr Glu Leu Lys His Leu Gln Cys Leu Glu Glu Glu Leu
    50                  55                  60                  
Lys Pro Leu Glu Glu Val Leu Asn Leu Ala Gln Ser Lys Asn Phe His
65                  70                  75                  80  
Leu Arg Pro Arg Asp Leu Ile Ser Asn Ile Asn Val Ile Val Leu Glu
                85                  90                  95      
Leu Lys Gly Ser Glu Thr Thr Phe Met Cys Glu Tyr Ala Asp Glu Thr
            100                 105                 110         
Ala Thr Ile Val Glu Phe Leu Asn Arg Trp Ile Thr Phe Ser Gln Ser
        115                 120                 125             
Ile Ile Ser Thr Leu Thr
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