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COMBINATION THERAPY COMPRISING ANTECBDIZ7 ANTIBODIES

CROSS REFERERCE TO RELATED APPLICATIONS

(60031 This application claims the prionity benefit of US Provisional Application No.
63/043.042, filed on June 23, 2020, which 1s incorporated herein by reference in ifs

entirety.

SUBMISSION OF SEQUENCE LISTING ON ASCH TEXTFILE

{68821 The content of the following submission on ASCH text file is wncorporated
herein by reference in its entirety: a computer readable form (CRF} of the Sequence
Listing (file name: 6954020007408EQLIST 1x¢, date recorded: June 21, 2021, size; 38
KB)

FIELD

{66031  The present application 15 in the field of cancer therapeutics, and relates to
composiiions and methods for treating cancers using antibodies that bind to human

D137,

BACKGROUND

(88847 CDI137 (also referred to as CD137 receptor, 4-1BB, TNFRSFO, ¢fc} is a
transmembrane protein of the Tumor Necrosis Factor Receptor Superfamily {TNFRS),
Current understanding of CD137 mndicates that 11s expression is generally activation
dependent and is present in a broad subset of immumne cells including activated NK and
NKT cells, regulatory T cells, dendritic cells (DC), stimnulated mast cells, differentiating
myeloid cells, monocytes, neutrophils, and eosinophils (Wang, 2009, Immumological
Reviews 229. 192-215). CD137 expression has also been demonstrated on tumor
vasculature {Broll, 2001, Amer. J. Clin, Pathol 115{(4}):543-349; Seaman, 2007, Cancer
Cell 11: 539-554) and at sites of inflamed or atherosclerotic endothelium (Drenkard,
2007 FASEB 1. 21: 456-463; Olofsson, 2008, Circalation 117: 1292-1301}. The ligand
that stimdates CD137, ie, CD137 Ligand (CDI37L), 15 expressed on activated
antigen-presenting cells { APCs}, myeloid progenitor cells, and hematopoietic stem cells.
{80081 Numerous studies of murine and human T cells indicate that U137 promotes

enhanced cellular proliferation, survival, and cvtokine production {Croft, 2009, Nat Rev
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Immunol 9:271-285). Studies have indicated that some {137 agonist monoclonal
antibodies {mAbs) mcrease costimulatory roolecule expression and markedly enhance
cytolviic T lymphocyie responses, resulting in anti-tumor efficacy in various models.
CD137 agonist mAbs have demonstrated efficacy in prophvlactic and therapeutic
settings. Further, CP137 wonotherapy and combination therapy tumor models have
established durable anti-turoor protective T cell memory responses {Lyuch, 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, ¥ Mol Med 84:726-736). This dual activity of CD137 offers the potential to
provide anti~fumor activity while dampening autoimmune side effects that can be
associated with immunotherapy approaches that break immume tolerance.

BRIEF SUMMARY

{3086}  The present application provides methods for treating cancers mn a subject
using an ant-CD 37 antibody and an agent that induces expression of CI3137 on an
imimune cell and/or mduces expression of CD137L on a cancer cell of the subject.
{60071  The present invention in one aspect provides 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-CE 137 antibody that specificaily binds to an extracellulfar
domain of human CD137, wherein the antibody binds to one or more aming acid
residues selected from the group consisting of amine acid residues 51, 53, 62-73, 83,
89, 92, 95-104 and 112-116 of SEQ 1D NO: 1; and (b) an effective amount of an agent
that induces expression of CD137 on an immune cell and/or induces expression of
CDI137L on a cancer cell of the subject. In some embodiments, the agent induces
expression of CD137 on an wownune 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 CDI37L on a cancer cell of the subject.

{B008]  In some embodiments, there is provided a method of freating a cancer in a
subject {¢. 2., 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 CD37, 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

b
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112-116 of SEQ 1D NGO 1 and (b} an effective amount of a cytokine that induces

expression of CD137 on an omune cell of the subject. In some emboduments, the

cytokine s selected from the group consisting of 1L-~2, [L~12, 1L-10 and INFy. Tn some

embodiments, the cvtokine induces expression of CDI137L on a cancer cell of the

subject.

{80091  In some embodiments, there is provided a method of freating a cancer in a

subject {¢. 2., 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 TL-2. In some embodiments,

the IL-2 15 a wildtype 1L.-2, a chemically modified IL-2 variant {e.g., a PEGylated T~

2} or an {L-2 analog. In some embodiments, the 1L-2 is aldesleukin In some

embodiments, the IL-2 is a polvethviene glveol {PEG) modified IL-2, such as

bempegaldesleukin. In some embodiments, the 1L-2 s adoynistered at a dose of no

more than about 2.810° IU/m? {e.g., about 7.2210% IU/kg or about 2.8x10° IU/m’). In

some embodiments, the 1L-2 is admunistered twice or three imes daily. In some

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

embodiments, the [L-2 is administered at 3 dose of ne more than about 1.4x107 I/’

{e.g, 7.2x10° 1U/kg or about 1.4x107 {U/m?).

{8818} In some embodiments, there 15 provided a method of ireating a cancer in a

subject (e. £., a hurnan subject), comprising administering to the subject: (a} an effective

amount of an anti-CD137 antibody that specifically binds to an extraceliular domain of
human C 37, wherein the antibody binds to one or more amino acid residues selected

from the group consisting of amino acid residues S1, 53, 62-73, 83, 89, 92, 95-104 and

F2-116 of SEQ ID NGO 1; and (b) an effective amount of a hastone deacetylase (HDAC)
inhibitor that induces expression of CD137 on an immune cell of the subject. In some

emboediments, the HDAC inhibitor 1s selected from the group consisting of belinostai,

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

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

on a cancer cell of the subject.

(ol



WO 2021/262869 PCT/US2021/038718

{8613} In some embodiments, there is provided a method of treating a cancer in a
subject (2. g., a human subject), comprising adnunistering to the subject: (a) an effective
amount of an anti-CD37 antibody that specifically binds to an extraceliular 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
P12-116 of SEQ 13 NG: 1) and (b) an effective amount of a DNA-damaging agent that
induces expression of CD137 on an immmune cell of the subject. In some embodiments,
the DNA-damaging agent is a DNA chelator, such as mitomycin, bleomyein, or
doxorubicin. In some embodiments, the DNA-damaging agent 15 an alkvlating agent,
such as bendamustme. In some embodiments, the DNA-damaging agent induces
expression of CD137L on a cancer cell of the subject.

{8812} In some embodimenis according to any one of the methods described above,
the agent (including cyiokine e g, IL-2, HDAC intubifor, and DNA-damaging agent)
is admirustered intravenously. In some embodiments, the agent (including cvickine e g.,
IL-2, HDAC mhibitor, and DNA-damaging agent} is admunistered prior to
admanistration of the antt-CI137 antibody . In some embodiments, the agent Gncluding
cviokine e.g . 1L-2, HDAC mhibitor, and DNA-damaging agent) and the anti-CD137
antibody are administered simultaneously.

{88131 In some embodimenis according to any one of the methods described above,
the moethod further comprises adnunisiering an effective amount of an anii-CD20
antibody . In some embodiments, the anti-CD20 antibody 1s rituximab.

{88141 In some embodiments according 1o any one of the methods described above,
the method further comprises administering an effective amount of an immume
checkpoint intubtior. In some embodiments, the tnwoune checkpownt jubhibitor 15 an andi-
PD-1 antibody, such as 2ES5.

{88151 In some embodimenis according to any one of the methods described above,
the cancer 1s a liqud cancer. In some embodiments, the cancer is non-Hodgkn's
fymphoma. In some embodiments, the cancer is T-cell lymphoma In some
embodiments, the cancer 1s B-cell lvmphoma. In some embodiments, the cancer is
multiple myeloma.

[B016]  In some embodiments according o any one of the methods described above,

the cancer is asolid cancer. In some embodiments, the cancer is selected from the group
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consisting of breast cancer, ovarian cancer, colorectal cancer, gasinic 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 13 melanoma.

{88171  In some embodimenis according to any one of the methods described above,
the cancer is in adjuvant setting. In some embodiments, the cancer s in neoadjuvant
setting.

{0181 In some embodiments according to any one of the methods described above,
the anti-CD137 antibody 15 adounistered at a dose of no more than 500 mg, e.g., about
125 mg 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, about 2.5 mg/kg to about
10 mg/kg In some embodiments, the anti-CD137 antibody 15 administered
motravenously. In some embodiments, the anti-CD137 antibody 15 adroirustered about
once every three weeks.

{8191 In some embodiments according to any one of the methods described above,
the cancer is advanced-stage cancer. In some embodimenis, the cancer is metastatic
cancer.

{8028} In some embodiments according to any one of the methods described above,
the anti-CED 137 antibody 1s cross-reactive with a CD137 polypeptide from at teast one
non-human species selected from the group consisting of cynomolgus roonkey, 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.

{88211  In some embodiments according to any one of the methods described above,
the anti-CD137 antibody conprises a heavy chamn variable region (VH) and a hight
chain variable region {VL}, wherein the VH comprises a HVR-HI comprising the
aming acid sequence of SEQ ID NG: 2, aHVR-HZ comprising the amino acid sequence
of SEQ 1D NG: 3, and a HVR-H3 comprising the amino acid sequence of SEQ {13 NO:
4; and wherem the VL comprises a HVR-L1 comprising the amino acid sequence of
SEG ID NG: 3, a HVR-LZ comprising the amino acid sequence of SEQ 1D NO: 6, and
a HVR-L3 comprising the amino acid sequence of SEQ D NGO 7. In some
embodiments, the VH coraprises the amino acid sequence of SEQ 1D NO: 8, and/or the

VL comprises the amino actd sequence of SEQ 1D 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 the amino acid sequence of SEQ 1D NO: 10, and/or the light chain comprises
the amino acid sequence of SEQ ID NO: 11,

{88221 In some embodiments according to any one of the methods described above,
the anti-CD137 antibody comprises a VH and a VL, wherein the VH comprises a HVR-
R1 comprising the amino acid sequence of SEQ 1D NG: 12, a HVR-H2 comprising the
amino acid sequence of SEQ 1D 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 anuno aad sequence of SEQ 1D NG: 15, a HVR-L2 comprising the amino acid
sequence of SEQ ID NO: 16, and a HVR-L3 comprising the anuno acid sequence of
SEQ D NG 17, In some embodiments, the VH comprises the anmino acid sequence of
SEQ D NO: 18, and/or the VL comprises the amino acid sequence of SEQ ID NG: 19,
In some embodiments, the antibody comprises a heavy chain and a light chain, wherein
the heavy chain comprises the anuno acid sequence of SEQ 1D NO: 20, and/or the light
chain comprises the amino acid sequence of SEQ ID NQG: 21

{BO231  In some embodiments according to any one of the methods described above,
the anti-CD137 antibody comyprises a VH and a VL, wherein the VH comprises a HVR-
H1 comprising the amino acid sequence of SEQ 1D NG: 22, a HVR-H2 comprising the
amino actd sequence of SEQ 1D NG: 23, and a HVR-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 NG: 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 NOG: 27, In some embodiments, the VH comprises the amino acid sequence of
SEQ IDNO: 28, and/or the VL comprises the anuno acid sequence of SEQ 1D 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 NG: 30, and/or the light
chain coraprises the aroino acwd sequence of SEQ D NO: 31

{80241  In some embodiments according to any one of the methods described above,
the anti-{C D137 antibody comprises a human IgGl Fc region. In some embodiments,
the anti~-CD137 antibody comprises a human IgG4 Fe region. In some embodiments,
the human IgG4 Fc region comprises an S241P mutation, wherein numbening is

according to Kabat.
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{86251 Also provided are compositions, kits, and articles of manufacture for use in
any one of the methods described herein.

{8026} It is to be understood that one, some, or all of the properties of the various
embodiments described above and heretn mav be combined to form other embodiments
of the present disclosure. These and other aspects of the present disclosure will become
apparent fo one of skill m the art. These and other embodiments of the present

disclosure are further described by the detailed description that follows.

BRIEF BESCRIPTION OF THE DRAWINGS

{88377 FIGs. 1A-1B show CDI37 levels on the surface of sorted peripheral blood
mononuciear cells (PBMCs) treated with recombinant human 1L.-2. In each of FIG. 1A
and FIG. 1B, the type of sorted PBMCs and the concentration of 1L-2 in IU/ml are
mdicated on the x-axis, and the percentage of cells that expressed CD137 15 indicated
on the y-axis. Two panels of markers were used to sort the PBMCs into NE, NKT,
CD8+, CD4+ and Treg cells, as shown in Table 1. FIG. 1A shows D137 levels of cells
sorted using Panel 1. FIG. 18 shows (13137 levels of cells sorted using Panel 2.
{88387 FIGs. 2A-2D show the effect of treatment with anti-CUD137 antibody
{ADG106) and/or a continuous high dose of 1L-2 on reduction of tumor volumes in a
mouse model of Lewis lung cancer. In each of FIGs. 2A-2D, the number of davs post
inoculation is shown on the x-axis, and the tumor volume in muv’ is shown on the y-
axis. FIG. 2A shows tumor volume in individual mice ireated with vehicle over time,
FIG. 2B shows tumor volume 1o mdividual mice treated with anti-CD 137 antibody
ADGI06 over time. 5 mg/ke of ADGI06 was adnunistered two times a week for 4
doses. FIG. 2 shows tumor volume in individual mice treated with IL-2 over time.
F.ax 107 FU/m? 1L-2 was administered twice a day for 27 doses. FIG. 2D shows tumor
volume i individual mice treated with ADGI06 and {L-2 over time 5 mg/kg of
ADG106 was admiunistered two times a week for 4 doses, and 1.4+ 107 IU/m?® I1L-2 was
admunistered {wice a day for 13 doses.

{8029 FiGs. 3A-3F show the eifect of treatment with anti-CD137 antibody
{ADG106) and/or 1L-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 voluroe of
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the tumor in mmy® is shown on the y-axis. FIG. 3A shows tumor volume in individual
mice treated with vehicle over time. FIG 3B shows tumor volume n mndividual mice
treated with anti-CD 137 antibody ADGI06 over time 2.5 mg/kg of ADGI06 was
administered two times a week for 4 doses. FIG.3C shows tumor volume in individual
mice treated with a high dose of TL-2 over time. 1.4x107 [U/m? IL-2 was administered
twice a day, every 3 days for 4 doses. FIG. 3D shows turmor volume in mndividual mice
treated with a low dose of IL-2 over time. 2.8210° {U/m? of IL-2 was administered
twice a day for 5 consecuiive days, for a total of 10 doses. FIG. 3E shows tumor volume
i ndividual mice freated with anti-CD137 antibody ADGI06 and a tugh dose of 1L-2
over time. 1.4x107 {U/m’ [L-2 was administered twice a day every 3 davs for 4 doses,
and 2.5 mg/kg of ADGI06 was administered two times a week for 4 doses. FIG. 3F
shows fumor volume i individoal mice treated with anti-CD137 antibody ADG106
and a low dose of 1.-2 over time. 2.8x10° JU/m? of 1L-2 was adnunistered twice a day
for 5 consecutive days, for a total of 10 doses, and 2.5 mg'kg of ADGI06 was
administered {wo times a week for 4 doses.

{BO38] FiGs. 4A-4F show the effect of treatment with anti-CD 137 antibody
{ADG106) and/or Bendamustine on reduction of tumor volume in a mouse model of
A20 B-cell lymphoma model. The mumber of days post moculation is shown on the x-
axis, and the volume of the tumor in mm’ is shown on the y-axis. FIGs. 4A shows
tumaor growth curves of different ireatment groups. Data points represent group mean,
and error bars represent standard error of mean (SEM). FIG. 4B shows tumor volume
in individual mice treated with vehicle over time. FIG 4C shows tumor volume in
mdividual mice treated with anti-CD137 antibody ADGI06 over time. 2.5 mg/kg of
ADGI06 was administered two times a week for 4 doses. FIGs. 4D shows tumor
volume i individual mice treated with Bendamustine over time. 12.5 mg/kg of
Bendamustine was admunistered once daily for 4 doses. FIGs. 4E shows tumor volume
1 individual mice treated with ADGI06 in combination of Bendamustine over fime,
2.5 mg/kg of ADG106 was adnunistered two times a week for 4 doses, 12 5mg/kg of
Bendamusiine was administered once daily for 4 doses.

{8831} FIGs. 5A-5E show the effects of treatment with different dose of romidepsin,
boriezomib, chidanude, belinostat, and vincnstine on CD37L protein expression

levels on HUT78 cutaneous T cell lvmiphoma (CTCL) cells surface. FIG. SA shows the

4]
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effects of treatment with romidepsin on CDI137L protein expression levels on HUT78
CTCL cells surface. FIG. SB shows the effects of treatment with bortezonub 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 belinostat on CD137L
protein expression levels on HUTT8 CTCL cells surface. FIG. 3E shows the effects of
freatment with vineristine on CD137L protein expression levels on HUT78 CTCL cells
surface. FIG. 5F shows the effects of treatment with romidepsin on CDI37L protein
expression levels on HUT78 CTCL cells surface. FIG. 3G shows the effects of
treatment with bortezomib on CD37L protein expression levels on HUT78 CTCL cells
surface. FIG. 5H shows the effects of treatment with chidamide on CD137L protein
expression levels on HUTT78 CTCL cells surface. Cells in FIGs, SA-SE were stained
with PE-comjugated Isotype Control (Biolegend catalog #400112) or anti-human-
CD137L (Biolegend catalog #311504) antibodies; cells in FIGs. 5F-5H were stained
with PE-Cv7-conjugated Isotype Control (Thermofisher catalog #25-4714-80) and anti-
human-CD 370 (Thermofisher catalog #25-3906-47) antibodies.

{80321 FiGs. 6A-6B show the effects of treatment with romidepsin and borteromib,
on CE37L protein expression levels on HUT78 CTCL cells surface at different ime
points. FIG. 6A shows the effects of ireatmoent with 0.003 pM romidepsin on CDI37L
protein expression levels on HUTT8 CTCL cells surface at different tume pownts. FIG.
6B shows the effects of treatment with 0.01 M bortezomib on CDI37L protein
expression levels on HUT78 CTCL cells surface at different time points.

{88331 FiGs. 7TA-7C show the effects of treatment with different dose of romidepsin
on mRNA expression m HUTI02, HUT7R, and SU-DHLI human T cell lvmphoma
{(TCL) cells. FIG. 7A shows the effects of treatment with romidepsin on mRNA
expression 1y HUTTOZ human TCL cells. FIG. 7B shows the effects of treatment with
rormdepsin on mBNA expression mt HUT78 human TCL cells. FIG. 7C shows the
effects of treatment with ronudepsin on mRNA expression in SU-DHL1 human TCL
cells. # indicates genes with fow basal expression.

{8834} FIGs. BA-8C show the effects of treatment with different dose of belinostat
on mENA expression in HUTI02, HUT7R, and SU-DBHLY human TCL cells. FIG. 8A

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

9



WO 2021/262869 PCT/US2021/038718

TCL cells. FIG. 8B shows the effects of treatment with belinostat on mRNA expression
i HUT78 huroan TCL cells. FIG. 8C shows the effects of treatment with belinostat on
mRINA expression in SU-DHUT human TCL cells. # indicates genes with low basal
expression.

88351 FIGs. 9A-9C show the effects of treatment with different dose of bortezomib
on mRNA expression in HUTH02, HUTTS, and SU-DHLT huroan TCL cells. FIG. 9A
shows the effects of treatment with bortezomub on mBNA expression in HUT102
human TCL cells. FIG. 9B shows the effects of treatment with borteromib on mRNA
expression i HUT?R human TCL cells. FIG. 9C shows the effects of treatmoent with
bortezonub on mRNA expression in SU-DHU1 human TCL cells. # indicates genes
with low basal expression.

188363 FIGs. 10A-10C show the effects of treatment with different dose of vincristine
on mRNA expression in HUT102, HUTTE, and SU-DHEL | human TCL celis. FIG. 10A
shows the effects of treatment with vincnistine on mBNA expression in HUT102 human
TCL cells. FIG. 10B shows the effects of treatment with vincristine on mRNA
expression i HUTTS huroan TCL cells. FIG, 10C shows the effects of treatiment with
vincristine on mRNA expression in SU-DHL 1 human TCL cells. # indicates genes with
iow basal expression.

{8837} FiGs. 11A-11C show the effects of treatment with different dose of
rormdepsin, bortezomib, and chidamide on viability of HUT78 human TCL cells. FIG.
11 A shows the effects of treatment with different dose of romudepsin on viability of
HUT78 human TCL celis. FIG. 11B shows the effects of treatment with different dose
of borteromib on viability of HUTT8 human TCL cells. FIG. 11C shows the effects of
treatroent with different dose of chudanude on viability of HUT78 human TCL cells.
{8838} FiGs. 12A-12C show the effecis of treatment with different dose of
romidepsin, bortezomib, and chidamide on viability of purified luman T cells. FIG.
12A shows the effects of treatment with different dose of romidepsio on viabiluy of
purified human T cells. FIG. 12B shows the effects of treatment with different dose of
bortezomib on viability of purtfied human T cells. FIG. 12C shows the effects of
treaiment with different dose of chidamide on viability of punified human T cells.
[B0391  FiGs. 13A-131 show the effects of {reatment with anti-CD137 antibody
ADG106, anti-PD1 antibody 2ES, 1L-2, ADGI106 in combination with 1L-2, 2ES in

10
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combination with IL-2, ADGIO6 in combination with ZES, and ADGI06 in
combination with both 1L-2 and 2ES5 on a BI6FI0 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 ADGI06 monotherapy group. FIG. 13C
shows individual response in the vehicle {control) group. FIG. 13D shows mdividual
response in the IL-2 monotherapy group. FIG. 13E shows individual response in the
ADG106 + 1L-2 combination therapy group. FI1G. 13F shows individual response in the
2ES monotherapy group. FIG. 134G shows individual response in the ADG106 + 2ES
combination therapy group. FIG. 13H shows individual response in the 2ES + [L-2
combination therapy group. FIG. 131 shows individual response in the ADGI06 + 1L~

2 + 2ES combination therapy group.

DETAILED DESCRIPTION

{80481  The present application provides methods of treating cancers in a subject
using an anti-CD 137 antibody and an agent such as a cytokine {e.g., 1L-2) or a histone
deacetvlase (HDAC) inhibitor that induces expression of €137 on an immune cell
and/or induces expression of CD37L on a cancer cell in the subject. The methods
described herein are based at least in part on the oventors” discovery that 1L-2 mnduces
expression of CD137 on T cells, NK cells and NK-T cells, which may contribute to the
svnergistic effects of -2 and an anti-CE137 antibody in a combination therapy for
treating cancer. Furthermore, although combination of an anti-CPD137 antibody with a
continuous high dose of 1L-2 led to significant toxiciy w an in vive 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 svnergistic anti-tumor effects without
curring toxicity.

{80431 Accordingly, the present application m one aspect provides a method of
treating a cancer in a subject, comprising administering to the subject: {a} an effeciive
amount of an anti-CD137 antibody that specifically binds to an extracethdar domain of
human CI3137, wherein the antibody binds to one or more anmuno 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 (by an agent {e. g, 1L-2) that induces expreassion of
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D137 on an immune cell and/or induces expression of CD137L on a cancer cell of the

subject.

f. Pefinitions

{38421  Unless otherwise defined herein, scientific and techrucal terms used in
connection with the present disclosure shall have the meanings that are commonly
understood by those of ordinary skill in the arl. Further, unless otherwise required by
context, singular terms shall include pluraliies and plural terms shall mclude the
singular. Generally, nomenclatures used in connection with, and techmiques of,
antibody engineering, immunotherapy, cell and tissue culture, molecular biclogy,
immanology, macrobiology, genetics and protein and nucleic acid chenustry described
herein are those well-known and commeonly used in the art.

{88431 The terms “CD137” and “CD137 receptor™ are used interchangeably in the
present application, and include the human CDM37 receplor, 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 CD 137 and may
not exhibit species or other types of cross-reactivity.

{0441 The term “CD137 antibody”™ refers to an antibody. as defined herein, capable
of binding to human CDB137 receptor.

{0451 The term “antibody™ 15 used herein in the broadest sense and specifically
covers monoclonal antibodies (fucluding full length monoclonal antibodies), polvelonal
antibodies, multispecific antibodies (eg, bispecific antibodies), and antibody
fragments {(e.g., a single-chain variable fragment or scFv) so long as they exhibit the
desired biological activity.

{80461 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 structime
consisiing of two identical heavy (H} chains and two ideniical light (L) chains. Fach L
chain 1s inked to an H chain by one covalent disulfide bond, while the two H chaims
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 {abbreviaied herein

as VH) followed by a constant region. The heavy chain constant region is comprsed of
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three domains, {H1, CHZ and CH3. Each light chain has, at the N-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
VH and the CL is aligned with the first constant domain of the heavy chain ({(H1). The
patring of a VH and VL together forms a single antigen-binding site. An IgM antibody
consists of 5 of the basic heterotetramer unifs along with an additional polypeptide
called § chain, and therefore contains 10 antigen binding sites, while secreted IgA
anttbodies can polymerize to form polyvalent assemblages comprising 2-5 of the basic
4~chain units along with ¥ cham.

{80471 The VH and VL regions can be further subdivided into regions of
hypervariability, termed hyper-variable regions {HVR} based on the siructural and
sequence analysis. HVRs are interspersed with regions that are more conserved, termed
framewaork reglons (FW). For comparison, the Kabat CDR definttion by Yvouune Chen,
et al. {Selection and Analysis of an Optimized Anti-VEGF Antibody: Crystal Structure
of an Affinitv-matured Fab in Complex with Antigen, J. Mol. Biol. (1999) 293, 865-
§81) 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: FWI,
HVRI, FW2, HVRZ, FW3, HVR3, FW4. Throughout the present disclosure, the three
HVRs of the heavy chain are referred to as HVR Hi, HVR H2, and HVR H3.
Sirnilarly, the three HVRs of the light chain are referred fo as HVR L, HVR 1.2, and
HVR_L3.

{8048}  As used herein, the term “CDR” or “complementarity deternmuning region” is
mtended to mean the non-contiguous antigen combining sites found withun the vanable
region of both heavy and light chain polvpeptides. These particular regions have been
described by Kabat et al., J. Biol. Chem. 252:6609-6616(1977); Kabatetal,, U 8. Dept.
of Health and Human Services, “Sequences of proteins of immaunological interest”
{1991); Chothia er ¢/., 1. Mol. Biol. 196:901-817 {1987, Al-Lankani B. er ¢, J Aol
Hiol | 273 927-948 (1997); MacCallum ef o/, J Mol Biol. 262:732-745 (19906},
Abhinandan and Martin, Mol Immunol, 45, 3832-3839 {(2008}; Lefranc M.P. ¢f @l |
Dev. Comp. Immunol., 27 55-77 {2003}, and Honegger and Plackthun, J Mol Biol,
309:657-670 (2001), where 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 1o a DR of an antibody or grafied antibodies or varianis thereof is
intended to be within the scope of the term as defined and used herein. The amivo 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, inchuding, for example, Abhinandan and Martin, Mo/,
fmmunol., 45 3832-3839 (2008); Ehrenmann F. ef af, Nucleic 4oids Res., 38 D301-

307 2010y, and Adolf-Brvfogle J. er al | Nucleic Acids Kes., 43 D432-13438 (2015),
The contents of the references cited in this paragraph are incorporated heretn by
reference in thewr entiveties for use in the present invention and for possible inclusion
i one or more claims herein.

TABLE A: CBR DEFINITIONS

Kabat! Chothia® MacCaltum®  IMGTY AHgo"
VH CDRI1 31-35 26-32 30-35 27-38 25-40
VH CDR2 50-65 53-55 47-58 56-65 S8-77
VH CDR3 95-102 96-101 93-101 105-117 109-137
VL CDRI1 24-34 26-32 30-36 27-38 25-40
VL CDR2 50-56 50-52 46-55 56-G5 58-77
YL CDR3 89-97 91-96 89-96 105-117 109-137

'Residue numbering follows the nomenclature of Kabat ef o/, supra
‘Residue numbering follows the nomenclature of Chothia ef o, supra
Residue numbering follows the nomenclature of MacCallum ef ol
Supra
‘Residue numbering follows the nomenclature of Lefranc ef o, supra
‘Residue numbering follows the nomenclature of Honegger and
Plickthun, supra
{8845 The vanable regions of the heavy and hight chaings contain a binding domain
that interacts with an antigen. The constant regions of the aniibodies may mediate the
binding of the immunoglobulin to host tissues or factors, mncluding various cells of the
ummune system {e g effector cells) and the first component (Clg) of the classical
complement system. Within light and heavy chains, the variable and constant regions

are joined by a “F” region of about 12 or more amino acids, with the heavy chain also
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including a “D7” region of about 10 or more anmuno acids. See generally, Fundamental
Immunology Ch. 7 (Faul, W, ed., 2% ed. Raven Press, N.Y. (1989)),

{05841 The L chaim from any veriebraie species can be assigned to one of two clearly
distinct types, called kappa and lambda, based on the amino acid seguences of their
constant domains. Depending on the amino acid sequence of the consiant domain of
their heavy chains {CH), antibodies can be assigned to different classes or 1sotvpes.
There are five classes of antibodies: IgA, IgD, 1gE, 1eG, and IgM, having heavy chains
designated o {alpha), § (delta), & (epsilon}, v {gamma), and y {mu}, respectively. The
IgG class of antibody can be further classified wto four subclasses IgGl, 1gG2, 1gG3,
and Ig(G4 by the gamma heavy chains, Y i-Y4, respectively.

{8058}  “Fcregion” as used herein refers o the polvpeptide comprising the constant
region of an antibody heavy chain excluding the first constant region immunoglobulin
domain. For [g(G, the Fe region may comprise immunoglobulin domains CH2 and CH3
and the hinge between CH1 and CH2.

{521 The term “antibody dernivative” or “derivative” of an antibody refers {o a
maolecule that 1s capable of binding to the same antigen (e g, 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-dength light chamn, any
portion or portions of a {ull-length heavy chawn, any portion or portions of the full~
fength light chain of the antibody, any other fragment{s} of an antibody, or the complete
anttbody. The additional molecular entity may be a chemical or biological molecule.
Examples of additional molecular entities mclude chemical groups, aming acids,
peptides, proteins (such as enzymes, antihodies), and chemical compounds. The
additional molecular entity may have any utility, such as for use as a detection agent,
fabel, marker, pharmaceuiical or therapeutic agent. The amino acid sequence of an
antibody may be attached or linked to the additional molecular entity by chenucal
coupling, genetic fusion, noncovalent association, or otherwise. The term “antibody
derivaiive”™ also encompasses chimeric antibodies, humanized antibodies, and
molecules that are dertved from modifications of the amino acid sequences of an
anttbody {e.g. a CDI37 antibody), such as conservation amino acd substitutions,

additions, and insertions.
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{86331 As used herein, “sequence identity” between two polypeptide sequences
ndicates the percentage of anuno acids that are idenfical between the sequences. The
amino acid sequence identity of polvpeptides 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 {20003},
Altschul ef ol | J. Mol Biol 215.403-410 (1990}, Altschul ef al., Nucleic Acids Res.
25:3389-3402 (1997, When using Bestfit or anv other sequence aligniment program
to determine whether a particular sequence is, for instance, 95% identical {0 a reference
anmino acid sequence, the parameters are set such that the percentage of wdentity is
calculated over the full length of the reference amino acid sequence and that gaps in
homology of 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 polvpeptides is applicable to all proteins, fragroents, or variaonts
thereof disclosed herein.

{4541 The term “antigen-binding fragment” or “antigen binding portion” of an
anttbody 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 (¢} a Fab fragment, a monovalent fragment consisting
of the VL, VH, CL and CH1 domains; (11} a F(ab")2 fragment, a bivalent fragment
comprising two Fab fragments linked by a disulfide bridge at the hinge region; (i) a
Fd fragment consisting of the VH and CH1 domains; (iv} a Fv fragment consisting of
the VL and VH domains of a single arm of an antibody, (v} a dAb fragment (Ward ef
al., Nature 341:544-546 (19893}, which consists of a VH domain; and {vi} an 1solated
complernertarity determimng region (CDR).

{8058}  The term “binding molecule™ encompasses (1) antibody, (2) antigen-binding
fragment of an antibody, and (3} derivative of an antibody, each as defined herein.
{80561 The term “hinding CD137.)7 “hinds CDI37.” “binding to CD137.)7 or “binds
1o C1377 refers to the binding of & binding molecule, as defined herein, to the human
CD137 10 an in virre assay, such as a Biacore assay, with an affinity (Ko} of 100 nM or
{30371 The term “specifically binds™ or “specifically binds to,” m 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 fo the ability of the binding molecule to discriminate
between an antigen of interest from an arumal species and the antigen orthologue from
a different animal species under a given set of conditions. A CD137 tinding molecule
is said to specifically bind to human CD137 if it binds to human CDM37 at an ECS0
that is below 30 percent of the ECS50 at which 1t binds CD137 of rat or mouse as
deterroined in an in vifro assay. Binding specificity of an antibody can be deterroined
using methods known in the art. Examples of such methods include FACS using PHA
stitmiated primary cells, Western blots, ELISA-, RIA-, ECL-, IRMA-tests and peptide
scans.

{B088]  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 eptiope is deteciably decreased
10 the presence of the second antibody compared to the binding of the first antibody 11
the abgsence of the second antibody. The alternative, where the binding of the second
antibody fo its epiiope is also deteciably decreased in the presence of the first antibody,
can, but need not, be the case. That s, a first antibody can inhibit the binding of a second
anttbody to its epitope without that second antibody inhibiting the binding of the first
antibody to its respective epitope. However, where each antibody detectably inhibits
the binding of the other antibody with s cognate epiiope, whether to the same, greater,
or lesser extent, the antibodies ave said to “cross-compete” with each other {or binding
of their respective epitope(s).

{B83597  The term “epitope” refers to a part of an antigen to which an antibody {or
antigen-binding fragment thereof) binds. Eptiopes can be formed both from contiguous
amino acids or noncontiguous arning acids justaposed by tertiary tolding of a protein.
Epitopes formed from contiguous amino acids are typically retained on exposure 1o
denaturing solvents whereas epitopes formed by terfiary folding are typically lost on
treatment with denaturing solvenis. An epifope can include various numbers of anino
acids inn a uruque spatial conformation. Methods of deternuning spatial conformation of
epitopes include, for example, x-ray cryvstallography, 2-dimensional nuclear magnetic
resonance, deuterium and hydrogen exchange in combination with mass specirometry,
or suie-directed mutagenests, or all methods used in combination with computational

modeling of antigen and its complex structure with its binding antibody and s 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 desived epifope of an antigen 13 determined, anfibodies o
that epitope can be generated. eg, using the techniques described herein. The
generation and characterization of antibodigs may also elucidate mformation 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 1s to conduct
cross-competition studies to find antibodies that competitively bind with one another,
i.e., the antibodies compete for binding {0 the antigen. A high throughput process for
“binning” antibodies based upon their cross-competition is described n PCT
Publication No. WO 03/48731.

{8068 The term “human antibody” refers 10 an antibody in which the eniire amino
acid sequences of the light chains and heavy chains are from the human
immunoglobulin genes. A hurnan antibody may contain nwrine carbohydrate chans if
produced in a mouse, 1n 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 at.

{80861}  The term “humanized antibody™ refers o a chimeric antibody that contains
amino acid residues derived from human antihody sequences. A humarnized antibody
may contain some or all of the CDRs or HVRs from a non-lnuman animal or synthetic
antibody while the framework and constant regions of the antibody contain amino acid
residues derived from human antibody sequences.

{30621 Theterm “chimeric antibody™ refers to an antibody that comprises anuno acid
sequences derived from different animal species, such as those having a vartable region
derived from a human antibody and a murine immuonoglobulin constant region.

{8863} The {erm “isolated antibody™ or “isolated binding molecule” refers to an
antibody or a binding molecule, as defined herain, that: (1} is not associaied with
naturally associated components that accompany it in s native state; {2} is free of other
proteins from the sarve species; (3} 1s expressed by a cell from a different species; or
{4} does not occur in nature. Examples of isclated antibodies include a C13137 antibody
that has been affinity punified using CB137, a CD137 antibody that has been generated
by hybridomas or other cell hine in vifro, and a CDI137 antibody derived from a

transgenic animal.
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{8864} The term “isolated nucleic acid” refers to a nucleic acid molecule of genomic,
cDNA, or synthetic ongin, or a combination thereof, which 1s separated from other
nucleic acid molecules present in the natural source of the nucleic acid. For exarmple,
with regard to genomic DNA, the term “isolated™ includes nucleic acid molecules,
which are separated from the chromosome with which the genomic DNA is naturally
associated. Preferably, an “isolated” nuclerc acid 1s free of sequences, which naturally
flank the nucleic acid (i.e., sequences located at the 5" and 3’ ends of the nucleic acid of
interest.

{BO6S]  An “individual” or a “subject” is a mammal, more preferably g human.
Manmals also include, but are not limited to, farm animals, sport animals, pets (such
as cats, dogs, and horses), primates, mice and rats.

{88667 The term “treat”, “treafing”, or “ireatment”, with reference to a certam disease
condition 1o a maromal, refers causing a desirable or beneficial effect in the manuwmal
having the disease condition. The desirable or beneficial effect may include reduced
frequency or severity of one or more symptoms of the disease {i.¢., tumor growth and/or
metastasis, or other effect mediated by the nurobers and/or activity of nwnune cells,
and the like), or arrest or mhibition 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,
mohibition of recccurrence of cancer, reduction of pam associaied with the cancer, or
improved survival of the mammal. The effect can be either subjective or objective. For
example, if the mammal 1s human, the human may note improved vigor or vitality or
decreased pain as subjective symptoms of improvement or response {0 therapy.
Alternatively, the clinician may votice a decrease in tumor size or turnor burden based
on physical exam, laboratory parameters, tumor markers or radiographic findings.
Some laboratory signs that the clinician may observe for response to treatment include
normalization of tests, such as white blood cell count, red blood cell count, platelet
count, ervthrocyte sedimentation rate, and various enzyme levels. Additionally, the
clinician may observe a decrease in a detectable tumor marker. Alternatively, other tests
can be used to evaluate objective improvement, such as sonograms, nuclear magnetic

resonance testing and positron emissions lesting.
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{80677 The term “prevent” or “preventing,” with reference o a certain disease
condition i a manwoal, refers to preventing or delaying the onset of the disease, or
preventing the manifestation of clinical or subclinucal symptonss thereof.

{8068}  As used herein, an “effective amount” refers {0 an amount of an agent or drug
effective io 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 (ie, slow to some exient and preferably stop) cancer cell infiltration into
peripheral organs; inhibit (e, slow to some extent and preferably siop} tumor
metastasis; inhihil, 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
coniext, an effective amount of a drug, compound, or pharmaceutical composition may
or may not be achigved in conjunction with another drug, compound, or pharmaceutical
composition.  Thus, an “effective amount” may be considered m the context of
administering one or more therapeutic agents, and a single agent may be considered {0
be given in an effective amount if, in conjunction with one or more other agents, a
desirable result may be or is achieved.

{80691  “Adjuvant setting” refers {0 a clinical setting in which an individual has had a
history of cancer, and generally {(but not necessarily ) been responsive to therapy, which
inchades, but 15 not himited to, surgery {e.g., surgery resection), radiotherapy, and
chemotherapy. Treatment or adnunistration n the “adjuvant setting” refers to a
subsequent mode of treatment.

{88701 "Neoadjuvant setting” refers to a clinical setting i which the method is
carried out before the primary/definitive therapy.

[BO71} Theterms “recurrence,” “relapse” or “relapsed” refers to the veturn 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.

{80721 The term “refractory” or “resisiant” refers {0 a cancer or disease that has not
responded to treatment.

{0731 An “adverse event” or “AE” as used herein refers to any untoward medical
occurrence in an individual receiving a marketed pharmaceutical product or i an
mndividual who is participating on a chinical trial who 15 receiving an ovestigational 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 ternporally associated with the use of a
medicinal product, whether or not considered to be related to the medicinal product. An
AE inciudes, 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 adnunistration even though 1t 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 1o 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 mdividual's condition; and overdose of study drug without any
clinical signs or symptoms.

{8874} A “senious adverse event” or (SAE} as used herein refers to any untoward
medical occurrence at any dose including, but not limiled to, that: a) s fatal; by is life-
threatening (defined as an immediate risk of death from the event as it occurred); ¢)
resulfs 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 i the offspring of an individual who received
medication; or f} conditions not included 1o the above definitions that may jeopardize
the individual or may require intervention to prevent one of the ouicomes listed above
uniess clearly related to the individual's underlying disease. “Lack of efficacy”
{progressive disease} 1s not considered an AE or SAE. The signs and symploms or
chnical sequelae resulting fromack of efficacy should be reported i they fulfill the AE

or SAE definitions.
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{88753  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
diameiers {(SLD) of target lesions, taking as reference the baseline 5LD; “stable disease”
or “SD7 refers to neither sufficient shrinkage of target lesions to qualify for PR, nor
sufficient ncrease to qualify for PD, taking as reterence the nadir SLI since the
treatment started; and “progressive disease” or “PD” refers to af least a 20% mncrease
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.

{8076} The following definttions of response assessments may be used to evaluate a
non-farget lesion: “complete response™ or “CR” refers to disappearance of all non-target
lesions; “stable disease” or "SI refers to the persistence of ong or more non-target
lestons not quahifving 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 1o be
assessed for a time point based solely on the progression of non-target lesion(s), then
additional criteria are required to be fulfilled.

{8877}  “Progression free survival” (PFS) indicates the length of time during and afier
{reatment that the cancer does not grow. Progression-free survival includes the amount
of time individuals bave experienced a complete responsge or g partial response, as well
as the amount of time individuals have experienced stable disease.

EEINAS

{8781 The terms “polvpeptide,” “protein,” and “pepiide” are used interchangeably
herein and may refer to polvmers of two or more amino acids.

{30791 “Polynucleotide,” or “nucleic acid,” as used mterchangeably heremn, refer (o
polymers of nuciectides of any length, and include DNA and RNA. The nucleotides
can be deoxyribonuclestides, rnibonuclestides, modified nucleotides or bases, and/or
their analogs, or any subsirate that can be incorporated into a polymer by DNA or RNA
polvmerase or by a synthetic reaction. A polynucleotide may comprise modified
nucleotides, such as methylated nucleotides and their analogs. If present, modification
to the nucleotide structure may be imparted before or afier assembly of the polvmer.
The sequence of nucleotides mway be interrupted by non-nucleotide components. A

polyvnucieotide may comprise modification{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 roore of the naturally occurring nucleotides with an analog, nternucleonide
modifications such as, for example, those with uncharged linkages (e g, methyi
phosphonates, phosphotriesiers, phosphoamidates, carbamates, erc.y and with charged
hinkages {(e.g., phosphorothicates, phosphorodithioates, esc.), those containing pendant
moteties, such as, for example, proteins (e g, nucleases, toxins, antibodies, signal
peptides, ply-L-lvsine, efc.), those with intercalators {e.g., acridine, psoralen, efc ),
those containing chelators {e.g., metals, radivactive metals, boron, oxidaiive metals,
efc.), those contaimung alkylators, those with modified linkages (e.g., alpha anomernic
nucleic acids, efc.), as well ag inmodified forms of the polynucieotides(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 hinkages to additional nucleotides, or may be conjugated
o solid or semi-solid supports. The 53° and 3° terminal OH can be phosphoryviated or
substituted with amines or organic capping group moieties of from 1 o 20 carbon atoms.
Other hydroxyls may also be denvatized to standard protecting  groups.
Polymuclectides can also contain analogous forms of ribose or deoxvribose sugars that
are generally known in the art, including, for example, 2°-O-methyi-, 2°-C-allyl-, 2°-
fluoro~ or 2’-amdo-ribose, carbocvelic sugar analogs, g-anowmeric sugars, epumeric
sugars such as arabinose, xyloses or lyxoses, pyranose sugars, furanose sugars,
sedoheptuloses, acyclic analogs, and basic nucleoside analogs such as methyl riboside.
{ne or more phosphodiester linkages may be replaced by altemative linking groups.
These aliernative linking groups include, but are not hmited (o, embodiments whergin
phosphate is replaced by P(O)S (Uthicate™), P(S)S (“dithicate™), (OINRz (Camidate™),
PF{OR, P(OIOR’, €6, or CHz "formacetal”™), in which each R or R 18 independently
H or substituted or unsubstituted alkyl (1-20 ) optionally containing an ether (-0}
linkage, arvl, alkenyl, cycloalkyl, cvcloalkenyl or araldvl Not all linkages in a
polynucleotide need be idemtical.  The preceding descniption applies to all
polynucleotides referred 1o herein, inchiding RNA and DNA,

{8084} “PEG” or “polvethyviene glveol,” as used herein, ts meant to encompass any
water soluble poly{ethylene oxide). Unless otherwise mdicated, a, "PEG polymer” or a

polvethviens glycol 15 one in which substantially all (preferably all} monomeric
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subunits are ethylene oxide subumts, though, the polymer may contain distinct end
capping moieties or functional groups, e.g., for conjugation. PEG polymers {or use in
the present invention will comprise one of the two following structures: “-{CH2CH2O -7
or “~{CH2CH20 301 CH2CH2-,” depending upon whether or not the terminal oxvgen{s)
has been displaced, e.g., during a synthetic transformation. As stated above, forthe PEG
polvmers, the variable (n) ranges from about 3 o 4000, and the terminal groups and
architecture of the overall PEG can varv.

{86811 The methods and 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 throughowt the present
specification uniess otherwise indicated. Such references include, e g, Sambrook and
Russell, Molecular Cloning, A Laboratory Approach, Cold Spring Harbor Pregs, Cold
Spring Harbor, NUY. (2001), Ausubel ef al., Current Protfocols in Molecular Biviogy,
John Wiley & Sons, NY (2002}, and Harlow and Lane dnfibodics: A Laboratory
Manual, Cold Spring Harbor Laboratory Press, Cold Spring Harbor, NY. (1990).
Enzymatic reactions and purification techniques are performed according (o
manufacturer's specifications, as commonlyv accorplished in the art or as described
herein. The nomenclafures used in connection with, and the laboratory procedures and
techniques of, analytical chemistry, synthetic organic chemistry, and medicinal and
pharmaceutical chemistry described heren are those well-known and comymonly used
in the art. Standard technigues are used for chemical syntheses, chemical analvses,
pharmaceutical preparation, formulation, and delivery, and treatment of patients.

{88821 As used herein, the twenty conventional amino acids and their abbreviations

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

{88831 It 1s undersiood that embodiments of the present application described herein

3]

mclude “compnising,” “consisting,” and “consisting essentially of 7 aspects and
embodiments.

{0841 The term “about™ as used herein refers to the usual error range for the
respective value readily known to the skilled person n this technical field. Reference

{0 “about” a value or parameter herein includes (and describes) variations that are
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directed to that value or parameter per se. For example, description referring o “about
X7 meludes description of "X

{8085} 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 1s used {0 freal cancer of types other than X,
{80861  The term “about XY™ used herein has the same meaning as “about X to about
Y.

{86871 As used herein and in the appended claims, the singular forms “a,” “an,” and
“the” include plural referents unless the context clearly dictates otherwise.

{30881 Theterm “and/or” as used herein a phrase such as “A and/or B” is intended to
mchode both A and B; A or B; A (along); and B {alone). Likewise, the term “and/or” as
used herein a phrase such as “A, B, and/or C7 is intended to encompass gach of the
followimg embodimenis: A, B, and C: A B,or G Aor CLAor B Bor G, Aand C) A
and B; B and C; A (alone); B (alone); and C {(alone).

i1, Methods of Treatment

{6089} The present apphication provides methods for treating cancers using an anti-
CD137 antibody that specifically binds to an extraceliular doman of human CDI37 1o
combination with an agent (“CD137-inducing agent”} that induces expression of
CD137 on immume cells and/or induces expression of CD37L on a cancer cell. Any
one of the anti-CDB137 antibodies i Section I “Anti-CD137 Antibodies™ may be used
in combination with any one of the CD137-nducing agents in the subsection “CD137-
inducing agents” below for the methods described herein.

{8094 In some embodiments, there is provided a method of ireating a cancer in a
subject, comprising adounisiering to the subject: (a} an effective amount of an anti-
{137 antibody that specifically binds to an extracellular domain of human CD137,
wherein the antibody binds {0 one or more aming acid residues selected from the group
consisiing of amino acid residues 51, 53, 62-73, 83, 89, 92, 95-104 and 112-116 of SEQ
D NG 1 and (b) an effective amount of an agent that induces expression of CD137
on an immune cell {e.g.. CO8+ T cells, Treg calis, NK cells and/or NK-T cells} and/or
induces expression of CD137L on a cancer cell of the subject. In some embodiments,

the ageot induces expression of CDI37 on an wrwnune cell of the subject. In some
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embodiments, the agent induces expression of CE¥ 1371 on a cancer cell of the subject.
In some embodiments, the agent induces expression of CD37 on an wwoune cell of
the subject and mduces exprassion of CD137L on a cancer cell of the subject.

[88%1] In some embodiments, there is provided a method of {reating a cancer in a
subject, comprising adminisiering (o the subject: (a} an effective amount of an anti-
C13137 antibody that specifically binds to an extracellular domain of human CD137,
wherein the anti-CD 137 antibody comprises a VH and a VL, wheremn 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 1D NO: 3, and a HVR-H3 comprising the
amino acid sequence of SEQ 1D NO: 4, and wherein 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 NG 6, and a HVR-L3 comprising the amino acid
sequence of SEQ 1D NO: 7, and (b) an effective amount of an agent that induces
expression of CDN37 on an immmune cell {e. g, CD&+ T cells, Treg cells, NK cells and/or
NK-T cells) and/or induces expression of {D137L on a cancer cell of the subject In
some embodiments, the anti-CD 137 antibody comaprises a VH comprising the amino
acid sequence of SEQ 1D NO: 8, and/or a VL comprises the anuno acid sequence of
SEQ 1D NO: 9. In some embodiments, the agent induces expression of CD137 on an
imimne cell of the subject. In some embodiments, the agent induces expression of
CDM370 on a cancer cell of the subject. In some embodiments, the agent induces
expression of U137 on an immmume cell of the subject and mduces expression of
{D137L on a cancer cell of the subject.

{88821  In some embodiments, there is provided a method of freating a cancer in a
subject, comprising adminustering to the subject: {a} an effective amount of an anti-
CD137 antibody that specifically binds to an extracelluiar domain of human CD137,
wherein the anti-CD 137 antibody comprises a VH and a VL, wherein the VH comprises
a HVR-H1 comprising the anmino acid sequence of SEQ 1D NG: 12, a HVR-H2
comprising the amino acid sequence of SEQ ID NG: 13, and a HVR-H3 comprising the
amino acid sequence of SEQ 1D NO: 14, and wherein the VL comprises a HVR-L1
comprising the amino acid sequence of SEQ 1D NG 15, a HVR-L2 comprising the
amino acid sequence of SEQ 1D NO: 16, and a HVR-L3 comprising the anuno acid

sequence of SEQ ID NO: 17; and (b) an effective amount of an agent that induces

b
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expression of CD137 on an immune cell {e.g, CD&+ T cells, Treg cells, NK celis and/or
NE-T cellsy and/or mduces expression of CDI37L on a cancer cell of the subject. In
some embodiments, the anti-CD137 antibodyv comprises a VH comprising the amino
acid sequence of SEQ ID NG: 18, and/or a VL comprises the amino acid sequence of
SEQ 1D NG: 19, In some embodiments, the agent induces expression of CD137 on an
mmune cell of the subject. In some embodiments, the agent mduces expression of
CI37L on a cancer cell of the subject. In some embodiments, the agent induces
expression of {D137 on an immume celi of the subject and induces expression of
CD37L on a cancer cell of the subject.

{80931 In some embodiments, there is provided a method of freating a cancer in a
subject, comprising adrminisiering o the subject: (a} an effective amount of an anii-
CD137 antibody that specifically binds to an extracellular domain of haman CD137,
wherein the anti~-CD37 antibody comprises a VH and a VL, wherein the VH compnises
a HVR-H1 comprising the anuno acid sequence of SEQ 1D NGO 22, a HVR-H2
comprising the amino acid sequence of SEQ ID NG: 23, and a HVR-H3 comprising the
amino acid sequence of SEQ 1D NO: 24, and wherein the VL comprises a HVR-L1
comprising the amino acid sequence of SEQ ID NG 25, a HVR-L2 comprising the
amino acid sequence of SEQ 1D NGO 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 CD37 ou an tmwoune cell (e g, CD8+ T cells, Treg cells, NK cells and/or
WK-T cells} and/or induces expression of CID137L on a cancer cell of the subject. In
some embodiments, the anti-CD 137 antibody comprises a VH comprising the amino
actd sequence of SEQ ID NG: 28, and/or a VL comprises the amino acid sequence of
SEQ ID NO: 29, In some embodiments, the agent induces expression of CDH37 onan
imimumne cell of the subject. In some embodiments, the agent induces exprassion of
CDI137L on a cancer cell of the subject. In some embodiments, the agent induces
expression of CD137 on an mwmume cell of the subject and induces expression of
CI3137L on a cancer cell of the subject.

{80941  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 1o 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
D NGO: 1 and (b) an effective amount of a cytokine that induces expression of CD137
on an inumune cell an agent that induces expression of CD137 on an inwoune cell (e g.,
CD8&+ T celis, Treg cells, NK cells and/or NK-T cells) and/or induces expression of
CD137L on a cancer cell of the sabject. In some embodiments, the cytokine is selected
from the group consisting of IL-2, IL-12, TL-10 and INFy. In some embodiments, the
cvtokine induces expression of CDI37 on an immune cell of the subject In some
embodiments, the cytokine nduces expression of CDI37L on a cancer cell of the
subject. In some embodiments, the cvtokine induces exprassion of CDM37 on an
immune cell of the subject and induces expression of CDI137L on a cancer cell of the
subject.

{BO93]  In some embodiments, there 1s provided a method of {reating a cancer in a
subject, comprising administering to the subject: {(a} an effective amount of an anii-
CD137 antibody that specifically binds to an extracellular domain of human CD137,
wherein the anti-CD 137 antibody coroprises a VH and a VL, wherein the VH comprises
a HVR-H1 comprising the anino acid sequence of SEQ D NO: 2, a HVR-H2
comprising the amino acid sequence of SEQ 1D NOG: 3, and a HVR-H3 comprising the
amino acid sequence of SEQ 1D NGO 4, and wherein the VL comprises g HVR-L1
comprising the anmino acid seguence of SEQ 1D NO: 5, a HVR-L2 comprising the
amino acid sequence of SEQ ID NO: 6, and a HVR-L3 comprnsing the amino acid
sequence of SEQ 1D NO: 7; and (b) an effective amount of a cvtokine that induces
expression of CD37 ou an tmwoune cell (e g, CD8+ T cells, Treg cells, NK cells and/or
WK-T cells} and/or induces expression of CID137L on a cancer cell of the subject. In
some embodiments, the anti-CD 137 antibody comprises a VH comprising the amino
actd sequence of SEQ ID NO: §, and/or a VL comprises the amino acid sequence of
SEQ ID NO: 9 In some embodiments, the cyiokine 1s selected from the group
consisting of [L-2, 11.-12, 1L-10 and INFy. In some embodiments, the cytokine induces
expression of CD137 on an omune cell of the subject. In some embodiments, the
cytokine mduces expression of CD137L on a cancer cell of the subject. In some
embodiments, the cyvtokine induces expression of CDI137 on an inmwmme cell of the

subject and induces expression of CER137L on a cancer cell of the subject.
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{8096}  In some embodiments, there is provided a method of treating a cancer in a
subject, comprising adminustering 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-UCD137 antibody comprises a VH and a VL, wherein the anti-CP137
antibody comprises a VH and a VL, wherein the VH comprises a HVR-HI comprising
the arnino acid seguence of SEQ 1D NO: 12, a HVR-H2 coroprising the amino acid
sequence of SEQ 1D NO: 13, and a HVR-H3 comprising the amino acid sequence of
SEG ID NG: 14, and wherein the VL comprises a HVR-L1 comprising the amino acid
sequence of SEQ D NO: 15, a HVR-LZ comprising the amine acd sequence of SEQ
ID NGO 16, and a HVYR-L3 comprising the amino acid sequence of SEQ 1D NO: 17;
and (b) an effective amount of a cyvtokine that induces expression of CD137 on an
immmune cell {e.g, CD8+ T eells, Treg cells, NK cells and/or NE-T cells) and/or induces
expression of CD137L on a cancer cell of the subject. To some ernbodirnents, the anti-
{1137 antibody comprises a VH comprising the amino acid sequence of SEQ 1D NO:
18, and/or a VL comprises the amino acid sequence of SEQ ID NG: 19. In some
embodiments, the cvtokine is selected from the group consisting of 1L-2, IL-12, TL-10
and INFy. In soroe erobodiments, the cvtokine induces expression of CD137 on an
mnmune cell of the subject. Tn some embodiments, the cviokine induces expression of
CD137L on a cancer cell of the subject. o some embodiments, the cvtokine induces
expression of CD137 on an immune cell of the subject and induces expression of
CD137L on a cancer cell of the subject.

{60971 In some embodiments, there is provided a roethod of treating a cancer in a
subject, comprising adnunistering to the subject: (a) an effective amount of an anti-
D137 antibody that specifically binds to an extracellular domain of human CB 137,
wherein the anti-CD 137 antibody comprises a VH and a VL, wherein the VH comprises
a HVR-HI comprising the aroino acid sequence of SEQ 1D NO: 22, a HVR-HZ
comprising the amino acid sequence of SEQ 1D NG 23, and a HVR-H3 comprising the
amino acid sequence of SEQ ID NO: 24, and wherein the VL comprises a HVR-L1
comprising the anuno acid sequence of SEQ 1D NG: 25, 3 HVR-L2 comprising the
amino acid sequence of SEQ 1D NG 26, and a2 HYR-L3 comprising the amino acid
sequence of SEQ 1D NG: 27; and (b} an effective amount of a cviokine that induces

expression of CD137 on animmune cell {e.g., CD&+ T cells, Treg cells, NK cells and/or
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NK-T cells) and/or induces expression of {D137L on a cancer cell of the subject In
some embodiments, the anti-CD 137 antibody comaprises a VH comprising the amino
acid sequence of SEQ ID NO: 28, and/or a VL comprises the amino acid sequence of
SEQ 1D NG: 29 In some embodiments, the cytokine is selected from the group
consisting of [L-2, IL-12, 1L.-10 and INFy. In some embodiments, the cytokine induces
expression of C137 on an imnwmne cell of the subject. In some embodiments, the
cvtokine induces expression of CD137L on a cancer cell of the subject. In some
embodiments, the cviokine induces expression of CD37 on an imnune cell of the
subject and induces expression of CD137L on a cancer cell of the subject.

{80981 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 1o an extracellular domain of human CD137,
wherein the antibody binds to one or more amino acid residues selectad from the group
congisting of amino acid residues 51, 53, 62-73, 83, 89, 92, 95-104 and 112-116 of SEQ
D NG |; and (b) an effective amount of an [L-2. In some embodiments, thell-Zis a
wildtvpe 1L-2, a chemically modified 1L-2 variant, or an IL-2 analog In some
embodiments, the IL-2 1s bempegaldestevkin.

{88891 In some embodiments, there 1s provided a method of treating a cancer in a
subject, comprising adminustering to the subject: {a} an effective amount of an anti-
CD137 antibody that specifically binds to an extracellular domain of human CD137,
whergin the anti-CD137 antibody comprises a VH and a VL, wherein the VH comprises
a HVR-H1 comprising the anuno acid sequence of SEQ ID NO: 2, a HVR-H2
comprising the amino acid sequence of SEQ D) NO: 3, and a HVR-H3 comprising the
amino acid sequence of SEQ 1D N 4, and wherein 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 1D NO: 6, and a HVR-L3 coroprising the amino acid
sequence of SEQ I NGO 7, and (b) an effective amount of an IL-2. In some
emboediments, the anti-CD137 antibody comprises a VH comprising the aming acid
sequence of SEQ D NO: 8, and/or a VL comprises the amino acid sequence of SEQ
2 NO: S, In some embodiments, the 1L-2 1s a wildtype 1L-2, a chemically modified

IL-2 varient, or an [L-2 analog. In some embodiments, the [L-2 is bempegaldesieukin.
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{8108}  In some embodiments, there is provided a method of treating a cancer in a
subject, comprising adminustering 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-UCD137 antibody comprises a VH and a VL, wherein the anti-CP137
antibody comprises a VH and a VL, wherein the VH comprises a HVR-HI comprising
the arnino acid seguence of SEQ 1D NO: 12, a HVR-H2 coroprising the amino acid
sequence of SEQ 1D NO: 13, and a HVR-H3 comprising the amino acid sequence of
SEG ID NG: 14, and wherein the VL comprises a HVR-L1 comprising the amino acid
sequence of SEQ D NO: 15, a HVR-LZ comprising the amine acd sequence of SEQ
ID NGO 16, and a HVYR-L3 comprising the amino acid sequence of SEQ 1D NO: 17;
and (b} an effective amount of an [L-2. In some embodiments, the anti-CDM 37 antibody
comprises a VH comprising the amino acid sequence of SEQ ID NO: 18, and/ora VL
comprises the amino acid sequence of SEQ 1D NG 19, In sorve embodiments, the -
2 1s a wildtvpe IL-2, a chemucally modified TL-2 variant, or an 1L-2 analog. In some
embodiments, the IL-2 1s bempegaldestevkin.

BB} In some embodiments, there 1s provided a method of {reating a cancer in a
subject, comprising administering to the subject: {(a} an effective amount of an anii-
CD137 antibody that specifically binds to an extracellular domain of human CD137,
wherein the anti-CD 137 antibody comprises a VH and a VL, wherein the VH comprises
a HVR-H1 comprising the anmino acid sequence of SEQ 1D NG: 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 1D NO: 24, and wherein the VL comprises a HVR-L1
comprising the amino acid sequence of SEQ 1D NO: 25, a HVR-L2 comprising the
amino acid sequence of SEQ 1D NO: 26, and a HVR-L3 comprising the anuno acid
sequence of SEQ ID NG 27; and (b} an effective amount of an IL-2. In some
embodiments, the anti-CD137 antibody comprises a VH comprising the amino acid
sequence of SEQ 1D NO: 28, and/or a VL comprises the amino acid sequence of SEQ
2 NO: 29 In some embodiments, the 11.-2 15 a wildtype 1L-2, a chemically modified
IL-2 varient, or an 1L-2 analog. In some embodiments, the [L-2 is bempegaldesieukin.
{81821 In some embodiments, there is provided a method of treating a cancer {e.2..
lung cancer or melanoma) 1 a subject, comprsing adnunisiering to the subject: {a) an

effective amount of an anti-CB137 aniibody that specifically binds to an extraceliular
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domain of human CD137, wherein the antibody binds to one or more amino acid
residues selected from the group consisting of amine 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 §L-2,
wherein the IL-2 is administered at a dose of no more than abowt 2. 8x10° IU/m¥. In
some embodiments, the I1L-2 15 a wildtype 1L-2, a chemically modified IL-2 variant, or
an IL-2 analog. In some embodiments, the TL-2 is bempegaldesieukin. In some
embodiments, the 1L.-2 is administered twice daily. In some embodiments, the IL-2 is
administered at a dose of about 7.2x10* IU/kg or about 2.8x10° [U/m’.

{BIB3]  In some embodimenis, there 1s provided a method of treating a cancer {e.2.,
himg cancer or melanoma} 11 a subiect, comprising adnunistering to the subject; (a) an
effective amount of an anti-CB137 aniibody that specifically binds to an extraceliular
domain of human CD137, wherein the anti-CD 37 antibody comprises a VH and a VL,
wherein the VH comprises a HVR-HI comprising the amino acid sequence of SEQ ID
NO: 2, a HYR-HZ comprising the amino acid sequence of SEQ 1D NO: 3, and a HVR-
H3 comprising the amino acid sequence of SEQ ID N 4, and wherein the VL
comprises a HVR-L1 compnsing the amuno acid sequence of SEQ {3 NO: 3, a HVR-
L2 comprising the amino acid sequence of SEQ 1D NO: 6, and a HVR-L3 comprising
the amino acid sequence of SEQ ID NO: 7. and (b) an effective amount of an 1L-2,
wherein the IL-2 is administered at a dose of no more than about 2.8210° {U/m’. In
some ernbodiments, the anti-CD 137 antibody comprises a VH comprising the amino
acid sequence of SEQ ID NO: &, and/or a VL comprises the amino acid sequence of
SEG ID NG 9. In some embodiments, the 1L-2 is a wildtype IL-2, a chemically
modified 1L-2 variant, or an TL-2 analog In some embodiments, the IL-2 is
bempegaldesleukin. o some embodiments, the 1L-2 15 admimstered twice dailv. In
some embodiments, the IL-2 is administered at a dose of about 7.2x10* I/kg or about
2.8 10° TU/m?.

{81041  In some embodiments, there 15 provided a method of treating a cavcer {e.g.,
fung cancer or melanoma) 1n a subject, comprising adminisiering to the subject: (a} an
effective amount of an anti-CD 37 antibody that specifically binds {0 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 1D

NG 12, a HVR-H2 comprising the aming acid sequence of SEQ ID NO: 13, and a
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HVR-H3 comprising the amino acid sequence of SEQ 1D NO: 14, and wherein the VL
comprises a HVR-L1 comprising the anuno acid sequence of SEQ 1D NO: 15, aHVR-
L2 comprising the amino acid sequence of SEQ D NO: 16, and a HVR-L3 comprising
the amino acid sequence of SEQ ID NO: 7. and (b) an effective amount of an L-2,
wherein the IL-2 is administered at a dose of no more than about 2.8210° {U/m’. In
some ernbodiments, the anti-CD 137 antibody comprises a VH comprising the amino
acid sequence of SEQ ) NG 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 L2 variant, or an IL-2 analog Io some embodiments, the H.-2 is
bempegaldesieukin. In some embodiments, the 1L-2 is administered twice daily. In
some embodiments, the IL-2 is administered at a dose of about 7.2+10* IU/kg or about
2.8 10° TU/m?.

{81851 In some embodiments, there is provided a method of ireating a cancer {(e.g,
fung cancer or melanoma) 1n a subject, comprising adminisiering to the subject: (a} an
effective amount of an anti-CD 37 antibody that specifically binds {0 an extracellular
domain of human CD137, wherein the anti-CD 137 antibody coroprises a VH and a Vi,
wherein the VH comprises a HYR-HI comprising the amino acid sequence of SEQ ID
NG: 22, a HVR-H2 comprising the aming acid sequence of SEQ ID NO: 23, and a
HVER-H3 comprising the amino acid sequence of SEQ ID NG: 24, and wherein the VL
comprises a HVR-L1 comprising the amino acid sequence of SEQ 1D NO: 25, a HVR-
L2 comprising the amino acid sequence of SEQ 1D NO: 26, and a HVR-L3 comprising
the amino acid sequence of SE{ 1D NGO: 27 and (b) an effective amount of an IL-2,
wherein the TL-2 is administered at a dose of no more than about 2.8x10° W/, In
some embodiments, the anti-CD 137 antibody comaprises a VH comprising the amino
acid sequence of SEQ ID NOG: 28, and/or a VL comprises the amino acid sequence of
SEQ D NO: 29 In some embodiments, the -2 i3 a wildtype 1L-2, a chemically
modified {L-2 vanant, or an 1L-2 analog. In some embodiments, the I1L-2 is
hempegaldesieukin. In some embodiments, the 1L-2 is administered twice daily. In
some embodiments, the IL-2 is administered at a dose of about 7.2x10% H/kg or about
2.8x 108 T/m?.

[B186]  To some embodiments, there 1s provided a method of treating a cancer {e.g.,

hung cancer or melanoma} in a subject, comprising administering to the subject: (a) an
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effective amount of an anti-CD 37 antibody that specifically binds {0 an extracellular
domain of human CD137, wheremn the antibody binds to one or more amino acid
residues selected from the group consisting of aming acid residues 51, 53, 62-73, 43,
89, 92, 95-104 and 112-116 of SEQ ID NO: 1; and (b) an effective amount of an L-2,
wherein the [L-2 is admunistered no wore than once every three days. In some
embodiments, the 1L-2 15 a wildivpe TL-2, a chervically modified IL-2 varant, or an fL-
2 analog. In some embodiments, the 1L-2 is bempegaldesieukin. In some embodiments,
the 1L-2 is administered at a dose of no more than about 1 4x107 UMy, e.g., aboul
7.2>x10° W/kg or about 14107 TU/n?,

{8187}  In some embodiments, there i1s provided a method of treating a cancer (e g..
hung cancer or melanoma} in a subject, comprising administering to the subject: (a) an
effective armount of an anti-CD137 antibody that specifically binds to an extraceliular
dompain of human CD37, wherein the anti-CD 137 antibody comprnisesa VHand a Vi,
wherein the VH comprises a HVR-HI comprising the amino acid sequence of SEQ 1D
NQO: 2, a HVR-H2 comprising the amino acid sequence of SEQ 1D NO: 3, and a HVR-
H3 comprising the amivo acid sequence of SEQ 1D NO: 4, and wherein the VL
comprises a HVR-L1 comprising the anuno acid sequence of SEQ 1D NO: 5 a HVR-
L2 comprising the amino acid sequence of SEQ 1D NO: 6, and a HVYR-L3 comprising
the amino acid sequence of SEQ ID NG 7: and (b) an effective amount of an TL-2,
wherein the IL-2 s admuanistered no wore than once every three days. In some
embodiments, the anti-CD 137 antibody comprises a VH comprising the amino acid
sequence of SEQ ID NO: 8, and/or a VL comprises the aming acid sequence of SEQ
D NG 9 In some embodiments, the 1L-2 15 a wildtype TL-2, a chemically modified
1L-2 variant, or an IL-2 analog. In some embodiments, the 11.-2 s berapegaldesicukin,
In some embodiments, the IL-2 1s administered at a dose of no more than about 1.4x 107
TU/m?, e.g., about 7.2210° TU/kg or about 1.4x107 IW/m%

{81081 In some embodiments, there 15 provided a method of treating a cavcer {e.g.,
fung cancer or melanoma) 1n a subject, comprising adminisiering to the subject: (a} an
effective amount of an anti-CD 37 antibody that specifically binds {0 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 1D

NG 12, a HVR-H2 comprising the aming acid sequence of SEQ ID NO: 13, and a
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HVYR-H3 comprising the amino actd sequence of SEQ 1D NG 14, and wherein the VL
comprises a HVR-L1 comprising the amano acid sequence of SEQ 1D NG: 15, aHVR-
L2 comprising the amino acid sequence of SEQ ID NO: 16, and a HVR-L3 comprising
the amino acid sequence of SEQ ID NG: 17, and (b) an effective amount of an 1L-2,
wherein the [L-2 is admunistered no wore than once every three days. In some
embodiments, the anti-CD 137 antibody comprises a VH comprising the anuno acid
sequence of SEQ 1D NO: 18, and/or a VL comprises the amino acid sequence of SEQ
D NO: 19 In some embodiments, the I1.-2 15 a wildtype 1L-2, a chemically modified
1L-2 variant, or an IL-2 analog. In some embodiments, the 11.-2 s berapegaldesicukin,
In some embodiments, the 1L-2 1s administered at a dose of no more than about 1. 4+107
U/, e.g., about 7.2x10° TU/kg or about 1.4x107 TU/m?.

{8189  In some embodiments, there is provided a method of ireating a cancer (e.g,
lung cancer or melanoma) in a subject, coruprising adroirustering to the subject: (a) an
effective amount of an anti-CID137 antibody that specifically binds to an extracellular
domain of human CD137, wherein the anti-CB137 antibody comprisesa VHand a VL,
wherein the VH comprises a HVR-HI comprising the amino acid sequence of SEQ 1D
NO: 22, a HVR-H2 comprising the amino acid sequence of SEQ 1D NO: 23, and a
HVR-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, aHVR-
L2 comprising the aroine acid sequence of SEQ 1D NO: 26, and a HVR-L3 comprising
the amino acid sequence of SEQ 1D NO: 27; and (b) an effective amount of an 1L-2,
wherein the IL-2 is administered no more than once every three days. In some
embodiments, the anti-CD137 antibodv comprises a VH comprising the amino acid
sequence of SEQ {13 NO: 28, and/or a VL comprises the anuno acid sequence of SEQ
D NG: 29, In some embodiments, the {L-2 15 a wildtype IL-2, a chemically modified
[L-2 variant, or an IL-2 analog. In some embodiments, the 1L-2 is bempegaldesieudin,
In some embodiments, the 1L-2 is administered at a dose of no more than about T.4x1(7
fU/m?. ez, about 7.2x10° 1U/kg or about 1.4107 1WU/nd.

{1181 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 1o 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
D NO: 1 and (b) an effective amount of a histone deacetylase (HDAC) inhibifor 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 CE 1371 on a cancer cell of the
subject. In some embodiments, the HDAC iphibitor 15 selected from the group
consisting of belnostat, vorinostat, romidepsin, and chidamide. In some embodiments,
the HDAC mhibitor induces expression of CD137 on an immune cell of the subject. In
some embodiments, the HDAC inhibitor induces expression of CDI37L on a cancer
cell of the subject. Tn some embodiments, the HIDAC johibitor induces expression of
CD137 on an tmmune cell of the subject and induces expression of CIH 371 on a cancer
cell of the subject.

{8118}  In some embodiments, there 13 provided a method of treating a cancer in a
subject, comprising adounisiering to the subject: (a} an effective amount of an anti-
{137 antibody that specifically binds to an extracellular domain of human CD137,
wherein the anti-<CD 137 anttbody comprises a VH and a VL, wherein the VH comprises
a HVR-H1 comprising the amino acid sequence of SEQ ID NO: 2, a HVR-HZ
comprising the amino acid sequence of SEQ ID NO: 3, and a HYR-H3 comprising the
amino acid sequence of SEG ID NO: 4, and wherein the VL comprises a HVR-L1
comprising the amino acid sequence of SEQ 1D NG: 5, a HVR-L2 comprising the
amino acid sequence of SEQ D NO: 6, and a HVR-L3 comprnising the anvno acid
sequence of SEQ 1D NO: 7; and {(b) an effective amount of an HDAC inhibitor that
mduces expression of CD137 on an imumume cell (e g, CDE&+ T cells, Treg cells, NK
cells and/or NK-T cells} and/or induces expression of CB137L 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 NG 8, and/or a VL comprises the amino acid
sequence of SEQ ID NG: 9. In some embodiments, the HDAC inhibitor is selected from
the group consisting of belinostat, vorinostat, roroidepsin, and chidamude. Tn some
embodiments, the HDAC inbubitor induces expression of CD137 on an immune cell of
the subject. In some embodiments, the HDAC infubitor induces expression of CRM37L
on a cancer cell of the subject. In some embodiments, the HBAC inhibilor induces
expression of CD137 on an tomune cell of the subject and induces expression of

CD137L on a cancer cell of the subject.
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{81121 In some embodiments, there is provided a method of treating a cancer in a
subject, comprising adminustering 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-UCD137 antibody comprises a VH and a VL, wherein the anti-CP137
antibody comprises a VH and a VL, wherein the VH comprises a HVR-HI comprising
the arnino acid seguence of SEQ 1D NO: 12, a HVR-H2 coroprising the amino acid
sequence of SEQ 1D NO: 13, and a HVR-H3 comprising the amino acid sequence of
SEG ID NG: 14, and wherein the VL comprises a HVR-L1 comprising the amino acid
sequence of SEQ D NO: 15, a HVR-LZ comprising the amine acd sequence of SEQ
ID NGO 16, and a HVYR-L3 comprising the amino acid sequence of SEQ 1D NO: 17;
and (b} an effective amount of an HDAC mhibitor that induces expression of {D137
on an wmwnune cell fe g, CD8+ T cells, Treg celis, NK cells and/or NK-T cells) and/or
mnduces expression of CD137L on a cancer cell of the subject Tn some embodiments,
the anti-CD 137 antibody comprises a VH comprising the anuno acid sequence of SEQ
D NG: 18, and/or a VL comprises the amino acid sequence of SEQ ID NG 19, Insome
embodiments, the HDAC inhibitor 15 selected {rom the group consisting of belinostat,
vorinostat, romidepsin, and chidamide In some embodiments, the HDAC mhibitor
induces expression of CD137 on an tmmune cell of the subject. In some embodiments,
the HDAC inhubitor induces expression of CD137L on a cancer cell of the subject. In
some embodiments, the HDAC 1nhibitor induces expression of CI3137 on an immune
cell of the subject and induces expression of CDM37L on a cancer cell of the subject.

{81131 In some embodiments, there is provided a method of treating a cancer in a
subject, comprising administering to the sobject: (a) an effective amount of an anti-
CD137 antibody that specifically binds 1o an extracellular domain of human CD137,
whergin the anti-CD 137 antibody comprises a VH and a VL, wherein the VH comprises
a HVR-HI comprising the amino acid sequence of SEQ D NG: 22, a HVR-H2
comprising the aruino acid sequence of SEQ 1D NG: 23, and a HVR-H3 comprising the
amino acid sequence of SEQ 1D NG: 24, and wherein the VL comprises a HVR-L1
comprising the amuno acid sequence of SEQ ID NO: 25, a HVR-L2 comprising the
amino acid sequence of SEQ ID NG: 26, and a2 HVR-L3 comprising the amino acid
sequence of SEQ ID NG: 27; and {(b) an effective amount of an HDAC inhibitor that

induces expression of CD37 on an immune cell (e.g., COB+ T cells, Treg celis, NK
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cells and/or NK-T cells) and/or induces expression of CB137L on a cancer celi 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 SEGQ ID NO: 29. In some embodiments, the HDAC inhibitor is selected
from the group consisting of belinostat, vorinosiat, romidepsin, and chidamide. In some
embodiments, the HDAC inbabitor induces expression of CD137 on an immune cell of
the subject. In some embodiments, the HDAC inhubitor induces expression of CDI37L
on a cancer celf of the subject. In some embodiments, the HDAC inhibitor induces
expression of CD137 on an tomune cell of the subject and 1nduces expression of
CD37L on a cancer cell of the subject.

{8114} In some embodiments, there is provided a method of ireating 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
from the group consisting of amino acid residues 51, 53, 62-73, 83, 89, 92, 95-104 and
H2-116 of SEQ ID NG | and (b) an elfective arnount of a DN A-damaging agent{e.g..
bendamustine} that induces expression of C13137 on an towmume cell {e.g., CD8+T cells,
Treg cells, WK cells and/or NK-T cells} and/or induces expression of {D137L on a
cancer cell of the subject. In some embodiments, the DNA-damaging agent 1s a DNA
chelator or an alkvlating agent. In some embodiments, the DNA-darnaging agent s
selected from the group consisting of nutomycin, bleomycin, doxorubicin and
bendamustine. In some embodiments, the DNA-damaging agent induces expression of
CD137 on an immone cell of the subject. In some emsbodiments, the DNA-damaging
agent induces expression of CDI37L on a cancer cell of the subject. In some
embodiments, the DNA-damaging agent induces expression of CDR137 on an immune
cell of the subject and induces expression of CDI37L on a cancer cell of the subject.
{81131 In some embodiments, there 15 provided a method of treating a cavcer {e.g.,
B-cell lvmphoma) in a subject, comprising administering to the subject: (a) an effective
amount of an anii-CD137 antibody that specifically binds to an extracelhilar domain of
human CD137, wherein the anti-CD 137 antibody comprises a VH and a VL, wherein
the VH comprises a HVR-H1 comprising the amano acid sequence of SEQIDNG: 2, a

HVR-HZ comprising the amino acid sequence of SEQ ID NO: 3, and a HVR-H3
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comprising the amino acid sequence of SEQ ID NO: 4, and wherein the VL comprises
a HVR-L1 comprising the amino acid sequence of SEQ 1D NO: S, a HVR-L.2
comprising the amino acid sequence of SEQ 1D NO: 6, and a HVR-L3 comprising the
amino acid sequence of SEQ ID NG: 7, and (b} an effective amount of a DNA-
damaging agent {e.2., bendamustine)} that induces expression of CD137 on an immune
cell (2.g, CD8+ T cells, Treg cells, NK cells and/or NK-T cells) and/or induces
expression of C137L on a cancer cell of the subject. In some embodiments, the anti-
D137 antibody comprises a VH comprising the amino acid sequence of SEQ ID NO:
8. and/or a VL comprises the amine acid sequence of SEQ ID NG: 9. In some
embodiments, the DNA-damaging agent is a DNA chelator or an alkviating 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 CDI37 on an imunune cell of the subject.
In some embodiments, the DNA-~damaging agent induces expression of CDi37L ona
cancer cell of the subject. In some embodiments, the DNA-damaging agent induces
expression of CD137 on an tomune cell of the subject and induces expression of
CD37L on a cancer cell of the subject.

{8116} In some embodiments, there is provided a method of ireating 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 anti-CED137 antibody comprises a VH and a VL, wherein
the anti-CD 137 antibody comprises a VH and a VL, wherein the VH comprises a HVR-
HI comprising the amino acid sequence of SEQ ID NG: 12, a HVR-H2 comprising the
amino acid seguence of SEQ ID NO: 13, and a HVR-H3 comprising the amuno acid
sequence of SEQ 1D 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 compnising the amino acid sequence of
SEQ 1D NO: 17 and (b} an effective amount of a DNA-damaging agent {e.g,
bendamustine) that induces expression of CD137 on an immune cell {e. g, CD&+ T cells,
Treg cells, NK cells and/or NK-T cells) and/or induces expression of CDI37L on a
cancer cell of the subject. Tn some embodiments, the anti-CI3137 antibody comprises a

VH comprising the amino acid sequence of SEQ 1D NO: 18, and/or a VL comprises the
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amino acid sequence of SEQ 1D NO: 19, In some embodiments, the DNA-damaging
agent 1 a DNA chelator or an alkviating 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 CD37L 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 CDI137L on a cancer cell of the
subject.

{8117} In some embodiments, there i1s 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 anti-CD137 antibody coroprises a VH and a VL., wherein
the VH comprises a HVR-H! comprising the anuno acid sequence of SEQ 1D NG: 22,
a HVR-HZ comprising the amino acid sequence of SEQ 1D NO: 23, and a HVR-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 1D NO: 25, a HVR-L2
comprising the amino acid sequence of SEQ 1D NG 26, and a HVR-L3 comprising the
aming acid sequence of SEQ ID NG 27; and (b} an effective amount of a DNA-
damaging agent {e.g., bendamustine} that induces expression of CDM37 on an iromune
cell {e.g, CDR+ T cells, Treg cells, NK cells and/or NK-T cells) and/or mduces
expression of CE¥ 1371 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 1D NO: 29 In sorse
embodiments, the DNA-damaging agent is a DNA chelator or an alkviating agent. In
some embodiments, the DNA-damaging agent 1s selected from the group consisting of
mitoroyein, bleomyem, doxorubicin and bendamustine. To some embodiments, the
DNA-damaging agent induces expression of CDI37 on an imimme cell of the subject.
In some embodiments, the DNA-damaging agent induces expression of CDI37L on a
cancer cell of the subject. In some embodiments, the BNA-damaging agent induces
expression of CD137 on an tomune cell of the subject and induces expression of

CD137L on a cancer cell of the subject.
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{8118} The anti-UD137 antibody and the CD37-inducing agent {e.g.. cvtokine,
HIAC mwhibitor, or DNA-damaging agent) may be adminstered in combination with
one or more additional therapeutic agents or therapies. In some embodiment, the andi-
CD137 antibody and the CD37-inducing agent {e.g., cvtokine, HDAC nhibitor, or
DNA-damaging agent) are admunisiered in combination with one or more additional
therapeutic agents for separate, sequential or simultaneous advunistration. The term
“additional therapeutic agent” refers to any therapeutic agent other than an anti-CD 37
anttbody or a CD137-inducing agent {e.g., cyiokine, HDA{L ihibitor, or DNA-
damaging agent) provided herein. Exernplary additional therapeutic agenis or therapies
melude, for example, chemotherapeutic agents, immumotherapeutic 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 whibitors, targeted therapies,
radiation therapies, and chemotherapies.

{41191 In some embodiments, the anti-CD137 antibody and the CD137-inducing
agent {e.g., cytokine, HDAC mhubitor, or DNA-darnaging agent} are adminstered in
combination with an anti-CD20 antibody. Exemplary ardti-CD20 antibodies include,
but are not himited to, rituximab, obinutuzamab, B-Lyl, 1188, AT80, Hid7, 2C6, 2F2,
2H7 and GAT01, biosimilars thereof, and derivatives thereof In some embodiments,
the anti-CD20 antibody 1s a type T anti-CD20 antibody. In some embodiments, the anti-
CD20 antibody 1s a type H anti-CD20 antibody. In some embodiments, art recognized
anti-CD20 antibodies can be used. For example, the anti-CD-20 antibodies disclosed in
1.8 Pat No. 7,879,984 WQO2005/044859, WO2004/035607, W{2005/103081,
WO2004/056312, WO2007/031875, and WO2015/095410 can be used m 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-recogruzed antibodies {or binding to CI3-20 also can be used. In some
embodiments, the anti-CD20 antibody 1s rituximab.

{$1201  In some embodiments, there is provided a method of treating a cancer {e.g..
B-cell lvmaphoma) in a subject, comprising administering 1o the subject: {a) an effective
amount of an anti-CD 37 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
FI2-116 of SEGQ ID NO: 1 (b) an effective amount of a DNA-damaging agent that that
induces expression of CD137 on an immmme cell (e.g., CD8+ T cells, Treg cells, NK
cells and/or NK-T cells) and/or induces expression of CE 1371 on a cancer cell of the
subject; and {¢} an effective amount of an anti-CD20 antibody. In some embodiments,
the anti-CD20 antibody is rituximab. In some ernbodiments, the DNA-~damaging agernt
is a DNA chelator or an alkylating agent. In some embodiments, the DNA-damaging
agent is selected from the group consisiing of mitomyvein, bieomycin, doxorubicin and
bendamustine. In some ervbodirvents, 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 CDI37L on a cancer cell of the subject. In some
embodiments, the DNA-damaging agent induces expression of CD37 on an immuone
cell of the subject and induces expression of CDI37L on a cancer cell of the subject.
{1211 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 amownt
of anv one of the anfi-CD137 antibodies described hersin; (b) an effective amount of
bendamusting; and {¢} an effective amount of an ant-CD20 antibodv. In some
emboediments, the anti-C D20 antibody is rituximab, a biosimilar thereof, or a derivative
thereof In some embodiments, the anti-CEl 137 antibody comprises a VH and a VL,
wherein the VH comprises a HVR-HI comprising the amino acid sequence of SEG ID
NO: 2, a HYR-HZ comprising the amino acid sequence of SEQ 1D NO: 3, and a HVR-
H3 comprising the amino acid sequence of SEQ ID N 4, and wherein the VL
comprises a HVR-L1 comprising the amino acid sequence of SEQ 1D NG: 5, a HVR-
L2 comprising the amino acid sequence of SEQ 1D NO: 6, and a HVR-L3 comprising
the amino acid sequence of SEQ ID NG: 7. In some embodiments, the anti-CD137
antibody comprises a VH comprising the amino acid sequence of SEQ ID NG: 8, and/or
a VL comprises the arino acid sequence of SEQ 1D NQ: 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 1D NQO: 10, and/or the light chain
comprises the amino acid sequence of SEQ 1D NG: 11,

{8122}  In some embodiments, the anti-CD137 antibody and the CDI37-nducing

agent {e.g., cytokine, HDAC wnhibitor, or DNA-damaging agent) are adminisiered in
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combination with an immune checkpoint inhibitor. Immune checkpoint inhibitors are
compounds that inhubit the activity of control roechanisms of the wunune system,
Immune system checkpoints, or immune checkpoints, are mhibitory 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.
Checkpomnt inhubuiors can johibit an wwnune system checkpomt by stimulating the
activity of a stirnudatory checkpoint molecule, or inhibiting the activity of an inhibitory
checkpoint molecule in the pathway. Immune system checkpoint molecules include,
but are not luruted 1o, eviotosac T-lvrophoevte antigen 4 (CTLA-4), programmed cell
death 1 protem {PD-1), programmed cell death 1 hgand 1 (PD-L1), programmed cell
death 1 kgand 2 {(PD3-L2), lvmiphocvie activation gene 3 {LAG3), B7-1, B7-H3, B7-H4,
T cell membrane protein 3 {TIM3), B- and T-lymphocyvte attenuator (BTLA), V-domain
immunoglobulin (dgi-contaming suppressor of T-cell activation (VISTA), Killer-cell
immunoglobulin-like receptor (KIR), and A2A adenosine receptor {AZaR). As such,
checkpoint inhibitors include antagonists of CTLA-4, PD-1, PD-L1, PD-L2, LAGS,
B7-1, B7-H3, B7-H4, BTLA, VISTA, KIR, A2aR, or TIM3. For example, antibodies
that bind o CTLA-4, PD-1, PD-L1, PD-L2 LAGS, B7-1, B7-H3, B7-H4, BTLA,
VISTA, KIR, A2aR, or TIM3 and antagonize their function are checkpoint inhibiiors.
Moreover, any molecule {(e.g., peptide, nucleic acid, small molecule, etc.} that inhibits
the inhibitory function of an ioune svstem checkpoint 1s a checkpomnt indubttor,
{1231 In some embodiments, the immune checkpoit inhibitor is an antibody that
specifically binds to an immune checkpoint molecule. In some embodiments, the
mnmune checkpomt inhibitor 1s selected from the group consisting of an anti-PD-1
anttbody, an anti-PD-L1 antibody, and an anti-CTLA~4 antibody.

{8124} In some embodiments, the immune checkpoint inhibitor is an anti-PD-1
antibody. Exemplary anti-PD-1 antibodies include, but are not imated to, 2ES (Cstone
Pharmaceuticals), uslelizumab (BGB-A317), BGB-108, STI-A1110, AMOOOL, Bl
754091, smntilimab (IBI308), cetrelimab (JNJ-63723283), toripahimab {I8-001},
canrelizumab (SHR-1210, INCSHR-1210, HR-301210), MEDI-0680 {AMP-514),
MGA-012 (INCMGA 0012}, nivolumab (BMS-936558, MDX1106, ON(-4538),
spartalizumab (PDROOH, pembrolizumab (MK-3475, SCH 900475), PF-06801591,
cemipliimab  {(REGN-281¢0, REGEN281(0), dostarhmab  (TSR-(42, ANBO11},
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pidilizumab (CT-011), FITC-YT-16 (PD-1 binding peptide), APL-501 or CBT-501 or
genolimzumab (GB-226), AB-122, AKI05, AMG 404, BCD-100, F3206, HLX1G,
HX008, JTX-4014, LZMOO09, SymO21, PSB205, AMP-224 (fusion protein targeiing
PD-1}, CX-188 {(PD-1 probody}, AGEN-2034, GLE-010, budigalimab (ABBV-181},
AK-103, BAT-1306, CS-1003, AM-0001, TILT-123, BH-2922, BH-2941, BH-2950,
ENUM-244C8, ENUM-388D4, HAB-21, H EISCOL 11-003, [KT-202, MCLA-134,
MT-17000, PEGMP-7, PRS-332, RXI-762, STI-1110, VXM-10, XmAb-23104, AK-
112, HLX-20, 8SI-361, AT-16201, SNA-01, AB122, PDI-PIK, PF-06936308, RG-
7769, CAB PD-1 Abs, AK-123, MEDI-3387, MEDI-S771, 4H11282-E27, REMD-288,
8G-001, BY-243, CB-201, IBI-319, ONCR-177, Max-1, £5-4100, IBI-426, CCC-
0701, CCX- 4503, biosimuilars thereof, and derivatives thereof In some embodiments,
the antibodies that compete with any of these art-recognized antibodies for binding o
PD-1 also can be used. Tn some embodiments, the tmmune checkpoint inhibitor 15 2ES.
2E5 and related anti-PD-1 antibodies have been described, for example, in
{UN107840887A, which 1s incorporated herein by reference in its entirety. In some
embodiments, the tmrmune checkpoint inhubitor is toripalimab. Toripaliroab and related
anti-PD-1 antibodies have been described, for example, in UST006601382, which is
incorporated herein by reference in its entirety.

{8138} In some embodiments, the immune checkpoint mhibifor is an anti-PD-L1
antibody. Exeroplary anti-PD-L1  anttbodies include, but are not limited to,
aterolizumab, avelumab, durvalumab (imfinzi}), BGB-A333, SHR-1316 (HTI-1088},
CK-301, BME-936559, envafolimab (KN035, ASC22), CS1001, MDX-1105 (BMS-
936559}, LY 3300054, STI-A1014, FAZOS3, CX-072, INCBOBGSSO, GNS-1480, CA-
170, CK-301, M-7824, HTT-1088 (HTI-131 , SHR-1316), MSB-2311, AK- 186, AVA-
004, BBI-801, CA-327, CBA-0710, CBT-502, FPT-155, IKT-201%, IKT-703, 10-103,
IS-003, KD-033, KY-1003, MUCLA-145, MT-5850, SNA-QZ, BCD-135, APL-5302
{(CBT-402 or TQB2450), IMC-001, KD-045, INBRX-105, KN-046, IMC-2102, IM(C-
2101, KD-005, IMM-2502, 83974r-CX-072, 8974r-DFO-6E11, KY-10535, MEDI-1109,
MT-5594, SL-279252. DSP-106. Gensci-047, REMD-290, N-809, PRS-344, F§-222,
GEN-1046, BH-29xx, F5-118, hosumlars thereof, and dentvatives thereof In some

embodiments, the antibodies that compete with any of these art-recognized antibodies
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for binding to PD-L1 also can be used. In some embodiments, the immune checkpoint
inhibitor is atezohzumab.

{81261 In some embodiments, the immmune checkpoint indubitor 15 an anti-CTLA-4
antibody. Exemplary amti-CTLA-4 antibodies include, but are not himited io,
ipthimumab  (IBI310, BMS-734016, MDX010, MDX-CTLA4, MEDI4736),
fremelimumab  {CP-675, CP-675,206), APL-309, AGENI&284, and 51002,
AGENT181, Abatacept (Orencia, BMS-188667, RGZ077), BCD-145, ONC-392,
ADU-1604, REGN4659, ADGL16, KNO44, KN046, biosimilars thereof and
derivatives thereof. In some embodiments, art recognized anti-CTLA-4 antihodies can
be used. For example, the anti-CTLA-4 antibodies disclosed in: WO2019/149281, U8,
Patent No. 8,119,129, WO 01/14424, W 98/42752;, WO 00/37504 (CP675,206, also
known as tremehmumab; formerly ticilimumab), US. Patent No. 6,207,156,
WO2001014424, W02000037504, and U.S. Patent No. 8,017,114; Hurwitz et al. {1998}
Proc Natl Acad Sci USA 95(17): 10067-10071; Camacho et al. (2004) J Clin Oncology
22145y Abstract No. 2505 (antibody CP-675206); and Mokyr et al. {1998) Cancer Res
58:5301-53304 can be used in the methods disclosed herein. The teachings of each of
the aforementioned publications are hereby incorporated by reference. In some
emboediments, the antibodies that compete with any of these art-recognized antibodies
for binding to CTLA-4 also can be used. In some emwbodiments, the anti-CTLA-4
antibody 1s ADGLI6. ADGILI6 {also known as TY21580) and related anti-CTLA-4
antibodies have been described, for example, in WO2019/149281, which is
mcorporated herein by reference in its entirety.

{81271 In some embodiments, there is provided a method of treating a cancer {e.2..
melanora) m a subject, coroprising administering to the subject {a) an effective
amount of an anti-CD137 antibody that specifically binds {0 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 vesidues 31, 53, 62-73, 83, 89, 92, 95-104 and
112-116 of SEQ 1D NO: 1 (b) an effective amount of a cytokine that that induces
expression of CD137 on an immune cell {e.g, CD&+ T cells, Treg cells, NK celis and/or
NK-T cells) and/or induces expression of CD137L on a cancer cell of the subject; and
{c} an effective amownt of an anti-PI3-1 antibody. In some embodimenis, the anti-P-1

anttbody 18 2E5. In some embodiments, the cvtokine mnduces expression of CD137 on

N
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an tmmune cell of the subject. In some embodiments, the cytokine mduces expression
of CI3137L on a cancer cell of the subject. In some erobodirnents, 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 cytokineg s selected
from the group consisting of IL-2, [L-12, 1L-10 and INFy. In some embodiments, the
cytokineg 15 HL-2. In some embodiments, the 1L-2 is administered at a dose of no more
than about 2.8+ 10° TU/m’, e.g.. about 7.2x10* 1U/kg or about 2.8x10¢ [U/m?.

{81381 In some embodimenis, there is provided a method of treating a melanoma 1o
a subject, comprising adminisiering to the subject: {a) an effective amount of any one
of the anti-CB137 antibodies described herein; (b) an effective amount of [L-2; and (¢}
an effective amount of an anti-PD-~1 antibody. In some embodiments, the anti-CB137
anttbody comprises a VR and a VL, wherein the VH comprises a HVR-HT comprising
the amino acid sequence of SEQ 1D NG 2, a HVR-HZ comprising the amino acid
sequence of SEQ 1D NO: 3, and a HVR-H3 comprising the amino acid sequence of
SEQ I3 NOG: 4, and wherein the VL comprises a HVR-L1 comprising the amino acid
sequence of SEQ ID NG 5, a HVR-L2 comprising the anuno acid sequence of SEQ 1D
NG: 6, and a HVR-L3 comprising the amino acid sequence of SEQ ID NGO: 7. In some
embodiments, the anti-CD137 antibody comprises a VH comprising the aminoe acid
sequence of SEQ D NO: 8, and/or a VL coroprises the anyno acid sequence of SEQ
ID NGO: 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 D NG: 10, and/or the light charn comprises the aminoe acid sequence of SEQ 1D
NGO 1L

{41291 Cancer treatments can be evaluated by, e g, tumor regression, tumor weight
or size shrinkage, time {o progression, duration of survival, progression free survival,
overall response rate, duration of response, guality of life, protein expression and/or
activity. Approaches to determining efficacy of therapy can be employed, including for
example, measurement of response through radiological imaging.

{8134} The anti-CD137 antibodies and the CD137-nducing agents {e.g., cviokine,
HDAC inhibitor, or DNA-damaging agent) provided by the presemt disclosure can be
administered via any suilable enteral route or parenieral route of administration. The

term “enteral route” of admimistration refers 1o the admunistration via any part of the
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gasirointestinal tract. Examples of enteral routes include oral, mucosal, buccal, and
rectal route, or intragastric route. “Parenteral route” of admirustration refers to a route
of admunistration other than enteral route. Examples of parenteral routes of
administration include intravenous, intramuscular, imtradermal, iniraperitoneal,
intratumor,  intravesical, intraarterial, intrathecal, intracapsular, intraorbital,
mwiracardiac, transtracheal, mtraarticular, subcapsular, subarachnoid, intraspinal,
epidural and intrasternal, subcutaneous, or topical adminisiration. The antibodies and
compositions of the disclosure can be adnmunistered 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 fornuiation or dosage torm 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-CD 137 antibody 15 admunistered intravenously. In some embodiments, the CD137-
mnducing agent {e.g.. cytoking, HDAC wmhibilor, or DNA-damaging agent) is
administered indravenously.

{8131} Insome embodiments, the anti-CE 137 antibody is administered at a flat dose.
In some embodiments, the anti~CD 137 antibody 1s 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 mg, 320 mg, 310 mg, 300 mg, 275 mg, 2530 mg, 225 mg,
200 mg, 175 mg, 150 mg, or 125 mg. In some embodiments, the dose of the ant1-CD137
anttbody 1s within any one of the following ranges, wherein the ranges have an upper
it of any one off 500 mg, 475 mg, 450 mg, 425 mg, 400 mg, 390 mg, 380 mg, 370
mg, 360 mg, 350 mg, 340 mg, 330 mg, 320 mg, 310 mg, 300 mg, 275 mg, 250 mg, 225
mg, 200 mg, 175 mg, or 150 mg, and an independently selected lower himit of any one
of 475 mg, 450 mg, 425 mg, 4060 myg, 390 mg, 380 mg, 370 mg, 360 mg, 350 mg, 340
mg, 330 mg, 320 mg. 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 aboul
150 mg to about 200 mg, about 150 mg to about 300 rog, about 150 rog 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 mg, about 300 mg to about 400 mg, about 400 mg to about 500 mg, about
125 mg to about 300 mg, about 300 mg to about 500 rog, about 200 g to about 400
mg, about 125 mg to about 250 mg, about 250 mg to about 500 mg, about 250 mg to
about 400 me, about 125 mg to about 400 mg, about 200 mg to about 500 mg, or about
125 meg 1o about 500 mg. The doses described herein may refer to a suitable dose fora
human, or an equivalent dose for the specific species of the subject In some
embodiments, the anti-CD137 antibody 15 administered at a dose equivalent to no more
than 500 mg (such as no more than 400 mg/kg) for a human subject. In some
embodiments, the anti-CD137 antibody s admanistered at a dose of about 123 mg to
about 500 mg, such as abowt any one of 125, 150, 200, 250, 300, 350, 400, 450 or 500
mg.

{8132} In some embodimenis, the anti-CD137 antibody 15 adminisiered at a dose of
no more than any one of 10 mg/kg, 9 mg/ke, 8 mg/kg, 7 mg/kg, 6 mglkg, S mg/ikg, 4
mg/kg, 3 mg/ke, 2 mg/ke, 1 mg/ke, 0.8 mg/kg, 0.6 mg/kg, 0.5 mg/ke, 0.4 mg/kg, 0.3
meg/kg, .2 mg/ke, 0.1 mg/ke, 0.08 mg/ke, 0.05 mg/kg, 0.04 ma/kg, or 0.03 mg/kg. In
some embodiments, the dose of the anti-CD137 antibody 1s within any one of the
following ranges. wherein the ranges have an upper limit of any one of! 10 mg/kg, 9

mg/ke, 8 mg/kg, 7 mg/kg, 6 mg/kg, 5 mg/kg, 4 mgkg

0

3 mg/kg, 2 mg/ikg, 1 mg/kg, 0.8
mg/ke, 0.6 mg/kg, 0.5 mg/kg, 0.4 mg/ke, 0.3 mg/kg, 0.2 meikg, 0.1 mg/keg, 0.08 mg/ke,
0.05 rog/kg, or 0.04 mg/kg, and an independently selected lower limit of any one of 9
mg/kg, & mg/kg, 7 mg/kg, 6 mg/ke, 5 mg/kg, 4 meg/kg 3 mg/ke 2 me/ke, 1 me/kg, 0.8

mg/kg, 0.6 mg/kg, (.5 mg/ke, 0.4 mg/kg

0

0.3 mg/kg, 0.2 mg/ke, 0.1 mg/kg, 0.08 mg/kg,
.05 mg/kg, 0.04 me/kg, or 0.03 mg/ke, and wherein the lower limit is less than the
upper liroit. Tn some embodiments, the anti-CD137 antibody s admimstered at a dose
of anv one of about .03 mg/kg to about 10 mg/ke, about 0.1 mg/kg to about 10 mg/kg,
about 0.3 mg/kg to about 10 mg/kg, about I mg/kg to about 10 mg/ke, about 3 meikg
to about 10 mg/ke, about 3 mg/kg to about 10 og'ke, about 0.03 mg/kg to about 0.1
mg/kg, about 0.1 mg/ke to abowt 0.3 mg/kg, about 0.3 mg/kg to about 1 mg/kg, about
I mg/kg to about 3 myg/ke, abowt 3 mo/kg to about § mg/kg, about 0.1 mg/kg to about
3 mg/kg, or about 1 mg/keg to about 5 mg/ke. The doses described herein may refer o
a suttable dose for a human, or an equivalent dose for the specific species of the subject.

In some embodiments, the anti-CD137 antibody 1s administered at a dose equivalent 1o
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about 0.1 mg/kg to about 10 mg/kg {such as about 3 mg/ke o about 8 mg/kg, or about
5 mg/kg to about 10 mg/ke) for a human subject. Insome embodiments, the anti-CD137
antibody is administered at a dose equivalent {0 no more than 10 mg/kg (such as no
more than 8 meg/kg, of no more than 5 mg/kg) for a human subject. In some
embodiments, the anti-CD 137 antibody 15 adounistered at a dose of about 0.03 me/kg
to about 10 mg/ke, such as about any one of 0.03, 0.1,0.3, 1,3, 5, 8 or 10 mg/ke

{81331 The effective amount of the anti-CD137 antibody may be administered in a
single dose or in muliiple doses. For methods that comprises administration of the anti-
CD137 antibody in roultiple doses, exemplary dosing frequencies include, but are not
lirmted to, weeklv, weekiy withowt break, weekly for two out of thrae weeks, weekly
for three out of four weeks, once every three weeks, once every two weeks, monthly,

~
Ji
i

every six months, vearly, efc. In some embodiments, the anti~-CD137 antibody 1s
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
yvears, 2 vears, 12 months, 11 months, 10 months, 9 months, & months, 7 months, 6
months, 5 months, 4 months, 3 months, 2 months, T month, 4 weeks, 3 weeks, 2 weeks,
or 1 week. In some embodiments, the intervals between each adnunistration are more
than about anv of I week, 2 weaks, 3 weeks, 4 weeks, 1 month, 2 months, 3 months, 4
months, 5 months, 6 months, 7 months, 8 months, 9 months, 10 months, 11 months, 12
months, 2 vears, or 3 vears. In some emboduments, there 1s no break in the dosing
schedule.

{81341 In some embediments, 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 ronths, once per 3
months, once per 4 months, once per S months, once per 6 months, once per 7 months,
once per 8 months, once per 9 months, once per 10 months, once per 11 months, once
per yvear, or less. In soroe embodiments, the anti-CD137 antibody 1s adnunistered n a
single dose. In some embodiments, the anti-CD137 antibody is admunistered about
once every three weeks.

{B1351  In some embodiments, the anti-CD¥ 37 antibody is administered at a dose of
no more than 500 mg, such as no more than any one of 400 mg, 350 wg, 300 mg, 250

mg, 200 mg, 150 mg or 125 mg once every three weeks. In some embodiments, the
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antt-CD 137 antibody 1s adnunistered 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 mg, or 400 mg, once every
three weeks.

{8136} In some embodiments, the anti-CD137 antibody is administered af a dose of
no more than 10 mg/kg, such as no more than any one of 8 mg/kg, 5§ mgike, 3 mg/ke,
2 mg/kg, or I mg/kg once every three weeks, In some embodiments, the anii-CD137
antibody 1s adnuinistered at a dose of abowt 0.03 mg/kg to about 10 mg/ke, such as about
any one of 0.03, 0.1, 0.3, 1, 3, 5, & or 1{mg/ke, once every three weeks.

{81371 Suitable dosages for the CD137-nducing agent {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
admunistration. Exemplary doses of the CD137-inducing agent (e.g., cviokine, HDAC
mohibitor, or DNA~darnaging agent) include, but are not lureted to, about any one of |
mg/m’, 5 mg/ny, 10 mg/m’, 20 me/ny’, 50 mg/ny’, 100 mg/m’, 200 mg/m?, 300
mg/n?, 400 mg/m’, 500 mg/m?, 750 mg/m’, 1000 mg/m’, or more. In some
embodiments, the dose of the CD137-inducing agent (e.g., cviokine, HDAC inhibitor,
or DINA-damaging agent) 1s included in any one of the following ranges: about 1 1o
about 5 mg/m?, about 5 to about 10 mg/my’, about 10 to about 20 mg/m?, about 20 to
about 50 mg/m?, about 50 to about 100 mg/m”, about 100 mg/m? {0 about 200 mg/m’,
about 200 to about 300 mg/v?, about 300 to about 400 mg/n¥?, about 400 to about 500
mg/ny’, about 500 to about 750 mg/m?, or about 750 1o about 1000 mg/m’. In some
embodiments, the dose of the CD137-inducing agent {e.g., cytokine, HDAC inhibitor,
or DN A-damaging agent} is about any one of 1 pg/ke, 2 ug/ke, S ug/kg, 10 ug/kg, 20
ug/kg, 50 ug/ke, 0.1 mg/ke, 0.2 mg/kg, 0.3 mg/kg, 0.4 mg/kg, 0.5 mg/kg, | mg/ke, 2

mg/kg, S mgikg

0

10 me/kg, 20 mg/kg, 50 ma/ke, 100 mg/kg, or more. In some
embodiments, the dose of the CD137-inducing agent (e.g., cvtokine, HDAC mnhibitor,
or DNA-damaging agent) 1s any one of about 1 pg/kg to about 3 ug/kg, about 5 pgikg
1o about 10 ug/ke, about 10 ug/kg to about 30 ug/kg, about 50 ug/kg to about 0.1
mg/kg, about 0.1 mg/kg to abouwt 0.2 mg/kg, about 0.2 mg/kg to about 6.3 mg/kg,
about 0.3 mg/kg to about 0.4 mg/kg, about 0.4 mg/kg to about 0.5 mg/kg, about 0.5

mg/kg to about 1 mg/kg, about | mg/kg to about 5 mg/kg, about S mg/kg to about 10

mg/kg, about 10 mg/kg o about 20 mg/kg, about 20 mg/kg to about 50 mg/kg, about
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50 mg/kg to about 100 mg/ke, or about T mg/kg to abowt 100 mg/kg. In some
embodiments, the dose of the CD137-inducing agent (e.g., cviokine, HDAC inhibitor,
or DNA-damaging agent) 1s about any one of 1 pg, 10 pg, 50 pg, 100 pg, 500 pg, 1
mg, 10 mg, 50 mg, 100 mg, 500 mg or 1000 mg. In some embodiments, the dose of
the CD137-inducing agent (e.g., cviokine, HDAC juhibitor, or DNA-darvaging agent)
is anty one of about 1 ug to about 10 pg, about 10 ug to about 50 10 pg, about 50 ug
to abowt 100 pg, about 100 pg to about 500 pg, about 500 pg to about 1 mg, abowt §
mg to about 5 mg, about 5 mg to about 10 mg, about 10 mg 1o abowt 25 mg, about 25
mg to about 50 myg, aboui 50 mg to about 100 mg, about 100 mg to about 500 mg,
about 500 yog to about 1000 mg, about 1 pg to about | rug, about 1 mg to about 10060
mg, or about 1 pg to about 1600 mg.

{8138 In some embodiments, the CD137-inducing agent {e.g. cytokine, HDAC
mhibitor, or DNA-damaging agent) 1s adnunistered daily. In some embodiments, the
CD137-inducing agent {e.g., cvtokine, HDAC inhibitor, or DNA-damaging agent) is
administered is administered at feast about any one of Ix, 2x, 3x, 4x, 5k, 6x, or Tx {i.e.,
daily} a week. In some embodiments, the CD137-inducing agent (g g., cyickine, HDAC
inhibitor, or DNA-damaging agent} is administered weekly. In some embodiments, the
CD137-inducing agent {e.g., cviokine, HDAC inhubuior, 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 & 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, T 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
motervals between each admimistration are more than about any ovne of 1 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
iterval between each administration 1s no more than about a week In some
embodiments, the CD137-inducing agent (e g., cvtokine, HDAC inhubitor, or DNA-
damaging agent) is adminisiered with the same dosing schedule as the anii-CD137

antibody. In some embodiments, the CD137-inducing agent {(e.g., cviokine, HBAC
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mhibitor, or DNA-damaging agent} 1s administered with a different dosing schedule as
the anti-CD137 antibody.

{8139}  In some embodiments, the IL-2 is adnunistered at a continuous low dose. In
some embodiments, the 1L-2 1s administered at least daily. In some embodiments, the
[L-2 1s administered twice daily. In some embodiments, the 1L-2 is administered three
fimes per day, i.e., every 8 hours. In some emnbodiments, the 1L-2 is adowostered at
{east daily forat least 7. 8.2, 10, 11, 12, 13, 14, 15 16, 17, 18, 19, 20, 21, 22, 23, 24,
25,26, 27, 24 days or more. In some embodiments, the 1L-2 is administered twice daily
for about 14 davs to about 28 days. In some embodiments, the IL-2 is adounistered at
a dose of no more than about any one of 2.8x10%, 2.5x10° 2x10°, 1.5x10°, 1x10°, 910",
8x10°, Tx10°, 6x10°, Sx10°, 4x10°, 32 10°, 2+1¢°, 1.4x10° International Units ({UYm’.
In some embodiments, the IL-2 is administered at a dose of about any one of 4x1(°
(UMDY 1o 52107 TU/m?, 5x10° TU/m® to 12108 TU/m?, 100 TU/m® to 1.5710% TU/m?,
108 IU/mv 1o 2108 TU/Mmy, 1x10° 1U/m? to 2.8 10° TU/Mmy, 1.4x10° TU/my 1o 2.8x10°
IU/m?, 7107 H/m? to 2.8x10° TU/m?, or 1.4x10° TU/m? to 2.8x10° IU/my. In some
embodiments, the 1L-2 is administered at a dose of no more than about any one of 8x 104,
72100, 6x10Y $x10%, 47100, 3x10Y, 2x10% 12108, Ox10°, 8x10°, 7T#10°%, 6x10°, or
Sx107 1U/kg. In some embodimenis, the [L-2 is administered at a dose of about any one
of $x10° TU/kg to 1210% 1U/Kg, 1x10% Wikg to 4x10% TW/kg, 4210% 1U/kg to 8x10¢
fU/kg, 57107 W/kg to 8710% 1U/Ke, 5x10° TW/kg to S#10% Wik, 5x10° TU/kg to
7.2x10% Wike, 1x10% IW/kg to 7.2x10% 1U/kg, or 7.2x10% FU/kg to 7.2x10% Wikg. In
some embodiments, the IL-2 is administered twice or threg times daily at 2 dose of
about 7.2x10* IU/kg. In some embodiments, the TL-2 is administered twice or three
times daily at a dose of about 2.8%10° {U/m?. 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.2., human),

{81481 In some embodiments, the 1L-2 1s admunistered at a low frequency. In some
embodiments, the 11.-2 1s adnunistered at a frequency of no more than abowt once every
2,3, 4, 5, 6,7 days or more. In some embodiments, the IL-2 is admimstered at a
frequency of no more than once every three days. In some embodiments, the TL-2 is
admuanistered {or no more than about any one of 14, 13,12, 11,10, 9,8,7,6,5,4, 0r 3

doses. In some embodiments, the IL-2 is administered at a dose of at least abowt any

W
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one of 2.8x106, 3x10°, 4x106, 5x106, 6x10°, Tx10°, Bx10°, 9x106, 1x107, 1.2x107, or
| 4x107 JU/m? In some embodiments, the 1L~2 is administered at a dose of no more
than about any one of 1.4x107, 1.2x107, 1x107, 9x10°, 8x10°, 7x10°, 62100, 5x10%,
4x10%, 3%10°, or 2.8x10% {U/n?’. In some embodiments, the 1L-2 is administered at a
dose of about any one of 2.8x10° [U/m? to $x10° TU/m?, 5x10° TW/m to 1x107 TU/m?,
2.8} 0% {U/m? to T 0% UM, 00 TU/mP 1o 14x107 TU/Mm?, D07 IWim® to Laxiy’
U/m?, 2.8x10% TU/Mme® to 1107 TU/m?, or 2.8x10° 1U/m? to 1.4x107 IU/myY. In some
embodiments, the IL-2 is administered at a dose of at least about any one of 7.2+ 104,
§x 10, 9x10%, Fx10%, 2105, 3x10°, 4x10%, 5x10%, 6x10%, or 722105 U/kg. Tn sorme
embodiments, the 1L-2 is administered at a dose of no more than about any one of
725105, 65105, 5x10%, 4x10%, 3x10°, 25105, 12105, 9+ 108, 8x10%, or 7.2x10% TU/kg. In
some embodiments, the [L-2 is administered at a dose of about any one of 7.2x1¢¢
fU/kg to 1210° WU/ke, 1x10° 1U/kg to 3#10° IU/ke, 3x10° {U/kg to 7.2x10% [U/kg,
7.2x10* fU/kg to 2x10° 1U/kg, 1x10° 1U/kg to 7.2x10° FU/kg, or 7.2x10% [U/kg to
7.2x10° 1U/kg. In some embodiments, the IL-2 is administered once every three davs
at a dose of about 7.2x10° TW/kg. In some embodiments, the IL-2 is administered once
every three days at a dose of about 1.4x107 ILU/m®. The doses described herein may
refer 1o a suitable dose for a mouse, or an equivalent dose for the specific species of the
subject {e.g., human)}.

{81411 In some embodument, the DNA-damaging agent {e.g, bendaroustine) 1s
administered at a dose of about 12.5 mg/kg. In some embodiments, the DNA-damaging
agent {e. g, bendamusiing) is administered once daily. In some embodimenis, the DNA-
damaging agent is administered for at least about any one of 3,4, 5, 6, 7, or more doses.
The doses described herein may refer 1o a suitable dose for a mouse, or an equivalent
dose for the specific species of the subject {e.g., human}.

{6142} In somwe emboduments, the anti-CD 137 antibody and the CD137-inducing
agent {e.g., cviokine, HDAC wmhibitor, or DNA-damaging agent) are adwminustered
sequentially, te, the anti-CD137 antibody is administered before or afier the
administration of the CB137-inducing agent (e.g., cytoking, HDAC inhibitor, or DNA-
damaging agent). In some embodiments, the UB137-mducing agent {e.g., cviokine,
HIAC mwhibitor, or DNA-damaging agent) 1s admimstered prior to the admimstration

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
about any of 15 minutes, 30 nunutes, | hour, 2 hours, 3 hours, 4 hours, 3 hours, 6 hours,
12 hours, or 24 hours prior to the administration of the anti-CD137 antibody. In some
embodiments, the CD137-inducing agent {e.g., cviokine, HDAC inhibitor, or DNA-
damaging agent) i1s administered about days or weeks {such as about any of 1 day, 2
days, 3 days, 4 days, 5 days, 6 days, | week, 2 weeks, 3 weeks, 4 weeks, or more) prior
to the administration of the anti-CD137 antibody. In some embodiments, the CD137-
mducing agent {e.g. cvtokine, HDAC inhibitor. or DNA-damaging agent) is
admanistered  after the admustration of the anti-CD37 antibody. In sorse
embodiments, the CD137-inducing agent (e g., cvtokine, HDAC inhubitor, or DNA-
damaging agent) is administered no more than abowt any of 15 minutes, 30 minutes, §
hour, 2 hours, 3 howrs, 4 howrs, 5 hours, 6 howrs, 12 howrs, or 24 housrs after the
admimstration of the anti-CD137 antibody . To some ersbodiments, the CD137-inducing
agent {a.g., cytokine, HDAC mhibitor, or DNA-damaging agent) is adnunisiered about
days or weeks (such as about any of 1 day, 2 davs, 3 days, 4 days, 5 days, 6 days, 1
week, 2 weeks, 3 weeks, 4 weeks, or more} after the admunisiration of the anii-CD137
anttbody. In some embodiments, the anti-CD137 antibody and the CD137-inducing
agent {e.g., cytokine, HBAC inhibitor, or BN A-damaging agent) are admunistered with
one tmmediately after another (e.g, within S muinutes or less between the two
adminstrations). For exarople, in some embodiments, the CD137-mducing 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., cvickine, HDAC inhibitor, or DNA-damaging agent} is
admanistered tmmediately after the admimstration of the anti-CD 137 antibody.

{8143} In some embodiments, the anti-CD137 antibody and the CD137-inducing
agent {e.g., cviokine, HDAC wnhibitor, or DNA-damaging agent) are administered
simmultaneously.  In some embodiments, the anti-CD137 antibody and the CDI137-
mducing agent {e.g.. cyiokine, HDAC inhibitor, or DNA-damaging agent) are
administered simulianecusly via separate compositions. In some embodiments, the
anti~-CD137 antibody and the CD137-mducing agent (e.g., cyvtokine, HDAC mhibitor,
or DNA-darnaging agent) are admirustered as a single cowmposition.  In sorse

emboediments, the anti-CD137 antibody and the CD137-inducing agent {e.g., cyiokine,
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HDAC mhibitor, or DNA-damaging agent} are mixed prior to (such as immediately
prior to, e.g., within less than about 10, 5, or | minutes before) the administration of the
composition. In some embodiments, the composition comprising the anti-CD137
antibody and the CD137-imducing agent {e.g., cytokine, HDAU inhibitor, or DNA-
damaging agent} is pre~-made and stored for at least about 1 howrs, 2 howrs, 3 hours, 4
hours, 3 hours, 6 hours, 12 hours, 24 hours, 2 davs, 3 days, 4 davs, 5 days, 6 days, 7
days, 2 weeks, 3 weeks, or more prior to the administration.

#1441  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 over an extended period of time, such as from
about a week to about a month, from about a month to aboud a vear, from about a vear
o about several vears. In some embodiments, the anti~-CD 137 antibody and the CD137-
inducing agent are adnunistered over a period of at least any of about | week, 2 weeks,
3 weeks, 4 weeks, 5 weeks, 1 month, 2 months, 3 months, 4 months, 5 months, 6 months,
7 mounths, 8 months, 9 months, 10 months, 11 months, 12 months, 1 year, 2 vears, 3
vears, 4 vears, or more.

{8148} 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 canceris a
higuid cancer. A variety of cancers where CD137 1s implicated, whether malignant or
henign and whether primary or secondary, may be treated or prevented with a method
provided by the disclosure. The methods are applicable to hiquid or solid cancers of alf
stages, mcluding stages, 1, I, HI, and TV, according to the American Joint Commitice
on Cancer (AJCC) staging groups. In some embodiments, the cancer is anva: early stage
cancer, non-metastaiic cancer, primary cancer, advanced cancer, locally advanced
cancer, metastatic cancer, cancer in remission, cancer in an adjuvant setting, or cancer
1 a necadjuvant setfing. In some embodiments, the cancer 15 localized resectable,
localized unresectable, or unreseciable. In some embodiments, the cancer has been
refraciory o prior therapy.

{8146}  In some embodimenis, the cancer 13 a ligund cancer. In some embodiments,

the cancer 1 non-Hodgkin’s lvrophoma (NHL). 1o some embodiments, the NHL arises
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from B-lvmphocytes. In some embodiments, the canceris a B cell lvmphoma. In some
embodiments, the cancer 1s a diffuse large B-cell lvmphoma (DLBCL).

#1471 In some embodiments, the cancer 18 T cell lymphoma (TCL}). In some
embodiments, the cancer iz T-lymphoblastic lvmphoma or leukemia In some
embodiments, the cancer is peripheral T-cell lymphoma. In some embodiments, the
cancer 18 angioimmunoblastic T-cell lymphoma (AITL). In some embodiments, the
cancer is extranodal natural killer/T-cell lymphoma, eg., nasal type. In some
embodiments, the cancer is enteropathy -associaied infestinal T-cell iymphoma (EATL).
In some embodumenis, the cancer is lvnph nodeftousil type of TCL In some
embodiments, the cancer is anaplastic large cell lymphoma (ALCL) In some
emboediments, the cancer is peripheral T-cell lymphoma (PTCL).

[6148] In some embodiments, the cancer is multiple myeloma.

{#1491  In some embodiments, the cancer is a sohid cancer. fn some embodiments, the
cancer is selected from the group consisting of breast cancer, ovarian cancer, colorectal
cancer, gasiric cancer, melanoma, liver cancer, lung cancer, thyroid cancer, kidney
cancer, brain cancer, cervical cancer, bladder cancer, and esophageal cancer. In some
embodiments, the cancer 15 fung cancer, e g.. non-small cell lung cancer or NSCLC. In
some embodiments, the cancer is melanoma.

{8184} The methods described herein are useful for various aspects of cancer
freatment. o some embodiments, there 1s provided a method of inhibiting celi
proliferation {such as tumor growth) in an individual, comprising admitustering to the
mdividual an effective amount of any one of the anti-CD137 antibodies described
herein and an effective amount of any one of the CB137-inducing agents described
heremn. In some embodiments, at least about 10% {including for example at teast about
any of 20%, 30%, 40%, 60%, 70%, 80%, S(%, 95% or more) cell proliferation is
inhibited.

{81511 In some embodiments, there is provided a method of inlubiting tumor
metastasis in an individual, comprising adnunistering 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 CD37-nducing agents described herein. In some
embodiments, at least about 10% Gneluding for example at least about any of 20%,

30%, 40%, 60%, 70%, 80%, 90%, 23% or more} metasiasis is inhibited.
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{81821  In some embodiments, there is provided a method of reducing (such as
eradicaling) pre-existing tumor metastasis (such as metastasis to the lvmph node} in an
mdividual, comprising adnunistering 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. Tn some embodiments, at least about 10%
(including for exarople at least about any of 20%, 30%, 40%, 60%, 70%, 80%, 90%,
95% or more) metasiasis is reduced.

{41531  In some embodiments, there is provided a method of reducing incidence or
burden of preexisting tumor metfastasis {such as metastasis to the lymph node) o an
mdividual, comprising adnunistering 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 CD37-inducing agents described herein.

{81541 In some embodiments, there is provided a method of reducing tursor size in
an individual, comprising administering to the mdividual an effective amount of any
one of the anii-CD 137 antibodies described herein and an effective amount of any one
of the CD137-inducing agents described herein. In some emboduments, the method
reduces fumor size by at least about 10% (including for example at least about any of
20%. 30%, 40%, 60%. T0%, 80%, 90%, 95% or more).

[8188] In some embodiments, there 1s provided a method of prolonging time fo
disease progression of cancer w an indmdual, comprising administening o the
mdividual an effective amount of any one of the anti-CI3137 anmtihodies described
herein and an effective amount of any one of the C3137-mducing agenis described
herein. In some embodiments, the method prolongs the time to disease progression by
atleastany of 1, 2.3, 4.5, 6,7, 8,9, 10, 11, 12, 16, 20, 24, 28, 32. 36, or more weeks,
{8136} In some embodiments, there is provided a method of prolonging survival (e g,
overall survival or progression-free survival} of an mdividual having cancer,
comprising admimstering 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-
mducing agents described herein. In some embodiments, the method prolongs the
survival of the individual by atleast any o' 1,2, 3,4, 5,6, 7, 8,9, 10, 11, 12, 18, ovr 24

months.
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{81871 In some embodiments, there is provided a method of alleviating one or more
sviaptoros in an individual having cancer, comprising admunisiering fo the individual
an effective amount of any one of the anti-CD137 antibodies described herein and an
effective amount of any one of the {1 37-inducing agents described herein.

[8158] In some embodiments, there is provided a method of improving the quality of
life in an mdividual having cancer, comprising admunistering to the wndividual an
effective amount of any one of the anti-CD37 antibodies described herein and an
effective amownt of any one of the CD137-inducing agents described herein.

{R159]  Also provided are corapositions of any one of the anti-CDM37 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 anv one of the anti-CD137 antibediss
described herein and any one of the CD137-inducing agenis described herein in the

manufacture of a medicament for treating cancer.

CH137-inducing Agenis

{0168} 'The methods described herein comprise adminmistration of an agent {also
referred herein as “CD137-inducing agent”) that induces expression of CP137 on an
immune cell and/or induces expression of CD137L on a cancer cell of the subject.

{1611 In some embodiments, the CD37-inducing agent induces expression of
D137 on immune cells. Exemplary immmme cells include, but are not himited to,
peripheral blood mononuclear cells (PBMCs), CB38+ T cells, regudatory T {Treg) cells,
natural kilter (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, 160, 200,
500, 1000, or more folds. In some embodiments, the CEB137-inducing agent increases
the percentage of CDI37+ immune cells {eg, CDR+ 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 3, 10, 20, 50, 160, 200, 300, 1000, or more folds. In some
embodiments, the percentage of CD137-expressing immune cells {e.g., CDB+ T cells,
Treg cells, NK cells, and/or NK-T celis) in the subject alier treatment with the CD137-
mducing agent is at feast about any one of 10%, 15%, 20%, 25%, 30%, 35%, 40%, or

more. Expression of U137 can be assessed at RNA or protein level using known
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methods in the art, including, for example, quaniitative polvmerase chain reaction
(gPCR), RN A sequencing, Western blotling, and imnunohistochenucal staiming.

{8162} In some embodiments. the CD137-mducing agent induces expression of
CDI137L on cancer cells. In some embodiments, the CD137-inducing agent induces
expression of CB137L1 by at least about any one of S, 10, 20, 50, 100, 200, 500, 1600,
or more folds.  In some embodiments, the CD137-nducing agent ncreases the
percentage of CD37L+ cancer cells in a sample {e.g2., tumor biopsy) of the subject by

at least about any one of 3, 10, 20, 50, 160, 200, 300, 1000, or more folds. In some

embodiments, the percentage of CD137L-expressing cancer cells in the \ubj;m after
treatment with the CDD137-inducing agent is at least abowt any one of 10%, 15%, 20%,
25%, 30%, 35%. 40%, or more. Expression of {D37L can be assessed at RNA or

protein level using known methods in the art, inclading, for example, quantitative
polvmerase chain reaction {gPCR), RNA sequencing, Western blotting, and
immunohistochemical staining.

{41631  In some embodiments, the CD137-inducing agent ts5 a cytokine. Exemplary
cytokings include, but are not limited to IL-2, 1L-12, 1L-10 and INFy. In some
embodiments, the cytokine is a wild-type cytokine, a native cytokine, a recombinant
cyiokine, a chemically modified cviokine {e.g, a PEGylated cytoking, a deglycosylated
cytokine, efc.), or a cvtokine analog. A “cvtokine analog” refers to an engineered
polypeptide having insertion(s}, deletion{s}, and/or substitution(s} of one or more aming
acid residues while retaining substantially the same (e g., at least about any one of 60%,
7%, 80%, 90%, 95%, or more) activity {e.g, receptor binding) as a wild-type cviokine.
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
cyiokine analog has an amino acid sequence having at least about any one of 80%, 85%
0%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or more identity to the amino
acid sequence of a wildtype cviokine. In some embodiments, a cvtokine analog about
any one of 10, 9, &, 7, 6, 5, 4, 3, 2, or 1 nmations {e.g., substiiution, insertion and/or
deletion) to the amino acid sequence of a wildiype cytokine.

{81641 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-ZRP-selective agonist. In some
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embodiments, the UD137-inducing agent is a long-acting 1L-2 analog. In some
embodiments, the CI337-nducing agent 18 a corgugate of H.-2 to a water-soluble
polvmer, such as PEG. Non-limating examples of long acting, 1L-2RP-selective
agonists are described in WO 2012/065086, which is incorporated herein by reference
in s entirety.

{81681 1L-2 or interleukan-2 is a cytokine that regulates the activities of lymphocytes.
Native IL-2 is a protein of about 15.5-16kDa, which functions by binding to IL-2
receptors. The IL-2 receptor 1s a complex having three chams: HL-2g (CD25), 1L-28
(C122) and -2y (CD132), with each of IL-2Ra and 1L-2RP having bindimg affinity
for IL-2 while [L-2Ry alone has no appreciable affinity. See, Theze ef ol {1994)
Immunol. Today 17(103:481-486. The TL-2 receptor {1L-2R} ¢ subumnit binds [L-2 with
low affinity (Kd~107 M). Interaction of [L-2 and CD25 alone does not lead to signal
transduction but has the ability {(when bound to the B and y subunit} 1o increase the iL-
2R affimity. Heterodimenization of the § and v subunits of IL-2R is essential for
signaling T cells. 1L-2 can signal etther via wmtermediate-affinity dimernic
CPD122/CD132 IL-2R (Kd~1077 M} or via high-affinity trimeric CD25/CD122/CD132
IL-2R (Kd~107H 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 tnmernc
IL-ZR

{81661 A high-dose 1L-2 therapy, PROLEUKIN®, has been approved by the U.S.
Food and Drug Admimsiration {FDA} for {reatment of patients with metasiatic
melanoma and renal cell carcinoma (RCC), with beneficial resulis 1o a subset of patients.
However, vascular leak syndrome, hypotension, and liver foxicities associated with
high-dose 11.-2 have limited 15 use in cancer immumotherapy. In addition, high-dose
TL-2 can expand potently suppressive CD4+CD25+ Foxp3+ Tregs in cancer patients,
possibly iroiting s efficacy as a monotherapy for cancer therapy.

{8167} In some embodiments, the 1L-2 is a human IL-2. Human 1L-2 (UmProt 1D:
P60568) 15 a glycosviated protein having 153 amino acids, including a signal peptide at
amino acid residues 1-20. In some ernbodiroents, the 1L-2 15 a wildtype human [L-2
comprising anung acid residues 21-153 of the amino acid sequence of SEQ 1D NO- 43,
In soms embodiments, the IL-2 is a functional variant of human IL-2.

SEQ ID NO: 43 human IL-2 amino acid sequence

60
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MYRMQOQLLSCIALSLALVTINSAPTSSSTKKTQLOLEHLLLDLOMILNGINNYKN
PKLTRMLTFKFYMPKKATELKHLOCLEEELKPLEEVLNLAQSKNFHLRPRDLI
SNIN VIVLELKGSETTFMCEY ADETATIVEFLNRWITRFCQSHISTLT

{B168] In some embodiments, the 1L-2 15 an analog of human -2, In some
embodiments, the IL-2 comprising the anuno acid sequence of SEQ HD NGO 44, In some
embodiments, the IL-2 is aldesleukin. Aldesleukin (e.g., PROLEUKIN®) is a human
recombinant IL-2 prodact, which is a highly purified protein with a molecular weight
of approximately 15,300 Dalions. The chenucal name 1s desalanvi-1, serine-123 human
interleukin-2. PROLEUKIN® is produced by recombinant DNA technology using a
genetically engineered & cofi strain containing an analog of the human IL-2 gene
encoding a modilied human 1L-2. Aldeslenkio differs from native [L~2 n the following
ways: a) Aldesleukin is not ghlvcosylated because 11 is derived from £ c¢ofi; b) the
molecule has no N-terminal alanine; ¢} the molecule has serine substituted for cysieine
at aming acid position 125; and d} the aggregation state of Aldesleukin is likely to be
different from that of native [L-2.

SEQ 1D NG: 44 Aldesleukin amino acid sequence

MAPTSSSTRKETQLOLEHLLLEDLOMILNGINNYENPRKLTRMLTFEFYMPRKKAT
FLKHLQCLEEELKPLEEVINLAGSKNFHLRPRDLISNINVIVLELKGSETTFMC
EYADETATIVEFLNRWITFSQSHSTLT

{B169]  In some embodiments, the IL-2 15 a chemically modified human 1L-2, such as
a deglvcosylated and/or polyethviene glveol-moditied (PEGylated) IL-2. In some
emboediments, the 1L-2 is a PEGylated 1L-2 comprising the amino acid sequence of
SEQ 1D NQG: 44, In some embodiments, the IL-2 1s a PEGvlated aldeslenkin. In some
embodiments, the L-2 comprises about any oue ol 1, 2, 3, 4, 3, 6, ot more polyethyviene
glycol moteties. In some embodiments, the IL-2 15 bempegaldesleukin.

{11741 Bempegaldeslevkin (also known as NKTR-214) 13 an engineered [L-2R
agorust with an average of six releasable polyethviene glvcol (PEG) molecules attached
to the 1L-2Ra binding region of IL-2 (aldesleukin}. This stte-specific PEGylation
preferentially reduces IL-2 binding to CP2Z5 over UD122/CD132. Bempegaldesieukin
and other long-acting [L-2 analogs have been described, {or example, in Sharma M. e/
al,  Nature Communications, (2020) 11661, WO2012/063086A1, and

WO2Z015125159A1, which are incorporated herein by reference in their entirety.
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#1711 In some embodiments, the {D137-inducing agent i a histone deacetviase
(HDAC) mhubttor. In some embodimenis, the HDAC inhibitor is selected from the
group consisting of belinostat, vorinostat, romidepsin, and chidande. In some
embodiments, the HDAC mhibitor is belinostat.

{8172} The acetvlation state of histones and other proteins is maintainad by hisione
acetylivansterase (HAT) and hustone deacetviase (HDAC) enzymes. HATs catalyze the
fransfer of an acety! group from acetyi-CoA fo lysine residues in proteins and HDAC
remaves it Depending on the mechanisms of removing the acetyl group, HDACs can
be divided into two distinet families. The “classical family” comprises Zn**-dependent
HDACs. the second family of HDACs depends in catalysis on NAD' and subsequently,
G-acetyi-ADP-ribose and nicotinamide 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 horoology to veast analogs: class T{HDACs 1, 2, 3. 8), class flfa (HDACs
4,5, 7,9, class b (HDACs 6, 10) and class 1YV (HDAC11)

{11731 Vanous classes of HDAC inhibitors have been developed, including: 1)
hyvdroxamic acids; 2y aliphatic acids; 3) benzavudes; and 4) cyclic tetrapeptides.
Vorinostat (SAHA), pancbinostat {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 lyvmphoma).

{81741 In some embodiments, the CD137-inducing agent is a DN A-damaging agent.
In some embodiments, the DNA-damaging agent is an alkylating agent. Exemplary
atkvlating agents include, but are not limited to, bendamustine (BENDEKAY),
chlorambuctl (LEUKERANY), meyclophosphamide {(CYTOXAN®), ifosfamide
(IFEX®), mechlorethamine hydrochioride (MUSTARGEN®), thiotepa (THIOPLEX®),
sireptozotocin (ZANOSARY), carmustine (BICNU®, GLIADEL WAFER®Y), lomustine
(CEENUYY, and dacarbarine (DTIC-DOME®). In some embodiments, the CD137-
mducing agent is bendamustine.

{81751 Insome embodiments, the CD137-inducing agentis a DNA chelator. In some
embodiments, the CD137-inducing agent is an alkaloid. Exemplary alkalotds include,
but are not limited to, doxorubicin (ADRIAMYCIN®), epirubicin (ELLENCEY,
PHARMORUBICIN®, daumorubicin {CERUBIDINE®, DAUNOXOME®Y),
nemorubicin, idarubicin (IDAMYCIN® PFS, ZAVEDOS®). mitoxantrone {DHAD®,
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NOVANTRONE®). dactinomycin (actinomvein D, COSMEGEN®), plicamycin
(MITHRACIN®), mitomycin (MUTAMYCIN®, and bleomycin (BLENOXANE®). In
some embodiments, the CD137-inducing agent is mitomyvein. In some embodiments,
the CD137-inducing agent 1s bleomycin. In some embodiments, the CD37-inducing
agent 1s doxorubicin, Mitomycin, bleomycin and doxorubicin have been shown to
rnduce expression of C137 i human T lymphocytes. See, for exarople, Kim K. e gl
Immunology 2002, 107 472-479.

{81761  In some embodiments, the UD137-inducing agent is a proteasome inhibitor.
In some embodiments, the CD137-inducing agent is bortezomib (VELCADE®),
{81771 Insome embodiments, the CD137-inducing agent is a chemotherapeutic agent.
The term “chemotherapeutic agent” refers {0 a chemical or biological substance that
can cause death of cancer cells, or interfere with growth, division, repair, and/or
function of cancer celis. In some embodiments, the CD137-mducing agent s an
alkaloid or a plant vinca alkaloid, such as a cytotoxic antibiotic, e g, doxorubicin
(ADRIAMYCIN®Y, epirubicin (ELLENCE®, PHARMORUBICIN®, daunorubicin
(CERUBIDINE®, DAUNOXOME®), nemorubicin, idarubicin (IDAMYCIN® PFS,
ZAVEDOS®), nmutoxantrone  (DHAD®,  NOVANTRONE®).  dactinomycin
(actinomycin D, COSMEGEN®), plicamycin  (MITHRACIN®),  mitomycin
(MUTAMYCIN®,  and bleomycin  (BLENOXANEY), vinorelbine tarirate
(NAVELBINEY), vinblastine {(VELBANY), vincristine (ONCOVIN®), or vindesine
(ELDISINE®). In some embodimenis, the CD137-inducing agent is vincristine
(ONCOVIN®).

R Anti-CD 137 Antibodies

{8178} The method described herein comprise admanistration of an anii-CD137
antibody that specifically binds to an exiracelular domain of human CB137. The anti-
D137 antibodies described herein include full-length anti-CED 137 antibodies, antigen-
binding fragments of the CI 37 antibodies, and derivatives of the C 37 antibodies.
In some embodiments, the anti-C3137 antibody is any one of the antibodies described
heremn, including antibodies described with reference to epiiope binding and antibodies
described with reference to specific amino acid sequences of CERs, variable regions

(VL, VH), and IgG {e.g.. 1gG1, or IgG4) light and heavy chains. To some emmbodiments,
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the anti-CD137 antibody has at least one {e.g., at leasi one, at least two, at least three,
at least four, at least five, at least six, af least seven, sight, or all nine) of the following
functional properties: (a} bind to human CD137 with a KD of 500 oM or less; (b} have
agonist activity on human D137, {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,
mouse, rat, or dog CD137; {e) do not mduce ADCC effects; () are capable of inhibiting
tumaor cell growth; (g} have therapeutic effect on a cancer; (h) blocks binding between
D137 and CPI37L; and (i) blocks D137 signaling stimulated by UD137L (e g,
CD137L~stimulated NF~«B-dependent transcription) i a cell that expresses CDI37 In
some embodiments, the antibodies disclosed herein can also block, e g, completely
block, the binding between CD137 and ts ligand CD137L. In some embodiments, the
anti-CD 37 antibody 1s an antibody {or an antigen-binding fragment thereof) that cross-
competes for binding to human CD 137 with one ot more of the antibodies or antigen-
binding fragments as described herein. Exemplary anti-CIDM37 antibodies that are
suitable for the methods described herein have been described, for example, in
LIS201900585314A1, WOQ20I9036855A1, and WO20I9037711 A1, which are
incorporated herein by reference in their entirety.

{81791 Human CD137, also known as tumor necrosis factor receptor superfamily
member ¢ (TNFRSF9), 4-1BB and induced by vmophocvie activation (ILA), is a 255
amino acid protem (e.g, GenBank Accession No. NM 001561, NP 061552; SEQ ID
NGO 1) The protein comprises a signal sequence {amino acid residues 1-17), followed
by an extracetiular domain (169 amino acids), a transmembrane region {27 amino acids),
and an iniracellular domain (42 amino acids) (Cheuk ATC er af. 2004 Cancer Gene
Therapy 11 215-226). The receptor is expressed on the cell surface in movomer and
dimer forms and likely fnmerizes with CD137 ligand to signal.

SEQID NG T human CD137 amino acid sequenge

MONSCYNIVATLLLVENFERTRSLOQUPCSNCPAGTFCDNNRNQICSPCPPNSFS
SAGGQRTCDICROQCKGVEFRTREKECSSTSNAECDCTPGFHCLGAGUSMCEQDC
KOQGQELTKRGCKDCCFGTENDQRKRGICRPWTNCSLDGKSVLVNGTKERDVY
COPSPADLSPGASSVTPPAPAREPGHSPOUSFFLALTSTALLFLLFFLTLRFSVY
KROGERKKLLYIWFROPFMRPVOQTUTOEEDGCSCRFPEEEEGGCEL

{8188} In some embodiments, the anti-CD137 antibody specifically binds to one or

more amino acid residues within amino acid residues 34-108 of SEQ I NG 1. Insome
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embodiments, the anti-CD137 antibody specifically binds to one or more amino acid
residues within anino acid residues 34-93 of SEQ 1D NG: 1. In some embodiments,
the anti-CD137 antibody specifically binds to one or more anuno acid residues selected
from the group consisting of amino acid residues 34-36, 53-55, and 92-93 of SEQ ID
NG 1 In some embodimenis, the anti-CD137 antibody specifically binds o one or
more of amino acid residues 34-36, one or more of amuno acid residues 33-35, and ons
or more or anine acid residues 92-93 of SEQ 1D NO: 1. In some embodiments, the
anti-CD137 antibody does not bind to one or more of aming acid residues selected from
the group consisting of amuno acid residues 109-112, 125, 126, 135-138, 150 and 151
of SEQ 1D NG 1. In some embodiments, the anti-CI3137 antibody specifically does
not bind to amino acid residues 109-112, 123, 126, 135-138, 150 and 151 of SEQ ID
NG 1 Methods of measuring an antibody or antigen-binding fragment’s ability to bind
a target antigen roay be carried out using any method known in the art, ncluding for
example, by surface plasmon resonance, an ELISA isothermal titration calorimetry, a
filter binding assay, an EMEA, efc., or based on the crystal structure of the anti-CDB137
anttbody with CD137

{8181} 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 NG: 1. In some embodiments,
the anti-CD37 anttbody specifically binds to one or more amino acid residues selected
from the group consisting of amino acid residues 51, 33, 63-67, 69-73, 83, 89, 92, 98-
104, and 112-116 of SEQ 1D NGO: 1. In some embodiments, the anti-CD 137 antibody
specifically binds to one or more amino acid residues selected from the group consisting
of amino acid residues 51, 63-67, 69-73, 83, 89, 92, 98-104 and 112-114 of SEQ ID
NG L

{6182} In some embodiments, the anti-CD37 antibody specifically binds o amino
acid residues S1, 53, 62-73, 83, 89, 92, 95-104 and 112-116 of SEQ D NG: 1. Insome
embodiments, the anti-CiD137 antibody specifically binds to amino acid residues 51,
53, 63-67, 6973, 83, 89, 92, 98-104, and 112-116 of SEQ ID NO: 1. In some
embodiments, the anti-CD 137 antibody specifically binds to amino acid residues 51,

63-67, 69-73, 83, 89, 92, 98-104 and 112-114 of SEQ ID NG 1

o
Ch
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{81831  In some embodiments, the anti-CED 137 antibody specifically binds to human
CD137 with a KID of about 500 nM or less {e.g., about 500 nM or less, about 400 oM
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 nb or less, aboui 75 nM or less, about 70 nM
or less, about 60 nM or less, about 530 nM or less, about 40 nM or less, about 30 nM or
{ssg, about 25 nM or lsss, about 20 nM or lsss, about 10 nM or lsss, about 1 oM or less,
about 0.1 nM or less, efc.} In some embodiments, the anti-C 137 antibody specifically
binds to human CD137 with a KD of about 100 nM or less. In some embodiments, the
anti-CD 137 antibody specifically binds to human CD137 with a KD of about 30 aM or
less. Methods of measuring the K3 of an antibody or antigen-binding fragment 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, eic.

{31841  Anu-CDI137 antibodies need to bhe cross-hinked to become agonistic. For
example, cross-linking 18 achieved in vive through Fegamma receptors, while typically
polyclonal anti-Fo antibodies are used 1o cell-based experiments in vifro. In soroe
embodiments, the anti-CD137 antibodies described herein have agonist activity on
human CDB137. In some embodiments, the anti-CE137 antibody induces one or more
{e.g.. one or more, two or more, three or more, efc. ) aclivities of human D137 when a
cell {e.g., a human cell} expressing human CD137 is contacted by the anti-CD 137
antibody. Various CD37 activities are known in the art and may include, without
fimitation, induction of NF-kB-dependent transcription, induction of T ¢ell
proliferation, prolonging T cell survival, co~stimudation of activated T cells, induction
of cytokine secretion (such as [L-2), and induction of movocyie activation . n some
emboediments, the one or more CB137 activiiies is not £B137 binding to its ligand.

Methods of measuring CD137 activity {e.g, the induction of NF-wB-dependent

O

franscription and/or T cell proliferation, efc) are kvown i the art. In some
embodiments, the anti-CD137 antibody increases NF-xB dependent franscription in
cells {e.g., human cells) expressing human CD137. In some embodiments, NF-«B
dependent transcription 18 increased by about 10% or more, about 20% or more, about
30% or more, about 40% or more, about 0% or more, about 60% or more, about 70%

or more, about 0% 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-CDN37 antibody, relative to a
corresponding cell not contacted with the anti-CD37 antibody {e.g., a correspouding
cell not contacted with an antibody, or contacted with an isotype control antibody ). In
some embodiments, NF-xB dependent transcription is increased by about 2-fold, 3-fold,
4-folr, S-fold, 6-fold, 7-fold, 8-fold, 9-fold, 10-fold, 100-fold, 1000-fold or more in cells
{e.g.. human cells) expressing CD137 contacted with the anti-CD 137 antibody, relative
1o a correspondimg cell not contacted with the anti-CD137 antibody {eg2. a
corresponding cell not contacted with an antibody, or contacted with an isotype control
antibody ).

{31881 In some embodiments, the anti-CD37 antibody is cross-reactive with
monkey {e.g, cynomolgus monkey), mouse, rat, and/or dog CDI137. In some
embodiments, the anti-CD137 antibody is cross-reactive with monkey CD137. Insome
embodiments, the anti-CD37 antibody 15 cross-reactive with mouse CDBI37. In some
embodiments, the anti-CI37 antibody is cross-reactive with rat CD137. In some
embodiments, the anti-CD137 antibody 1S cross-reactive with dog CD137. In some
embodiments, the anti-CD137 antibody 15 cross-reactive with roonkey and mouse
CD37, monkey and rat CDI37; monkey and dog C137; mouse and rat CDI37;
mouse and dog CD137; rat and dog CD137; monkey, mouse, and rat CD137; monkey,
mouse, and dog CD37, monkey, ral, and dog CD137; mouse, ral, and dog CD137; or
monkey, mouse, rat, and dog CI3137. In some embodiments, the anti-CD 137 antibody
is cross-reactive at about 100 nM {e. g.. at about InM, at about 10nM, at about 25nM,
at abowi 50nM, at about 75nM, at about 100nM}. Methods of measwring antibody cross-
reactivity are known in the art, including, without limitation, surface plasmon resonance,
an ELIS A, isothermal titration caloriroetry, a filter binding assay, an EMSA, erc.
[8i86] In some embodiments, the anti-CE¥ 137 antibody does not induce ADCC
effects. Methods of measuring ADCC effects (e.g., in vive 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 1o 3
control.

{81871 o soroe ernboditoents, the anti-CDD 137 antibody 1s capable of inhibiting 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 abowt
209, at least about 30%, at least about 40%, at least about 0%, 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 1o corresponding fumor cells not
contacted with the anti-CD137 antibody. In some embodiments, the anti-CD137
antibody 1s capable of reducing tumor volume 1 a subject when the subject is
administered the anti-CD137 antibody. In some embodiments, the anti-CD137 antibody
is capable of reducing tumor volume in a subject by at least abowt 5% {e.g., at least
about 3%, 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%) relative {o the imitial tumor volume in the subject
{e.g., prior to admunistration of the anti-CP137 antibodv). Methods of monitoring
tumaor cell growth/proliferation, tumor vohre, and/or tumor inhibition are known 1o
the art.

{41881  In some embodiments, the anti-CD 37 antibody has therapeutic effect on a
cancer. In soroe 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.

[6188] In some emboduments, the anti-CD137 antibody is selected from the group
consisting of AGID058, AGIO059 and ADGI06. 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 AGI0058, AG160S59 and
ADGI06. Tn some embodiments, the anti-CD137 antibody 1s an antibody that competes
or cross-competes for binding to the same epitope on human CD1I37 as AGLO03E,
AGH0059 or ADG106. The ability of an antibody to compete or cross-compete for
binding with ancther antibody can be determined using standard binding assays known
o the art, such as BlAcore analysis, ELISA assays, or flow cvitometry. For example,
one can allow an illustrative antibody of the disclosurea to bind to human CD137 under
saturating conditions and then measure the ability of the test antibody 1o bind to the
CDI37. I the test antibody is able to bind to the CD137 at the same time as the
dlustrative antibody. then the test antihody binds to a different epitope as the llustrative

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 anfibody binds to the same epitope, an overlapping epitope, or an
epitope that is n close proxinuty to the eptiope bound by the tHustrative antibody. This
experiment can be performed using various methods, such as FLISA, RIA, FACS or
surface plasmon resonance.

[8184]  In some embodiments, the anti-CD137 antibody blocks the binding between
C137 and sts ligand (e g., human CD 137 and human CD 1371} Tn some embodiments,
the anti-CD 137 antibody blocks the binding between CD137 and its higand in virre. In
some embodiments, the anti-CDI137 antibody has a half maximal inhubitory
concentration (JC50) of about 500 oM or less {e.g., about 500 nM or less, about 400nM
or less, about 300nM or less, about 200nM or less, about 100nM or less, about 50nM
or less, about 25nM or less, about 10nM or less, about 1nM or less, efc. ) for blocking
binding of D137 its ligand. In some embodiments, the anti-CD137 antibody has a
half-maxiroal mhibitory concentration (C50) of abouwt 100 nM or less for blocking
binding of €137 us ligand In some embodiments, the anti-CD1I37 antibody
completely blocks binding of human CDI37 to #is ligand when provided at a
concentration of about 100 oM or greater {e.g., about 100uM or greater, about 500uM
or greater, about 1M or greater, about 10uM or greater, erc.}. As used herein, the term
“complete blocking” or “complately blocks™ refers o the antibody or antigen-binding
fragment’s ability to reduce binding between a first protein and a second protein by at
{east about 80% (e g, at least about 80%, at least about 85%, at least about 90%, at least
about 95%., at least about 99%, erc.). Methods of measuring the ability of an antibody
or antigen-binding fragment to block binding of a first protein {e.g, a CD137)and a
second profein {e.g., CDI37L) are known in the art, including, without lmitation, via
BlAcore analysis, ELISA assays, and flow cytometry,

{8191} In some embodiments, the anti-UD137 antibody comprises a heavy chain
variable region (VH) and a light chamm variable region (VL) a} wherein the VH
comprises a HVR-H1, a HVR-HZ2, and a HYR-H3, wherein the HVR-H]1 conmprises an
amino acid sequence according to a formula selected from the group consisting of!
Formula Iy XITFX2X3YX4IHWY (SEQIDNG: 32), wherein Xl isFor Y, X218 8
or T, X31s G, N, or 8§, and X4 15 A, (G, or W; Formula (1) YSIXISGX2X3WX4W]
(SEQIDNG 33, wherem X1 isSor T X2 s Hor Y. X3sHor ¥V, and X415 A, D,
G, N, S, or T; and Formula (1) FSLSTXIGVXZVX3IWL (SEQ ID NO: 34), wherein
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XlisGorS, X2is Aor G, and X315 A, 3, S, or T, wherein the HVR-HZ comprises
an amino acid sequence according to a formula selected from the group consisting off
Formula (V) LALIDWXIXZDEKOGYSXASLKSRL (SEQ 1D NO: 35}, wherein X1 is
A D or YV, X2isDor G X31sR, S, orY, and X4 15 P or T) Formuda (V¥
IGXIIYHSGX2TYYX3PSLKSRY (SEQ ID NO: 36), wherein X1 s D or E, X215 N
or 8, and X3 1 N or 8; and Formula (Vi) VSXJISGX2GEXGX4TYYADSYVKGRF
(SEQIDNOG: 37, wherein X1 is A, G 8, V,or Y, X215 A, D, S, orY, X3isD, G, or
S, and X4 is 8 or T, and whergin the HVR-H3 comprises an amino acid sequence
according to Formula (VI ARXIGXZX3XAVISGDWEXGY (SEQ 1Dy NO: 38},
wherem X1 isEor G X235 EorS, X3isDor T Xdis A, T.orV, XSisA LL T, or
V, and X613 A, D, or () and/or b) wherein the VL comprises a HVR-L1, a HVR-L2,
and a HYR-L3, wheretn the HVR-L1 comprises an aming actd sequence according to
Formula (VI X1ASQX2XIX4XSKAXTXS (SEQ ID NO: 39), wherein X1is Q or R,
X2isD, G orS, X3islarV, X4isG R, S,or T.XS51s P, RS, or T, X615 A, D F, S,
V,orY,X7isLorV, and X8 is A, G, or N; wherein the HVR-L2 comprises an amino
acid sequence according to Formula (X)) XTASXZX3IXAXEGX6 (SEQ ID NG 403,
wherem X1 is Aor B, X2 s N, S, or T, X3 sLor R X4is A E or @, X3isSor 7,
and X6 1s I or V; and wherein the HVR-L3 comprises an amino acid sequence according
to a formula selected from the group consisting of Formula (X} YCQOQXTYX2X3X4T
(SEQIDNG 4D, wheren X115 A, G S, or Y, X215 Q. 8, or Y, X3 L, T, or Y,
and X4 is L 8, V. or W; and Formula (XI): YOXIQXZX3X4XSPX6T (SEQ 1D NO:
42y, wheren X1 5 Eor QX2 sP. S, or ¥V, X31s B LS, T.or Y, X41s D E H. 8, or
TX5usB LT orW andX6is L, PR or V.

{3192}  To some embodiments, the anti-CD137 antibody comprises a VH and a VL,
wherein the VH comprises a HYR-H1 comprising the amino acid sequence of SEQ ID
NG 34, a HYR-H2 comprising the aming acid sequence of SEQ ID NG: 35, and a
HVR-H3 comprising the amino acid sequence of SEQ 1D NO: 38, and/or wherein the
VL comprises a HVR-L1 comprising the amino acid sequence of SEQ ID NG: 39, a
HVYR-LZ comprising the amino acid sequence of SEQ ID NO: 40, and a HVR-L3
comprising the amino acid sequence of SEQ IDNQ: 41,

{8193} Sequences of exemplary anti-CD 137 antibodies are shown i Table B below.

Table B. Exemplary anti-CD137 antibodies.
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Antibody | HVR-H1 HVR-HZ HYR-H3 HVR-L] HVE-LZ HVR-L3
ADGLO6 | FSLSTGG | LALIDWA | ARGGSDT | RASOSIGS | DASNLET | YCQOGY

VGYVGWI DDKYYSP | VIGDWFA | YLA (BEQ | GV (8EQ YLWT
(SEQ ID SLKSRL | Y({SEQID |IDNG:5) |IDNO:6) |(SEQID
NG 2y (SEQID NG: 43 NO T
NG 3
AGI0059 | YSITSGHY | VSSISGYG | ARGGSDA | RASQGIG | DASNLET | YCQOGY
WAWI STIYYAD | VLGDWF SFLA(SEQ | GV (8EQ YLWT
(SEQ ID SYKGRF | AY (SEQ |IDNO:15) | IDNO: 16) | (SEQID
NO: 1) (SEQ ID 1D NO: 14) NO: 1T
NG 1D
AGI0058 | FSLSTSGY | LALIDWD | ARGGSDT | RASQSVES | DASSLES | YCQOGYS
GVGWI DEDEKYYSP | VLGDWF PYLA GY (8EQ LWT (8EQ
(SEQ ID SLKSRL | AY (SEQ |(SEQID IDNO: 26) | IDNO: 27)
NO: 2 (SEQ ID D NO: 24} | NO: 25)
NO:23)
{8194} In some embodiments, 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: 2, a HYR-H2 comprising the amino acid sequence of SEQ ID NO: 3, and a HVR-
H3 comprising the amino acid sequence of SEQ 1D NO: 4, and/or wheremn the VL
comptises a HVR-L1 comprising the amino acid sequence of SEQ ID NGO 5, a HVR-
L2 comprising the amino acid sequence of SEQ ID NO: 6, and a HVR-L3 comprising
the aroino acid sequence of SEQ ID NGO 7.

{8195} In some embodiments, the anti-CD37 antibody comprises a VH comprising
a heavy chain complementanty determuning region (HC-CDR) 1, a HC-CDR2, and a
HC-CDR3 of the amivo acid sequence of SEQ TD NO: 8; and/or a VL comprising a
fight chain complementarity determining region {(LC-CDR} 1, a LC-CDR2, and a LC-
{DR3 of the aming acid sequence of SEQ ID NG: 9. In certain embodiments, the anti-
CD 37 antibody comprises a heavy chain vartable region comprising the amino acid
sequence of SEQ I3 NO: 8, and/or a light chain variable region comprising the ananoe
acid sequence of SEQ ID NG 9. In certain embodiments, the anti-CD37 antibody
comprises a heavy chain comprising the amino acid sequence of SEQG IDNG: 10, and/or

a hight chain comprising the aminoe acid sequence of SEQ ID NO: 1L

18
SEQID NG 8 ABGIO6VH
EVOLVESGGGLYQPGGSLRLSCAASGESLSTOGGVOGVGWIRQAPGKGLEWLA
LIDWADDKYY SPSLKSRLUTISRONSENTLYLOQLNSLRAEDTAVYYCARGGSD
TVIGDWFAYWGOGTLVTVES

SEQID NGO 2 ADGIOG VL
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DIQLTOQSPSSLSASVGDRVTITCRASQSIGSYLAWYQUEKPGKAPKLLIYDASNL
ETGVPSRFSGSGSGTDFTLTISSLOPEDFATYYCQUGY YLWTFGQGTRVEIKR

SEOQ ID NO: 10 ADGI06 Heavy Chain

LIDWADDKYYSPSLKSRLUTISRDNSKNTLY LOQLNSLRAEDTAVYYCARGGSD
TVICDWFAYWGQGTLVTVSSASTKGPSVRPLAPCSRSTSESTAALGULVKDY
FPEPVTVSWNSGALUTSOGVHTFPAVEGSSGLYSLESSVVTYPSSSLGTKTYTONY
DHEPANTKVDKRVESKYGPPCPPCPAPEFLGGPSVELFPPKPRDTLMISRTPEV
TCYVVDVYSQEDPEVOFNWYVDOGVEVHNAKTKPREEQFNSTYRVVSVLTVLH
QDWINGEKEYRKCKVSNKGLPSSIEKTISKAKGQPREPOQVYTLPPSQEEMTENG
VSLTCLVRGFYPSDIAVEWESNGQPENNYKTTPPYLDSDGSFFLYSRLTVDKS
RWOQEGNVESCSVMBEALHNHYTQRSLSLSLGK

SEQID NO: 11 ADG106 Licht Chan

DIGLTQSPSSLSASVGDRVTITCRASOSIGSYLAWYQQKPGKAPKLLIYDASNL
ETGVPSRFSGSGSGTDFTLTISSLOQPEDFATYYCQOQGYYLEWTFGOGTRVEIKR
TVAAPSYFIFPPSDEQLKSGTASVVCLLNNFYPREAKVOWRKVDNALQSGNSG
ESVTEQDSKDSTYSLSSTLTLSKADY EKHEVYACEVTHQGLSSPYTKSFNRGE
C

{8186} In some embodiments, the anti~-CD137 antibody comprises a YH and a VL,
wherein the VH comprises a HYR-HI comprising the anuno acid sequence of SEQ 1D
NG 12, a HVR-H2 comprising the amino acid sequence of SEQ ID NO: 13, and a
HVER-H3 comprising the amino acid sequence of SEG ID NO: 14, and/or wherein the
VL comprises a HVR-L1 comprising the amino acid sequence of SEQ ID NO: 15, a
HVR-LZ comprising the anuno acid sequence of SEQ ID NO: 16, and a HVR-L3
comprising the amino acid sequence of SEG ID NGO 17,

{1971 Ton some embodiments, the anti-CD137 antibody comprises a VH comprising
aHC-CDRI, a HC-CDR2, and a HC-CDR3 of the amino acid sequence of SEQ D NO:
18; and/or a VL comprising a LC-CDRI, a LC-CDR2, and a LC-CDR3 of the aming
acid sequence of SEQ ID NO: 19 In certain embodiments, the anti-CD137 antibody
comprises a heavy chain vanable region comprising the anuno acid sequence of SEQ
3 NGO 18, and/or a light chain variable region comprising the amino acid sequence of
SEG ID NG: 19, In certain embodiments, the anti-CD137 antibody comprises a heavy
chain comprising the amino acid sequence of SEQ 1D NG: 20, and/or a light chain
comprising the amino acid sequence of SEQ IDNO: 21

SEQID NG 18 ADGI00SO VH
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EVOLVESGGGLVQPGGSLRLSCAASGY SITSGHY WAWIRQAPGRGLEWVSSI
SGYGSTTYYADSVKGRFTISRDNSKNTLYLOLNSLRAEDTAVYYCARGGSDA
VLGDWFAYWGQGTLEVTVSS

SEQID NG 19 ARGIO059 VI,

DIGLTOSPSSLSASVGDRVTITCRASQGIGSFLAWY QQKPGKAPKLLIYVBASNL
ETGVPSRESGSGSGTDFTLTISSLOPEDFATYYCQQGY YLWTFGQGTRKVEIKR

SEQIDNO. 20 ADGI0039 Heavy chain

EVQLVESGOGLVQPGGSLRLSCAASGY SITSGHY WAWIRQAPGKGLEWVSS]
SCYGRTTYYADSVKGRFTISRDNSKNTLYLQLNSLRAEDTAVYYCARGGSDA
VLGDWFAYWGOGTLVTVSSASTRGPSVFPLAPCSRSTSESTAALGCLVKDYF
PEPVTVSWNSGALTSGVHTFPAVLOSSGLY SLSSYVVTVESSSLGTKTYTONVD
HEKPSNTKVDKRVESKYGPPCPRCPAPEFLGGPSVELFPPKPRDTLMISRTPEVT
CVVVDVSQEDPEVOFNWYVDOVEVHNAKTRKPREEQFNSTYRVVSVLTIVLH
QDWLNGKEYKCKVSNKGLPSSIERTISKAKGQPREPQVYTLPPSQEEMTENQ
VSLTCLVKGFYPSDIAVEWESNGOPENNYRKTTPPVLDSDGSFFLY SRLTVDKS
RWQEGNVFSCSVMHEALHNHYTQKSLSLSLGK

SEGIDNG: 21 ADGIO0S9 Light chamn
DIGLTOSPSSLSASYGDRVTITCRASQGIGSFLAWYQQKPGKAPKLLIYDASNL
ETGVPSRFSGSGSGTDYFTLTISSLOPEDFATYYOQOQGY YLWTFGOGTRVEIKR
TVAAPSYFIFPPSDEQLKSGTASVYVCLLNNFYPREAKVOWEKVDNALQSGNSG
HSVTEQDSKDSTYSLSSTLTLSKADY EKHEKVYACEVTHQGLSSPYTKSFNRGE
C

{1188]  In some embodiments, the anti~-CD137 antibody comprises a YH and a VL,
wherein the VH comprises a HVR-HI comprising the amano acid sequence of SEQ 1D
NO: 22, a HVYR-H2 comprising the amino acid sequence of SEQ 1D NO: 23, and a
HVR-H3 comprising the amino acid sequence of SEQ ID NO: 24; and/or wherein the
VL comprises a HVR-L1 comprising the amino acid sequence of SEQ D NG: 25, a
HVR-L2 coroprising the anuno acid sequence of SEQ 1D NO: 26, and a HVR-L3
comprising the amino acid sequence of SEQ D NG: 27,

{1991 Tn some embodiments, the anti-CD137 antibody comprises a VH comprising
aHC-CDRI, a HC-CDR2, and a HC-CDR3 of the amino acid sequence of SEQ D NO:
28; and/or a VL comprising a LC-CDRI, a LC-CDR2, and a LC-CDR3 of the amino
acid sequence of SEQ ID NO: 29 In certain embodiments, the anti-CD137 antibody
comprises heavy chain variable region comprising the amino acid sequence of SEQ ID
NGO 28, and/or a hight chain variable region comprising the amino acid sequence of

SEQ ID NGO: 29, In certain embodiments, the anti-CD137 antibody comprises a heavy
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chain comprising the anmuno acid sequence of SEQ ID NGO: 30, and/or a light chain
comprising the amino acid sequence of SEQ IDNQ: 31
SEQID NG: 28 AGI0058 VH

EVQLVESGGGLVOQPGGSLRLSCAASGEFSLSTSGVOGVOGWIRQAPGKGLEWLAL
IDWDDDKYYSPSLKSRLTISRDNSKNTLYLOUNSLRAEDTAVYYCARGGSDT
VLGDWFAYWGQGTLVTVSS

SEQID NGO 29 AGIO058 VL

DIQLTOSPSSLSASVGDRVTITCRASQSVSPY LAWY QORKPGKAPKLLIYDASSL
ESGVPSRESGSGSGTDFTLTISSLOPEDFATYYCQQGYSLWTFGQGTKVEIKR

SEQ D NO: 30 AGL10058 Heavv chain

EVQLVESGGGLVOPGGSLRLSCAASGEFSLSTSGVOVOWIRQAPGKGLEWLAL
IDWDDDKYYSPSLKSRLTISRDNSENTLYLOQLNSLRAEDTAVYYCARGGSDT
YVLGDWFAYWGQGTLYTVSSASTKOGPSVEFPLAPCSRSTSESTAALGCLVKDYF
PEPVTVSWNSGALTSGVHTFPAVLOSSGLY SLSSVVTVPSSSLGTRKTYTONVD
HKPSNTRKVDKRVESKYGPPCPPCPAPEFLGGPSVELFPPRPKDTLMISRTPEVT
CVYVVDVSQEDPEVOFNWY VDOGVEVHNAKTKPREEQGFNSTYRVVEVLTVLH
ODWENGKEYKCRKVSNEKGLPSSIEKTISKAKGOPREPOVYTLPPSQEEMTKNG
VSLTCLVEGFYPSDIAVEWESNGOQPENNYKTTPPVLOSDGSFFLYSRLTVDKS
RWOEGNVEFSCSVMHEALHNHYTORKSLSLSLGK

SEQID NO: 31 AGI00S8 Light chamn

DIGLTQSPESLSASVGDRVTITCRASQSVASPY LAWY QOKPGKAPKLLIYDASSL
ESGVPSRESGSGSGTDFTLTISSLOPEDFATYYCQQOGYSLWIFGQGTKVEIKRT
VAAPSVFIFPPSDEGLEKSGTASVVCLLNNFYPREAKVOWKVDNALQSGNSQE

SYTEQDSKDSTYSLSSTLTLSKADYEKHKVYACEVTHQGLSSPYTESFNRGEC

{82807  The CD137 antibodies deseribed herein can be in any class, such as Ig(, IgM,
IgE, {gA, or IgD. Ut 15 preferred that the CD 137 antibodies are in the IgG class, such as
IgGl, 1gG2, 1eG3, or 1gG4 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 subelass comprises
the steps of 1solating a mucleic acid encoding a heavy chain of an CD37 antibody and
a nucleic acid encoding a light chain of a {D137 antibody, isolating the sequence
encoding the VH region, ligating the VH sequence 1o a sequence encoding a heavy
chain constant region of the destred class or subclass, expressing the light chain gene
and the heavy chain construct in a cell, and collecting the C13137 antibody. In some
embodiments, the anti-CD137 antibody comprises a human IgG1 Fe region. In some

embodiments, the anti-CD137 antibody comprises a human IgG4 Fe region. In some
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embodiments, the human IglG4 Fc region comprises an S5241F muiation, wherein
numbering 15 according to Kabat To some embodiments, the anti-CD137 antibody
comprises an Fe region comprising one or more mutations that promotes cross-linking,

Antigen-binding Fragments and Antibody Berivatives

{281} In some embodiments, the anti-CDI37 antibody is an antigen-binding
fragroent of any one of the anti-CI 37 antibodies descrnibed herein.

{8282} In some embodimens, the antigen-binding fragments of an CD137 antibody
include: (i} a Fab fragment, which is a monovalent fragment consisiing of the Vi, Vn,
Cr and Cul domains; (11) a F{ab™): fragment, which 15 a bivalent fragment comprising
two Fab fragments linked by a disulfide bridge at the hunge region; (111} a Fd fragment
consisting of the Vr and Crl domains; (iv) a Fv fragment consisting of the Vi and Vi
domains of a single arm of an antibody: {v) a dAb fragmeni {Ward ef /., (1989} Natwre
341:544-346), which consists of a Vu domain; (vi) an solated CDR, and {vi1} single
chain antibodv {scFv), which is a polvpeptide comprising a Vi region of an antibody
linked to a Vnregion of an antibody. Bird er o/, (1988) Science 242:423-426 and
Huston ef gl , {1988) Proc. Natl. Acad. Sci. USA 85:5879-5883.

{2631 In some embodiments, the anti-CD 137 antibody 15 a derivative of any one of
the anti-CD137 antibodies described herein.

{1284}  In some embodiments, the antibody denivative is derived from modifications
of the amino acid sequences of an iHusirative antibody (“parent antibodv™) 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
theraof, of one or more amino acids of the parent antibody.

{82651  Insome embodiments, the antibody derivative comprises 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 NG: 8; and/or a VL comprising an aming acid sequence that is at
{east 80%, at least 839%, at least 909, at east 95%, at least 96%, at least 97%, at least
8%, or at least 99% 1dentical to the amuno acid sequence of SEQ TD NGO: 9. Tn some

embodiments, the antibody derivative comprises a HVR-H1 amino acid sequence
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region that is at feast 80%, at least 85%, at least 90%, at least 95%, at least 96%. at least
D7%, at least 98%, or at least 99% wdentical to an arvino aad sequence as set forth in
SEQ 1D NO: 2. In some embodiments, the antibody derivative comprises a HVR-H2Z
amino acid sequence region that is at least 80%, at least 90%, at least 95%, at least 96%,
at least 979%, at least 98%, or at least 99% identical {0 an amino acid sequence as set
forth in SEQ 1D NO: 3. In some embodiments, the antibody derivative comprises a
HVR-H3 amino acid sequence region that 1s at least 80%, at least 85%, at least 90%, at
{east 959%, at least 96%, at least 97%, at least 98%, or at least 99% identical to an amino
acid sequence as set forth i SEQ ID NO: 4 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 {0 an amino actd sequence as set forth m SEQ ID NG: 5. In some embodiments,
the antibody denvative 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 anmino acid sequence as set forth in SEQ IR NG: 6. In somse embodiments,
the antibody dernivative comprises a HVR-L3 anuno acid sequence region that is at least
80%. at least 8596, at least 90%, at least 95%, at least 96%, at least 97%, at least 28%
or at least 99% identical io an aming acid sequence as set forth in SEQ ID NG 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, andfor 1, 2, 3,
4,5, 6,78, 9, 10, 11, 12, 13, 14, or 15 additions and/or deletions to an amino acid
sequence as set forth in any of SEQ 1D NOs: &, 9, 10, and 11

{2861 Tnsome embodiments, the antibody dertvative comprises a VH comprising an
amuino acid sequence that 1s at least 80%, at least 85%, at least 90%, at least 959%, at
least 96%. at least 97%, at least 98%. or at least 99% identical to the amino acid
sequence of SEQ I NO: 18; and/or a VL comprising an amine acid sequence that is at
{sast 80%, at least 839, at least 90%. at least 95%. at least 96%, at least 97%, at least
8%, or at least 99% identical to the amino acid sequence of SEQ ID NG 19 Insome
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

&

¥7%, at least 98%, or at least 99% wdentical to an amino acid sequence as set forth in

SEQ D NG 12, In some embodiments, the antibody derivative comprises a HVR-H2
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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 af least 99% 1dentical to an amino acid sequence as set
forth in SEQ 1D NG 13, 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%, aileast 98%, or at least 99% identical {0 an aming
acid sequence as set forth n SEQ 1D NO: 14 In some embodiments, the antibody
derivative comprises a HVR-L1 amino acid sequence region that is at least #0%, at least
85%, at least 909%, at least 95%, at least 96%, at least 97%, at jeast 98%, or af least 99%
wdentical to an amivo acid sequence as set forth wn SEQ ID NO: 15 Io 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 ai least 99% identical {0 an amino actd sequence as set forth m SEQ D NO:
16, In some ernbodiroents, the antihody derivative coraprises a HVR-L3 arino acid
sequence region that is at least 80%, at least 85%, at least 90%, at least 95%. at least
96%, at least 97%, ai least 98%, or at least 99% identical {o an amino acid sequence as
set forth in SEQ ID NO: 17 In some particular embodiments, the antibody dervanive
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, 11, 12, 13, 14, or 15
additions and/or deletions {0 an aming acid sequence as set forth i any of SEQ 1D NOs:
18, 19, 20, and 21.

{2071 Insome embodiments, the antibody dertvative comprises 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 ai least 99% identical to the amino acid
sequence of SEQ 1D NO: 28; and/or a VL comprising an amvino acid sequence that is at
least &0%, at least 85%, at least 9%, at least 95%, at least 96%, at least 97%, at least
9R8%, or at least 99% identical to the amino acid sequence of SEQ ID NG: 29, In some
embodiments, the antibody denvative 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
SEGQ ID NG: 22, In some embodiments, the antibody derivative comprises a HVR-H2
anmino acid sequence region that 1s at least 80%, at least 90%, at teast 95%, af least 96%,

at least 979%, at least 98%. or at least 99% identical to an amino acid sequence as set
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forth iy SEQ ID NO: 23, In some embodiments, the antibody derivative comprises a
HVR-H3 amuno acid sequence region that is at least 80%, at least 85%, at least 90%, at
{east 95%. at least 26%, at least 97%, at least 98%, or at least 99% identical to an amino
acid sequence as set forth i SEQ 1D NO: 24, In some embodiments, the antibody
derivative comprises a HVR-L1T amino acid sequence region that is at least 80%, at least
R5%, at 1east 90%, at least 95%, at least 96%, at least 97%, at least 989, 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 HVYR-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 fo an amino acid sequence as set forth m SEQ D 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
6%, at least 7%, at least 98%, or at least 99% identical o an amino acid sequence as
set forth in SEQ 13 NO: 27, In some particular embodiments, the antibody derivative
comprises 1, 2, 3, 4, 5, 6, 7. 8, 9, 10, 11, 12, 13, 14, or 15 congervative 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 1o an amino acid sequence as set forth in any of SEQ 1D NOs:
28. 79, 30, and 31.

{8288  Armuno acid substitutions encompass both conservative subsiitations 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 simmlanity in certain phvsico-chemical properties such as polarity, charge,
solubility, hvdrophobicity, hvdrophilicity, and/or the amphipathic nature of the residues
mvolved. 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, phenvialanine, try ptophan, and methionine; (b) polar neutral
amino acids, such as glyoine, serine, threonine, cvsiemne, fyrosine, asparagine, and
glutamine; (¢} positively charged (basic) amino acids, such as arginine, lysine, and
histidine; and {(d) negatively charged {acidic) amino acids, such as aspartic acid and
glutamie actd.

{82091  The modifications may be made in any positions of the amino acid sequences

of the antibody, inchuding the CDRs, framework regions, or constant regions. In some

78



WO 2021/262869 PCT/US2021/038718

embodiments, the present disclosure provides an antibody derivative that contains the
VH and VL CDR sequences of an illustrative antibody of this disclosure, vet containg
framework sequences different from those of the illustrative antibody . Such framework
sequences can be obtained from public BNA databases or published references that
inchude germiine antibody gene sequences. For example, germiine DNA sequences for
human heavy and light chain vanable region genes can be found in the Genbaonk
database or in the “VBase” human germline sequence database (Kabat, E. A ef ¢/,
Sequences of Proteins of Immunological Interest, Fifth Edition, U.S. Department of
Health and Human Services, NIH Publication No. 91-3242 (1991); Tomhinson, . M.,
et al, J Mol Biol 227.776-798 (1992); and Cox, J. P. L. ef af, Fur. J immunol.
24:827-836 {1994}). Framework sequences that may be used in constructing an
antibody derivative include those that are structurally similar {o the framework
sequences used by Hustrative antibodies of the disclosure, e. g, simular to the VH 3-23
framework sequences and/or the VL A3 or A1-13 framework sequences used by
itfustrative antibodies of the discloswre. For example, the HVR-HI, HVR-H2, and
HVR-H3 sequences, and the HVR-L1, HVR-L2, and HVR-L3 sequences of an
tlustrative antibody can be grafted onto framework regions that have the identical
sequence as that found in the germbine immunoglobulin gene from which the
framework sequence derive, or the CDR sequences can be grafied onto framework
regions that contan one or more mutations as compared to the germline sequences.
{2101 In some embodiments, the antibody denivative is a chumeric antibody, which
comprises an amino acid sequence of an illustrative antibody of the disclosure. In one
example, one or more UDRs from one or more illustrative human antibodies are
combined with CDRs from an antibody from a non-human amimal, such as mouse or
rat. In another example, all of the CDRs of the chimeric antibody are derived from one
or more lustrative antibodies. In some particular embodiments, the chimeric antibody
comprises one, two, ot three CDRs from the heavy chain variable region or from the
fight chain variable region of an illustrative antibody. Chimeric antibodies can be
generated using conventional methods known in the art.

{8211}  Ancther type of modification is to mutate aming acid residues within the CDR
regions of the VH and/or VL chain. Sue-directed mutagevesis or PCR-mediated

nmitagenesis can be parformed to introduce the mutation{(s} and the effect on antibody
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binding, or other functional property of mterest, can be evaluated in in virre or in vive
assavs known in the art. Typically, conservative substitutions are iniroduced. The
nnHations may be amino acid additions and/or deletions. Moreover, typically no more
than one, two, three, four or five residues within a UDR region are altered. In some
embodiments, the antibody denivative comprises 1, 2, 3, or 4 amino acid subsiitetions
o the heavy chain CDRs and/or in the hight chain CDRs. In some emboduments, the
amino actd substitution is to change one or more cvsteines in an antibody to another
residue, such as, without limitation, alanine or serine. The cvsteine may be a canonical
or non-~canonical cysieine. In some embodiments, the antibody denvative has 1, 2, 3,
or 4 conservative amino acid substitinions in the heavy chain CDR regions relative to
the amino acid sequences of an tlustrative antibody.

{8212} Modifications may also be made 1o the framework residues within the VH
and/or VL regions. Typically, such framework variants are made to decrease the
immunogenicity of the antibody. One approach is to “back mwutate” one or more
framework residues fo the corresponding germline sequence. An antibody that has
undergone somatic mutation may contain framework reswdues that differ from the
germiline sequence from which the antibody 1s derived. Such residues can be identified
by comparing the antibody framework sequences {o the germiine sequences from which
the antibody is derived. To return the framework region sequences to their germiine
configuration, the somatic mutations can be “back mutated” (o the germline sequence
by, for example, site-directed mutagenesis or PCR-mediated mutagenesis.

{82131 In addition, modifications mayv also be made within the F¢ region of an
Hhustrative antibody, typically to alter one or more functional properties of the antibody,
such as serum hali-hte, complement fixation, Fc receptor binding, and/or antigen-
dependent cellular cytotoxicity. In one example, the hinge region of CHI is modified
such that the number of cysieine residues in the hinge region is altered, e.g, increased
or decreased. This approach is described further in ULS. Pat. No. 5,677,425, The number
of cysteine residues i the hinge region of CH1 is altered to, for example. facilitate
assembly of the light and heavy chains or 1o increase or decrease the siability of the
anttbody. In another case, the Fe hinge region of an antibody ts mutated to decrease the

biological half-life of the antibody.
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{8214} Furthermore, an antibody of the disclosure mav be modified to alter its
potential glveosylation site or patiern in accordance with routine expenmentation
known in the art. In some embodiments, the anti-CI2137 antibody derivative contains
at least one mutation in a variable region of a light chain or heavy chain that changes
the pattern of glycosylation i the variable region. Such an antibody derivative may
have an oereased affinity and/or a modified specificity for binding an antigen. The
mutations may add a novel glvcosylation site in the V region, change the location of
one or more V region glycosviation site(s), or remove a pre-existing V region
glycosylation sile. In some embodiments, the anti-CD137 antibody derivalive has a
potential N-linked glycosviation site at asparagine in the heavy chain variable region,
wheregin the potential N-linked glycosylation site in one heavy chain vartable region is
removed. In some embodiments, the anti-CD137 antibody derivative has having a
potential N-linked glveosvlation site at asparagine 1o the heavy chain variable region,
wherein the potential N-linked glycosvlation site in both heavy chain variable regions
1s removed. Method of altering the glycosylation pattern of an antibody is known in the
art, such as those described in US. Pat No. 6,933,368, the disclosure of which
incorporated herein by reference.

{825} In some embodiments, the antibody derivative is a CD137 antibody multimer,
which is a multimeric form of a CD 37 antibody, such as antibody dimers, trimers, or
higher-order multimers of monomeric antibodies. Individual movomers within ao
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
IgGG4 moleculesy spontaneocusly form protein aggregates containing  antibody
homodimers, and other higher-order antibody multimers. Altematively, antibody
homodimers mav be formed through chencal linkage techruques known m the art,
such as through using crosslinking agerds. Suitable crosslinkers include those that are
heterobifimetional, having two distinctly reactive groups separated by an appropriate
spacer {such as m-maleimidobenzoyl-N-hydroxysuccinimide ester, succinimidvi 4-
(maleimidomethyljcvclohexane-1~-carboxylate, and N-succintmudyl  S-acethyithio-

acetate} or homobifunctional {such as disuccimimidyl suberate} Such linkers are
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commercially available from, for example, Pierce Chemical Company, Rockford, IL.
Auntibodies can also be made to roultimerize through recombinant DNA techuigues
known in the art.

{826} Insome embodiments, the anti-CB137 antibody is a muliimeric antibody {e.g.,
a bispecific antibody). In some embodiments, the anti-CD 37 antibody is an IgM
antibody, e.g., comprises an IgM Fe region {e.g.. a human IgM Fc region).

{2171 Examples of other antibody derivatives provided by the present disclosure
imclude single chain antibodies, diabodies, domain antibodies, and unibodies. A
“single~chain antibody™ (scF v} consists of a single polypeptide chain comprising a VL
domain linked to a VH domain wherem 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 ef af., (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 bispecitic molecule. Methods of
preparing diabodies are known in the art {See, e g, Holliger P. er o/ (1993} Proc. Natl.
Acad. Sci. USA 90:6444-6448, and Poljak R J er &/, (1994) Structure 2:1121-1123).
Domain antibodies {dAbs) are small functional binding unils of antibodies,
corresponding to the variable regions of etther 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, W{05/035572, W04/101790,
WO04/081026, WOG4/058821, W04/003019 and WO03/002609). Unibodies consist
of one light chain and one heavy chain of an 1gG4 antibody. Unibodies may be made
by the removal of the hinge region of IgG4 antibodies. Further details of unibodies and

methods of preparing them mav be found in WQO2007/059782.
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Methods of Making

{82181  Antibodies of the present disclosure can be produced by techniques known 1o
the art, including conventional monoclonal antihody methodology e g, the standard
somatic cell hybridization technique (See e.g, Kohler and Milstein, Nanre 256:495
{1975), viral or oncogenic transformation of B lymphocytes, or recombinant antibody
technologies as described in detail herein below,

{82191 Hvbndoma production 13 a very well established procedure. The common
animal system for preparing hybridomas is the murine system. Immunization protocols
and techimques for isolation of immunized splenocyies for fusion are knowu in the art.
Fusion partners {e.g.. murine myeloma celis} and fusion procedures are also known.
{One well-known method that may be used for making human CBD137 antibodies
provided by the present disclosure nvolves the use of a XENOMOUSE™ animal
svstem. XENOMOUSE™ mice are eoginecred mouse sirains that comprise large
fragments of human immunoglobulin heavy chain and light chain loci and are deficient
in mouse antibody production. See, e.g., Green ef af., Nature Genetics 7:13-21 (1994}
and WO2003/040170. The animal 1s immunized with a CDI37 antigen. The CD137
antigen is isolated and/or purified CD137, preferably CD137. It may be a fragment of
D137, such as the extracellular domain of CD137, particularly 8 UD137 extracellular
domain fragment comprising amino acid resides 34-108 or 34-93 of SEQ ID NG 1
Immumization of animals can be carried out by anv method known o the art. See, e g,
Harlow and Lane, Antibodies: A Laboratory Manual, New York: Cold Spring Harbor
Press, 1990. Methods for immunizing non-luiman animals such as mice, rats, sheep,
goats, pigs, caitle and horses are well known in the art. See, e g, Harlow and Lane,
supra, and U8, Pat. No. 3,994,619, The CI3137 antigen may be adnunistered with an
adpuvant to stimudate the immuune response. Exemplary adjuvants inchude complete or
meompleie  Freund’s  adjuvant, RIBI  {(muramwyl  dipeptides} or  ISCOM
(immunostimulating complexes). After immunization of an amimal with a CD137
antigen, antibody-producing immortalized cell lines are prepared from cells i1solated
from the immunized animal. After immunization, the animal 1S sacrificed and lymph
node and/or splenic B cells are immortalized. Methods of immortalizing cells include,
but are not limated to, transferning thern with oncogenes, joflecting them with the

oncogenic virus cultivating them under conditions that select for immortalized cells,
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subjecting them to carcinogenic or mmiating compounds, fusing them with an
wmmortalized cell, e. g, a myeloma cell, and mactivating a fumor suppressor gene. See,
e.g., Harlow and Lane, supra. If fusion with myveloma cells is used, the myeloma cells
preferably do not secrete immunoglobulin polypeptides (a non-secrefory cell line).
Immortalized cells are screened using CD137, a portion thereof, or a cell expressing
CD137. CD137 anutbody-producing cells, e.g., hvbridomas, are selected, cloned and
further screened for desirable characteristics, including robust growth, high antibody
production and desirable amtibody characieristics, as discussed further below.
Hyvbrnidomas can be expanded in vive in syongeneic ammals, o animals that lack an
immune systeny, e.g, nude mice, or in cell culture in vifro. Methods of selecting,
cloning and expanding hybridomas are well known to those of ordinary skill in the art.
{82387  Antibodies of the disclosure can also be prepared using phage display or veast
display methods. Such display methods for 1solating human antibodies are established
in the art, such as Achim Knappik, ef o/, “Fully Synthetic Human Combinatorial
Antibody Libraries {(HuC AL} Based on Modular Consensus Frameworks and CDRs
Randomized with Trinucleonides.” J. Mol Biol. (2000) 296, 57-86; and Michael J,
Feldhaus, et ¢f., “Flow-cytometric isolation of human antibodies from a non-inumune
Saccharomyces cerevisiae surface display library” Nat Biotechnol (20033 21:163-170.
{6223}  Insomeembodiments, the anti-CD137 antibody is prepared by expressing one
or more nuclete acids encoding the anti-CD 37 antibody or polypeptide chains thereof
in a host cell. In some embodiments, the one or more nucleic acids 1s a DNA or RNA,
and may or mav not contain intronic sequences. Typically, the nucleic acid is a ¢cDNA
molecule.

{82221  Nuclewc aaids of the disclosure can be obtained using any surtable molecular
biology techniques. For antibodies expressed by hvbridomas, ¢DBNAs encoding the light
and heavy chains of the antibody made by the hybridoma can be obtained by PCR
amphification or c¢cDNA cloning techmiques. For antibodies obtamed fom an
immunoglobulin gene hibrary {e. g, using phage display techmiques), the nucleic acid
encoding the antibody can be recovered from the library,

{82231  The 1solated DNA encoding the VH region can be converted to a full-length
heavy chain gene by operaiively hinking the VH-encoding DNA to another DNA

molecule encoding heavy chain constant regions {(CHI1, CH2 and CH3). The sequences
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of human heavy chain constant region genes are known in the art (see e.g., Kabat ¢f a/.
(1991} Sequences of Proteins of Towuvunological Interest, Fifth Edition, US.
Department of Health and Human Services, NIH Publication No. 91-3242) and DNA
fragments encompassing these regions can be obtained by standard PCR amplification.
The heavy chain constant region can be an IgGl, TgG2, 1gG3, 2G4, IgA, IeE, 1gM or
fgl) constant region, but most preferably 15 an IgG4 or 1gG2 constant region without
ADCC effect. The 1G4 constant region sequence can be any of the various alleles or
allotypes known to occur among different individuals. These allotypes represent
naturally occurring amanoe acid substitution 1o 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 CHI constant region.

{8234} The isolated DNA encoding the VL region can be converted to a full-length
light chain gene (as well as a Fab light chamn 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.,
Kabateral (1991) Sequences of Proteins of Iromwnological Tnterest, Fifth Edition, US.
Department of Health and Human Services, NIH Publication No. 91-3242) and DNA
fragments encompassing these regions ¢an be obtained by standard PCR amplification.
The light chain constant region can be a kappa or lambda constant region.

{83381 To create a scFv gene, the VH- and Vi-encoding DNA fragments are
operatively linked to another fragment encoding a flexible linker, e.g., encoding the
amino acid sequence (Giys-Serks, such that the VH and VL sequences can be expressed
as a contiguous single-chain protein, with the VL and VHregions joined by the flexible
linker (seee. g, Bird er gl , Science 242:423-426 (1988); Huston ef al., Proc. Nail. Acad.
Sci. USA &5:5879-5883 (1988). and McCafferty et al., Noture 348:552-554 (1990)).
[8236] In some embodiments, there is provided a vector that comprises oneg or more
nucleic acid molecules encoding an anti-CD137 antibody described herem. In some
embodiments, the vector is an expression vector useful for the expression of the anti-
D137 antibody. In some embodiments, provided herein are vectors, whergin a first
vector comprises a polynucleotide sequence encoding a heavy chain variable region as
described herein, and a second vector comprises a polynucleotide 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,

{8227} To express an anti-CD37 antibody described herein, DNAs encoding partial
or full-length light and heavy chains are inserted into expression vectors such that the
DNA wolecules 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 funcition of regulating the transcription and
translation of the DNA wolecule. The expression vector and expression comntrol
sequences are chosen o 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 inseried into the same expression vector. The
antibody genes are inseried into the expression vector by any suitable methods (e.g.,
figation 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 heren can be used fo create full-length antibody
genes of any antibody isotype and subclass by inserting them into expression vectors
already encoding heavy cham constant and light chain constant regions of the desired
isotype and subclass such that the VH segment is operatively hinked to the CH
segroent(s) within the vector and the VL segment is operatively linked to the CL
segment within the vector. Additionally or altematively, the recombinant expression
vector can encode a signal peptide that facilitates secretion of the antibody chain from
a host cell. The antibody c¢hain gene can be cloned into the vector such that the signal
peptide is linked in~frame to the anuno terminus of the antibody chan gene. The signal
peptide can be an imumunogiobulin signal peptide or a heterciogous signal peptide (i.e.,
a signal peptide from a non-immunoglobulin protein).

{8238) In addition to the antibody cham 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 term “regulaiory sequence” is intended io
mclude promoters, enhancers and other expression control elements {(e.g.
polyadenylation signals} that countrol the transcription or translation of the antibody

chain genes. Such regulatory sequences are described, for example, in Goeddel {Gene
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Expression Technology. Methods in Enzymology 185, Academic Press, San Diego,
Cahf. (1990)). It will be appreciated by those skilled in the art that the design of the
expression vector, including the selection of regulatorv sequences, may depend on such
factors as the choice of the host cell o be transformed, the level of expression of protein
desired, efc. Examples of regulatory sequences for mammalian host cell expression
moclude viral elernents that direct high levels of protein expression in manuunahan cells,
such as promoters and/or enhancers derived from cytomegalovirus (CMV), Simtan
Virus 40 (5V40), adenovirus, {e.g., the adenovirus major late promoter (AdMLP} and
polvorma. Altersatively, nonviral regulatory sequences may be used, such as the
ubiguitin promoter or B-globin promoter. Stll further, regulatory elements composed
of sequences from different sources, such as the SR promoter system, which contains
sequences from the SV40 easly promoter and the long terminal repeat of human T cell
feukemia vivus type 1 (Takebe, V. ef ol (1988) Mol Cell. Riol 8:466-472),

{82241 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 1n host celis {e.g., origins of replication) and selectable marker
genes. The selectable marker gene facilitates selection of host cells into which the
vector has been infroduced (see, eg. US. Pal Nos. 4399216, 4634665 and
5,179,017, all by Axel er al ). For example, typically the selectable marker gene confers
resistance to drugs, such as G418, hyvgromyom 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 dhir-host cells with methotrexate
selection/amplification} and the neo gene (for G418 selection).

{3238} For expression of the hght and heavy chains, the expression vector(s)
encoding the heavy and light chamns s transfected mto a host cell by any switable
techmgues. The vanous forms of the term “transfection”™ are intended to encompass a
wide variety of techniques commonly used for the infroduction of exogenous DNA into
a prokarvotic or eukaryotic host cell, eg. electroporation, calcium-phosphate
precipitation, DEAE-dextran transfection and the ike. Although it is possible to express
the antibodies of the disclosure in either prokarvotic or eukaryotic host cells, expression

of antibodies in eukaryotic cells, and typically maromalian host cells, 18 most typical.
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{82311  In some embodiments, there is provided a host cell containing a nucleic acid
maolecule provided by the present disclosure. The host cell can be virtually any cell fo

which expression vectors are available. It may be, for example, ahigher eukarvotic host
cell, such as a mammalian cell, a lower eukaryotic host cell, such as a yeast cell, and
may be a prokarvotic cell, such as a bactenal cell. Introduction of the recombinant
nucleic acid construct into the host cell can be effected by calciuro phosphate
transfection, DEAE, dextran mediated transfection, electroporation or phage infection.
{82321 Sutable prokaryotic hosts for transformation inchude . coli, Baciflus subiilis,
Salmonella  typhimurivm and various species within the genera Pseudomonas,
Streptomyces, and Staphyiococcus.

{8233} Mammalian host cells for expressing a binding molecule of the disclosure
inchuade, for example, Chinese Hamgster Ovary (CHGO) cells (ncluding dhit-CHO cells,
described in Urlaub and Chasin, Proo. Natl Acad Sei. US4 77:4216-4220 (1980}, used
with a DHFR selectable marker, ¢ g., as described in Kaufiman and Sharp, J Mol Bini
159:601-621 (1982), NSO mveloma celis, COS cells and Sp2 cells. In particular, for use
with NSO myeloma or CHO cells, another expression system 1s the GS (glutanune
synthetase) gene expression system disclosed in WO 87/04462, WO 89/01036 and EP
338.841. When expression vectors encoding antibody genes are iniroduced into
mammalian host cells, the antibodies are produced by cultuning the host cells for a
period of ttime sufficient to allow for expression of the antibody 1o the host cells or
secretion of the antibody mnto 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 Compeositions, Kits, and Articles of Manufacture

{32341 One aspect of the present application provides a composition comprising any
one of the anti-CD137 antibodies described herein and/or any one of the CD137-
mducing agents {e.g., cviokine, HDAC inhibitor or DNA-damaging agent} described
herein. Also provided are pharmaceutical compositions comprising any one of the anti-
CD137 antibodies descrnibed 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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effeciive amount of the CD137-inducing agent; and {¢) a pharmaceuticallv acceptable
carrier. o some embodurents, the composition further comprises an anti-CD20
antibody (e g, rituximab). The compositions can be prepared by conventional methods
known in the art.

{82357 The term “pharmaceutically acceptable camier” rvefers {o any inactive
substance that 15 surtable for use in a formulation for the delivery of an active agent
{e.g.. the anti-CD137 antibody and/or the CD37-inducing agent). A carrier may be an
antiadherent, binder, coating, disintegrant, filler or diluent, preservative {such as
anttoxidant, antibacterial, or antifungal agent), sweetener, absorption delaving agent,
wetting agent, emulsifying agent, buffer, and the like. Examples of suitable
pharmaceutically accepiable carriers include water, ethanol, polvols {such as glycerol,
propyiene glycol, polyethylene glveol, and the like) dextrose, vegetable ¢ils (such as
olive o), saline, buffer, buffered salme, and isoiloruc agenis such as sugars,
polvaleohols, sorbitol, and sodium chloride,

{82361 The compositions may be in anv suitable forms, such as higuid, semi-solid,
and sohd dosage torms. Examples of ligund dosage forms jouclude solution {eg..
mjectable and infusible solutions), microemulsion, liposome, dispersion, Or suspension.
Examples of solid dosage forms include tablet, pill, capsule, microcapsule, and powder.
A particular form of the composition suitable for delivering an anti-CD137 antibody
and/or a CD137-mducing agent is a sterile hquid, such as a solution, suspension, ot
dispersion, for injection or infusion. Sterile solutions can be prepared by incorporating
the antibody in the requured amount in an appropriate carrier, followed by steniization
microfiltration. Generally, dispersions are prepared by incorporating the antibody into
a sterile vehucle that containg a basic dispersion rmedium and other carriers. Inthe case
of sterile powders for the preparation of stertle hqud, methods of preparation include
vacoum drying and freeze-drving (Ivophilization) to vield a powder of the active
ingredient plus any additional desired ingredient fromn a previously stenle-filtered
solution thereof The various dosage forms of the compositions can be prepared by
conventional techniques known in the art.

{82371 The relative amount of an anti-CD137 antibody and/or a CD137-inducing
agent mcluded mn the composition will vary depending upon a number of {actors, such

as the specific anti-CB137 antibody and/or CD137-mducing 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 CD137-inducing agent 1n 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 o abowt 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.

{2381  In some embodiments, there is provided an article of manufacture comprising
materials useful for the {reaiment of a cancer. The article of manufacture can comprise
a contamner and a label or package msert on or associated with the container. Suitable
comtainers 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 hervein, and may
have a sterile access port (for exarnple, the container may be an intravenous solution
hag or a vial having a stopper pierceable by a hypodermic injection needie). Package
msert refers {o instructions customartly included in commercial packages of therapeutic
products that contain information about the indications, usage, dosage, admunisiration,
contramdications and/or wamings concerning the use of such therapeutic products. In
some embodiments, the package insert indicates that the composition 15 used for
freating a cancer. The label or package insert may further comprise instructions for
administering the composition 1o a patient,

[923%  Additionally, the article of maenufacture may further comprise a second
container comprising a pharmaceutically accepiable buffer, such as bacteriostatic water
for imjection (BWFD), phosphate-buffered saline, Ringer's solution and dextrose
solution. It may further include other materials desirable from a commercial and user
standpoint, including other buifers, diluents, filters, needles, and syringes.

{82487 Kits are also provided that are useful for various purposes, e.g., for treatment
of a cancer described hereimn, optionally in combination with the articies of manufacture.
Kits of the prasent application include one or more containers comprsing 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 supphied in the kits of the
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present application are typically writien instructions on a label or package insert {e.g.,
a paper sheet included in the kit), but machine-readable mstructions {e.g., mstructions
carried on a magnetic or optical storage disk) are also acceptable.

{8241} For example, in some embodiments, there is provided a kit comprising: {a) a
pharmaceutical composition comprising any one of the anyi-CDI37 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 (¢} instructions for admunistering the
pharmaceutical composition to a subject having a cancer. In some embodiments, the kit
further comprises a pharmaceutical composition comprising an anti-CD20 antibody
{e.g., rituiximab).

{6342} The kits of the present apphcation are in suitable packaging Suitable
packaging includes, but is not limited 1o, vials, botiles, 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), botiles,
jars, flexible packaging, and the like.

{8243} The containers mav be unit doses, buik packages (e g., multi-dose packagas)
or sub~unit doses. Kits may also mclude multiple umit doses of the pharmaceutical
composifions and instructions for use and packaged m guantities sutficient for storage

and use in pharmacies, for example, hospital pharmacies and compounding pharmacies,

EXAMPLES

{8244} 'The examples below are intended to be purely exemplary of the invention and
should therefore not be cousidered to limit the mvention 1o any way. The following
examples and detailed description are offered by way of illustration and not by way of
limitation.

Example 1. UD137 expression on the surface of IL-2-stimulated PBMs

f8248] The following example describes CDI137 expression on the surface of
peripheral blood mononuclear cells (PBMCs) stimulated with the cviokine 1L-2.
{8246} Fresh human PBMCs were separated from the whole blood by a density

gradient centrifugation method using Ficoll Histopague. The isolated celis were
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cultured in 96-well plates (2x10° celis/well) and treated in vifro with different
concentrations of 1L-2 (0, 100, 1000 TU/mL). After 72 hours, PBMCs were collected
and CD137 on the cell surface was stained as follows.

{8247} IL-Z-stummidated PBMCs were stained with panels of antibodies to detact cali
surface markers and thereby identity subsets of cell types in the PBMCs. As shown in
Table 1, Panel 1 consisted of anti-human CD4S5, CB3, CD4, CD8, CD56 and CDI37
antibodies, and Panel 2 consisted of anti-human CD435, CD3, CD4, CD20, CD25,
{127 and CD137 antibodies. Subsets of cell types in the PBMUs were sorted by
fluorescence~-activaied cell sorting (FACS). CD137 expression on the different subsets
of PBMCs was detected, and the data was analyzed using FlowlJo software,

TABLE 1 PBMC FACS Staining Panel

FACS Staining Panel 1 FACS Staining Panel 2
T-WEK | Markers| Fluorochrome | B-Treg | Markers {Fluorschrome
1 CD4s BV310 1 D45 BVS10
2 D3 FITC 2 D3 APC-Cy7
3 Ch4 PerCP-Cy5.5 3 CD4 | Per(CP-Cy5.5
4 By APC-Cy7 4 D20 PE-Cy7
5 Cose APC ] CD2s FIC
o C137 PE-Cy7 6 CD127 Bv42i
7 CD37 AF647

(83481  As shown i FIGs. 1A-IB, 100 and 1000 TU/mL of 1L-2 strongly induced

CD137 expression on human NK, NKT, CD8+ and Treg cells in vifro,

Example 2. ADGI06 in combination with continuous hich dose 1L-2 in a mouse
¥ g

meodel of Lewis hung cancer

{12491 The following example describes the therapeutic etficacy of the anti-CD 137
anttbody ADG106 i combination with 1L-2 in a mouse model of Lewis lung cancer.

{82881 C57BL/6 nuce were transplanied subcutaneously with 5x10° Lewis lung
cancer cells. Afier tumors were established (/.e.. having reached a volume of 75 mm’),
mice were treated with either vehicle only, ADGI06 (5 mg/kg, twice weekly for 4
doses), 1L-2 (1.4x107 IU/nY, twice a day for 13 consecutive days), or ADGI06 (5

mg/kg, twice weekly for 4 doses) and 1L-2 (1.4x107 U/, twice a day for 13
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consecutive days) by miraperitoneal injection. Tumor growth was monitored twice
weekly and reported as tumor volume + SEM over time.

{82511  As shown in FIGs. 2A-2D, the continuous high dose 11.-2 exhibited robust
anti-tumor activity but also caused significant toxicity in muce, resulting in one animal
death (1/8) on Day 19 and early termination of all other sick animals (7/8) on Day 22
(F1G. 2C). Combination of ADGI06 with the contmuous high dose of {L-2 further
induced seriocus toxicily and resulted in accelerated amimal death (7/8) from Day 12 to

Day 19 (FIG. 2D).

Example 3. ADG 106 in combination with I1-2 at a high dose and low frequency,

or a continuous low dose, in a mouse model of Lewis lung cancer

{3232} This exanple describes the therapeutic efficacy of anti-CDI137 antibody
ADG106 in combination with {L-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,

{63831 C57BL/6 mice were travsplanted subcutaneously with 5x10° Lewis lung
cancer cells. After tumors were established (i ¢, having reached a volume of 76 mm’),
mice were {reated with vehicle alone, ADG106 (2.5 mg/kg, twice weekly for 4 doses),
TL-2 at alow frequency high dose (1. 42107 U/, twice a day, every 3 days for 4 doses),
1L-2 at a continuous fow dose (2.8x10° TU/n’, twice a day for 5 consecufive days), a
combination of ADG106 and 1L-2 at a low frequency high dose, or a combination of
ADG106 and §L-2 at a continuous low dose, by intraperitoneal injection. Tumor growth
was monitored twice weekly and 1s reported as tumor volume + SEM over tirne.

{92541 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 (F1Gs. 3C-3D). Combination of ADGI06 with either TL-2 dose regimen
exhibited enhanced anti-tumor efficacy, especially with the continuous low dose 1L-2

regimen (FIGs. 3E-3F). No cbvious toxicity was observed during the study.

Example 4. ABGI06 in combination with DNA damaging agents in a mouse

model of A20 B cell iymphoma

{63881 BALB/c mice (v=8 per group, female, 6-8 weeks old) were transplanted

subcutaneousty with 3 x 10° 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 intrapenttoneal injection), Bendamustine (12.5
mg/kg, once a day for 4 doses by mtraperitoneal irjection), or ADG1I06 (5 mg/kg, twice
a week for 4 doses by intraperitongal injection) in combination with Bendamustine
(12.5 mg/kg, once a day for 4 doses by intraperitoneal injection). Tumor growth was
monttored twice weekly and reported as roean tumor volurme = SEM over tune.

{83561 As shown in FIGs. 4A-4E, both ADG106 and Bendamustine treatment were
well tolerated by mice as monotherapies. Combination of ADG106 with Bendamustine
exhibited enhanced antitumor efficacy compared to ADGI06 and Bendamustine
monotherapies. Additionally, no obvious toxicity was observed for the combination

therapy.

Example 5, Bose-dependent effects of standard of care (SOC) drug {reatments on

CBD137L protein surface expression

{2571 HUT7T8 cells, cultured in 6-well plates in RPMI-1640 medium containing 20%
fetal bovine serum (FBS), were treated with a dose range of Romidepsin {({ — 0. 1uM),
Bortezomab (0 — 1.0uM}, Behnostat (0 — 1.0uM), Chadamide {0 — 3.0uM), or
Vineristine (0 — 0.03uM) for 24 howrs. Cells (1x10%) were washed twice in Dulbecco’s
Phosphate Buffered Saline (DPBS), stained with either Phycoerythrin (PE)-conjugated
Isotvpe Control (Biolegend catalog #400112) and anti-human-CD137L (Biolegend
catalog #311504) antibodies (1L antibody 1n 100ul DPBS, FIG 5A-3E) or PE-Cy7-
conjugated Isotype Control {Thermofisher catalog #25-4714-80) and anti-human-
CDI37L (Thermofisher catalog #25-3906-42) antibodies (1ul antibody i 100pL
DPBS, FIG. 5F-5H) at 4°C for 30 minutes, washed twice in DPBS, and resuspended in
100ul DPBS for flow cviometry analysis.

{82381  Asshown in FIGs. 5A-5H, upon treafment of Romadepsin (FIGs. 5A and SF},
Bortezomib (FIGs. 5B and 3G), Chidanude (FIGs. 5C and 5H), and Belinostat (FIG.
505 HUT78 human TCL cells showed dose-dependent upregulation of CDI37L
protein swrface expression. Un the other hand, upon treatment of Vincristine (FIG. SE},
HUT78 human TCL cells did not show upregulation of CDI37L protein surface

expression.
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Example 6. Time-Bependent Effects of SOC Drug Treatments on CDI3TL

Protein Surface Expression

{8239 HUTTE cells, cubtured in 6-well plates 1o RPMI-1640 roedium containing 20%
FBS, were treated with 0.003uM Romidepsin or 0.01uM Borteronub for 2, 6, 16, or 24
hours. Cells (1x10°) were washed twice in DPBS, stained with PE-conjugated Isotype
Control (Biolegend catalog #400112) and anti~human-CDI37L (Bwolegend catalog
#311504) antibodies {1ul antibody in 100ul. DPBS) at 4°C for 30 minutes, washed
twice in DPBS, and resuspended in 100uL DPBS for flow cytometry analysis.

{82681 As shown in FIGs. 6A and 6B, upon treatments with Romidepsin (FIG. 6A)
and Borteronib (FIG. oB), HUT?8 human TCL cells showed time-dependent

upreguiation of CIM37L protein surface exprassion,

Example 7. Bose-Dependent Effects of SOC Brug Treatments en CBI37L
mRBMNA Expression

{8263} HUTI02, HUT78, and SU-DHLE1 cells, cultured in 9G-well plates, were
treated with a dose range of Romidepsin (0 — 0. 1pM), Bortezomib (0 — 1.0ud),
Belinostat {0 — 10.0uM), or Vincnstine {0 — ¢.03uM) for 24 hours. {ells were lysed
with Lysis Buffer and cell Iyvsates were used {or the QuantiGene Plex assay {7-gene
multiplex (CDBG, CDE6, CD274, CDI37, CDI37L, HPRTI, GAPDH))
{8262} ‘'Table 2 shows basal expression levels of HPRT1, CD86, CDRO, CD274 (PD-
L1}, GAPDH, TNFSFS (CDI137L/4-1BBL), and TNFRSFO (CD137/4-1BB) m
HUT102, HUT?8, and SU-BHL1 human TCL cells, Mean Fluorescence Intensity
{MF1) levels, which are surrogates for gene expression levels, are shown. HUT7E and
SU-DHE1 cells express very low or no mRINA levels of CDE86 and CDE0O. HUTTE cells
express very low or no mRMNA levels of CD274 and TNFRSFY (CD37/4-1BB). When
MFT levels are low, shight changes may MFI values may cause dramatic changes in
fold-change; thus, caution should be used when mierpreting fold-changes in these genes
"
Table 2. Mean Fluorescence Intensity (MFT} levels of HPRT!, CD86, CDS8G, CD27-
(P11, GAPDH, TNESEFQ (CDI371/4-1BBL), and TNFRSED (CD137/4-1BE} in
HUTI02 BUT78, and SU-DHLI human TCL cells

| HPRT1 | CD86 | CDR0 | CD274 | GAPDH | TNFSFY | TNFRSFS |

o)
[y
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(PD- (CD137L/ | D137/
L1) 41BBL) | 4-1BB)
HUTI02 | 2427 | 4113 | 3575 | 713 | 27138 135 1661
HUT7S | 9845 | 7 73 775 | 20538 | 4353 755
SU- s | 7 # 3294 | 29140 577 150
DHLL | ° : '

¥ Low basal expression, caution should be used when interpreting fold-changes in
these genes.
{8263} As shown in FIGs. 7A-7C, Romudepsin treatment induced dose-dependent

upreguiation of CD37L mRNA expression in HUT102 (FIG. 7A), HUTT78 (FIG. 7B),
and SU-DHL1 (FIG. 7C) human TCL cells. Romidepsin treatment also induced CD137
and CD274 wmRNA expression m HUTI02 cells (FIG. 7A)., and CDI37 mRNA
expression in SU-DHL1 cells (FIG. 7C).

{12641
upregulation of CD137L mRNA expression in HUT102 (FIG. 8A), HUT78 (FIG. 8B).
and SU-DHL1 (FIG. 8C) human TCL cells. Belinosiat treatment also induced CD137
and CD274 mRNA expression in HUTI0Z cells {(FIG. 8A), and (D137 mRNA
expression in SU-DHL1 cells (FIG. 7C).

{82551
upreguiation of CD137L mRINA expression in HUT102 (FIG 9A) and SU-DHL I (FIG.
9C), but not HUT78 (FIG. 9B) human TCL cells. Bortezomib ireatment also induced
CD274 mRNA expression i HUTI02 cells (FIG. 9A).

{8266}
CDI137L mRNA expression in HUTI102 (FIG. 10A), bui not HUT78 (FIG. 10A B) or
SU-DHL1 (FIG. 10A C), human TCL celis. Vincrisiine (reatment also induced CD137
mBNA expression in HUT102 cells (FIG. 10A).

As shown m FIGs. 8A-8C, Belinostal treatment indoced dose-dependent

As shown in FiGs. 9A-9C, Borteromib treatment induced dose-dependent

As shown mn FIGs. 10A-10C, Vincristine treatment induced upregulation of

Example 8, Effects of SOU Drug Treatinents op Cell Viability of HUTT78 Cells

{82674
fetal bovine serum (FBS), were treated with a dose range of Romidepsin (0 — 0.1uM),

Borlezomib (0 — 1.0uM), or Chidamide (0 — 3.0uM) {or 24 hours. The CellTiter-Glo

HUT78 cells, cultured in 96-well plates in RFMI-1640 medium containing 20%

assay (Promega) was used to assess cell viability according to the manufacturer’s

instructions.
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{82681  As shown in FIGs. 11A-11C, Romidepsin (FIG. 11A) and Bortezomib {FIG.
HEB), but not Chidamde (FIG. 11C), whibited cell viability of HUT78 human TCL

cells in a dose-dependent manner.
Example 9. Effects of SOC Drug Treatments on Cell Viability of Purified Human
T Cells

16269

cultured in 96-well plates in RPMI-1640 medium containing 109 fetal bovine serum

T cells were purified from human PBMCs (>95% purity, data not shown),

(FBS), and treated with a dose range of Ronudepsin (0 — 0. 1uM}, Borteronub (0 -
1.0uM), or Chidamide (O — 3.0ubM} for 24 howrs. The CellTiter-Glo assay {Promega)}
was used o assess cell viability according to the manufacturer’s instructions.

{32781 Asshownin FIGs. 12A-12C, Romidepsin (FIG. 124), Bortezomib (F1G. 12B),
and Chidamide (FI{. 12{) had munimal or no effect on the viability of purified human
T celis.
162714

drugs in TCL cell lines. Regulation of CD137L protein surface expression is indicated

Table 3. shows a summary for the regulation of CD137L expression by SOQC

by the “Protein” columns while regulation of CD137L mRNA expression is indicated
by the “mRNA” columms. Y7 indicates the treatmeni caused upregulation; “N”

indicates the treatment did not cause upregulaiion.

PCT/US2021/038718

Table 3.
Drugs ftype) HUT78 HUTI02 SU-DHLI
B8 pe Protein mRNA mRNA mRNA
Romidepsin (HDACH Y Y Y Y
Belinostat (HBAC1) Y Y Y Y
Chidamide (HDA{() Y Not tested WNot tested

Bortezomib , , ,
{Proteasome Inhubitor) ¥ N ¥ ¥
Vincristine . . .
{Chemotherapy) N N Y N

Example 10, ADGI06, 11-2, anti-PD-1 antibody as monotherapies or in

combination in Bi16F10 mouse model

(62728

C57BL/6 mice (n=8 per group, female, 6-8 weeks old} were transplanted

subcutaneously with 5x10° B16F10 murine melanoma cancer cells. After tumors were

established {i.e., having reached a volume of 30 mun®), mice were trealed with vehicle
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alone, ADGI06 (mouse IgG1, 10 mg/kg, twice weekly for 4 doses}, anti-PD1 antibody
2ES (10 mg/kg, twice weekly for 4 doses), a combination of ADGI06 and anti-PD1
antibody 2ES5. IL-2 at a continuous low dose (2.8x10% IU/m’, 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 2ES and -2 at a confinuous low dose, or a
combination of ADGL06, anti-PD 1 antibody 2ES5 and 1L-2 at a continuous low dose by
intraperitoneal injection. Tumor growth was montiored twice weekly and is reported as
tumor volume = SEM over time.

{82731 Asshown in FIGs. [3A-131, combination therapy of ADGI06, Y12 and 2ES
exhibited enhanced anti-tumor efficacy compared o ADGI06, IL-2 and 2ES

monotherapies.

98



WO 2021/262869 PCT/US2021/038718

CLATMS
What is claimed 1s:

I, A method of treating a cancer in a subject, comprising adminstening to the
subject: {a} an effective amount of an anti-C137 antibody that specifically binds
to an extracellilar domain of lniman CD137, wherein the antibody binds to one or
more anino acid residues selected from the group consisting of anyno acid
residues 51, 53, 62-73. 83, 89, 92, 95-104 and 112-116 of SEQ 1D NO: 1; and (b)
an effective amount of an agent that induces expression of CD137 on an immune
cell and/or induces expression of CDI37L on a cancer cell of the subject.

The method of claim |, wherein the immune cell is selected from the group

a2

consisting of CDE&+ T cells, regulatory T (Treg) cells, natural killer (NK) cells, and

NE-T cells.

75

The method of claim 1 or 2, wherein the agent 1s a cytokine.
4. The method of claim 3, wherein the cytokine is selected trom the group consisting

of IL-2, [L-12, 1L.-10 and INFy.

LA

The method of claim 3, wherein the agent 15 TL-2.

6. The method of claim 5, wherein the 1L.-2 is a wildtype 1L-2, a chemically
modified TL-2 varant, or an IL-2 analog,

7. The method of claim 5, wheremn the 1L-2 15 aldesleukin or bernpegaldesieukin,

& The method of any one of claimns 5-7, wherein the {1.-2 1s admirnstered at a dose
of no more than about 2.8x10° IU/my’.

9. The method of claim 8, wherein the 1L-2 i¢ administered at a dose of about
7.2210% W/kg or about 2.8210% 1W/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 1L-2 1s adminsstered no more
than once every three days.

12. The method of claim 11, wherein the 1L-2 is adnunistered at a dose of no more
than about 1.4x107 H/nv,

13, The method of claim 1 or 2, wherein the agent is a hisione deacetviase (HDAC)

inhubitor.
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14. The method of claim 13, wherain the HDAC inhibitor is selected from the group
consisting of belinostal, vorinostat, romudepsin, and chidamide.

15, The method of claim 14, wherein the HDAC inhibitor is belinostat.

16. The method of claim 1 or 2, 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, bleomwvein, doxorubicin and bendaroustine.

18. The method of claim 17, wherein the DN A-damaging agent 15 bendamustine.

19. The method of any one of claims 1-18, further comprising administering an
effective amownt of an anti-CD20 antibody.

20. The method of claim 19, wherein the anti-CD20 antibody is rituimab.

21. The method of any one of claims 1-18, further comprising administering o the
subject an effective amount of an immune checkpoint inhibitor,

22. The method of claim 21, wheremn the imwmune checkpoint inlubitor 1s an anti-PD-1
antibody.

23. The method of any one of claims 1-22, wherein the agent is administered
miravenously.

24. The method of any one of claims 1-23, wherein the agent 15 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 simulianeously.

26. The method of any one of claims 1-25, wherein the cancer is a liquid cancer.

27. The method of claim 26, whergin the cancer is non-Hodgkin’s lvmphoma.

28. The method of claim 26 or 27, wherein the cancer 15 T-cell lymphoma.

29, The method of claim 26 or 27, wherein the cancer 13 B-cell lvmphoma.

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 asolid cancer,

32, The method of claim 31, wherein the cancer is selected from the group consisiing
of breast cancer, ovarian cancer, colorectal cancer, gastric cancer, melanoma, fiver
cancer, lung cancer, thyrotd cancer, kidney cancer, brain cancer, cervical cancer,

bladder cancer, and esophageal cancer.

(9%}
oS

3. The method of claim 32, wherein the cancer is {ung cancer.

{ad

4. The method of claim 32, wherein the cancer is melanoma.

100
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37

38

440.

41.

42.

. The method anv one of claims 1-34, wherein the cancer is in adjuvant sefting or

necadjuvant setting,

36. The method of any one of claims 1-35, wheremn the anti-CE137 antibody is

administered at a dose of no more than 500 mg.

The method of claim 36, wherein the ani-CD137 antibody s administered at a
dose of about 125 mg or more.

The method of any one of claims 1-37, wherein the anti-CD 137 antibody is

administered at a dose of no more than about 10 mg/kg.

. The method of claim 38, wherein the anti-CD 137 antibody 18 administered at a

dose of about 2.5 mg/kg or more.

The method of any one of claims 1-39, wherein the anti-CD 137 antibody is
administered infravenously.

The method of any one of claimns 1-40, wherein the anti-CD 137 antibody is
adnunistered about once every three weeks,

The method of any one of claims 1-41, wherein the cancer is advanced-stage

Cancer,

3. The method of any one of claims 1-42, wherein the cancer is metastatic cancer,

. The method of any one of claims 1-43, wherem the anti-CD37 antibody is cross-

reactive with a CD37 polvpeptide from at least one non-human species selected

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

. The method of any one of claims 1-44, wherein the anti-CD137 antibody binds to

amine acid residues 51, 63-67, 69-73, 83, 89, 92, 98-104 and 112-114 of SEQ ID
NG: L

. 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 1D NG: 2, a HVR-H2 comprising the amuno acid sequence of SEQ ID
NO: 3, and a HVR-H3 comprising the amino acid sequence of SEQ 1D NG 4;
and wherein the VL comprises a HVR-L1 comprising the aming acid sequence of
SEQIDNG: 5, a HVR-L2 comprising the amino acid sequence of SEQ IDNO: 6,
and a HVR-L3 comprising the amino acid sequence of SEQ ID NO: 7.

101
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47. The method of claim 46, wherein the VH comprises the amino acid sequence of
SEQ ID NO: 8§, and/or the VL comprises the amano acid sequence of SEQ 1D NG:
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 D
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
coraprises a VH and a VL, wherein the VH coroprises a HVR-H1 conmprising the
aming acid sequence of SEQ 1D NG: 12, a HVR-H2 comprising the anino acid
sequence of SEQ D NO: 13, and a HYR-H3 comprising the amino acid sequence
of SEQ 1D NO: 14, and wheren the VL comprises a HVR-L1 comprising the
amino acid sequence of SEQ ID NO: 13, a HVR-L2 comprising the amino aad
sequence of SEQ 1D NO: 16, and a HVR-L3 comprising the amino acid sequence
of SEQ ID NG: 17.

50. The method of claim 49, wherein the VH comprises the anuno acid sequence of
SEQ 1D NGO 18, and/or the VL comprises the amino acid sequence of SEQ 1D
NG 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 acud sequence of SEQ 1D
NO: 20, and/or the light chain comprises the amino acid sequence of SEQ 1D NGO

21

n
[\

. The method of any one of claims 1-43, wherein the anti-CDB137 antibody
comprises a VH and a VL, wherein the VH comprises a HVR-H1 comprising the
amino acid sequence of SEQ ID NG: 22, a HVYR-H2 comprising the amine acid
sequence of SEQ D NG: 23, and a HVR-H3 comprising the amino acid sequence
of SEQ 1D NG: 24; and wheremn the VL comprises a HVR-L1 comprising the
amino actd sequence of SEQ 1D NGO: 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
SEQ ID NG: 28, and/or the VL comprises the amino acid sequence of SEQ 1D
NO: 29,

54 The method of claim 53, wherein the antibody comprises a heavy chain and a light
chain, wherein the heavy chaim comprises the amino acid sequence of SEQ 1D
NO: 30, and/or the light chain comprises the amino acid sequence of SEQ ID NGO
31

55. The method of any one of claims 1-54, wherein the anti-CD137 antibody
coraprises a human IgGl Fe region.

56. The method of any one of claims 1-54, wherein the anti-CD137 antibody
comprises a human IgG4 Fe region.

57. The method of claim 56, wherein the human IgG4 Fe region comprises an S241P
mutation, wherein numbering 18 according to Kabat,

58. The method of any one of claims 1-57, wherein the subject is a human subject,

J—
-
|5
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FIG. 11A HUTTS Gl Viabiity upon Romidensin Treatrent
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FIG. G HUT78 Cell Viabilty upon Chidamide
Treatment (G105, 24h)
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FIG. 12B

Human T Cell Viability upon
Bortezomib Treatment (CTG; 24h)
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<11e>

<120>

<130>

<140>
<141>

<150>
<151>

<160>

<170>

<216> 1

<211>
<212>
<213>

<400> 1

Met
1
Asn
Ala
Pro
Cys
65
Thr
Ala
Thr
Lys
Ser
145
Ser
Pro
Ala
Arg

Lys

Gly
Phe
Gly
Pro
50

Arg
Ser
Gly
Lys
Arg
130
Val
Pro
Ala
Leu
Phe

210
Gln

44

255
PRT
Homo sapiens

Asn
Glu
Thr
35

Asn
Gln
Asn
Cys
Lys
115
Gly
Leu
Ala
Arg
Thr
195

Ser

Pro

Ser
Arg
20

Phe
Ser
Cys
Ala
Ser
100
Gly
Ile
Val
Asp
Glu
180
Ser

Val

Phe

ADAGENE PTE.

69540-20007 .40

US 63/043,042
2020-06-23

Cys
5
Thr
Cys
Phe
Lys
Glu
85
Met
Cys
Cys
Asn
Leu
165
Pro
Thr
Val

Met

LTD.

Not Yet Assigned
Concurrently Herewith

Tyr
Arg
Asp
Ser
Gly
70

Cys
Cys
Lys
Arg
Gly
150
Ser
Gly
Ala
Lys

Arg

Asn
Ser
Asn
Ser
55

Val
Asp
Glu
Asp
Pro
135
Thr
Pro
His
Leu
Arg

215
Pro

Ile
Leu
Asn
40

Ala
Phe
Cys
Gln
Cys
120
Trp
Lys
Gly
Ser
Leu
200
Gly

Val

SEQUENCE LISTING

Val
Gln
25

Arg
Gly
Arg
Thr
Asp
105
Cys
Thr
Glu
Ala
Pro
185
Phe
Arg

Gln

FastSEQ for Windows Version 4.0

Ala
10

Asp
Asn
Gly
Thr
Pro
90

Cys
Phe
Asn
Arg
Ser
170
Gln
Leu

Lys

Thr

Thr
Pro
Gln
Gln
Arg
75

Gly
Lys
Gly
Cys
Asp
155
Ser
Ile
Leu
Lys

Thr

Leu
Cys
Ile
Arg
60

Lys
Phe
Gln
Thr
Ser
140
Val
Val
Ile
Phe
Leu

220
Gln

Leu
Ser
Cys
45

Thr
Glu
His
Gly
Phe
125
Leu
Val
Thr
Ser
Phe
205

Leu

Glu

Leu
Asn
30

Ser
Cys
Cys
Cys
Gln
110
Asn
Asp
Cys
Pro
Phe
190
Leu

Tyr

Glu

COMBINATION THERAPY COMPRISING ANTI-CD137 ANTIBODIES

Val
15

Cys
Pro
Asp
Ser
Leu
95

Glu
Asp
Gly
Gly
Pro
175
Phe
Thr
Ile

Asp

Leu
Pro
Cys
Ile
Ser
80

Gly
Leu
Gln
Lys
Pro
160
Ala
Leu
Leu

Phe

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
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
1 5 10
Ser Leu Arg Leu Ser Cys Ala Ala Ser Gly
20 25
Gly Val Gly Val Gly Trp Ile Arg Gln Ala
35 40
Trp Leu Ala Leu Ile Asp Trp Ala Asp Asp
50 55
Leu Lys Ser Arg Leu Thr Ile Ser Arg Asp
65 70
Tyr Leu Gln Leu Asn Ser Leu Arg Ala Glu
85 90
Cys Ala Arg Gly Gly Ser Asp Thr Val Ile
100 105

Ala

Leu
Phe
Pro
Lys
Asn
75

Asp

Gly

Val
Ser
Gly
Tyr
60

Ser

Thr

Asp

Gln
Leu
Lys
45

Tyr
Lys
Ala

Trp

Pro
Ser
30

Gly
Ser
Asn

Val

Phe
110

Gly
15

Thr
Leu
Pro
Thr
Tyr

95
Ala

Gly

Glu
Ser
Leu
80

Tyr

Tyr



Trp Gly Gln Gly Thr Leu Val Thr Val Ser Ser

115

<210> 9

<211> 107

<212> PRT

<213> Artificial Sequence

<220>
<223> Synthetic Construct

<400> 9
Asp Ile Gln Leu Thr Gln Ser
1 5
Asp Arg Val Thr Ile Thr Cys
20
Leu Ala Trp Tyr Gln Gln Lys
35
Tyr Asp Ala Ser Asn Leu Glu
50 55
Ser Gly Ser Gly Thr Asp Phe
65 70
Glu Asp Phe Ala Thr Tyr Tyr
85
Phe Gly Gln Gly Thr Lys Val
100

<210> 10

<211> 450

<212> PRT

<213> Artificial Sequence

<220>
<223> Synthetic Construct

<400> 10
Glu Val Gln Leu Val Glu Ser
1 5
Ser Leu Arg Leu Ser Cys Ala
20
Gly Val Gly Val Gly Trp Ile
35
Trp Leu Ala Leu Ile Asp Trp
50 55
Leu Lys Ser Arg Leu Thr Ile
65 70
Tyr Leu Gln Leu Asn Ser Leu
85
Cys Ala Arg Gly Gly Ser Asp
100
Trp Gly Gln Gly Thr Leu Val
115

120

Pro
Arg
Pro
40

Thr
Thr
Cys

Glu

Gly
Ala
Arg
40

Ala
Ser
Arg

Thr

Thr
120

Ser
Ala
25

Gly
Gly
Leu

Gln

Ile
105

Gly
Ser
25

Gln
Asp
Arg
Ala
Val

105
Val

Ser
10
Ser

Val
Thr
Gln

90
Lys

Gly
10

Gly
Ala
Asp
Asp
Glu
90

Ile

Ser

Leu
Gln
Ala
Pro
Ile
75

Gly

Arg

Leu
Phe
Pro
Lys
Asn
75

Asp

Gly

Ser

Ser
Ser
Pro
Ser
60

Ser

Tyr

Val
Ser
Gly
Tyr
60

Ser
Thr

Asp

Ala

Ala
Ile
Lys
45

Arg

Ser

Tyr

Gln
Leu
Lys
45

Tyr
Lys
Ala

Trp

Ser
125

Ser
Gly
30

Leu
Phe

Leu

Leu

Pro
Ser
30

Gly
Ser
Asn
Val
Phe

110
Thr

Val
15

Ser
Leu
Ser

Gln

Trp
95

Gly
15

Thr
Leu
Pro
Thr
Tyr
95

Ala

Lys

Gly
Tyr
Ile
Gly
Pro

80
Thr

Gly
Gly
Glu
Ser
Leu
80

Tyr

Gly



Pro Ser Val Phe Pro Leu Ala
130 135
Thr Ala Ala Leu Gly Cys Leu
145 150
Thr Val Ser Trp Asn Ser Gly
165
Pro Ala Val Leu Gln Ser Ser
180
Thr Val Pro Ser Ser Ser Leu
195
Asp His Lys Pro Ser Asn Thr
210 215
Tyr Gly Pro Pro Cys Pro Pro
225 230
Pro Ser Val Phe Leu Phe Pro
245
Ser Arg Thr Pro Glu Val Thr
260
Asp Pro Glu Val Gln Phe Asn
275
Asn Ala Lys Thr Lys Pro Arg
290 295
Val Val Ser Val Leu Thr Val
305 310
Glu Tyr Lys Cys Lys Val Ser
325
Lys Thr Ile Ser Lys Ala Lys
340
Thr Leu Pro Pro Ser Gln Glu
355
Thr Cys Leu Val Lys Gly Phe
370 375
Glu Ser Asn Gly Gln Pro Glu
385 390
Leu Asp Ser Asp Gly Ser Phe
405
Lys Ser Arg Trp Gln Glu Gly
420
Glu Ala Leu His Asn His Tyr
435
Gly Lys
450

<210> 11

<211> 213

<212> PRT

<213> Artificial Sequence

<220>
<223> Synthetic Construct

<400> 11

Pro
Val
Ala
Gly
Gly
200
Lys
Cys
Pro
Cys
Trp
280
Glu
Leu
Asn
Gly
Glu
360
Tyr
Asn
Phe

Asn

Thr
440

Cys
Lys
Leu
Leu
185
Thr
Val
Pro
Lys
Val
265
Tyr
Glu
His
Lys
Gln
345
Met
Pro
Asn
Leu
Val

425
Gln

Ser
Asp
Thr
170
Tyr
Lys
Asp
Ala
Pro
250
Val
Val
Gln
Gln
Gly
330
Pro
Thr
Ser
Tyr
Tyr
410
Phe

Lys

Arg
Tyr
155
Ser
Ser
Thr
Lys
Pro
235
Lys
Val
Asp
Phe
Asp
315
Leu
Arg
Lys
Asp
Lys
395
Ser

Ser

Ser

Ser
140
Phe
Gly
Leu
Tyr
Arg
220
Glu
Asp
Asp
Gly
Asn
300
Trp
Pro
Glu
Asn
Ile
380
Thr
Arg
Cys

Leu

Thr
Pro
Val
Ser
Thr
205
Val
Phe
Thr
Val
Val
285
Ser
Leu
Ser
Pro
Gln
365
Ala
Thr
Leu

Ser

Ser
445

Ser
Glu
His
Ser
190
Cys
Glu
Leu
Leu
Ser
270
Glu
Thr
Asn
Ser
Gln
350
Val
Val
Pro
Thr
Val

430
Leu

Glu
Pro
Thr
175
Val
Asn
Ser
Gly
Met
255
Gln
Val
Tyr
Gly
Ile
335
Val
Ser
Glu
Pro
Val
415
Met

Ser

Ser
Val
160
Phe
Val
Val
Lys
Gly
240
Ile
Glu
His
Arg
Lys
320
Glu
Tyr
Leu
Trp
Val
400
Asp
His

Leu

Asp Ile Gln Leu Thr Gln Ser Pro Ser Ser Leu Ser Ala Ser Val Gly



Asp
Leu
Tyr
Ser
65

Glu
Phe
Ser
Ala
Val
145
Ser
Thr
Cys

Asn

Arg
Ala
Asp
50

Gly
Asp
Gly
Val
Ser
130
Gln
Val
Leu

Glu

Arg
210

Val
Trp
35

Ala
Ser
Phe
Gln
Phe
115
Val
Trp
Thr
Thr
Val

195
Gly

Thr
20

Tyr
Ser
Gly
Ala
Gly
100
Ile
Val
Lys
Glu
Leu
180
Thr

Glu

Ile
Gln
Asn
Thr
Thr
85

Thr
Phe
Cys
Val
Gln
165
Ser
His

Cys

Thr
Gln
Leu
Asp
70

Tyr
Lys
Pro
Leu
Asp
150
Asp
Lys

Gln

Cys
Lys
Glu
55

Phe
Tyr
Val
Pro
Leu
135
Asn
Ser

Ala

Gly

<210> 12

<211> 12

<212> PRT

<213> Artificial Sequence

<220>
<223> Synthetic Construct

<400> 12

Arg
Pro
40

Thr
Thr
Cys
Glu
Ser
120
Asn
Ala
Lys
Asp

Leu
200

Ala
25

Gly
Gly
Leu
Gln
Ile
105
Asp
Asn
Leu
Asp
Tyr

185
Ser

10
Ser

Lys
Val
Thr
Gln
90

Lys
Glu
Phe
Gln
Ser
170
Glu

Ser

Gln
Ala
Pro
Ile

75
Gly

Gln
Tyr
Ser
155
Thr
Lys

Pro

Ser
Pro
Ser
60

Ser
Tyr
Thr
Leu
Pro
140
Gly
Tyr
His

Val

Tyr Ser Ile Thr Ser Gly His Tyr Trp Ala Trp Ile

1 5

<210> 13

<211> 21

<212> PRT

<213> Artificial Sequence

<220>
<223> Synthetic Construct

<400> 13

10

Ile
Lys
45

Arg
Ser
Tyr
Val
Lys
125
Arg
Asn
Ser

Lys

Thr
205

Gly
30
Leu

Phe
Leu
Leu
Ala
110
Ser
Glu
Ser
Leu
Val

190
Lys

15
Ser

Leu
Ser
Gln
Trp
95

Ala
Gly
Ala
Gln
Ser
175
Tyr

Ser

Tyr
Ile
Gly
Pro
80

Thr
Pro
Thr
Lys
Glu
160
Ser

Ala

Phe

Val Ser Ser Ile Ser Gly Tyr Gly Ser Thr Thr Tyr Tyr Ala Asp Ser

1 5
Val Lys Gly Arg Phe

10

15



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

<400> 18
Glu Val Gln Leu
1
Ser Leu Arg Leu
20
His Tyr Trp Ala
35
Val Ser Ser Ile
50
Val Lys Gly Arg
65
Tyr Leu Gln Leu

Cys Ala Arg Gly

100

Trp Gly Gln Gly
115

<210> 19
<211> 107
<212> PRT

Construct

Val
Ser
Trp
Ser
Phe
Asn
85

Gly

Thr

Glu Ser
Cys Ala
Ile Arg
Gly Tyr
55

Thr Ile
70

Ser Leu

Ser Asp

Leu Val

<213> Artificial Sequence

<220>
<223> Synthetic

<400> 19
Asp Ile Gln Leu
1
Asp Arg Val Thr
20
Leu Ala Trp Tyr
35
Tyr Asp Ala Ser
50
Ser Gly Ser Gly
65
Glu Asp Phe Ala

Phe Gly Gln Gly
100

<210> 20

Construct

Thr
5
Ile
Gln
Asn
Thr
Thr

85
Thr

Gln Ser
Thr Cys
Gln Lys
Leu Glu
55

Asp Phe
70

Tyr Tyr

Lys Val

Gly
Ala
Gln
40

Gly
Ser
Arg

Ala

Thr
120

Pro
Arg
Pro
40

Thr
Thr
Cys

Glu

Gly
Ser
25

Ala
Ser
Arg
Ala
Val

105
Val

Ser
Ala
25

Gly
Gly
Leu

Gln

Ile
105

Gly
10

Gly
Pro
Thr
Asp
Glu
90

Leu

Ser

Ser
10

Ser
Lys
Val
Thr
Gln

90
Lys

Leu
Tyr
Gly
Thr
Asn
75

Asp

Gly

Ser

Leu
Gln
Ala
Pro
Ile
75

Gly

Arg

Val
Ser
Lys
Tyr
60

Ser

Thr

Asp

Ser
Gly
Pro
Ser
60

Ser

Tyr

Gln
Ile
Gly
45

Tyr
Lys
Ala

Trp

Ala
Ile
Lys
45

Arg

Ser

Tyr

Pro
Thr
30

Leu
Ala
Asn

Val

Phe
110

Ser
Gly
30

Leu
Phe

Leu

Leu

Gly
15

Ser
Glu
Asp
Thr
Tyr

95
Ala

Val
15

Ser
Leu
Ser

Gln

Trp
95

Gly

Trp
Ser
Leu
80

Tyr

Tyr

Gly
Phe
Ile
Gly
Pro

80
Thr



<211> 450
<212> PRT
<213> Artificial Sequence

<220>
<223> Synthetic

<400> 20

Glu
1

Ser
His
Val
Val
65

Tyr
Cys
Trp
Pro
Thr
145
Thr
Pro
Thr
Asp
Tyr
225
Pro
Ser
Asp
Asn
Val
305
Glu
Lys

Thr

Val
Leu
Tyr
Ser
50

Lys
Leu
Ala
Gly
Ser
130
Ala
Val
Ala
Val
His
210
Gly
Ser
Arg
Pro
Ala
290
Val
Tyr

Thr

Leu

Gln
Arg
Trp
35

Ser
Gly
Gln
Arg
Gln
115
Val
Ala
Ser
Val
Pro
195
Lys
Pro
Val
Thr
Glu
275
Lys
Ser
Lys

Ile

Pro
355

Leu
Leu
20

Ala
Ile
Arg
Leu
Gly
100
Gly
Phe
Leu
Trp
Leu
180
Ser
Pro
Pro
Phe
Pro
260
Val
Thr
Val
Cys
Ser

340
Pro

Construct

Val
Ser
Trp
Ser
Phe
Asn
85

Gly
Thr
Pro
Gly
Asn
165
Gln
Ser
Ser
Cys
Leu
245
Glu
Gln
Lys
Leu
Lys
325

Lys

Ser

Glu Ser
Cys Ala
Ile Arg

Gly Tyr
55

Thr Ile

70

Ser Leu

Ser Asp
Leu Val

Leu Ala
135

Cys Leu

150

Ser Gly

Ser Ser
Ser Leu
Asn Thr
215
Pro Pro
230
Phe Pro
Val Thr
Phe Asn
Pro Arg
295
Thr Val
310
Val Ser
Ala Lys

Gln Glu

Gly
Ala
Gln
40

Gly
Ser
Arg
Ala
Thr
120
Pro
Val
Ala
Gly
Gly
200
Lys
Cys
Pro
Cys
Trp
280
Glu
Leu
Asn

Gly

Glu
360

Gly
Ser
25

Ala
Ser
Arg
Ala
Val
105
Val
Cys
Lys
Leu
Leu
185
Thr
Val
Pro
Lys
Val
265
Tyr
Glu
His
Lys
Gln

345
Met

Gly
10

Gly
Pro
Thr
Asp
Glu
90

Leu
Ser
Ser
Asp
Thr
170
Tyr
Lys
Asp
Ala
Pro
250
Val
Val
Gln
Gln
Gly
330

Pro

Thr

Leu
Tyr
Gly
Thr
Asn
75

Asp
Gly
Ser
Arg
Tyr
155
Ser
Ser
Thr
Lys
Pro
235
Lys
Val
Asp
Phe
Asp
315
Leu

Arg

Lys

Val
Ser
Lys
Tyr
60

Ser
Thr
Asp
Ala
Ser
140
Phe
Gly
Leu
Tyr
Arg
220
Glu
Asp
Asp
Gly
Asn
300
Trp
Pro

Glu

Asn

Gln
Ile
Gly
45

Tyr
Lys
Ala
Trp
Ser
125
Thr
Pro
Val
Ser
Thr
205
Val
Phe
Thr
Val
Val
285
Ser
Leu
Ser

Pro

Gln
365

Pro
Thr
30

Leu
Ala
Asn
Val
Phe
110
Thr
Ser
Glu
His
Ser
190
Cys
Glu
Leu
Leu
Ser
270
Glu
Thr
Asn
Ser
Gln

350
Val

Gly
15

Ser
Glu
Asp
Thr
Tyr
95

Ala
Lys
Glu
Pro
Thr
175
Val
Asn
Ser
Gly
Met
255
Gln
Val
Tyr
Gly
Ile
335
Val

Ser

Gly
Gly
Trp
Ser
Leu
80

Tyr
Tyr
Gly
Ser
Val
160
Phe
Val
Val
Lys
Gly
240
Ile
Glu
His
Arg
Lys
320
Glu

Tyr

Leu



Thr Cys Leu Val
370

Glu Ser Asn Gly

385

Leu Asp Ser Asp

Lys Ser Arg Trp
420
Glu Ala Leu His
435
Gly Lys
450

<210> 21
<211> 213
<212> PRT

Lys
Gln
Gly
405
Gln

Asn

Gly
Pro
390
Ser

Glu

His

Phe
375
Glu
Phe
Gly

Tyr

<213> Artificial Sequence

<220>
<223> Synthetic

<400> 21
Asp Ile Gln Leu
1
Asp Arg Val Thr
20
Leu Ala Trp Tyr
35
Tyr Asp Ala Ser
50
Ser Gly Ser Gly
65
Glu Asp Phe Ala

Phe Gly Gln Gly
100

Ser Val Phe Ile

115
Ala Ser Val Vval
130

Val Gln Trp Lys

145

Ser Val Thr Glu

Thr Leu Thr Leu
180
Cys Glu Val Thr
195
Asn Arg Gly Glu
210

<210> 22

Construct

Thr
5
Ile
Gln
Asn
Thr
Thr
85
Thr
Phe
Cys
Val
Gln
165
Ser
His

Cys

Gln
Thr
Gln
Leu
Asp
70

Tyr
Lys
Pro
Leu
Asp
150
Asp
Lys

Gln

Ser
Cys
Lys
Glu
55

Phe
Tyr
Val
Pro
Leu
135
Asn
Ser

Ala

Gly

Tyr
Asn
Phe
Asn

Thr
440

Pro
Arg
Pro
40

Thr
Thr
Cys
Glu
Ser
120
Asn
Ala
Lys
Asp

Leu
200

Pro
Asn
Leu
Val

425
Gln

Ser
Ala
25

Gly
Gly
Leu
Gln
Ile
105
Asp
Asn
Leu
Asp
Tyr

185
Ser

Ser
Tyr
Tyr
410
Phe

Lys

Ser
10

Ser
Lys
Val
Thr
Gln
90

Lys
Glu
Phe
Gln
Ser
170
Glu

Ser

Asp
Lys
395
Ser

Ser

Ser

Leu
Gln
Ala
Pro
Ile
75

Gly
Arg
Gln
Tyr
Ser
155
Thr
Lys

Pro

Ile
380
Thr
Arg
Cys

Leu

Ser
Gly
Pro
Ser
60

Ser
Tyr
Thr
Leu
Pro
140
Gly
Tyr
His

Val

Ala
Thr
Leu
Ser

Ser
445

Ala
Ile
Lys
45

Arg
Ser
Tyr
Val
Lys
125
Arg
Asn
Ser

Lys

Thr
205

Val
Pro
Thr
Val

430
Leu

Ser

Gly
30
Leu

Phe
Leu
Leu
Ala
110
Ser
Glu
Ser
Leu
Val

190
Lys

Glu
Pro
Val
415
Met

Ser

Val
15

Ser
Leu
Ser
Gln
Trp
95

Ala
Gly
Ala
Gln
Ser
175
Tyr

Ser

Trp
Val
400
Asp
His

Leu

Phe
Ile
Gly
Pro
80

Thr
Pro
Thr
Lys
Glu
160
Ser

Ala

Phe



<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
1 5

<210> 28

<211> 123

<212> PRT

<213> Artificial Sequence

<220>
<223> Synthetic Construct

<400> 28
Glu Val Gln Leu Val Glu Ser Gly Gly
1 5
Ser Leu Arg Leu Ser Cys Ala Ala Ser
20 25
Gly Val Gly Val Gly Trp Ile Arg Gln
35 40
Trp Leu Ala Leu Ile Asp Trp Asp Asp
50 55
Leu Lys Ser Arg Leu Thr Ile Ser Arg
65 70
Tyr Leu Gln Leu Asn Ser Leu Arg Ala
85
Cys Ala Arg Gly Gly Ser Asp Thr Val
100 105
Trp Gly Gln Gly Thr Leu Val Thr Val
115 120

<210> 29
<211> 107

Thr
10

Gly
10

Gly
Ala
Asp
Asp
Glu
90

Leu

Ser

Leu
Phe
Pro
Lys
Asn
75

Asp

Gly

Ser

Val
Ser
Gly
Tyr
60

Ser

Thr

Asp

Gln
Leu
Lys
45

Tyr
Lys
Ala

Trp

Pro
Ser
30

Gly
Ser
Asn

Val

Phe
110

Gly
15

Thr
Leu
Pro
Thr
Tyr

95
Ala

Gly
Ser
Glu
Ser
Leu
80

Tyr

Tyr



<212> PRT
<213> Artificial Sequence

<220>
<223> Synthetic Construct

<400> 29
Asp Ile Gln Leu Thr Gln Ser
1 5
Asp Arg Val Thr Ile Thr Cys
20
Leu Ala Trp Tyr Gln Gln Lys
35
Tyr Asp Ala Ser Ser Leu Glu
50 55
Ser Gly Ser Gly Thr Asp Phe
65 70
Glu Asp Phe Ala Thr Tyr Tyr
85
Phe Gly Gln Gly Thr Lys Val
100

<210> 30
<211> 450
<212> PRT
<213> Artificial Sequence

<220>
<223> Synthetic Construct

<400> 30
Glu Val Gln Leu Val Glu Ser
1 5
Ser Leu Arg Leu Ser Cys Ala
20
Gly Val Gly Val Gly Trp Ile
35

Trp Leu Ala Leu Ile Asp Trp
50 55

Leu Lys Ser Arg Leu Thr Ile

65 70

Tyr Leu Gln Leu Asn Ser Leu

85
Cys Ala Arg Gly Gly Ser Asp
100
Trp Gly Gln Gly Thr Leu Val
115

Pro Ser Val Phe Pro Leu Ala
130 135

Thr Ala Ala Leu Gly Cys Leu

145 150

Thr Val Ser Trp Asn Ser Gly

165

Pro
Arg
Pro
40

Ser
Thr
Cys

Glu

Gly
Ala
Arg
40

Asp
Ser
Arg
Thr
Thr
120
Pro

Val

Ala

Ser
Ala
25

Gly
Gly
Leu

Gln

Ile
105

Gly
Ser
25

Gln
Asp
Arg
Ala
Val
105
Val
Cys
Lys

Leu

Ser
10

Ser
Lys
Val
Thr
Gln

90
Lys

Gly
10

Gly
Ala
Asp
Asp
Glu
90

Leu
Ser
Ser

Asp

Thr
170

Leu
Gln
Ala
Pro
Ile
75

Gly

Arg

Leu
Phe
Pro
Lys
Asn
75

Asp
Gly
Ser
Arg
Tyr

155
Ser

Ser
Ser
Pro
Ser
60

Ser

Tyr

Val
Ser
Gly
Tyr
60

Ser
Thr
Asp
Ala
Ser
140
Phe

Gly

Ala
Val
Lys
45

Arg

Ser

Ser

Gln
Leu
Lys
45

Tyr
Lys
Ala
Trp
Ser
125
Thr

Pro

Val

Ser
Ser
30

Leu
Phe

Leu

Leu

Pro
Ser
30

Gly
Ser
Asn
Val
Phe
110
Thr
Ser

Glu

His

Val
15

Pro
Leu
Ser

Gln

Trp
95

Gly
15

Thr
Leu
Pro
Thr
Tyr
95

Ala
Lys
Glu

Pro

Thr
175

Gly
Tyr
Ile
Gly
Pro

80
Thr

Gly
Ser
Glu
Ser
Leu
80

Tyr
Gly
Ser
Val

160
Phe



Pro
Thr
Asp
Tyr
225
Pro
Ser
Asp
Asn
Val
305
Glu
Lys
Thr
Thr
Glu
385
Leu
Lys

Glu

Gly

<210> 31

Ala
Val
His
210
Gly
Ser
Arg
Pro
Ala
290
Val
Tyr
Thr
Leu
Cys
370
Ser
Asp
Ser

Ala

Lys
450

Val
Pro
195
Lys
Pro
Val
Thr
Glu
275
Lys
Ser
Lys
Ile
Pro
355
Leu
Asn
Ser

Arg

Leu
435

<211> 213
<212> PRT
<213> Artificial Sequence

<220>
<223> Synthetic

<400> 31

Leu
180
Ser
Pro
Pro
Phe
Pro
260
Val
Thr
Val
Cys
Ser
340
Pro
Val
Gly
Asp
Trp

420
His

Asp Ile Gln Leu

1

Asp Arg Val Thr

20

Leu Ala Trp Tyr

35

Tyr Asp Ala Ser

Gln
Ser
Ser
Cys
Leu
245
Glu
Gln
Lys
Leu
Lys
325
Lys
Ser
Lys
Gln
Gly
405
Gln

Asn

Ser
Ser
Asn
Pro
230
Phe
Val
Phe
Pro
Thr
310
Val
Ala
Gln
Gly
Pro
390
Ser

Glu

His

Ser
Leu
Thr
215
Pro
Pro
Thr
Asn
Arg
295
Val
Ser
Lys
Glu
Phe
375
Glu
Phe
Gly

Tyr

Construct

Gly
Gly
200
Lys
Cys
Pro
Cys
Trp
280
Glu
Leu
Asn
Gly
Glu
360
Tyr
Asn
Phe

Asn

Thr
440

Thr Gln Ser Pro

5

Ile Thr Cys

Gln Gln Lys

Ser Leu Glu

Arg

Pro
40
Ser

Leu
185
Thr
Val
Pro
Lys
Val
265
Tyr
Glu
His
Lys
Gln
345
Met
Pro
Asn
Leu
Val

425
Gln

Ser
Ala
25

Gly

Gly

Tyr
Lys
Asp
Ala
Pro
250
Val
Val
Gln
Gln
Gly
330
Pro
Thr
Ser
Tyr
Tyr
410
Phe

Lys

Ser
10

Ser
Lys

Val

Ser
Thr
Lys
Pro
235
Lys
Val
Asp
Phe
Asp
315
Leu
Arg
Lys
Asp
Lys
395
Ser

Ser

Ser

Leu
Gln
Ala

Pro

Leu
Tyr
Arg
220
Glu
Asp
Asp
Gly
Asn
300
Trp
Pro
Glu
Asn
Ile
380
Thr
Arg
Cys

Leu

Ser
Ser
Pro

Ser

Ser
Thr
205
Val
Phe
Thr
Val
Val
285
Ser
Leu
Ser
Pro
Gln
365
Ala
Thr
Leu

Ser

Ser
445

Ala
Val
Lys

45
Arg

Ser
190
Cys
Glu
Leu
Leu
Ser
270
Glu
Thr
Asn
Ser
Gln
350
Val
Val
Pro
Thr
Val

430
Leu

Ser
Ser
30

Leu

Phe

Val
Asn
Ser
Gly
Met
255
Gln
Val
Tyr
Gly
Ile
335
Val
Ser
Glu
Pro
Val
415
Met

Ser

Val
15
Pro

Leu

Ser

Val
Val
Lys
Gly
240
Ile
Glu
His
Arg
Lys
320
Glu
Tyr
Leu
Trp
Val
400
Asp
His

Leu

Gly
Tyr
Ile

Gly



Ser
65

Glu
Phe
Ser
Ala
Val
145
Ser
Thr
Cys

Asn

50
Gly

Asp
Gly
Val
Ser
130
Gln
Val
Leu

Glu

Arg
210

Ser
Phe
Gln
Phe
115
Val
Trp
Thr
Thr
Val

195
Gly

Gly
Ala
Gly
100
Ile
Val
Lys
Glu
Leu
180
Thr

Glu

Thr
Thr
85

Thr
Phe
Cys
Val
Gln
165
Ser
His

Cys

Asp
70

Tyr
Lys
Pro
Leu
Asp
150
Asp
Lys

Gln

55
Phe

Tyr
Val
Pro
Leu
135
Asn
Ser

Ala

Gly

<210>
<211>
<212>
<213>

<220>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<400>

32
11
PRT
Artificial Sequence

Synthetic Construct

VARIANT
1
Xaa = ForY

VARIANT
4
Xaa =S or T

VARIANT
5
Xaa = G, N, or S

VARIANT
7
Xaa = A, G, or W

32

Thr
Cys
Glu
Ser
120
Asn
Ala
Lys
Asp

Leu
200

Leu
Gln
Ile
105
Asp
Asn
Leu
Asp
Tyr

185
Ser

Thr
Gln
90

Lys
Glu
Phe
Gln
Ser
170
Glu

Ser

Ile
75

Gly
Arg
Gln
Tyr
Ser
155
Thr
Lys

Pro

Xaa Thr Phe Xaa Xaa Tyr Xaa Ile His Trp Val

1

5

10

60
Ser

Tyr
Thr
Leu
Pro
140
Gly
Tyr
His

Val

Ser
Ser
Val
Lys
125
Arg
Asn
Ser
Lys

Thr
205

Leu
Leu
Ala
110
Ser
Glu
Ser
Leu
Val

190
Lys

Gln
Trp
95

Ala
Gly
Ala
Gln
Ser
175
Tyr

Ser

Pro
80

Thr
Pro
Thr
Lys
Glu
160
Ser

Ala

Phe



<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 = Hor Y

<220>

<221> VARIANT
<222> 8

<223> Xaa = HorY

<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 = Aor 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 = Nor 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, ory

<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 =1 or V

<220>

<221> VARIANT

<2225 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 = Aor 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 =1 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

<2225 7

<223> Xaa = Q, S, or Y

<220>

<221> VARIANT

<222> 8

<223> Xaa =1, L, T, or Y



<220>
<221>
<222>
<223>

<400>

VARIANT
9
Xaa = I, S, V, or W

41

Tyr Cys Gln Gln Xaa Tyr Xaa Xaa Xaa Thr

1

<210>
<211>
<212>
<213>

<220>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<400>

Tyr Cys Xaa Gln Xaa Xaa

1

5

42

11

PRT

Artificial Sequence

Synthetic Construct

VARIANT
3
Xaa = E or Q

VARIANT
5
Xaa =P, S, orY

VARIANT
6
Xaa =D, L, S, T, orY

VARIANT
7
Xaa =D, E, H, S, or T

VARIANT
8
Xaa =D, L, T, or W

VARIANT

10

Xaa =L, P, R, orV
42

5

10

Xaa Xaa Pro Xaa Thr

10



<210> 43
<211> 153
<212> PRT

<213> Homo sapiens

<400> 43
Met Tyr Arg Met
1
Val Thr Asn Ser
20
Gln Leu Glu His
35
Asn Asn Tyr Lys
50
Tyr Met Pro Lys
65
Glu Glu Leu Lys

Asn Phe His Leu
100

Val Leu Glu Leu

115
Asp Glu Thr Ala
130
Cys Gln Ser Ile
145

<210> 44
<211> 134
<212> PRT

Gln
5
Ala
Leu
Asn
Lys
Pro
85
Arg
Lys
Thr

Ile

Leu Leu
Pro Thr
Leu Leu

Pro Lys
55

Ala Thr

70

Leu Glu

Pro Arg
Gly Ser
Ile val

135

Ser Thr
150

<213> Artificial Sequence

<220>
<223> Synthetic

<400> 44
Met Ala Pro Thr
1
His Leu Leu Leu
20
Lys Asn Pro Lys
35
Lys Lys Ala Thr
50
Lys Pro Leu Glu
65
Leu Arg Pro Arg

Leu Lys Gly Ser

100

Ala Thr Ile Vval
115

Ile Ile Ser Thr

Construct

Ser
Asp
Leu
Glu
Glu
Asp
85

Glu

Glu

Leu

Ser Ser
Leu Gln
Thr Arg
Leu Lys
55

Val Leu
70

Leu Ile
Thr Thr
Phe Leu

Thr

Ser
Ser
Asp
40

Leu
Glu
Glu
Asp
Glu
120
Glu

Leu

Thr
Met
Met
40

His
Asn
Ser

Phe

Asn
120

Cys
Ser
25

Leu
Thr
Leu
Val
Leu
105
Thr
Phe

Thr

Lys
Ile
25

Leu
Leu
Leu
Asn
Met

105
Arg

Ile
10

Ser
Gln
Arg
Lys
Leu
90

Ile
Thr

Leu

Lys
10

Leu
Thr
Gln
Ala
Ile
90

Cys

Trp

Ala
Thr
Met
Met
His
75

Asn
Ser

Phe

Asn

Thr
Asn
Phe
Cys
Gln
75

Asn

Glu

Ile

Leu
Lys
Ile
Leu
60

Leu
Leu
Asn

Met

Arg
140

Gln
Gly
Lys
Leu
60

Ser
Val
Tyr

Thr

Ser
Lys
Leu
45

Thr
Gln
Ala
Ile
Cys

125
Trp

Leu
Ile
Phe
45

Glu
Lys
Ile
Ala

Phe
125

Leu
Thr
30

Asn
Phe
Cys
Gln
Asn
110
Glu

Ile

Gln
Asn
30

Tyr
Glu
Asn
Val
Asp

110
Ser

Ala
15

Gln
Gly
Lys
Leu
Ser
95

Val
Tyr

Thr

Leu
15

Asn
Met
Glu
Phe
Leu
95

Glu

Gln

Leu
Leu
Ile
Phe
Glu
80

Lys
Ile

Ala

Phe

Glu
Tyr
Pro
Leu
His
80

Glu
Thr

Ser
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