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T-CELL MODULATORY MULTIMERIC POLYPEPTIDES AND METHODS OF USE THEREOF

CROSS-REFERENCE
[0001] This application claims the benefit of U.S. Provisional Patent Application No.
62/303,268, filed March 3, 2016, which application 1s incorporated herein by reference in its

entirety.

INTRODUCTION

[0002] An adaptive immune response involves the engagement of the T cell receptor (TCR), present on
the surtace of a T cell, with a small peptide antigen non-covalently presented on the surface of an
antigen presenting cell (APC) by a major histocompatibility complex (MHC; also referred to in
humans as a human leukocyte antigen (HLA) complex). This engagement represents the immune
system’s targeting mechanism and 18 a requisite molecular interaction for T cell modulation
(activation or inhibition) and etfector function. Following epitope-specific cell targeting, the
targeted T cells are activated through engagement of costimulatory proteins tound on the APC
with counterpart costimulatory proteins the T cells. Both signals — epitope/T'CR binding and
engagement of APC costimulatory proteins with T cell costimulatory proteins — are required to
drive T cell speciticity and activation or inhibition. The TCR 1s specific tor a given epitope;
however, the costimulatory protein not epitope specitic and instead 1s generally expressed on all

T cells or on large T cell subsets.

SUMMARY

[0003] The present disclosure provides variant immunomodulatory polypeptides, and fusion
polypeptides comprising the variant immunomodulatory peptides. The present disclosure
provides T-cell modulatory multimeric polypeptides, and compositions comprising same, where
the T-cell modulatory multimeric polypeptides comprise a variant immunomodulatory
polypeptide ot the present disclosure. The present disclosure provides nucleic acids comprising
nucleotide sequences encoding the T-cell modulatory multimeric polypeptides, and host cells
comprising the nucleic acids. The present disclosure provides methods of modulating the activity
of a T cell; the methods comprise contacting the T cell with a T-cell modulatory multimeric

polypeptide of the present disclosure.

[0004] The present disclosure provides a variant 4-1BBL immunomodulatory polypeptide comprising
an amino acid sequence having at least 85%, at least 90%, at least 95%, at least 98%, or at least

99%, amino acid sequence 1dentity to the 4-1BBL amino acid sequence depicted in FIG. 2A or to



CA 03014466 2018-08-13

WO 2017/151940 PCT/US2017/020480

the 4-1BBL amino acid sequence set torth in one of SEQ ID NOs:1-3, wherein the variant 4-
I1BBL immunomodulatory polypeptide has one or more (e.g., 1,2, 3,4,5,6,7,8,9, or 10, or
more than 10) amino acid substitutions relative to the 4-1BBL amino acid sequence depicted 1n
FIG. 2A or to the 4-1BBL amino acid sequence set forth in one of SEQ ID NOs:1-3; and
wherein the variant 4-1BBL immunomodulatory polypeptide: 1) exhibits reduced binding atfinity
to a 4-1BB polypeptide having an amino acid sequence depicted 1in FIG. 3 and set torth in SEQ
ID NO:91, compared to the binding atfinity of the 4-1BBL amino acid sequence depicted in FIG.
2A or set torth in one of SEQ ID NOs:1-3 for the 4-1BB polypeptide; and/or 11) wherein the
variant 4-1BBL immunomodulatory polypeptide exhibits increased production levels by a
mammalian cell, compared to the production levels of the 4-1BBL amino acid sequence depicted
in FIG. 2A or set forth in one of SEQ ID NOs:1-3. In some cases, the polypeptide comprises a
substitution of one of amino acids 91, 92, 94-115, 117-126, 128-132, 144-153, 155-158, 184-
187, 189-191, 193-195, 197, 210-219, 221-224, 226, 228-231, 233, and 234 based on the amino
acid numbering set out in FIG. 2A. In some cases, the variant immunomodulatory polypeptide

exhibits less than 50% of binding attinity exhibited by to the 4-1BBL amino acid sequence
depicted in FIG. 2A, or as set torth 1n one of SEQ ID NOs:1-3, for the 4-1BB polypeptide.

[0003] The present disclosure provides a multimeric polypeptide comprising: a) a first polypeptide
comprising, in order from N-terminus to C-terminus: 1) an epitope; 11) a first major
histocompatibility complex (MHC) polypeptide; and b) a second polypeptide comprising, in
order from N-terminus to C-terminus: 1) a second MHC polypeptide; and 11) optionally an
immunoglobulin (Ig) Fc polypeptide or a non-Ig scatfold, wherein the multimeric polypeptide
comprises one or more immunomodulatory domains, wherein the one or more
immunomodulatory domain 1s: A) at the C-terminus of the first polypeptide; B) at the N-
terminus of the second polypeptide; C) at the C-terminus of the second polypeptide; or D) at the
C-terminus of the first polypeptide and at the N-terminus of the second polypeptide, wherein the
immunomodulatory domain 1s a variant 4-1 BBL immunomodulatory polypeptide as described
above or elsewhere herein; and wherein: 1) the multimeric polypeptide exhibits reduced binding
atfinity to a 4-1BB polypeptide having an amino acid sequence depicted in FIG. 3 and set forth
in SEQ ID NO:91, compared to the binding attinity ot a control multimeric polypeptide
comprising an immunomodulatory domain comprising the 4-1BBL amino acid sequence
depicted in FIG. 2A or set torth in one of SEQ ID NOs:1-3 for the 4-1BB polypeptide; and/or 11)
wherein the multimeric polypeptide exhibits increased production levels by a mammalian cell,
compared to the production levels of a control multimeric polypeptide comprising an
immunomodulatory domain comprising the 4-1BBL amino acid sequence depicted in FIG. 2A or

set forth 1n one of SEQ ID NOs:1-3. In some cases, the multimeric polypeptide comprises: a) a

2
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tfirst polypeptide comprising, in order from N-terminus to C-terminus: 1) an epitope; 11) a first
MHC polypeptide; and 111) an immunomodulatory domain; and b) a second polypeptide
comprising, in order from N-terminus to C-terminus: 1) a second MHC polypeptide; and 1) an Ig
Fc polypeptide. In some cases, the multimeric polypeptide comprises: a) a first polypeptide
comprising, in order from N-terminus to C-terminus: 1) an epitope; and 11) a tirst MHC
polypeptide; and b) a second polypeptide comprising, in order from N-terminus to C-terminus: 1)
an immunomodulatory domain; 111) a second MHC polypeptide; and 1v) an immunoglobulin (Ig)
Fc polypeptide. In some cases, the multimeric polypeptide comprises: a) a first polypeptide
comprising, in order from N-terminus to C-terminus: 1) an epitope; and 11) a tirst MHC
polypeptide; and b) a second polypeptide comprising, in order from N-terminus to C-terminus: 1)
a second MHC polypeptide; and 11) an Ig Fc polypeptide; and 111) an immunomodulatory domain.
In some cases, the multimeric polypeptide comprises: a) a tirst polypeptide comprising, 1n order
from N-terminus to C-terminus: 1) an epitope; and 11) a first MHC polypeptide; and b) a second
polypeptide comprising, in order from N-terminus to C-terminus: 1) a second MHC polypeptide;
and 11) an immunomodulatory domain. In some cases, the multimeric polypeptide comprises: a) a
first polypeptide comprising, in order from N-terminus to C-terminus: 1) an epitope; and 11) a
first MHC polypeptide; and b) a second polypeptide comprising, in order from N-terminus to C-
terminus: 1) an immunomodulatory domain; and 1) a second MHC polypeptide. In some cases,
the multimeric polypeptide comprises: a) a first polypeptide comprising, in order from N-
terminus to C-terminus: 1) an epitope; 1) a first MHC polypeptide; and 111) an
immunomodulatory domain; and b) a second polypeptide comprising, in order from N-terminus
to C-terminus: 1) a second MHC polypeptide. In some cases, the non-Ig scattold 1s an XTEN
polypeptide, a transterrin polypeptide, an elastin-like polypeptide, a silk-like polypeptide, or a
silk-elastin-like polypeptide. In some cases, the first MHC polypeptide 1s a f2-microglobulin
polypeptide; and wherein the second MHC polypeptide 1s an MHC class I heavy chain
polypeptide. In some cases, the B2-microglobulin polypeptide comprises an amino acid sequence
having at least 85% amino acid sequence 1dentity to any one of the amino acid sequences set
forth in SEQ ID NO:6. In some cases, the MHC class I heavy chain polypeptide 1s an HLA-A, an
HLA-B, or an HLA-C heavy chain. In some cases, the MHC class I heavy chain polypeptide
comprises an amino acid sequence having at least 85% amino acid sequence 1dentity to the
amino acid sequence depicted 1n any one of FIG. SA-5C. In some cases, the first MHC
polypeptide 1s an MHC Class II alpha chain polypeptide; and wherein the second MHC
polypeptide 1s an MHC class 11 beta chain polypeptide. In some cases, the epitope 1s a T-cell
epitope. In some cases, the multimeric polypeptide comprises an Fc polypeptide, and wherein the

Ig Fc polypeptide 1s an Ig(G1 Fc polypeptide, an 1gG2 Fc polypeptide, an 1gG3 Fc polypeptide,
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[0006]

[0007]

an 1gG4 Fc polypeptide, an IgA Fc polypeptide, or an IgM Fc polypeptide. In some cases, the Ig
Fc polypeptide comprises an amino acid sequence having at least 85% amino acid sequence
identity to an amino acid sequence depicted in FIG. 4A-4C. In some cases, the first polypeptide
and the second polypeptide are non-covalently associated. In some cases, the first polypeptide
and the second polypeptide are covalently linked. In some cases, the covalent linkage 1s via a
disulfide bond. In some cases, the first MHC polypeptide or a linker between the epitope and the
first MHC polypeptide comprises an amino acid substitution to provide a first Cys residue, and
the second MHC polypeptide comprises an amino acid substitution to provide a second Cys
residue, and wherein the disulfide linkage 1s between the first and the second Cys residues. In
some cases, the multimeric polypeptide comprises a first linker interposed between the epitope
and the first MHC polypeptide. In some cases, the variant 4-1BBL immunomodulatory
polypeptide comprises a substitution of one of amino acids 91, 92, 94-115, 117-126, 128-132,
144-153, 155-158, 184-187, 189-191, 193-195, 197, 210-219, 221-224, 226, 228-231, 233, and
234 based on the amino acid numbering set out in FIG. 2A. In some cases, the multimeric
polypeptide comprises 2 or more immunomodulatory polypeptides. In some cases, the 2 or more
immunomodulatory polypeptides are in tandem. In some cases, the multimeric polypeptide
comprises a third polypeptide, wherein the third polypeptide comprises an immunomodulatory
polypeptide comprising an amino acid sequence having at least 90% amino acid sequence
identity to the immunomodulatory polypeptide of the tirst polypeptide or the second polypeptide.
In some cases, the third polypeptide 1s covalently linked to the first polypeptide. In some cases,
the second polypeptide comprises, 1n order from N-terminus to C-terminus: 1) the second MHC
polypeptide; 11) the Ig Fc polypeptide; and 111) an atfinity tag.

The present disclosure provides a nucleic acid comprising a nucleotide sequence encoding a
recombinant polypeptide, 1) wherein the recombinant polypeptide comprises, 1n order from N-
terminus to C-terminus: a) an epitope; b) a first major histocompatibility complex (MHC)
polypeptide; ¢) an immunomodulatory polypeptide; d) a proteolytically cleavable linker or a
ribosome skipping signal; e) a second MHC polypeptide; and 1) an immunoglobulin (Ig) Fc
polypeptide; wherein the immunomodulatory polypeptide 1s a variant immunomodulatory
polypeptide as described above or elsewhere herein; or 11) wherein the recombinant polypeptide
comprises, 1 order from N-terminus to C-terminus: a) an epitope; b) a tirst MHC polypeptide;
¢) a proteolytically cleavable linker or a ribosome skipping signal; d) an immunomodulatory
polypeptide; e) a second MHC polypeptide; and 1) an Ig Fc polypeptide, wherein the
immunomodulatory polypeptide 1s a variant immunomodulatory polypeptide as described above
or elsewhere herein. In some cases, the first MHC polypeptide is a 2-microglobulin

polypeptide; and wherein the second MHC polypeptide 1s an MHC class I heavy chain

A
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polypeptide. In some cases, the f2-microglobulin polypeptide comprises an amino acid sequence
having at least 85% amino acid sequence 1dentity to any one ot the amino acid sequences
depicted in FIG. 6. In some cases, the MHC class I heavy chain polypeptide 1s an HLA-A, HLA-
B, or HLA-C heavy chain. In some cases, the MHC class I heavy chain polypeptide comprises
an amino acid sequence having at least 85% amino acid sequence 1dentity to the amino acid
sequence depicted 1n any one of FIG. SA-5C. In some cases, the first MHC polypeptide 1s an
MHC Class II alpha chain polypeptide; and wherein the second MHC polypeptide 1s an MHC
class II beta chain polypeptide. In some cases, the epitope 1s a T-cell epitope. In some cases, the
Ig Fc polypeptide 1s an IgG1 Fc polypeptide, an I1gG2 Fc polypeptide, an 1gG3 Fc polypeptide,
an 1gG4 Fc polypeptide, an IgA Fc polypeptide, or an IgM Fc polypeptide. In some cases, the Ig
Fc polypeptide comprises an amino acid sequence having at least 85% amino acid sequence
identity to an amino acid sequence depicted in Figures 4A-4C. In some cases, the variant 4-
1BBL immunomodulatory polypeptide comprises a substitution of one of amino acids 91, 92,
94-115, 117-126, 128-132, 144-153, 155-138, 184-187, 189-191, 193-195, 197, 210-219, 221-
224,226, 228-231, 233, and 234 based on the amino acid numbering set out in FIG. 2A. In some
cases, the multimeric polypeptide comprises a second immunomodulatory polypeptide selected
from a CD7, CD30L, CD40, CD70, CD83, HLA-G, MICA, MICB, HVEM, lymphotoxin beta
receptor, 3/TR6, ILT3, ILT4, and HVEM. In some cases, the proteolytically cleavable linker or
ribosome skipping signal comprises an amino acid sequence selected from: a) LEVLFQGP (SEQ
ID NO:116); b) ENLYTQS (SEQ ID NO:117); ¢) a turin cleavage site; d) LVPR (SEQ ID
NO:118); e) GSGATNFSLLKQAGDVEENPGP (SEQ ID NO:119); 1)
GSGEGRGSLLTCGDVEENPGP (SEQ ID NO:120); g) GSGQCTNYALLKLAGDVESNPGP
(SEQ ID NO:121); and h) GSGVKQTLNFDLLKLAGDVESNPGP (SEQ ID NO:122). In some
cases, the recombinant polypeptide comprises, in order from N-terminus to C-terminus: a) a first
leader peptide; b) the epitope; ¢) the tirst MHC polypeptide; d) the immunomodulatory
polypeptide; e) the proteolytically cleavable linker or ribosome skipping signal; f) a second
leader peptide; g) the second MHC polypeptide; and h) the immunoglobulin (Ig) Fc polypeptide.
In some cases, the first leader peptide and the second leader peptide 1s a 2-M leader peptide. In
some cases, the nucleotide sequence 1s operably linked to a transcriptional control element. In
some cases, the transcriptional control element 1s a promoter that 1s functional 1n a eukaryotic
cell. In some cases, the tirst MHC polypeptide or a linker between the epitope and the tirst MHC
polypeptide comprises an amino acid substitution to provide a first Cys residue, and the second
MHC polypeptide comprises an amino acid substitution to provide a second Cys residue, and
wherein the first and the second Cys residues provide tor a disulfide linkage between the first

MHC polypeptide and the second MHC polypeptide. The present disclosure provides a
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recombinant expression vector comprising a nucleic acid as described above or elsewhere herein.
In some cases, the vector 1s a viral vector or a non-viral vector. The present disclosure provides a
host cell genetically moditied with a recombinant expression vector as described above or
elsewhere herein. In some cases, the host cell 1s in vitro. In some cases, the host cell 1s
genetically modified such that the cell does not produce an endogenous MHC [32-microglobulin

polypeptide. In some cases, the host cell 1s a T lymphocyte.

[0008] The present disclosure provides a composition comprising: a) a first nucleic acid comprising a
nucleotide sequence encoding a first polypeptide comprising, in order from N-terminus to C-
terminus: 1) an epitope; 11) a first MHC polypeptide; and 111) an immunomodulatory domain,
wherein the immunomodulatory domain 1s a variant immunomodulatory polypeptide as
described above or elsewhere herein; and b) a first nucleic acid comprising a nucleotide
sequence encoding a second polypeptide comprising, in order from N-terminus to C-terminus: 1)
a second MHC polypeptide; and 11) an Ig Fc polypeptide. The present disclosure provides a host
cell genetically moditied with a nucleic acid composition as described above or elsewhere

herein.

[0009] The present disclosure provides a composition comprising: a) a first nucleic acid comprising a
nucleotide sequence encoding a first polypeptide comprising, in order from N-terminus to C-
terminus: 1) an epitope; and 11) a first MHC polypeptide; and b) a first nucleic acid comprising a
nucleotide sequence encoding a second polypeptide comprising, in order from N-terminus to C-
terminus: 1) an immunomodulatory domain, wherein the immunomodulatory domain 18 a variant
immunomodulatory polypeptide as described above or elsewhere herein; 11) a second MHC

polypeptide; and 111) an Ig Fc polypeptide. In some cases, the first and/or the second nucleic acid

1S present 1n a recombinant expression vector.

[0010] The present disclosure provides a host cell genetically modified with a nucleic acid composition

as described above or elsewhere herein.

[0011] The present disclosure provides a method of producing a multimeric polypeptide as described
above or elsewhere herein, the method comprising: a) culturing a host cell as described above or
elsewhere herein in vitro 1n a culture medium under conditions such that the host cell synthesizes
the multimeric polypeptide; and b) 1solating the multimeric polypeptide trom the host cell and/or
from the culture medium. In some cases, the second polypeptide comprises an atfinity tag, and
wherein said 1solating comprises contacting the multimeric polypeptide produced by the cell
with a binding partner for the affinity tag, wherein the binding partner 1s immobilized, thereby

immobilizing the multimeric polypeptide. In some cases, the method comprises eluting the

immobilized multimeric polypeptide.
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[0012] The present disclosure provides a method of selectively modulating the activity of an epitope-
specific T cell, the method comprising contacting the T cell with a multimeric polypeptide as
described above or elsewhere herein, wherein said contacting selectively modulates the activity
of the epitope-specific T cell. In some cases, the immunomodulatory polypeptide 1s an activating
polypeptide, and wherein the multimeric polypeptide activates the epitope-specitic T cell. In
some cases, the immunomodulatory polypeptide 1s an inhibiting polypeptide, and wherein the
multimeric polypeptide inhibits the epitope-specific T cell. In some cases, said contacting 1s in

vitro. In some cases, said contacting 1s in vivo.

[0013] The present disclosure provides a method of selectively modulating the activity of an epitope-
specific T cell in an individual, the method comprising administering to the individual an
eftective amount ot a multimeric polypeptide as described above or elsewhere herein etfective to
selectively modulate the activity of an epitope-specitic T cell in an individual. In some cases, the
immunomodulatory polypeptide 1s an activating polypeptide, and wherein the multimeric
polypeptide activates the epitope-specitfic T cell. In some cases, the epitope 18 a cancer-
associated epitope, and wherein said administering selectively increases the activity of a T cell
specific for the cancer-associate epitope. In some cases, the immunomodulatory polypeptide 18
an inhibitory polypeptide, and wherein the multimeric polypeptide inhibits activity of the
epitope-specitic T cell. In some cases, the epitope 1s a selt-epitope, and wherein said

administering selectively inhibits the activity of a T cell specific tor the self-epitope.

[0014] The present disclosure provides a method of treating an infection in an individual, the method
comprising administering to the individual an effective amount of a) a multimeric polypeptide as
described above or elsewhere herein; or b) one or more recombinant expression vectors
comprising nucleotide sequences encoding a multiumeric polypeptide as described above or
elsewhere herein; or ¢) one or more mRNAs comprising nucleotide sequences encoding a
multimeric polypeptide as described above or elsewhere herein, wherein the epitope 1s a
pathogen-associated epitope, wherein the immunomodulatory polypeptide 1s an activating
polypeptide, and wherein said administering effective to selectively modulate the activity of a
pathogen-associated epitope-specitic T cell in an individual. In some cases, the pathogen 1s a
virus, a bacterium, or a protozoan. In some cases, said administering 1s subcutaneous. In some
cases, said administering 1s intravenous. In some cases, said administering 1s mtramuscular. In
some cases, said administering 1s systemic. In some cases, said administering 1s distal to a
treatment site. In some cases, said administering 1s local. In some cases, said administering 1s at

Or near a treatment site.

[0015] The present disclosure provides a composition comprising: a) a multimeric polypeptide as

described above or elsewhere herein; and b) a pharmaceutically acceptable excipient.

7



CA 03014466 2018-08-13

WO 2017/151940 PCT/US2017/020480

[0016] The present disclosure provides a composition comprising: a) a nucleic acid as described above
or elsewhere herein or a recombinant expression vector as described above or elsewhere herein;

and b) a pharmaceutically acceptable excipient.

BRIEF DESCRIPTION OF THE DRAWINGS

[0017] FIG. 1A-1D schematically depict various embodiments of a T-cell modulatory multimeric
polypeptide of the present disclosure. In these embodiments, disultide bonds are formed between
MHC (e.g., HLA) polypeptides present in separate polypeptides.

[0018] FIG. 2A-2IIII provide an amino acid sequence of a 4-1BBL (FIG. 2A) and examples of variant
4-1BBL polypeptides (FIG. 2B-2111I).

[0019] FIG. 3 provides an amino acid sequence of 4-1BB (FIG. 3A-30).

[0020] FIG. 4A-4C provide amino acid sequences of immunoglobulin Fc polypeptides.

[0021] FIG. 5A-5C provide amino acid sequences of human leukocyte antigen (HLA) Class I heavy
chain polypeptides. Signal sequences are underlined.

[0022] FIG. 6 provides a multiple amino acid sequence alignment of beta-2 microglobulin (2M)
precursors (1.e., including the leader sequence) from Homo sapiens (NP_004039.1; SEQ ID
NO:103), Pan troglodytes (NP_001009066.1; SEQ ID NO:104), Macaca mulatta
(NP_001040602.1; SEQ ID NO:105), Bos Taurus (NP_776318.1; SEQ ID NO:106) and Mus
musculus (NP_033865.2; SEQ ID NO:107). Amino acids 1-20 are a signal peptide.

[0023] FIG. 7A-7B provide amino acid sequences of PD-L1 polypeptides.

[0024] FIG. 8 provides an amino acid sequence of a CD80 polypeptide.

[0025] FIG. 9 provides an amino acid sequence of an ICOS-L polypeptide.

[0026] FIG. 10 provides an amino acid sequence of an OX40L polypeptide.

[0027] FIG. 11 provides an amino acid sequence of a PD-L2 polypeptide.

[0028] FIG. 12 provides an amino acid sequence of a CD86 (B7-2) polypeptide.
[0029] FIG. 13 provides an amino acid sequence of a Fas ligand (FAS-L) polypeptide.

[0030] FIG. 14A-14B depicts interferon-gamma (IFN-y) secretion by target cells contacted with a
synTac polypeptide tor 3 days (FIG. 14A) or 5 days (FIG. 14B) according to an embodiment ot
the present disclosure.

[0031] FIG. 15A-15B depicts interleukin-2 (IL-2) secretion by target cells contacted with a synTac
polypeptide for 3 days (FIG. 15A) or 5 days (FIG. 15B) according to an embodiment of the

present disclosure.
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[0032] FIG. 16A-16B depicts interleukin-6 (IL-6) secretion by target cells contacted with a synTac
polypeptide for 3 days (FIG. 16A) or 5 days (FIG. 16B) according to an embodiment of the
present disclosure.

[0033] FIG. 17A-17B depicts tumor necrosis factor-alpha (TNFa) secretion by target cells contacted
with a synTac polypeptide tor 3 days (FIG. 17A) or 5 days (FIG. 17B) according to an
embodiment of the present disclosure.

[0034] FIG. 18A-18B depicts interleukin-10 (IL-10) secretion by target cells contacted with a synTac
polypeptide for 3 days (FIG. 18A) or 5 days (FIG. 18B) according to an embodiment of the
present disclosure.

[0035] FIG. 19A-19B depicts interleukin-17A (IL-17A) secretion by target cells contacted with a
synTac polypeptide tor 3 days (FIG. 19A) or 5 days (FIG. 19B) according to an embodiment of
the present disclosure.

[0036] FIG. 20A-20B depicts interleukin-4 (IL-4) secretion by target cells contacted with a synTac
polypeptide for 3 days (FIG. 20A) or 5 days (FIG. 20B) according to an embodiment of the

present disclosure.

[0037] FIG. 21 depicts proliferation of target cells contacted with a synTac polypeptide according to an

embodiment of the present disclosure.

[0038] FIG. 22 depicts viability of target cells contacted with a synTac polypeptide according to an

embodiment of the present disclosure.

[0039] FIG. 23 depicts expression levels of various synTac polypeptides produced in CHO cells.
[0040] FIG. 24 depicts the in vivo effect of a synTac polypeptide of the present disclosure on tumor

volume.

DEFINITIONS

[0041] The terms “polynucleotide” and “nucleic acid,” used interchangeably herein, refer to a
polymeric form of nucleotides of any length, either ribonucleotides or deoxyribonucleotides.
Thus, this term includes, but 1s not limited to, single-, double-, or multi-stranded DNA or RNA,
genomic DNA, cDNA, DNA-RNA hybrids, or a polymer comprising purine and pyrimidine
bases or other natural, chemically or biochemically moditied, non-natural, or derivatized

nucleotide bases.

[0042] The terms "peptide,"” "polypeptide,” and "protein” are used interchangeably herein, and
refer to a polymeric form of amino acids of any length, which can include coded and non-coded
amino acids, chemically or biochemically moditied or derivatized amino acids, and polypeptides

having moditied peptide backbones.
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[0043] A polynucleotide or polypeptide has a certain percent "sequence identity” to another
polynucleotide or polypeptide, meaning that, when aligned, that percentage ot bases or amino
acids are the same, and 1n the same relative position, when comparing the two sequences.
Sequence identity can be determined in a number ot different ways. To determine sequence
identity, sequences can be aligned using various convenient methods and computer programs
(e.g., BLAST, T-COFFEE, MUSCLE, MAFFT, etc.), available over the world wide web at sites
including ncbi.nlm.nili.gov/BLAST, ebi.ac.uk/Tools/msa/tcottee/, ebi.ac.uk/Tools/msa/muscle/,

mafft.cbrc.jp/alignment/software/. See, e.g., Altschul et al. (1990), J. Mol. Bioi1. 215:403-10.

[0044 ] The term "conservative amino acid substitution" refers to the interchangeability in
proteins of amino acid residues having similar side chains. For example, a group of amino acids
having aliphatic side chains consists of glycine, alanine, valine, leucine, and 1soleucine; a group
of amino acids having aliphatic-hydroxyl side chains consists of serine and threonine; a group of
amino acids having amide containing side chains consisting of asparagine and glutamine; a
group of amino acids having aromatic side chains consists of phenylalanine, tyrosine, and
tryptophan; a group of amino acids having basic side chains consists of lysine, arginine, and
histidine; a group of amino acids having acidic side chains consists of glutamate and aspartate;
and a group of amino acids having sulfur containing side chains consists of cysteine and
methionine. Exemplary conservative amino acid substitution groups are: valine-leucine-
isoleucine, phenylalanine-tyrosine, lysine-arginine, alanine-valine-glycine, and asparagine-
glutamine.

[0045] "Binding" as used herein (e.g. with reference to binding of a T-cell modulatory
multimeric polypeptide of the present disclosure to a polypeptide (e.g., a T-cell receptor)ona T
cell) refers to a non-covalent interaction between. Binding interactions are generally
characterized by a dissociation constant (Kp) of less than 10° M, less than 10 M, less than 10°
M, less than 10” M, less than 10" M, less than 10" M, less than 10" M, less than 10" M, less
than 10" M, or less than 10™"° M. "Affinity" refers to the strength of binding, increased binding

atfinity being correlated with a lower Kp.

[0046] The term “immunological synapse” or “immune synapse” as used herein generally refers to the
natural iterface between two interacting immune cells of an adaptive immune response
including, e.g., the intertace between an antigen-presenting cell (APC) or target cell and an
ettector cell, e.g., a lymphocyte, an etfector T cell, a natural killer cell, and the like. An
immunological synapse between an APC and a T cell 1s generally mitiated by the interaction of a
T cell antigen receptor and major histocompatibility complex molecules, e.g., as described 1n

Bromley et al., Annu Rev Immunol. 2001;19:375-96; the disclosure of which 1s incorporated

herein by reference 1n its entirety.
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[0047] “T cell” includes all types of immune cells expressing CD3, including T-helper cells (CD4"
cells), cytotoxic T-cells (CD8" cells), T-regulatory cells (Treg), and NK-T cells.

[0048] "Co-stimulatory polypeptide,” as the term is used herein, includes a polypeptide on an antigen
presenting cell (APC) (e.g., a dendritic cell, a B cell, and the like) that specitically binds a
cognate co-stimulatory polypeptide on a T cell, thereby providing a signal which, in addition to
the primary signal provided by, for instance, binding of a TCR/CD3 complex with a major
histocompatibility complex (MHC) polypeptide loaded with peptide, mediates a T cell response,
including, but not limited to, proliferation, activation, differentiation, and the like. A co-
stimulatory ligand can include, but 1s not limited to, CD7, B7-1 (CD80), B7-2 (CD&6), PD-L1,
PD-L2, 4-1BBL, OX40L, Fas ligand (FasL), inducible costimulatory ligand (ICOS-L),
intercellular adhesion molecule (ICAM), CD30L, CD40, CD70, CD83, HLA-G, MICA, MICB,
HVEM, lymphotoxin beta receptor, 3/TR6, ILT3, ILT4, HVEM, an agonist or antibody that
binds Toll ligand receptor and a ligand that specifically binds with B7-H3. A co-stimulatory
ligand also encompasses, mter alia, an antibody that specitically binds with a co-stimulatory
molecule present on a T cell, such as, but not limited to, CD27, CD28, 4-1BB, 0X40, CD30,
CDA40, PD-1, ICOS, lymphocyte function-associated antigen-1 (LFA-1), CD2, LIGHT, NKG2C,
B7-H3, and a ligand that specitically binds to CD83.

[0049] A “modulatory domain” of a T-cell modulatory multimeric polypeptide of the present disclosure

comprises a co-stimulatory polypeptide.

[0050] “Heterologous,” as used herein, means a nucleotide or polypeptide that is not found in the native

nucleic acid or protein, respectively.

[0051] "Recombinant," as used herein, means that a particular nucleic acid (DNA or RNA) is the
product of various combinations of cloning, restriction, polymerase chain reaction (PCR) and/or
ligation steps resulting in a construct having a structural coding or non-coding sequence
distinguishable from endogenous nucleic acids tound in natural systems. DNA sequences
encoding polypeptides can be assembled trom cDNA fragments or from a series ot synthetic
oligonucleotides, to provide a synthetic nucleic acid which 1s capable of being expressed from a
recombinant transcriptional unit contained in a cell or 1n a cell-free transcription and translation

system.

[0052] The terms “recombinant expression vector,” or “DNA construct” are used interchangeably herein
to refer to a DNA molecule comprising a vector and one insert. Recombinant expression vectors

are usually generated for the purpose of expressing and/or propagating the insert(s), or for the

construction of other recombinant nucleotide sequences. The insert(s) may or may not be

11
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operably linked to a promoter sequence and may or may not be operably linked to DNA

regulatory sequences.

[0053] A cell has been “genetically modified” or "transformed" or "transfected" by exogenous DNA,
e.g. a recombinant expression vector, when such DNA has been introduced inside the cell. The
presence of the exogenous DNA results in permanent or transient genetic change. The
transtforming DNA may or may not be integrated (covalently linked) into the genome ot the cell.
In prokaryotes, yeast, and mammalian cells, for example, the transtorming DNA may be
maintained on an episomal element such as a plasmid. With respect to eukaryotic cells, a stably
transtormed cell 1s one 1n which the transtorming DNA has become integrated into a

chromosome so that it 1s inherited by daughter cells through chromosome replication.

[0054] A “host cell,” as used herein, denotes an in vivo or in vitro eukaryotic cell or a cell from a
multicellular organism (e.g., a cell line) cultured as a unicellular entity, which eukaryotic cells
can be, or have been, used as recipients for a nucleic acid (e.g., an expression vector that
comprises a nucleotide sequence encoding a multimeric polypeptide of the present disclosure),
and 1nclude the progeny of the original cell which has been genetically moditied by the nucleic
acid. It 1s understood that the progeny of a single cell may not necessarily be completely
identical 1n morphology or in genomic or total DNA complement as the original parent, due to
natural, accidental, or deliberate mutation. A “recombinant host cell” (also referred to as a
“genetically modified host cell”) 1s a host cell into which has been introduced a heterologous
nucleic acid, e.g., an expression vector. For example, a genetically modified eukaryotic host cell
1s genetically moditfied by virtue of mtroduction into a suitable eukaryotic host cell a
heterologous nucleic acid, e.g., an exogenous nucleic acid that 1s foreign to the eukaryotic host

cell, or a recombinant nucleic acid that 1s not normally found 1n the eukaryotic host cell.

[0055] The terms "treatment”, "treating" and the like are used herein to generally mean obtaining a
desired pharmacologic and/or physiologic eftect. The eftect may be prophylactic in terms ot
completely or partially preventing a disease or symptom thereot and/or may be therapeutic in
terms of a partial or complete cure for a disease and/or adverse ettect attributable to the disease.
"Treatment” as used herein covers any treatment of a disease or symptom 1n a mammal, and
includes: (a) preventing the disease or symptom from occurring in a subject which may be
predisposed to acquiring the disease or symptom but has not yet been diagnosed as having it; (b)
inhibiting the disease or symptom, 1.e., arresting 1ts development; or (¢) relieving the disease,
1.e., causing regression of the disease. The therapeutic agent may be administered betore, during
or after the onset of disease or injury. The treatment of ongoing disease, where the treatment
stabilizes or reduces the undesirable clinical symptoms of the patient, 1s of particular interest.

Such treatment 1s desirably pertformed prior to complete loss of function in the attected tissues.
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The subject therapy will desirably be administered during the symptomatic stage of the disease,

and 1n some cases after the symptomatic stage ot the disease.

[0056] The terms "individual,” "subject,” "host," and "patient," are used interchangeably herein and
refer to any mammalian subject for whom diagnosis, treatment, or therapy 1s desired. Mammals
include, e.g., humans, non-human primates, rodents (e.g., rats; mice), lagomorphs (e.g., rabbits),

ungulates (e.g., cows, sheep, pi1gs, horses, goats, and the like), etc.

[0057] Before the present invention is further described, it is to be understood that this invention is not
limited to particular embodiments described, as such may, of course, vary. It 1s also to be
understood that the terminology used herein 1s tfor the purpose of describing particular
embodiments only, and 1s not intended to be limiting, since the scope of the present invention

will be limited only by the appended claims.

[0058] Where a range of values is provided, it is understood that each intervening value, to the tenth of
the unit of the lower limit unless the context clearly dictates otherwise, between the upper and
lower limit of that range and any other stated or intervening value 1n that stated range, 18
encompassed within the mvention. The upper and lower limits of these smaller ranges may
independently be included 1n the smaller ranges, and are also encompassed within the ivention,
subject to any specifically excluded limit 1n the stated range. Where the stated range includes one

or both ot the limits, ranges excluding either or both of those included limits are also included in

the 1nvention.

[0059] Unless defined otherwise, all technical and scientific terms used herein have the same meaning
as commonly understood by one of ordinary skill in the art to which this invention belongs.
Although any methods and materials similar or equivalent to those described herein can also be
used 1n the practice or testing ot the present invention, the preferred methods and materials are
now described. All publications mentioned herein are icorporated herein by reterence to
disclose and describe the methods and/or materials 1n connection with which the publications are

cited.

e 2?

[0060] It must be noted that as used herein and in the appended claims, the singular forms “a,” “an,” and
“the” mnclude plural reterents unless the context clearly dictates otherwise. Thus, tor example,
reference to “a modulatory domain™ includes a plurality of such modulatory domains and
reference to “‘the HLA polypeptide™ includes reference to one or more HLA polypeptides and
equivalents thereof known to those skilled in the art, and so torth. It 1s turther noted that the

claims may be drafted to exclude any optional element. As such, this statement 1s intended to
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serve as antecedent basis for use ot such exclusive terminology as ““solely,” “only” and the like

in connection with the recitation ot claim elements, or use of a “negative” limitation.

[0061] It is appreciated that certain features of the invention, which are, for clarity, described in the
context of separate embodiments, may also be provided 1in combination 1n a single embodiment.
Conversely, various features of the invention, which are, for brevity, described in the context ot
a single embodiment, may also be provided separately or in any suitable sub-combination. All
combinations of the embodiments pertaining to the invention are specitically embraced by the
present invention and are disclosed herein just as it each and every combination was individually
and explicitly disclosed. In addition, all sub-combinations of the various embodiments and
elements thereot are also specitically embraced by the present invention and are disclosed herein

just as 1f each and every such sub-combination was individually and explicitly disclosed herein.

[0062] The publications discussed herein are provided solely for their disclosure prior to the filing date
of the present application. Nothing herein 1s to be construed as an admission that the present
invention 1s not entitled to antedate such publication by virtue of prior invention. Further, the
dates of publication provided may be ditferent from the actual publication dates which may need

to be independently contirmed.

DETAILED DESCRIPTION

[0063] The present disclosure provides variant immunomodulatory polypeptides, and fusion
polypeptides comprising the variant immunomodulatory peptides. The present disclosure
provides T-cell modulatory multimeric polypeptides, and compositions comprising same, where
the T-cell modulatory multimeric polypeptides comprise a variant immunomodulatory
polypeptide of the present disclosure. The present disclosure provides nucleic acids comprising
nucleotide sequences encoding the T-cell modulatory multimeric polypeptides, and host cells
comprising the nucleic acids. The present disclosure provides methods of modulating the activity
of a T cell; the methods comprise contacting the T cell with a T-cell modulatory multimeric

polypeptide of the present disclosure.

[0064] A T-cell modulatory multimeric polypeptide of the present disclosure is also referred to as a
“synTac polypeptide.” A synTac polypeptide ot the present disclosure comprises a variant
modulatory domain, where the variant modulatory domain exhibits reduced binding atfinity to
an immunomodulatory polypeptide. A synTac polypeptide of the present disclosure can
modulate the activity of a target T-cell. A synTac polypeptide of the present disclosure provides

for enhanced target cell specificity.
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VARIANT IMMUNOMODULATORY POLYPEPTIDES

[0065] The present disclosure provides variant 4-1BBL modulatory polypeptides. A wild-type human 4-
IBBL amino acid sequence 1s provided in FIG. 2A. The tumor necrosis factor (INF) homology
domain (THD) of human 4-1BBL comprises amino acids 81-254, amino acids 80-254, or amino

acids 80-246 of the amino acid sequence depicted in FIG. 2A. Thus, a wild-type amino acid
sequence of the THD of human 4-1BBL can be, e.g., one of SEQ ID NOs:1-3, as follows:

[0066] PAGLLDLRQG MFAQLVAQNYV LLIDGPLSWY SDPGLAGVSL TGGLSYKEDT
KELVVAKAGV YYVFFQLELR RVVAGEGSGS VSLALHLQPL RSAAGAAALA
LTVDLPPASS EARNSAFGFQ GRLLHLSAGQ RLGVHLHTEA RARHAWQLTQ
GATVLGLFRV TPEIPAGLPS PRSE (SEQ ID NO:1).

[0067] D PAGLLDLRQG MFAQLVAQNV LLIDGPLSWY SDPGLAGVSL TGGLSYKEDT
KELVVAKAGV YYVFFQLELR RVVAGEGSGS VSLALHLQPL RSAAGAAALA
LTVDLPPASS EARNSAFGFQ GRLLHLSAGQ RLGVHLHTEA RARHAWQLTQ
GATVLGLFRV TPEIPAGLPS PRSE (SEQ ID NO:2).

[0068] D PAGLLDLRQG MFAQLVAQNYV LLIDGPLSWY SDPGLAGVSL TGGLSYKEDT
KELVVAKAGV YYVFFQLELR RVVAGEGSGS VSLALHLQPL
RSAAGAAALA LTVDLPPASS EARNSAFGFQ GRLLHLSAGQ RLGVHLHTEA
RARHAWQLTQ GATVLGLFRV TPEIPA (SEQ ID NO:3).

[0069] Wild-type 4-1BBL binds to 4-1BB (CD137). An amino acid sequences of 4-1BB is provided in
FIG. 3. A variant 4-1BBL polypeptide of the present disclosure binds to 4-1BB with reduced
atfinity compared to binding ot wild-type 4-1BBL to 4-1BB.

[0070] In some cases, a variant 4-1BBL polypeptide of the present disclosure exhibits reduced binding
atfinity to 4-1BB, compared to the binding atfinity of a 4-1BBL polypeptide comprising the
amino acid sequence depicted in FIG. 2A. For example, 1in some cases, a variant 4-1BBL
polypeptide ot the present disclosure binds 4-1BB with a binding atfinity that less than the
binding aftinity ot a 4-1BBL polypeptide comprising the amino acid sequence depicted in FIG.
2A for a 4-1BB polypeptide comprising the amino acid sequence depicted in FIG. 3. For
example, 1n some cases, a variant 4-1BBL polypeptide ot the present disclosure binds 4-1BB
with a binding affinity that 1s at least 10% less, at least 15% less, at least 20% less, at least 25%,
at least 30% less, at least 35% less, at least 40% less, at least 45% less, at least 50% less, at least
55% less, at least 60% less, at least 65% less, at least 70% less, at least 75% less, at least 80%
less, at least 85% less, at least 90% less, at least 95% less, or more than 95% less, than the

binding aftinity of a 4-1BBL polypeptide comprising the amino acid sequence depicted in FIG.
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2A for a 4-1BB (e.g., a 4-1BB polypeptide comprising the amino acid sequence depicted 1n FIG.

3), when assayed under the same conditions.

[0071] In some cases, a variant 4-1BBL polypeptide of the present disclosure exhibits reduced binding
atfinity to 4-1BB, compared to the binding aftinity ot a 4-1BBL polypeptide comprising the
amino acid sequence set forth in SEQ ID NO:1. For example, in some cases, a variant 4-1BBL
polypeptide of the present disclosure binds 4-1BB with a binding atfinity that less than the
binding atfinity of a 4-1BBL polypeptide comprising the amino acid sequence set forth in SEQ
ID NO:1 tor a 4-1BB polypeptide comprising the amino acid sequence depicted in FIG. 3. For
example, 1n some cases, a variant 4-1BBL polypeptide ot the present disclosure binds 4-1BB
with a binding atfinity that 1s 1s at least 10% less, at least 15% less, at least 20% less, at least
25%, at least 30% less, at least 35% less, at least 40% less, at least 45% less, at least S0% less, at
least 55% less, at least 60% less, at least 65% less, at least 70% less, at least 75% less, at least
80% less, at least 85% less, at least 90% less, at least 95% less, or more than 95% less, than the
binding aftinity ot a 4-1BBL polypeptide comprising the amino acid sequence set forth in SEQ
ID NO:1 tor a 4-1BB polypeptide (e.g., a 4-1BB polypeptide comprising the amino acid
sequence depicted in FIG. 3), when assayed under the same conditions.

[0072] In some cases, a variant 4-1BBL polypeptide of the present disclosure has a binding affinity to 4-
1BB that 1s from 100 nM to 100 uM. As another example, in some cases, a variant 4-1BBL
polypeptide of the present disclosure has a binding atfinity for 4-1BB (e.g., a 4-1BB polypeptide
comprising the amino acid sequence depicted in FIG. 3) that 1s from about 100 nM to 150 nM,
from about 150 nM to about 200 nM, from about 200 nM to about 250 nM, from about 250 nM
to about 300 nM, from about 300 nM to about 350 nM, from about 350 nM to about 400 nM.,
from about 400 nM to about 500 nM, from about 500 nM to about 600 nM, from about 600 nM
to about 700 nM, from about 700 nM to about 800 nM, from about 800 nM to about 900 nM.,
from about 900 nM to about 1 uM, to about 1 uM to about 5 uM, from about 5 uM to about 10
uM, from about 10 uM to about 15 uM, from about 15 uM to about 20 uM, from about 20 uM to
about 25 uM, trom about 25 uM to about 50 uM, from about 50 uM to about 75 uM, or from
about 75 uM to about 100 uM.

[0073] In some cases, a variant 4-1BBL polypeptide of the present disclosure exhibits increased
production in a mammalian host cell, compared to the production in the same mammalian host
cell of a wild-type 4-1BBL polypeptide (e.g., a 4-1BBL polypeptide comprising the amino acid
sequence depicted 1in FIG. 2A or as set forth in SEQ ID NO:1). For example, in some cases, a
variant 4-1BBL polypeptide ot the present disclosure, when expressed 1in a mammalian host cell,
1s produced 1n an amount that 1s from 25% higher to about 50% higher, from about 50% higher
to about 75% higher, from about 75% higher to about 2-fold higher, from about 2-fold higher to
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about 5-fold higher, from about 5-fold higher to about 10-fold higher, from about 10-fold higher
to about 20-fold higher, from about 20-tfold higher to about 30-fold higher, from about 30-fold
higher to about 40-fold higher, trom about 40-told higher to about 50-fold higher, from abouat
S0-fold higher to about 75-fold higher, from about 75-fold higher to about 100-fold higher, or
more than 100-fold higher, than the amount ot a wild-type 4-1BBL polypeptide (e.g., a 4-1BBL
polypeptide comprising the amino acid sequence depicted in FIG. 2A or as set forth in SEQ 1D

NO:1) produced in the same mammalian host cell.

[0074] In some cases, a variant 4-1BBL polypeptide of the present disclosure is produced in a
mammalian host cell in an amount of from about 50 mg/L to about 75 mg/L, from about 75
mg/L to about 100 mg/L, from about 100 mg/L to about 150 mg/L, trom about 150 mg/L to
about 200 mg/L, from about 200 mg/L to about 250 mg/L, from about 250 mg/L to about 500
mg/L, or more than 500 mg/L. In some cases, a variant 4-1BBL polypeptide of the present
disclosure 1s produced in a mammalian host cell 1n an amount of from about 10 mg/L to about 135
mg/L, from about 15 mg/L to about 20 mg/L, tfrom about 20 mg/L to about 25 mg/L, from about
25 mg/L to about 30 mg/L, from about 35 mg/L to about 40 mg/L, from about 40 mg/L to about
45 mg/L, or from about 45 mg/L to about 50 mg/L.

[0075] A variant 4-1BBL polypeptide of the present disclosure can have a single amino acid substitution
relative to a wild-type 4-1BBL polypeptide (e.g., a 4-1BBL polypeptide comprising the amino
acid sequence depicted 1n FIG. 2A or as set forth in SEQ ID NO:1). In some cases, a variant 4-
1BBL polypeptide ot the present disclosure has from 2 to 10 amino acid substitutions relative to
a wild-type 4-1BBL polypeptide (e.g., a 4-1BBL polypeptide comprising the amino acid
sequence depicted in FIG. 2A or as set torth in SEQ ID NO:1). In some cases, a variant 4-1BBL
polypeptide of the present disclosure has 2 amino acid substitutions relative to a wild-type 4-
1BBL polypeptide (e.g., a 4-1BBL polypeptide comprising the amino acid sequence depicted in
FIG. 2A or as set forth in SEQ ID NO:1). In some cases, a variant 4-1BBL polypeptide of the
present disclosure has 3 amino acid substitutions relative to a wild-type 4-1BBL polypeptide
(e.g., a4-1BBL polypeptide comprising the amino acid sequence depicted in FIG. 2A or as set
forth in SEQ ID NO:1). In some cases, a variant 4-1BBL polypeptide of the present disclosure
has 4 amino acid substitutions relative to a wild-type 4-1BBL polypeptide (e.g., a 4-1BBL
polypeptide comprising the amino acid sequence depicted 1in FIG. 2A or as set forth in SEQ ID
NO:1). In some cases, a variant 4-1BBL polypeptide of the present disclosure has 5 amino acid
substitutions relative to a wild-type 4-1BBL polypeptide (e.g., a 4-1BBL polypeptide comprising
the amino acid sequence depicted in FIG. 2A or as set forth in SEQ ID NO:1). In some cases, a
variant 4-1BBL polypeptide of the present disclosure has 6 amino acid substitutions relative to a

wild-type 4-1BBL polypeptide (e.g., a 4-1BBL polypeptide comprising the amino acid sequence

17



CA 03014466 2018-08-13

WO 2017/151940 PCT/US2017/020480

depicted in FIG. 2A or as set forth in SEQ ID NO:1). In some cases, a variant 4-1BBL
polypeptide of the present disclosure has 7 amino acid substitutions relative to a wild-type 4-
1BBL polypeptide (e.g., a 4-1BBL polypeptide comprising the amino acid sequence depicted in
FIG. 2A or as set forth in SEQ ID NO:1). In some cases, a variant 4-1BBL polypeptide of the
present disclosure has 8 amino acid substitutions relative to a wild-type 4-1BBL polypeptide
(e.g., a4-1BBL polypeptide comprising the amino acid sequence depicted in FIG. 2A or as set
forth in SEQ ID NO:1). In some cases, a variant 4-1BBL polypeptide of the present disclosure
has 9 amino acid substitutions relative to a wild-type 4-1BBL polypeptide (e.g., a 4-1BBL
polypeptide comprising the amino acid sequence depicted 1in FIG. 2A or as set forth in SEQ ID
NO:1). In some cases, a variant 4-1BBL polypeptide of the present disclosure has 10 amino acid
substitutions relative to a wild-type 4-1BBL polypeptide (e.g., a 4-1BBL polypeptide comprising
the amino acid sequence depicted in FIG. 2A or as set forth in SEQ ID NO:1).

[0076] In some cases, a variant 4-1BBL polypeptide of the present disclosure has from 11 to 50 amino
acid substitutions relative to a wild-type 4-1BBL polypeptide (e.g., a 4-1BBL polypeptide
comprising the amino acid sequence depicted in FIG. 2A or as set torth in SEQ ID NO:1). For
example, 1n some cases, a variant 4-1BBL polypeptide of the present disclosure has from 11 to
15, from 15 to 20, from 20 to 235, from 25 to 30, from 30 to 33, from 35 to 40, from 40 to 45, or
from 435 to 50, amino acid substitutions relative to a wild-type 4-1BBL polypeptide (e.g., a 4-
1BBL polypeptide comprising the amino acid sequence depicted in FIG. 2A or as set torth 1n
SEQ ID NO:1).

[0077] A variant 4-1BBL polypeptide of the present disclosure can have a length of from 200 amino
acids to 254 amino acids. A variant 4-1BBL polypeptide of the present disclosure can have a
length of from 150 amino acids to 200 amino acids. For example, 1n some cases, a variant 4-
1BBL polypeptide of the present disclosure has a length of from 150 amino acids to 160 amino
acids, from 160 amino acids to 170 amino acids, from 170 amino acids to 180 amino acids, from
180 amino acids to 190 amino acids, or from 190 amino acids to 200 amino acids. In some cases,
a variant 4-1BBL polypeptide of the present disclosure has a length of from 160 amino acids to
175 amino acids. In some cases, a variant 4-1BBL polypeptide of the present disclosure has a
length ot 162 amino acids. In some cases, a variant 4-1BBL polypeptide of the present disclosure
has a length ot 167 amino acids. In some cases, a variant 4-1BBL polypeptide of the present
disclosure has a length of 174 amino acids. In some cases, a variant 4-1BBL polypeptide of the

present disclosure has a length of 175 amino acids.

[0078] Variant 4-1BBL polypeptides are described below in relation to the amino acid sequences
depicted in FIG. 2A-21111, and 1n relation to the amino acid sequence depicted in SEQ ID NO:1.

However, tor each variant 4-1BBL polypeptide described below, a corresponding amino acid in
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SEQ ID NO:2 or SEQ ID NO:3 could be substituted. For example, 1in some cases, a variant 4-
1BBL polypeptide of the present disclosure comprises an amino acid sequence having at least
90%, at least 95%, at least 98%, or at least 99%, amino acid sequence 1dentity to the amino acid
sequence set forth in SEQ ID NO:2, with an amino acid substitution at K48. In some cases, a
variant 4-1BBL polypeptide of the present disclosure comprises the amino acid sequence set
torth in SEQ ID NO:2, with an amino acid substitution at K438. In some cases, a vartant 4-1BBL
polypeptide ot the present disclosure comprises an amino acid sequence having at least 90%, at
least 95%, at least 98%, or at least 99%, amino acid sequence 1dentity to the amino acid
sequence set forth in SEQ ID NO:3, with an amino acid substitution at K48. In some cases, a
variant 4-1BBL polypeptide of the present disclosure comprises the amino acid sequence set
torth in SEQ ID NO:3, with an amino acid substitution at K43.

K127 substitution

[0079] In some cases, a variant 4-1BBL polypeptide of the present disclosure comprises an amino acid
sequence having at least 90%, at least 95%, at least 98%, or at least 99%, amino acid sequence
identity to the amino acid sequence depicted in FIG. 2B, where amino acid 127 (indicated by an
“x”’) 1s an amino acid other than a lysine, e.g., where amino acid 127 1s Gly, Ala, Val, Leu, Ile,
Pro, Phe, Tyr, Trp, Ser, Thr, Cys, Met, Asn, Gln, Arg, His, Asp, or Glu. The amino acid
numbering in FIG. 2B retains the numbering ot FIG. 2A. In some cases, a variant 4-1BBL
polypeptide ot the present disclosure comprises an amino acid sequence having at least 90%, at
least 95%, at least 98%, or at least 99%, amino acid sequence 1dentity to the amino acid
sequence depicted in FIG. 2B, where amino acid 127 1s Phe. In some cases, a variant 4-1BBL
polypeptide of the present disclosure comprises an amino acid sequence having at least 90%, at
least 95%, at least 98%, or at least 99%, amino acid sequence 1dentity to the amino acid
sequence depicted 1in FIG. 2B, where amino acid 127 1s Leu. In some cases, a variant 4-1BBL
polypeptide ot the present disclosure comprises an amino acid sequence having at least 90%, at
least 95%, at least 98%, or at least 99%, amino acid sequence 1dentity to the amino acid
sequence depicted in FIG. 2B, where amino acid 127 1s Ile. In some cases, a variant 4-1BBL
polypeptide of the present disclosure comprises an amino acid sequence having at least 90%, at
least 95%, at least 98%, or at least 99%, amino acid sequence 1dentity to the amino acid
sequence depicted 1in FIG. 2B, where amino acid 127 1s Met. In some cases, a variant 4-1BBL
polypeptide ot the present disclosure comprises an amino acid sequence having at least 90%, at
least 95%, at least 98%, or at least 99%, amino acid sequence 1dentity to the amino acid
sequence depicted in FIG. 2B, where amino acid 127 1s Val. In some cases, a variant 4-1BBL
polypeptide of the present disclosure comprises an amino acid sequence having at least 90%, at

least 95%, at least 98%, or at least 99%, amino acid sequence 1dentity to the amino acid
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sequence depicted in FIG. 2B, where amino acid 127 1s Ser. In some cases, a variant 4-1BBL
polypeptide of the present disclosure comprises an amino acid sequence having at least 90%, at
least 95%, at least 98%, or at least 99%, amino acid sequence 1dentity to the amino acid
sequence depicted in FIG. 2B, where amino acid 127 1s Pro. In some cases, a variant 4-1BBL
polypeptide ot the present disclosure comprises an amino acid sequence having at least 90%, at
least 95%, at least 98%, or at least 99%, amino acid sequence 1dentity to the amino acid
sequence depicted 1in FIG. 2B, where amino acid 127 1s Thr. In some cases, a variant 4-1BBL
polypeptide of the present disclosure comprises an amino acid sequence having at least 90%, at
least 95%, at least 98%, or at least 99%, amino acid sequence 1dentity to the amino acid
sequence depicted in FIG. 2B, where amino acid 127 1s Ala. In some cases, a variant 4-1BBL
polypeptide ot the present disclosure comprises an amino acid sequence having at least 90%, at
least 95%, at least 98%, or at least 99%, amino acid sequence 1dentity to the amino acid
sequence depicted 1in FIG. 2B, where amino acid 127 1s Tyr. In some cases, a variant 4-1BBL
polypeptide of the present disclosure comprises an amino acid sequence having at least 90%, at
least 95%, at least 98%, or at least 99%, amino acid sequence 1dentity to the amino acid
sequence depicted 1in FIG. 2B, where amino acid 127 1s His. In some cases, a variant 4-1BBL
polypeptide ot the present disclosure comprises an amino acid sequence having at least 90%, at
least 95%, at least 98%, or at least 99%, amino acid sequence 1dentity to the amino acid
sequence depicted 1in FIG. 2B, where amino acid 127 1s Gln. In some cases, a variant 4-1BBL
polypeptide of the present disclosure comprises an amino acid sequence having at least 90%, at
least 95%, at least 98%, or at least 99%, amino acid sequence 1dentity to the amino acid
sequence depicted 1in FIG. 2B, where amino acid 127 1s Asn. In some cases, a variant 4-1BBL
polypeptide ot the present disclosure comprises an amino acid sequence having at least 90%, at
least 95%, at least 98%, or at least 99%, amino acid sequence 1dentity to the amino acid
sequence depicted 1n FIG. 2B, where amino acid 127 1s Asp. In some cases, a variant 4-1BBL
polypeptide of the present disclosure comprises an amino acid sequence having at least 90%, at
least 95%, at least 98%, or at least 99%, amino acid sequence 1dentity to the amino acid
sequence depicted in FIG. 2B, where amino acid 127 1s Glu. In some cases, a variant 4-1BBL
polypeptide ot the present disclosure comprises an amino acid sequence having at least 90%, at
least 95%, at least 98%, or at least 99%, amino acid sequence 1dentity to the amino acid
sequence depicted 1in FIG. 2B, where amino acid 127 1s Cys. In some cases, a variant 4-1BBL
polypeptide of the present disclosure comprises an amino acid sequence having at least 90%, at
least 95%, at least 98%, or at least 99%, amino acid sequence 1dentity to the amino acid
sequence depicted 1in FIG. 2B, where amino acid 127 1s Trp. In some cases, a variant 4-1BBL

polypeptide ot the present disclosure comprises an amino acid sequence having at least 90%, at
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least 95%, at least 98%, or at least 99%, amino acid sequence 1dentity to the amino acid
sequence depicted 1n FIG. 2B, where amino acid 127 1s Arg. In some cases, a variant 4-1BBL
polypeptide of the present disclosure comprises an amino acid sequence having at least 90%, at
least 95%, at least 98%, or at least 99%, amino acid sequence 1dentity to the amino acid
sequence depicted in FIG. 2B, where amino acid 127 1s Gly. In some cases, the variant 4-1BBL
polypeptide has a binding attinity to CD137 that 1s from about 100 nM to about 150 nM, from
about 150 nM to about 200 nM, from about 200 nM to about 250 nM, from about 250 nM to
about 300 nM, from about 300 nM to about 350 nM, from about 350 nM to about 400 nM, from
about 400 nM to about 500 nM, from about 500 nM to about 600 nM, from about 600 nM to
about 700 nM, from about 700 nM to about 800 nM, from about 800 nM to about 900 nM, from
about 900 nM to about 1 uM, to about 1 uM to about 5 uM, from about 5 uM to about 10 uM,
from about 10 uM to about 15 uM, from about 15 uM to about 20 uM, from about 20 uM to
about 25 uM, from about 25 uM to about 50 uM, trom about 50 uM to about 75 uM, or from
about 75 uM to about 100 uM.

[0080] In some cases, a variant 4-1BBL polypeptide of the present disclosure comprises the amino acid
sequence set forth in FIG. 2A, with an amino acid substitution at K127. In some cases, a variant
4-1BBL polypeptide of the present disclosure comprises an amino acid sequence having at least
90%, at least 95%, at least 98%, or at least 99%, amino acid sequence 1dentity to the amino acid
sequence set forth in SEQ ID NO:1, with an amino acid substitution at K47. In some cases, a
variant 4-1BBL polypeptide of the present disclosure comprises the amino acid sequence set
forth mn SEQ ID NO:1, with an amino acid substitution at K47. In some cases, a variant 4-1BBL
polypeptide of the present disclosure comprises an amino acid sequence having at least 90%, at
least 95%, at least 98%, or at least 99%, amino acid sequence 1dentity to the amino acid
sequence set forth in SEQ ID NO:2, with an amino acid substitution at K48. In some cases, a
variant 4-1BBL polypeptide of the present disclosure comprises the amino acid sequence set
forth in SEQ ID NO:2, with an amino acid substitution at K48. In some cases, a vartant 4-1BBL
polypeptide of the present disclosure comprises an amino acid sequence having at least 90%, at
least 95%, at least 98%, or at least 99%, amino acid sequence 1dentity to the amino acid
sequence set forth in SEQ ID NO:3, with an amino acid substitution at K48. In some cases, a

variant 4-1BBL polypeptide of the present disclosure comprises the amino acid sequence set

forth in SEQ ID NO:3, with an amino acid substitution at K438.

[0081] For example, in some cases, a variant 4-1BBL polypeptide of the present disclosure comprises

6o, 2%

the amino acid sequence set torth in FIG. 2B, where X 1s any amino acid other than lysine; for
example, “x” can be Gly, Ala, Val, Leu, Ile, Pro, Phe, Tyr, Trp, Ser, Thr, Cys, Met, Asn, Gln,

Arg, His, Asp, or Glu. In some cases, a variant 4-1BBL polypeptide of the present disclosure
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comprises the amino acid sequence set torth in FIG. 2B, where “X” 1s Phe. In some cases, a
variant 4-1BBL polypeptide of the present disclosure comprises the amino acid sequence set
forth in FIG. 2B, where “xX” 1s Leu. In some cases, a variant 4-1BBL polypeptide of the present
disclosure comprises the amino acid sequence set forth in FIG. 2B, where “x” 1s Ile. In some
cases, a variant 4-1 BBL polypeptide ot the present disclosure comprises the amino acid sequence
set torth 1in FIG. 2B, where “X” 1s Met. In some cases, a variant 4-1BBL polypeptide ot the
present disclosure comprises the amino acid sequence set forth in FIG. 2B, where “x” 1s Val. In
some cases, a variant 4-1BBL polypeptide of the present disclosure comprises the amino acid
sequence set forth in FIG. 2B, where X 1s Ser. In some cases, a variant 4-1BBL polypeptide ot
the present disclosure comprises the amino acid sequence set forth i FIG. 2B, where “x” 1s Pro.
In some cases, a variant 4-1BBL polypeptide ot the present disclosure comprises the amino acid
sequence set torth in FIG. 2B, where “x” 1s Thr. In some cases, a variant 4-1BBL polypeptide of
the present disclosure comprises the amino acid sequence set torth i FIG. 2B, where *x” 1s Ala.
In some cases, a variant 4-1BBL polypeptide of the present disclosure comprises the amino acid
sequence set forth in FIG. 2B, where “x” 1s Tyr. In some cases, a variant 4-1BBL polypeptide of
the present disclosure comprises the amino acid sequence set torth in FIG. 2B, where “x” 1s His.
In some cases, a variant 4-1BBL polypeptide of the present disclosure comprises the amino acid
sequence set torth in FIG. 2B, where “x” 1s Gln. In some cases, a variant 4-1BBL polypeptide ot
the present disclosure comprises the amino acid sequence set forth in FIG. 2B, where “xX” 1s Asn.
In some cases, a variant 4-1BBL polypeptide of the present disclosure comprises the amino acid
sequence set forth in FIG. 2B, where “x” 1s Asp. In some cases, a variant 4-1BBL polypeptide of
the present disclosure comprises the amino acid sequence set forth i FIG. 2B, where “x” 1s Glu.
In some cases, a variant 4-1BBL polypeptide of the present disclosure comprises the amino acid
sequence set torth in FIG. 2B, where X 1s Cys. In some cases, a variant 4-1BBL polypeptide ot
the present disclosure comprises the amino acid sequence set forth in FIG. 2B, where “x” 1s Trp.
In some cases, a variant 4-1BBL polypeptide of the present disclosure comprises the amino acid
sequence set forth in FIG. 2B, where “x” 1s Arg. In some cases, a variant 4-1BBL polypeptide ot
the present disclosure comprises the amino acid sequence set forth i FIG. 2B, where “x” 1s Gly.
For example, 1n some cases, a variant 4-1BBL polypeptide of the present disclosure comprises
the amino acid sequence set forth in FIG. 2C. In some cases, the variant 4-1BBL polypeptide has
a binding aftinity to CD137 that 1s from about 100 nM to about 150 nM, from about 150 nM to
about 200 nM, from about 200 nM to about 250 nM, from about 250 nM to about 300 nM, from
about 300 nM to about 350 nM, from about 350 nM to about 400 nM, from about 400 nM to
about 500 nM, from about S00 nM to about 600 nM, from about 600 nM to about 700 nM, from
about 700 nM to about 800 nM, from about 800 nM to about 900 nM, from about 900 nM to
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about 1 uM, to about 1 uM to about 5 uM, from about 5 uM to about 10 uM, from about 10 uM
to about 15 uM, tfrom about 15 uM to about 20 uM, from about 20 uM to about 25 uM, from
about 25 uM to about 50 uM, tfrom about 50 uM to about 75 uM, or from about 75 uM to about
100 uM.

0227 Substitution

[0082] In some cases, a variant 4-1BBL polypeptide of the present disclosure comprises an amino acid
sequence having at least 90%, at least 95%, at least 98%, or at least 99%, amino acid sequence
identity to the amino acid sequence depicted in FIG. 2D, where amino acid 227 (indicated by an
“x’’) 1s an amino acid other than a glutamine, e.g., where amino acid 227 1s Gly, Ala, Val, Leu,
Ile, Pro, Phe, Tyr, Trp, Ser, Thr, Cys, Met, Asn, Lys, Arg, His, Asp, or Glu. The amino acid
numbering in FIG. 2D retains the numbering of FIG. 2A. In some cases, a variant 4-1BBL
polypeptide of the present disclosure comprises an amino acid sequence having at least 90%, at
least 95%, at least 98%, or at least 99%, amino acid sequence 1dentity to the amino acid
sequence depicted 1in FIG. 2D, where amino acid 227 1s Phe. In some cases, a variant 4-1BBL
polypeptide ot the present disclosure comprises an amino acid sequence having at least 90%, at
least 95%, at least 98%, or at least 99%, amino acid sequence 1dentity to the amino acid
sequence depicted 1n FIG. 2D, where amino acid 227 1s Leu. In some cases, a variant 4-1BBL
polypeptide ot the present disclosure comprises an amino acid sequence having at least 90%, at
least 95%, at least 98%, or at least 99%, amino acid sequence 1dentity to the amino acid
sequence depicted 1in FIG. 2D, where amino acid 227 1s Ile. In some cases, a variant 4-1BBL
polypeptide of the present disclosure comprises an amino acid sequence having at least 90%, at
least 95%, at least 98%, or at least 99%, amino acid sequence 1dentity to the amino acid
sequence depicted 1n FIG. 2D, where amino acid 227 1s Met. In some cases, a variant 4-1BBL
polypeptide ot the present disclosure comprises an amino acid sequence having at least 90%, at
least 95%, at least 98%, or at least 99%, amino acid sequence 1dentity to the amino acid
sequence depicted in FIG. 2D, where amino acid 227 1s Val. In some cases, a variant 4-1BBL
polypeptide of the present disclosure comprises an amino acid sequence having at least 90%, at
least 95%, at least 98%, or at least 99%, amino acid sequence 1dentity to the amino acid
sequence depicted 1in FIG. 2D, where amino acid 227 1s Ser. In some cases, a variant 4-1BBL
polypeptide ot the present disclosure comprises an amino acid sequence having at least 90%, at
least 95%, at least 98%, or at least 99%, amino acid sequence 1dentity to the amino acid
sequence depicted 1in FIG. 2D, where amino acid 227 1s Pro. In some cases, a variant 4-1BBL
polypeptide of the present disclosure comprises an amino acid sequence having at least 90%, at
least 95%, at least 98%, or at least 99%, amino acid sequence 1dentity to the amino acid

sequence depicted 1in FIG. 2D, where amino acid 227 1s Thr. In some cases, a variant 4-1BBL
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polypeptide ot the present disclosure comprises an amino acid sequence having at least 90%, at
least 95%, at least 98%, or at least 99%, amino acid sequence 1dentity to the amino acid
sequence depicted in FIG. 2D, where amino acid 227 1s Ala. In some cases, a variant 4-1BBL
polypeptide of the present disclosure comprises an amino acid sequence having at least 90%, at
least 95%, at least 98%, or at least 99%, amino acid sequence 1dentity to the amino acid
sequence depicted 1in FIG. 2D, where amino acid 227 18 Tyr. In some cases, a variant 4-1BBL
polypeptide ot the present disclosure comprises an amino acid sequence having at least 90%, at
least 95%, at least 98%, or at least 99%, amino acid sequence 1dentity to the amino acid
sequence depicted 1n FIG. 2D, where amino acid 227 1s His. In some cases, a variant 4-1BBL
polypeptide of the present disclosure comprises an amino acid sequence having at least 90%, at
least 95%, at least 98%, or at least 99%, amino acid sequence 1dentity to the amino acid
sequence depicted 1in FIG. 2D, where amino acid 227 18 Asn. In some cases, a variant 4-1BBL
polypeptide ot the present disclosure comprises an amino acid sequence having at least 90%, at
least 95%, at least 98%, or at least 99%, amino acid sequence 1dentity to the amino acid
sequence depicted 1n FIG. 2D, where amino acid 227 1s Lys. In some cases, a variant 4-1BBLL
polypeptide ot the present disclosure comprises an amino acid sequence having at least 90%, at
least 95%, at least 98%, or at least 99%, amino acid sequence 1dentity to the amino acid
sequence depicted 1in FIG. 2D, where amino acid 227 18 Asp. In some cases, a variant 4-1BBL
polypeptide of the present disclosure comprises an amino acid sequence having at least 90%, at
least 95%, at least 98%, or at least 99%, amino acid sequence 1dentity to the amino acid
sequence depicted 1in FIG. 2D, where amino acid 227 1s Glu. In some cases, a variant 4-1BBL
polypeptide ot the present disclosure comprises an amino acid sequence having at least 90%, at
least 95%, at least 98%, or at least 99%, amino acid sequence 1dentity to the amino acid
sequence depicted in FIG. 2D, where amino acid 227 1s Cys. In some cases, a variant 4-1BBL
polypeptide of the present disclosure comprises an amino acid sequence having at least 90%, at
least 95%, at least 98%, or at least 99%, amino acid sequence 1dentity to the amino acid
sequence depicted in FIG. 2D, where amino acid 227 1s Trp. In some cases, a variant 4-1BBL
polypeptide ot the present disclosure comprises an amino acid sequence having at least 90%, at
least 95%, at least 98%, or at least 99%, amino acid sequence 1dentity to the amino acid
sequence depicted 1in FIG. 2D, where amino acid 227 1s Arg. In some cases, a variant 4-1BBL
polypeptide of the present disclosure comprises an amino acid sequence having at least 90%, at
least 95%, at least 98%, or at least 99%, amino acid sequence 1dentity to the amino acid
sequence depicted in FIG. 2D, where amino acid 227 1s Gly. In some cases, the variant 4-1BBL
polypeptide has a binding attinity to CD137 that 1s from about 100 nM to about 150 nM, from
about 150 nM to about 200 nM, from about 200 nM to about 250 nM, from about 250 nM to

24



CA 03014466 2018-08-13

WO 2017/151940 PCT/US2017/020480

about 300 nM, from about 300 nM to about 350 nM, from about 350 nM to about 400 nM, from
about 400 nM to about 500 nM, from about 500 nM to about 600 nM, from about 600 nM to
about 700 nM, from about 700 nM to about 800 nM, from about 800 nM to about 900 nM, from
about 900 nM to about 1 uM, to about 1 uM to about 5 uM, from about 5 uM to about 10 uM,
from about 10 uM to about 15 uM, from about 15 uM to about 20 uM, trom about 20 uM to
about 25 uM, trom about 25 uM to about 50 uM, from about 50 uM to about 75 uM, or from
about 75 uM to about 100 uM.

[0083] In some cases, a variant 4-1BBL polypeptide of the present disclosure comprises the amino acid
sequence set forth in FIG. 2A, with an amino acid substitution at Q227. In some cases, a variant
4-1BBL polypeptide of the present disclosure comprises an amino acid sequence having at least
90%, at least 95%, at least 98%, or at least 99%, amino acid sequence 1dentity to the amino acid
sequence set forth in SEQ ID NO:1, with an amino acid substitution at Q147. In some cases, a
variant 4-1BBL polypeptide of the present disclosure comprises the amino acid sequence set
torth in SEQ ID NO:1, with an amino acid substitution at Q147. In some cases, a variant 4-1BBL
polypeptide ot the present disclosure comprises an amino acid sequence having at least 90%, at
least 95%, at least 98%, or at least 99%, amino acid sequence 1dentity to the amino acid
sequence set forth in SEQ ID NO:2, with an amino acid substitution at Q148. In some cases, a
variant 4-1BBL polypeptide of the present disclosure comprises the amino acid sequence set
torth in SEQ ID NO:2, with an amino acid substitution at Q14%. In some cases, a variant 4-1BBL
polypeptide ot the present disclosure comprises an amino acid sequence having at least 90%, at
least 95%, at least 98%, or at least 99%, amino acid sequence 1dentity to the amino acid
sequence set forth in SEQ ID NO:3, with an amino acid substitution at Q148. In some cases, a

variant 4-1BBL polypeptide of the present disclosure comprises the amino acid sequence set

torth in SEQ ID NO:3, with an amino acid substitution at Q14%.

[0084] For example, in some cases, a variant 4-1BBL polypeptide of the present disclosure comprises

6o 2% 2

the amino acid sequence set forth in FIG. 2D, where X 1s any amino acid other than glutamine;
for example, “x” can be Gly, Ala, Val, Leu, Ile, Pro, Phe, Tyr, Trp, Ser, Thr, Cys, Met, Asn, Gln,
Arg, His, Asp, or Glu. In some cases, a variant 4-1BBL polypeptide ot the present disclosure
comprises the amino acid sequence set torth in FIG. 2D, where “x” 1s Phe. In some cases, a
variant 4-1BBL polypeptide of the present disclosure comprises the amino acid sequence set
forth in FIG. 2D, where “Xx” 1s Leu. In some cases, a variant 4-1BBL polypeptide of the present
disclosure comprises the amino acid sequence set torth in FIG. 2D, where X 1s lle. In some
cases, a variant 4-1BBL polypeptide of the present disclosure comprises the amino acid sequence
set forth in FIG. 2D, where “x” 1s Met. In some cases, a variant 4-1BBL polypeptide of the

present disclosure comprises the amino acid sequence set forth in FIG. 2D, where “x” 1s Val. In
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some cases, a variant 4-1BBL polypeptide of the present disclosure comprises the amino acid
sequence set forth in FIG. 2D, where “x” 1s Ser. In some cases, a variant 4-1BBL polypeptide ot
the present disclosure comprises the amino acid sequence set forth in FIG. 2D, where “x” 1s Pro.
In some cases, a variant 4-1BBL polypeptide of the present disclosure comprises the amino acid
sequence set torth in FIG. 2D, where “x” 18 Thr. In some cases, a variant 4-1BBL polypeptide ot
the present disclosure comprises the amino acid sequence set forth i FIG. 2D, where “x” 1s Ala.
In some cases, a variant 4-1BBL polypeptide of the present disclosure comprises the amino acid
sequence set forth in FIG. 2D, where “x” 1s Tyr. In some cases, a variant 4-1BBL polypeptide ot
the present disclosure comprises the amino acid sequence set forth in FIG. 2D, where “x” 1s His.
In some cases, a variant 4-1BBL polypeptide of the present disclosure comprises the amino acid
sequence set torth in FIG. 2D, where “x” 1s Asn. In some cases, a variant 4-1BBL polypeptide ot
the present disclosure comprises the amino acid sequence set forth i FIG. 2D, where “x” 1s Lys.
In some cases, a variant 4-1BBL polypeptide of the present disclosure comprises the amino acid
sequence set forth in FIG. 2D, where “x” 1s Asp. In some cases, a variant 4-1BBL polypeptide of
the present disclosure comprises the amino acid sequence set forth in FIG. 2D, where “x” 1s Glu.
In some cases, a variant 4-1BBL polypeptide ot the present disclosure comprises the amino acid
sequence set torth in FIG. 2D, where “x” 1s Cys. In some cases, a variant 4-1BBL polypeptide ot
the present disclosure comprises the amino acid sequence set forth in FIG. 2D, where “x” 1s Trp.
In some cases, a variant 4-1BBL polypeptide of the present disclosure comprises the amino acid
sequence set forth in FIG. 2D, where “x” 1s Arg. In some cases, a variant 4-1BBL polypeptide of
the present disclosure comprises the amino acid sequence set forth in FIG. 2D, where “x” 1s Gly.
In some cases, the variant 4-1BBL polypeptide has a binding atfinity to CD137 that 1s from
about 100 nM to about 150 nM, from about 150 nM to about 200 nM, from about 200 nM to
about 250 nM, from about 250 nM to about 300 nM, from about 300 nM to about 350 nM, from
about 350 nM to about 400 nM, from about 400 nM to about 500 nM, from about S00 nM to
about 600 nM, from about 600 nM to about 700 nM, from about 700 nM to about 800 nM, from
about 800 nM to about 900 nM, from about 900 nM to about 1 uM, to about 1 uM to about 5
uM, from about 5 uM to about 10 uM, from about 10 uM to about 15 uM, from about 15 uM to
about 20 uM, from about 20 uM to about 25 uM, trom about 25 uM to about 50 uM, from about
50 uM to about 75 uM, or from about 75 uM to about 100 uM.
M91 Substitution

[0085] In some cases, a variant 4-1BBL polypeptide of the present disclosure comprises an amino acid
sequence having at least 90%, at least 95%, at least 98%, or at least 99%, amino acid sequence
identity to the amino acid sequence depicted in FIG. 2E, where amino acid 91 (indicated by an

“X”’) 1s an amino acid other than a methionine, e.g., where amino acid 91 1s Gly, Ala, Val, Leu,
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Ile, Pro, Phe, Tyr, Trp, Ser, Thr, Cys, Asn, Gln, Lys, Arg, His, Asp, or Glu. The amino acid
numbering in FIG. 2E retains the numbering ot FIG. 2A. In some cases, a variant 4-1BBL
polypeptide of the present disclosure comprises an amino acid sequence having at least 90%, at
least 95%, at least 98%, or at least 99%, amino acid sequence 1dentity to the amino acid
sequence depicted 1in FIG. 2E, where amino acid 91 1s Gly. In some cases, a variant 4-1BBL
polypeptide ot the present disclosure comprises an amino acid sequence having at least 90%, at
least 95%, at least 98%, or at least 99%, amino acid sequence 1dentity to the amino acid
sequence depicted 1n FIG. 2E, where amino acid 91 1s Ala. In some cases, a variant 4-1BBL
polypeptide of the present disclosure comprises an amino acid sequence having at least 90%, at
least 95%, at least 98%, or at least 99%, amino acid sequence 1dentity to the amino acid
sequence depicted 1in FIG. 2E, where amino acid 91 1s Val. In some cases, a variant 4-1BBL
polypeptide ot the present disclosure comprises an amino acid sequence having at least 90%, at
least 95%, at least 98%, or at least 99%, amino acid sequence 1dentity to the amino acid
sequence depicted 1n FIG. 2E, where amino acid 91 1s Leu. In some cases, a variant 4-1BBL
polypeptide of the present disclosure comprises an amino acid sequence having at least 90%, at
least 95%, at least 98%, or at least 99%, amino acid sequence 1dentity to the amino acid
sequence depicted 1n FIG. 2E, where amino acid 91 1s Ile. In some cases, a variant 4-1BBL
polypeptide ot the present disclosure comprises an amino acid sequence having at least 90%, at
least 95%, at least 98%, or at least 99%, amino acid sequence 1dentity to the amino acid
sequence depicted 1n FIG. 2E, where amino acid 91 1s Pro. In some cases, a variant 4-1BBL
polypeptide of the present disclosure comprises an amino acid sequence having at least 90%, at
least 95%, at least 98%, or at least 99%, amino acid sequence 1dentity to the amino acid
sequence depicted 1n FIG. 2E, where amino acid 91 1s Phe. In some cases, a variant 4-1BBL
polypeptide ot the present disclosure comprises an amino acid sequence having at least 90%, at
least 95%, at least 98%, or at least 99%, amino acid sequence 1dentity to the amino acid
sequence depicted 1n FIG. 2E, where amino acid 91 1s Tyr. In some cases, a variant 4-1BBL
polypeptide of the present disclosure comprises an amino acid sequence having at least 90%, at
least 95%, at least 98%, or at least 99%, amino acid sequence 1dentity to the amino acid
sequence depicted 1n FIG. 2E, where amino acid 91 1s Trp. In some cases, a variant 4-1BBL
polypeptide ot the present disclosure comprises an amino acid sequence having at least 90%, at
least 95%, at least 98%, or at least 99%, amino acid sequence 1dentity to the amino acid
sequence depicted 1n FIG. 2E, where amino acid 91 1s Ser. In some cases, a variant 4-1BBL
polypeptide ot the present disclosure comprises an amino acid sequence having at least 90%, at
least 95%, at least 98%, or at least 99%, amino acid sequence 1dentity to the amino acid

sequence depicted 1in FIG. 2E, where amino acid 91 1s Thr. In some cases, a variant 4-1BBL
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polypeptide ot the present disclosure comprises an amino acid sequence having at least 90%, at
least 95%, at least 98%, or at least 99%, amino acid sequence 1dentity to the amino acid
sequence depicted 1n FIG. 2E, where amino acid 91 1s Cys. In some cases, a variant 4-1BBL
polypeptide of the present disclosure comprises an amino acid sequence having at least 90%, at
least 95%, at least 98%, or at least 99%, amino acid sequence 1dentity to the amino acid
sequence depicted in FIG. 2E, where amino acid 91 1s Asn. In some cases, a variant 4-1BBL
polypeptide ot the present disclosure comprises an amino acid sequence having at least 90%, at
least 95%, at least 98%, or at least 99%, amino acid sequence 1dentity to the amino acid
sequence depicted 1n FIG. 2E, where amino acid 91 1s Gln. In some cases, a variant 4-1BBL
polypeptide of the present disclosure comprises an amino acid sequence having at least 90%, at
least 95%, at least 98%, or at least 99%, amino acid sequence 1dentity to the amino acid
sequence depicted 1n FIG. 2E, where amino acid 91 1s Lys. In some cases, a variant 4-1BBL
polypeptide ot the present disclosure comprises an amino acid sequence having at least 90%, at
least 95%, at least 98%, or at least 99%, amino acid sequence 1dentity to the amino acid
sequence depicted 1n FIG. 2E, where amino acid 91 1s Arg. In some cases, a variant 4-1BBL
polypeptide ot the present disclosure comprises an amino acid sequence having at least 90%, at
least 95%, at least 98%, or at least 99%, amino acid sequence 1dentity to the amino acid
sequence depicted 1in FIG. 2E, where amino acid 91 1s His. In some cases, a variant 4-1BBL
polypeptide of the present disclosure comprises an amino acid sequence having at least 90%, at
least 95%, at least 98%, or at least 99%, amino acid sequence 1dentity to the amino acid
sequence depicted 1n FIG. 2E, where amino acid 91 1s Asp. In some cases, a variant 4-1BBL
polypeptide ot the present disclosure comprises an amino acid sequence having at least 90%, at
least 95%, at least 98%, or at least 99%, amino acid sequence 1dentity to the amino acid
sequence depicted in FIG. 2E, where amino acid 91 1s Glu. In some cases, the variant 4-1BBL
polypeptide has a binding affinity to CD137/ that 1s from about 100 nM to about 150 nM, trom
about 150 nM to about 200 nM, from about 200 nM to about 250 nM, from about 250 nM to
about 300 nM, from about 300 nM to about 350 nM, from about 350 nM to about 400 nM, from
about 400 nM to about 500 nM, from about 500 nM to about 600 nM, from about 600 nM to
about 700 nM, from about 700 nM to about 800 nM, from about 800 nM to about 900 nM, from
about 900 nM to about 1 uM, to about 1 uM to about 5 uM, from about 5 uM to about 10 uM,
from about 10 uM to about 15 uM, from about 15 uM to about 20 uM, from about 20 uM to
about 25 uM, trom about 25 uM to about 50 uM, tfrom about 50 uM to about 75 uM, or from
about 75 uM to about 100 uM.

[0086] In some cases, a variant 4-1BBL polypeptide of the present disclosure comprises the amino acid

sequence set torth in FIG. 2A, with an amino acid substitution at M91. In some cases, a variant
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4-1BBL polypeptide ot the present disclosure comprises an amino acid sequence having at least
90%, at least 95%, at least 98%, or at least 99%, amino acid sequence 1dentity to the amino acid
sequence set forth in SEQ ID NO:1, with an amino acid substitution at M11. In some cases, a
variant 4-1BBL polypeptide of the present disclosure comprises the amino acid sequence set
torth mm SEQ ID NO:1, with an amino acid substitution at M11. In some cases, a variant 4-1BBL
polypeptide ot the present disclosure comprises an amino acid sequence having at least 90%, at
least 95%, at least 98%, or at least 99%, amino acid sequence 1dentity to the amino acid
sequence set forth in SEQ ID NO:2, with an amino acid substitution at M12. In some cases, a
variant 4-1BBL polypeptide of the present disclosure comprises the amino acid sequence set
forth in SEQ ID NO:2, with an amino acid substitution at M12. In some cases, a vartant 4-1BBL
polypeptide ot the present disclosure comprises an amino acid sequence having at least 90%, at
least 95%, at least 98%, or at least 99%, amino acid sequence 1dentity to the amino acid
sequence set torth in SEQ ID NO:3, with an amino acid substitution at M12. In some cases, a

variant 4-1BBL polypeptide of the present disclosure comprises the amino acid sequence set

forth in SEQ ID NO:3, with an amino acid substitution at M12.

[0087] For example, in some cases, a variant 4-1BBL polypeptide of the present disclosure comprises
the amino acid sequence set forth in FIG. 2E, where “X” 1s any amino acid other than
methionine; for example, “x” can be Gly, Ala, Val, Leu, Ile, Pro, Phe, Tyr, Trp, Ser, Thr, Cys,
Asn, Gln, Lys, Arg, His, Asp, or Glu. In some cases, a variant 4-1BBL polypeptide of the
present disclosure comprises the amino acid sequence set forth in FIG. 2E, where “x” 1s Gly. In
some cases, a variant 4-1BBL polypeptide of the present disclosure comprises the amino acid
sequence set forth in FIG. 2E, where X" 1s Ala. In some cases, a variant 4-1BBL polypeptide ot
the present disclosure comprises the amino acid sequence set forth in FIG. 2E, where “x” 1s Val.
In some cases, a variant 4-1BBL polypeptide ot the present disclosure comprises the amino acid
sequence set forth in FIG. 2E, where “X” 18 Leu. In some cases, a variant 4-1BBL polypeptide ot
the present disclosure comprises the amino acid sequence set torth in FIG. 2E, where “x” 1s lle.
In some cases, a variant 4-1BBL polypeptide of the present disclosure comprises the amino acid
sequence set forth in FIG. 2E, where “x” 1s Pro. In some cases, a variant 4-1BBL polypeptide ot
the present disclosure comprises the amino acid sequence set forth in FIG. 2E, where “°x” 1s Phe.
In some cases, a variant 4-1BBL polypeptide ot the present disclosure comprises the amino acid
sequence set torth in FIG. 2E, where X" 1s Tyr. In some cases, a variant 4-1BBL polypeptide ot
the present disclosure comprises the amino acid sequence set torth in FIG. 2E, where “x” 1s Trp.
In some cases, a variant 4-1BBL polypeptide of the present disclosure comprises the amino acid

sequence set forth in FIG. 2E, where X" 1s Ser. In some cases, a variant 4-1BBL polypeptide of

the present disclosure comprises the amino acid sequence set torth in FIG. 2E, where “x” 1s Thr.
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In some cases, a variant 4-1BBL polypeptide of the present disclosure comprises the amino acid
sequence set forth in FIG. 2E, where “x” 1s Cys. In some cases, a variant 4-1BBL polypeptide ot
the present disclosure comprises the amino acid sequence set forth in FIG. 2E, where *X” 1s Asn.
In some cases, a variant 4-1BBL polypeptide of the present disclosure comprises the amino acid
sequence set torth in FIG. 2E, where “x” 1s Gln. In some cases, a variant 4-1BBL polypeptide ot
the present disclosure comprises the amino acid sequence set forth in FIG. 2E, where X 1s Lys.
In some cases, a variant 4-1BBL polypeptide of the present disclosure comprises the amino acid
sequence set forth in FIG. 2E, where X" 1s Arg. In some cases, a variant 4-1BBL polypeptide ot
the present disclosure comprises the amino acid sequence set forth in FIG. 2E, where X 1s His.
In some cases, a variant 4-1BBL polypeptide of the present disclosure comprises the amino acid
sequence set torth in FIG. 2E, where X" 1s Asp. In some cases, a variant 4-1BBL polypeptide ot
the present disclosure comprises the amino acid sequence set forth in FIG. 2E, where “x” 1s Glu.
In some cases, the variant 4-1BBL polypeptide has a binding atfinity to CD137 that 1s from
about 100 nM to about 150 nM, from about 150 nM to about 200 nM, from about 200 nM to
about 250 nM, from about 250 nM to about 300 nM, from about 300 nM to about 350 nM, from
about 350 nM to about 400 nM, from about 400 nM to about 500 nM, from about 500 nM to
about 600 nM, from about 600 nM to about 700 nM, from about 700 nM to about 800 nM, from
about 800 nM to about 900 nM, from about 900 nM to about 1 uM, to about 1 uM to about 3
uM, from about 5 uM to about 10 uM, from about 10 uM to about 15 uM, from about 15 uM to
about 20 uM, tfrom about 20 uM to about 25 uM, from about 25 uM to about 50 uM, trom about
50 uM to about 75 uM, or from about 75 uM to about 100 uM.

F92 Substitution

[0088] In some cases, a variant 4-1BBL polypeptide of the present disclosure comprises an amino acid
sequence having at least 90%, at least 95%, at least 98%, or at least 99%, amino acid sequence
identity to the amino acid sequence depicted in FIG. 2F, where amino acid 92 (indicated by an
“Xx’’) 1s an amino acid other than a phenylalanine, e.g., wher<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>