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MULTISPECIFIC ANTIBODIES FOR TARGETING CD28 AND PD-L1 AND METHODS OF USE
THEREOF

CROSS-REFERENCE
[0001] This application claims the benefit of U.S. Provisional Application No. 63/107,942, filed October 30,
2020, U.S. Provisional Application No. 63/141,268, filed January 25, 2021, U.S. Provisional Application No.
63/189.843, filed May 18, 2021, U.S. Provisional Application No. 63/123.327, filed December 9, 2020, U.S.
Provisional Application No. 63/187,719, filed May 12, 2021, U.S. Provisional Application No. 63/123,329,
filed December 9, 2020, U.S. Provisional Application No. 63/187.699, filed May 12, 2021, U.S. Provisional

Application No. 63/187,690, filed May 12, 2021, each of which 1s incorporated herein by reference 1n 1ts

entirety.

SEQUENCE LISTING
[0002] The instant application contains a Sequence Listing which has been submitted electronically in ASCII

format and 1s hereby incorporated by reference 1n 1ts entirety. Said ASCII copy, created on October 27, 2021,
1s named 52426-726 601 SL.txt and 1s 483,304 bytes 1n size.

SUMMARY

[0003] Disclosed herein, 1in certain embodiments, are multispecific antibodies comprising a CD28 binding
domain and a PD-L1 binding domain, wherein when the CD28 binding domain 1s a single chain variable
fragment (scFv), then the PD-L1 binding domain 1s not a scFv. In some instances, the multispecific
antibody 1s according to the following formula:

A-L-B (Formula I)
wherein A comprises the CD28 binding domain; B comprises the PD-L1 binding domain; and L comprises
a linker that connects A to B. In some 1nstances, the CD28 binding domain comprises a single chain
variable fragment, a single domain antibody, a Fab, or a Fab’. In some instances, the CD28 binding domain
compriscs the single chain vanable fragment. In some instances, the CD28 binding domain comprises the
single domain antibody. In some instances, the CD28 binding domain comprises the Fab or the Fab'. In
some 1nstances, the PD-L1 binding domain comprises a single domain antibody, a Fab, or a Fab'. In some
instances, the PD-L 1 binding domain comprises the Fab or the Fab'. In some mstances, the PD-L1 binding
domain comprises the Fab or the Fab’ and the CD28 binding domain comprises the single chain variable
fragment. In some nstances, the PD-L1 binding domain that comprises the Fab or the Fab' compnses a Fab
heavy chain polypeptide comprising a Fab heavy chain varniable domain and a Fab light chain polypeptide
comprising a Fab light chain variable domain. In some instances, the CD28 binding domain that comprises
the single chain vaniable fragment comprises a scFv heavy chain vanable domain and a scFv light chain
variable domain. In some mstances, the linker connects the C-terminus of A to an N-terminus of B. In some

instances, the linker connects the N-terminus of A to a C-terminus of B. In some instances, the linker
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connects the C-terminus of A to the N-terminus of the Fab heavy chain polypeptide. In some instances, the
linker connects the N-terminus of A to the C-terminus of the Fab heavy chain polypeptide. In some
instances, the linker connects the C-terminus of A to the N-terminus of the Fab light chain polypeptide. In
some 1nstances, the linker connects the N-terminus of A to the C-terminus of the Fab light chain
polypeptide. In some instances, the linker connects the Fab light chain polypeptide to the scFv light chain
variable domain. In some 1nstances, the linker connects the Fab light chamn polypeptide to the scFv heavy
chain vaniable domain. In some 1nstances, the linker connects the Fab heavy chain polypeptide to the scFv
light chain vanable domain. In some 1nstances, the linker connects the Fab heavy chain polypeptide to the
scFv heavy chain varniable domain. In some instances, the linker connects the Fab light chain polypeptide to
the N-terminus of the scFv light chain variable domain. In some 1nstances, the linker connects the Fab light
chain polypeptide to the C-terminus of the scFv light chain variable domain. In some instances, the linker
connects the Fab light chain polypeptide to the N-terminus of the scFv heavy chain variable domain. In some
instances, the linker connects the Fab light chain polypeptide to the C-terminus of the scFv heavy chain
variable domain. In some 1nstances, the linker connects the Fab heavy chain polypeptide to the N-terminus
of the scFv light chain variable domain. In some 1nstances, the linker connects the Fab heavy chain
polypeptide to the C-terminus of the scFv light chain variable domain. In some instances, the linker connects
the Fab heavy chain polypeptide to the N-terminus of the scFv heavy chain vanable domain. In some
instances, the linker connects the Fab heavy chain polypeptide to the C-terminus of the scFv heavy chain
variable domain. In some 1nstances, the linker 1s at least 5 amino acids 1in length. In some instances, the
linker 1s no more than 30 amino acids 1n length. In some instances, the linker 1s at least 5 amino acids and
no more than 30 amino acids 1n length. In some instances, the linker 1s 5 amino acids 1n length. In some
instances, the linker 1s 15 amino acids 1n length. In some instances, the linker 1s selected from the group
consisting of (G2S)a, (GS)n, (GSGGS), (SEQ ID NO: 38), (GGGS), (SEQ ID NO: 59), (GGGGS). (SEQ 1D
NO: 60), and (GSSGGS). (SEQ ID NO: 61), wherein n 1s an integer of at least 1. In some instances, L has a
formula comprising (G25), (SEQ ID NO: 233), wherein n 1s an integer from 1 to 3. In some 1nstances, the
linker comprises an amino acid sequence of SEQ ID NO: 18 (GGGGSGGGGSGGGGS) or SEQ ID NO: 19
(GGGGYS). In some nstances, the scFv heavy chain variable domain comprises complementarity
determining regions (CDRs): HC-CDRI1, HC-CDR2, and HC-CDR3, wherein the HC-CDR1, the HC-
CDR2, and the HC-CDR?3 of the scFv heavy chain variable domain comprise: HC-CDR1: SEQ ID NO: 1;
HC-CDR2: SEQ ID NO: 2; HC-CDR3: SEQ ID NO: 3, and wheremn said CDRs comprise from 0-2 amino
acid modifications 1n at least one of said HC-CDR 1, HC-CDR2, or HC-CDR3. In some instances, the scFv
light chain variable domain comprises complementarity determining regions (CDRs): LC-CDR1, LC-CDR2,
and LC-CDR3, wherem the LC-CDR1, the LC-CDR2, and the LC-CDR3 of the scFv light chain variable
domain comprise: LC-CDRI1: SEQ ID NO: 4; LC-CDR2: SEQ ID NO: 5; and LC-CDR3: SEQ ID NO: 6,
and wherein the CDRs comprise from 0-2 amino acid modifications 1n at least one of said LC-CDRI1, LC-

CDR2, or LC-CDR3. In some mnstances, the Fab heavy chain vanable domain comprises complementarity

determining region (CDRs): HC-CDR1, HC-CDR2, and HC-CDR3, wherein the HC-CDRI1, the HC-CDR2,
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and the HC-CDR?3 of the Fab heavy chain vanable domain comprise: HC-CDR1: SEQ ID NO: 10; HC-
CDR2: SEQ ID NO: 11; HC-CDR3: SEQ ID NO: 12; HC-CDR1: SEQ ID NO: 24; HC-CDR2: SEQ ID NO:
25; HC-CDR3: SEQ ID NO: 26; HC-CDR1: SEQ ID NO: 27; HC-CDR2: SEQ ID NO: 28; HC-CDR3: SEQ
ID NO: 29; or HC-CDR1: SEQ ID NO: 30; HC-CDR2: SEQ ID NO: 31; HC-CDR3: SEQ ID NO: 32 and
wherein said CDRs comprise from 0-2 amino acid modifications 1n at least one of said HC-CDR1, HC-
CDR2, or HC-CDR3. In some 1nstances, the Fab light chain variable domain comprises complementarity
determining regions (CDRs): LC-CDRI1, LC-CDR2, and LC-CDR3, wherein the LC-CDRI1, the LC-CDR2,
and the LC-CDR3 of the Fab light chain variable domain comprise: LC-CDR1: SEQ ID NO: 13; LC-CDR2:
SEQ ID NO: 14; and LC-CDR3: SEQ ID NO: 15; LC-CDRI1: SEQ ID NO: 33; LC-CDR2: SEQ ID NO: 34;
and LC-CDR3: SEQ ID NO: 35; LC-CDRI1: SEQ ID NO: 36; LC-CDR2: SEQ ID NO: 37; and LC-CDR3:
SEQ ID NO: 38; or LC-CDR1: SEQ ID NO: 39; LC-CDR2: SEQ ID NO: 40; and LC-CDR3: SEQ ID NO:
41 and wherein the CDRs comprise from 0-2 amino acid modifications 1n at least one of said LC-CDRI,
LC-CDR2, or LC-CDR3. In some 1nstances, the scFv heavy chain variable domain comprises an amino acid
sequence that has at Ieast 80% sequence 1dentity to the amino acid sequence according to SEQ ID NO: 7. In
some 1nstances, the scFv heavy chain variable domain comprises an amino acid sequence of at least 75
consccutive amino acid residues of SEQ ID NO: 7 In some instances, the scFv heavy chain variable domain
compriscs an amino acid sequence of at Ieast 110 consecutive amino acid residues of SEQ ID NO: 7. In
some 1nstances, the scFv heavy chain vanable domain comprises an amino acid sequence of at least 110
consccutive amino acid residues of SEQ ID NO: 7 and has at least 80% sequence 1dentity to the at Ieast 110
consccutive amino acid residues of SEQ ID NO: 7. In some instances, the scFv heavy chain vanable domain
comprises an amino acid sequence according to SEQ ID NO: 7. In some instances, the scFv light chain
variable domain comprises an amino acid sequence that has at least 80% sequence 1dentity to the amino acid
sequence according to SEQ ID NO: 8. In some instances, the scFv light chain variable domain comprises an
amino acid sequence of at least 75 consecutive amino acid residues of SEQ ID NO: 8. In some 1nstances, the
scFv light chain vanable domain comprises an amino acid sequence of at least 100 consecutive amino acid
residues of SEQ ID NO: 8. In some 1nstances, the scFv light chain variable domain comprises an amino acid
sequence of at least 100 consecutive amino acid residues of SEQ ID NO: 8 and has at least 809% sequence
1identity to the at least 100 consecutive amino acid residues of SEQ ID NO: 8. In some nstances, the scFv
light chain variable domain comprises an amino acid sequence according to SEQ 1D NO: 8. In some
instances, the scFv comprises an amino acid sequence that has at least 80% sequence 1dentity to the amino
acid sequence according to SEQ ID NO: 9. In some 1nstances, the scFv comprises an amino acid sequence of
at least 175 consecutive amino acid residues of SEQ ID NO: 9. In some instances, the scFv comprises an
amino acid sequence of at least 210 consecutive amino acid residues of SEQ ID NO: 9. In some instances,
the scFv comprises an amino acid sequence of at least 210 consecutive amino acid residues of SEQ 1D NO:
9 and has at least 80% sequence 1dentity to the at least 210 consecutive amino acid residues of SEQ 1D NO:
9. In some 1nstances, the scFv comprises an amino acid sequence according to SEQ ID NO: 9. In some

instances, the Fab heavy chain polypeptide comprises an amino acid sequence that has at least 80% sequence
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1dentity to the amino acid sequence according to SEQ ID NO: 17, 43, 45, or 47. In some 1nstances, the Fab
heavy chain polypeptide comprises an amino acid sequence of at least 175 consecutive amino acid residues
of SEQ ID NO: 17, 43, 45, or 47. In some mstances, the Fab heavy cham polypeptide comprises an amino
acid sequence of at least 215 consecutive amino acid residues of SEQ ID NO: 17, 43, 45, or 47. In some
instances, the Fab heavy chain polypeptide comprises an amino acid sequence of at least 215 consecutive
amino acid residues of SEQ 1D NO: 17 and has at least 809% sequence 1dentity to the at least 215 consecutive
amino acid residues of SEQ ID NO: 17, 43, 45, or 47. In some 1nstances, the Fab heavy chain polypeptide
comprises an amino acid sequence according to SEQ ID NO: 17, 43, 45, or 47. In some 1nstances, the Fab
light chain polypeptide comprises an amino acid sequence that has at least 80% sequence 1dentity to the
amino acid sequence according to SEQ ID NO: 16, 42, 44, or 46. In some 1nstances, the Fab light chain
polypeptide comprises an amino acid sequence of at least 175 consecutive amino acid residues of SEQ 1D
NO: 16, 42, 44, or 46. In some stances, the Fab light chain polypeptide comprises an amino acid sequence
of at least 200 consecutive amino acid residues of SEQ ID NO: 16, 42, 44, or 46. In some 1nstances, the Fab
light chain polypeptide comprises an amino acid sequence of at least 200 consecutive amino acid residues of
SEQ ID NO: 16 and has at least 80% sequence 1dentity to the at least 200 consecutive amino acid residues of
SEQ ID NO: 16, 42, 44, or 46. In some¢ instances, the Fab light chain polypeptide comprises an amino acid
sequence according to SEQ 1D NO: 16, 42, 44, or 46. In some instances, the linker connects the Fab heavy
chain polypeptide to the C-terminus of the scFv light chain variable domain and wherein the Fab light chain
polypeptide comprises an amino acid sequence that has at least 80% sequence 1dentity to the amino acid
sequence according to SEQ ID NO: 20, and an amino acid sequence of the Fab heavy chain polypeptide that
1s connected to the C-terminus of the scFv light chain varniable domain comprises an amino acid sequence
that has at least 80% sequence 1dentity to the amino acid sequence according to SEQ 1D NO: 21. In some
instances, the linker connects the Fab heavy chain polypeptide to the C-terminus of the scFv light chain
variable domain and wherem the Fab light chain polypeptide comprises an amino acid sequence of at least
200 consecutive amino acid residues of SEQ ID NO: 20, and an amino acid sequence of the Fab heavy chain
polypeptide that 1s connected to the C-terminus of the scFv light chain vanable domain comprises an amino
acid sequence of at least 450 consecutive amino acid residues of SEQ ID NO: 21. In some instances, the
linker connects the Fab heavy chain polypeptide to the C-terminus of the scFv light chain variable domain
and wherein the Fab light chain polypeptide comprises an amino acid sequence of at least 200 consecutive
amino acid residues of SEQ 1D NO: 20 and has at least 80% sequence 1dentity to the at least 200 consecutive
amino acid residues of SEQ 1D NO: 20 and an amino acid sequence of the Fab heavy chain polypeptide that
1s connected to the C-terminus of the scFv light chain varnable domain comprises an amino acid sequence of
at least 450 consecutive amino acid residues of SEQ ID NO: 21 and has at least 80% sequence 1dentity to the
at least 450 consecutive amino acid residues of SEQ ID NO: 21. In some instances, the linker connects the
Fab heavy chain polypeptide to the C-terminus of the scFv light chain vanable domain and wherein the Fab
light chain polypeptide comprises an amino acid sequence according to SEQ ID NO: 20, and an amino acid

sequence of the Fab heavy chain polypeptide that 1s connected to the C-terminus of the scFv light chain
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variable domain comprises an amino acid sequence to SEQ ID NO: 21. In some mstances, the linker
connects the Fab light chain polypeptide to the C-terminus of the scFv light chain vanable domain and
wherein the Fab heavy chain polypeptide comprises an amino acid sequence that has at least 80% sequence
1dentity to the amino acid sequence according to SEQ ID NO: 23, and an amino acid sequence of the Fab
light chain polypeptide that 1s connected to the C-terminus of the scFv light chain variable domain comprises
an amino acid sequence that has at least 80% sequence 1dentity to the amino acid sequence according to SEQ
ID NO: 22. In some instances, the linker connects the Fab light chain polypeptide to the C-terminus of the
scFv light chain vanable domain and wherein the Fab heavy chain polypeptide comprises an amino acid
sequence of at least 200 consecutive amino acid residues of SEQ ID NO: 23, and an amino acid sequence of
the Fab light chain polypeptide that 1s connected to the C-terminus of the scFv light chain vanable domain
comprises an amino acid sequence of at Ieast 450 consecutive amino acid residues of SEQ ID NO: 22. In
some 1nstances, the linker connects the Fab light chain polypeptide to the C-terminus of the scFv light chain
variable domain and wherem the Fab heavy chain polypeptide comprises an amino acid sequence of at Icast
200 consecutive amino acid residues of SEQ ID NO: 23 and has at least 80% sequence 1identity to the at least
200 consecutive amino acid residues of SEQ ID NO: 23 and an amino acid sequence of the Fab light chain
polypeptide that 1s connected to the C-terminus of the scFv light chain vanable domain comprises an amino
acid sequence of at least 450 consecutive amino acid residues of SEQ ID NO: 22 and has at least 80%
sequence 1dentity to the at least 450 consecutive amino acid residues of SEQ 1D NO: 22. In some mstances,
the linker connects the Fab light chain polypeptide to the C-terminus of the scFv light chain variable domain
and wherein the Fab heavy chain polypeptide comprises an amino acid sequence according to SEQ ID NO:
23, and an amino acid sequence of the Fab light chain polypeptide that 1s connected to the C-terminus of the
scFv light chain vaniable domain comprises an amino acid sequence to SEQ 1D NO: 22.

[0004] Daisclosed herem, 1n certain embodiments, are pharmaceutical compositions comprising: the
multispecific antibody described herein; and a pharmaceutically acceptable excipient.

[0005] Disclosed herein, 1n certain embodiments, are 1solated recombinant nucleic acid molecules encoding
a polypeptide of the multispecific antibody described herein.

[0006] Disclosed herein, 1n certain embodiments, are methods of treating cancer 1in a subject 1n need thereof
comprising administering to the subject the multispecific antibody described herein or the pharmaceutical
composition described herein. In some mstances, the multispecific antibody 1s administered to the subject as
a single agent therapy. In some instances, the multispecific antibody 1s not administered as a part of a
treatment regimen with a second therapeutic agent. In some 1nstances, the multispecific antibody 1s not
administered as a part of a treatment regimen with a second therapeutic agent comprising a tumor binding
domain. In some 1nstances, the multispecific antibody 1s not administered as a part of a trcatment regimen
with a second therapeutic agent comprising an anti-CD 19 antibody. In some instances, the multispecific
antibody 1s not administered as a part of a treatment regimen with a second therapeutic agent comprising an
antibody that has an ant1-CD19 binding domain and an anti-CD3 binding domain. In some¢ instances, the

multispecific antibody induces T cell mediated cytotoxicity of tumor cells. In some nstances, the
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administering to the subject of the multispecific antibody 1s sufficient to reduce or eliminate the cancer as
compared to a baseline measurement of the cancer taken from the subject prior to the administering of the
multispecific antibody. In some 1nstances, the reduction 1s at least about 1-fold, S-fold, 10-fold, 20-fold, 40-
fold, 60-fold, 80-fold, or up to about 100-fold. In some instances, the cancer 1s a hematological malignancy.
In some 1nstances, the cancer 1s leukemia or lymphoma. In some instances, the cancer 1s lymphoma, and
wherein the lymphoma 1s B-cell lymphoma. In some mstances, the cancer 1s a solid tumor. In some
instances, the solid tumor expresses PD-L1. In some instances, the solid tumor 1s sarcoma, breast cancer,
lung cancer, or carcinoma. In some 1nstances, the solid tumor 1s lung cancer, and wherein the lung cancer 1s
non-small cell lung cancer.Disclosed herein are methods of treating cancer 1n a subject in need thereof
comprising administering to the subject a multispecific antibody that comprises a CD28 binding domain and
a PD-L1 binding domain wherein the multispecific antibody that comprises the CD28 binding domain and
the PD-L1 binding domain 1s not administered as part of a treatment regimen with another multispecific
antibody that targets a cancer antigen different from PD-L1 or CD28. In some embodiments, the
multispecific antibody that comprises the CD28 binding domain and the PD-L1 binding domain 1s
administered to the subject as a single agent therapy. In some embodiments, the multispecific antibody that
comprises the CD28 binding domain and the PD-L1 binding domain comprises an IgG framework, an IgA
framework, an IgE framework, or an IgM framework. In some embodiments, the CD28 binding domain
comprises a single chain variable fragment, a single domain antibody, a Fab, or a Fab'. In some
embodiments, the PD-L1 binding domain comprises a single chain variable fragment, a single domain
antibody, a Fab, or a Fab'. In som¢ embodiments, the PD-L1 binding domain comprises a single chain
variable fragment and the CD28 binding domain comprises a single chain variable fragment. In some
embodiments, the CD28 binding domain comprises an anti-CD28 light chain polypeptide. In some
embodiments, the ant1-CD28 light chain polypeptide comprises a variable domain of an IgG1, 1gG2, 1gG3,
or IgG4 light chain. In some embodiments, the CD28 binding domain comprises an anti-CD28 heavy chain
polypeptide. In some embodiments, the ant1-CD28 heavy chain polypeptide comprises a variable domain of
an IgG1l, IgG2, 1gG3, or IgG4 heavy chain. In some embodiments, the PD-L1 binding domain comprises an
ant1-PD-L1 light chain polypeptide. In some embodiments, the anti-PD-L1 light chain polypeptide comprises
a variable domain of an IgG1, IgG2, IgG3, or IgG4 light chain. In some embodiments, the PD-L1 binding
domain comprises an anti-PD-L1 heavy chain polypeptide. In some embodiments, the anti- PD-L1 heavy
chain polypeptide comprises a variable domain of an IgG1, IgG2, 1gG3, or IgG4 heavy chain. In some
embodiments, the multispecific antibody further comprises a fragment crystallizable (Fc) region. In some
embodiments, the Fc region comprises an IgG CH2 domain and an IgG CH3 domain. In some embodiments,
the Fc region comprises a heterodimeric Fc region. In some embodiments, the Fc region comprises at least
on¢ amino acid modification that increases the half-life of the multispecitic antibody. In some embodiments,
the Fc region comprises at least one amino acid modification that modulates 1ts interaction with an Fc
receptor. In some embodiments, the Fc region comprises at least one amino acid modification that increases

binding of the Fc¢ region to an Fc receptor. In some embodiments, the Fc region comprises at least one amino
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acid modification that decreases glycosylation of the Fc¢ region. In some embodiments, the modification 1s an
amino acid substitution, deletion, or addition. In some embodiments, the modification 1s an amino acid
substitution. In some embodiments, the at least one amino acid modification that decreases glycosylation of
the Fc region comprises an amino acid substitution at a position corresponding to position N297 of human
IgG 1, wherein the numbering 1s according to the EU index of Kabat. In some embodiments, the Fc region 1s
afucosylated. In some embodiments, the anti1-CD28 light chain polypeptide comprises complementarity
determining regions (CDRs): LC-CDRI1, LC-CDR2, and LC-CDR3, wherein the LC-CDRI, the LC-CDR2,
and the LC-CDR3 the anti-CD28 light chamn polypeptide: LC-CDRI1: SEQ ID NO: 4; LC-CDR2: SEQ ID
NO: 3; and LC-CDR3: SEQ ID NO: 6 and wherein the CDRs comprise from 0-2 amino acid modifications
in at least one of said LC-CDRI1, LC-CDR2, or LC-CDR3. In some embodiments, the ant1-CD28 heavy
chain polypeptide comprises complementarity determiing regions (CDRs): HC-CDR1, HC-CDR2, and
HC-CDR3, wherein the HC-CDRI1, the HC-CDR2, and the HC-CDR3 of the anti-CD28 heavy chain
polypeptide comprise: HC-CDR1: SEQ ID NO: 1; HC-CDR2: SEQ ID NO: 2; HC-CDR3: SEQ ID NO: 3,
and wherein said CDRs comprise from 0-2 amino acid modifications 1n at least one of said HC-CDR1, HC-
CDR2, or HC-CDR3. In some¢ embodiments, the anti-PD-L1 light chain polypeptide comprises
complementarity determining regions (CDRs): LC-CDRI, LC-CDR2, and LC-CDR3, wherein the LC-
CDRI1, the LC-CDR2, and the LC-CDR3 of the ant1-PD-L1 light chain polypeptide comprise: LC-CDRI1:
SEQ ID NO: 13; LC-CDR2: SEQ ID NO: 14; and LC-CDR3: SEQ ID NO: 15; LC-CDRI1: SEQ ID NO: 33;
LC-CDR2: SEQ ID NO: 34; and LC-CDR3: SEQ ID NO: 35; LC-CDR1: SEQ ID NO: 36; LC-CDR2: SEQ
ID NO: 37; and LC-CDR3: SEQ ID NO: 38; or LC-CDR1: SEQ ID NO: 39; LC-CDR2: SEQ ID NO: 40;
and LC-CDR3: SEQ ID NO: 41;and wherein the CDRs comprise from 0-2 amino acid modifications 1n at
least one of said LC-CDR1, LC-CDR2, or LC-CDR3. In some embodiments, the anti-PD-L1 heavy chain
polypeptide the anti-PD-L1 heavy chain polypeptide comprises complementarity determining region
(CDRs): HC-CDRI1, HC-CDR2, and HC-CDR3, wherein the HC-CDR1, the HC-CDR2, and the HC-CDR3
of the anti-PD-L1 heavy chain polypeptide comprises: HC-CDR1: SEQ ID NO: 10; HC-CDR2: SEQ ID
NO: 11; HC-CDR3: SEQ ID NO: 12: HC-CDR1: SEQ ID NO: 24; HC-CDR2: SEQ ID NO: 25;: HC-CDR3:
SEQ ID NO: 26: HC-CDRI1: SEQ ID NO: 27: HC-CDR2: SEQ ID NO: 28: HC-CDR3: SEQ ID NO: 29: or
HC-CDRI1: SEQ ID NO: 30; HC-CDR2: SEQ ID NO: 31; HC-CDR3: SEQ ID NO: 32 and wherein said
CDRs comprise from 0-2 amino acid modifications 1n at least one of said HC-CDR1, HC-CDR2, or HC-
CDR3. In some embodiments, the multispecific antibody induces T cell mediated cytotoxicity of tumor
cells. In some embodiments, the administering to the subject of the multispecific antibody 1s sufficient to
reduce or eliminate the cancer as compared to a baseline measurement of the cancer taken from the subject
prior to the administering of the multispecific antibody. In some embodiments, the reduction 1s at least
about 1-fold, 5-fold, 10-fold, 20-fold, 40-fold, 60-fold, 80-fold, or up to about 100-fold. In some
embodiments, the cancer 1s a hematological malignancy. In some embodiments, the cancer 1s leukemia or
lymphoma. In some embodiments, the cancer 1s lymphoma, and wherein the lymphoma 1s B-cell lymphoma.

In some embodiments, the cancer 1s a solid tumor. In some embodiments, the solid tumor expresses PD-L1.
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In some embodiments, the solid tumor 1s sarcoma, breast cancer, lung cancer, or carcinoma. In some

embodiments, the solid tumor 1s lung cancer, and wherein the lung cancer 1s non-small cell lung cancer.

BRIEF DESCRIPTION OF THE DRAWINGS
[0007] The novel features of the disclosure are set forth with particularnty in the appended claims. A better

understanding of the features and advantages of the present disclosure will be obtained by reference to the
following detailed description that sets forth 1llustrative embodiments, in which the principles of the
disclosure are utilized, and the accompanying drawings of which:

[0008] Figs. 1A-1B 1illustrate exemplary schemas of PDL1 x CD28 multispecific antibodies.

[0009] Fig. 2 1llustrates an exemplary schema of the 1n vitro immune cell activation assays using target
coated beads.

[0010] Fig. 3A illustrates a graph of IFNy cytokine release from PBMCs cultured with single agent PDLI1 x
CD28 multispecific Ab-1.

[0011] Fig. 3B illustrates a graph of TNFa cytokine release from PBMCs cultured with single agent PDL1
x CD28 multispecific Ab-1.

[0012] Fig. 3C illustrates a graph of 1L-2 cytokine release from PBMCs cultured with single agent PDL1 x
CD28 multispecific Ab-1.

[0013] Fig. 4A 1llustrates a graph of the number of live immune cells over time 1n response to PBMC co-
cultured with PDL1 target coated beads and Ab-1.

[0014] Fig. 4B 1illustrates a graph of the number of live CD3+ cells over time 1n response to PBMC co-
cultured with PDL1 target coated beads and Ab-1.

[0015] Fig. 4C 1illustrates a graph of the number of live CD4+ cells over time 1n response to PBMC co-
cultured with PDL1 target coated beads and Ab-1.

[0016] Fig. 4D 1illustrates a graph of the number of live CD8+ cells over time 1n response to PBMC co-
culture with PDL1 target coated beads and Ab-1.

[0017] Fig. SA 1llustrates binding kinetics of Ab-1 to biotinylated human PD-L1.

[0018] Fig. 5B illustrates binding kinetics of anti-PD-L1 Fab 1 to biotinylated human PD-L1.

[0019] Fig. 6A 1llustrates binding kinetics of Ab-1 to biotinylated human CD28.

[0020] Fig. 6B illustrates binding kinetics of Ab-2 to biotinylated human CD28.

[0021] Fig. 7A 1llustrates binding kinetics of Ab-1 to human PD-L1 Fc.

[0022] Fig. 7B illustrates binding kinetics of Ab-1 to cynomolgus monkey PD-L1 Fec.

[0023] Fig. 8A 1llustrates binding of Ab-1 to Ab-6 to PD-L1 as measured by ELISA.

[0024] Fig. 8B illustrates binding of Ab-1 to Ab-6 to CD28 as measured by ELISA.

[0025] Fig. 9A 1llustrates a cartoon configuration of a multispecific antibody that targets CD28 and PD-L1

that 1s administered 1n combination with a T cell engager that targets a tumor associated antigen such as

TROP2 and CD3 of T cell.
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[0026] Figs. 9B — 9D 1llustratec immune cell activation as measured by cytokine release after co-culture of
target coated beads and PBMCs and administration of Ab-1 and the combination of Ab-1 and TCE-1 an anti-
TROP2 x CD3 T cell engager.

[0027] Figs. 9E — 9H 1llustrate immune cell proliferation after co-culture of target coated beads and
PBMCs and administration of Ab-1 and the combination of Ab-1 and TCE-1 an anti-TROP2 x CD3 T cell
engager.

[0028] Figs. 91 — 9K illustrate polypeptide complexes of different orientation harboring different PD-L1
binding domains (Ab-1 through Ab-8) activate PBMCs as measured by cytokine release in combination with
a T cell engager (TCE-3) against non-immunogenic beads coated with tumor associated antigen and PD-L1.
[0029] Fig. 9L illustrates polypeptide complex mediated activation of PBMCs in combination with a T cell
engager.

[0030] Fig. 9M — 98 1illustrate polypeptide complex mediated activation of PBMCs 1n combination with a T
cell engager 1s PDL1 density dependent.

[0031] Figs. 10A -10C 1llustrate results of an 1n vitro tumor cell killing assay using the LNCaP PDL1
positive tumor cell line 1n which Ab-1 and TCE-2 are co-administered 1n the presence of human PBMCs. In
vitro tumor cell killing and PBMC activation measured by cytokine release 1s synergized when Ab-1 1s
combined with an anti-PSMA x CD3 T cell engager, TCE-2.

[0032] Fig. 10D 1illustrates a graph of PBMC mediated n vitro killing of H292 tumor cells using Ab-1 and
TCE-4.

[0033] Fig. 10K illustrates a graph of PBMC mediated 1n vitro killing of H292 tumor cells using Ab-1 and
TRACTr-1.

[0034] Fig. 10F illustrates a graph of PBMC mediated 1n vitro killing of H292 tumor cells using Ab-1 and
TRACTr-pre-treated with MTSP1.

[0035] Fig. 10G 1llustrates a graph of 1L-2 cytokine release from PBMCs co-cultured with H292 cells, Ab-
1, and TCE-4.

[0036] Fig. 10H illustrates a graph of IL-2 cytokine release from PBMCs co-cultured with H292 cells, Ab-
1 and TRACTr-1.

[0037] Fig. 101 1llustrates a graph of 1L-2 cytokine release from PBMCs co-cultured with H292 cells Ab-1,
and TRACTr-1 pre-treated with MTSP1.

[0038] Fig. 11 illustrates pharmacokinetics of Ab-1 1 cynomolgus monkey after a single 1V bolus
injection.

[0039] Fig. 12A — 12F 1llustrate cytokine release in cynomolgus monkey after a single IV bolus mjection of
Ab-1.

[0040] Fig. 13A — 13B 1llustrate serum liver enzymes in cynomolgus monkey after a single IV bolus
injection of Ab-1.

[0041] Fig. 14 illustrates a schematic for identifying P1 or P2 peptides that can be attached to the PD-L1

and CD28 multispecitic antibodies for selective activation in tumor microenvironments. The schematic
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illustrates a directed evolution and phage display technology to 1dentity peptides that block antigen
recognition by antigen binding domains.

[0042] Figs. 15A-15C exemplify schematics for the multispecific antibodies comprising a CD28 binding
domain and a PD-L1 binding domain described herein can increase activation as a monotherapy. Fig. 15A
shows a T cell attacking a tumor cell, and the potential secondary signals are the PD-1 (stop) and CD28 (g0).
Fig. 15B shows how a tumor deactivates T cells through PD-L1. The PD-L1/PD-1 triggers the stop signal
while the CD28 (go) signaling 1s not activated. Fig. 15C shows a reactivated T cell in which the
multispecific antibody with a PD-L1 binding domain and CD28 binding domain reactivate the T cell by
converting the PD-L1/PD-1 stop signal to a CD28 go signal.

[0043] Fig. 16 exemplifies a schematic of a multispecific antibody comprising a CD28 binding domain and

a PD-L1 binding domain 1n combination with a T cell engager.

DETAILED DESCRIPTION

[0044] Baispecific antibodies for redirecting T cells for mediating cancer cell killing have shown promise 1n
both pre-clinical and 1n clinical studies. Efficient T cell activation has been obtained with single chain
variable fragments (scFv), notably the Bispecific T-cell Engagers (B1TEs) format, in which one scFv targets
a tumor cell antigen, and the other scFv targets an epitope such as CD3 that 1s involved in T cell activation.
One such example of a BiTE 1s blinatumomab that targets CD19 and CD3 which has been approved 1n
Europe and the United States for treatment of chemotherapy-resistant CD 19+ B cell acute lymphoblastic
leukemia. Despite advances with T cell engagers such as blinatumomab some patients respond poorly to
trcatment even 1f the patient expresses the tumor antigen for reasons that are not entirely understood.

[0045] Strategies for increasing T cell cytotoxicity of T cell engagers have been explored through co-
administration with a second antibody that targets the co-inhibitory immune checkpoint programmed death-
ligand 1 (PD-L1) and/or CD28. CD28 1s a protein expressed on T cells that provide co-stimulatory signals
required for T cell activation and survival. It 1s known that stimulatory signaling through CD28 1n
combinations with BiTEs increase T cell-induced tumor cell cytotoxicity. However, central to obtaining T
cell mediated cytotoxicity of tumor cells 1n prior studies required the presence of a BiTE that has a tumor
binding domain, such as an anti-CD19 antibody, and a CD3 binding domain, while single agent
administration of an ant1-CD28 and anti-PD-L1 1n a scFv-scFv format was found to not induce T cell
mediated cytotoxicity against tumor cells.

[0046] Activation of T cells 1s a highly regulated process that typically requires two signaling cvents for full
functionality: the first signal 1s imitiated upon binding of the MHC-antigen complex, which helps distinguish
“self” from “non-self” to the T cell receptor (TCR) and the second signal through activation of a
costimulatory receptor. While the first recognition signal activates a T cell and tniggers T cell mediated
toxicity of the recognized cell, 1f the T cell does not recerve a second costimulatory signal 1t can lead to T
cell tolerance whereby the T cells continue to recognize the tumor antigen but do not mount an immune
response against the tumor cell. The second costimulatory signal prevents T cell tolerance, and further

activates the T cell to enhance T cell cytotoxicity towards the targeted cell.

10
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[0047] Multispecific antibodies comprising a CD28 binding domain and PD-L1 binding domain as
described herein are designed to act both as an antagonist of PD-L1 and a conditional agonist of C28. While
CD28 agonism has shown some clinical promise, the efficacy seen with this approach has been limited due
to dose-limiting toxicities that result from systemic activation of CD28. The multispecific antibodies
comprising a CD28 binding domain and PD-L1 binding domain, described herein, are designed to
conditionally agonize CD28 only 1n the presence of PD-L1, which 1s often overexpressed by tumors to avoid
T cell mediated killing. In addition, engagement of PD-L1 1s designed to block PD-1 binding and provide
checkpoint inhibiton. This combination provides a mechanism of action that enhances anti-tumor responses
and limits the systemic toxicity of CD28 agonism. As shown 1n Fig. 11, studies of multispecitic antibodies
described herein demonstrate a lack of systemic immune system activation, as evidenced by the lack of
cytokine release. Despite unprecedented clinical response rates, most patients fail to respond to therapies
targeting PD-1 and PD-L1, which 1s due i part because T cells require costimulation for full functionality.
As such, checkpoint inhibition alone 1s likely 1nsufficient to fully enable the immune system to attack a
tumor. Further benefit can be derived by the addition of the multispecific antibodies as described herein.
[0048] Disclosed herein are antibodies that bind specifically to PD-L1 and CD28 which are able to induce T
cell mediated cytotoxicity of tumor cells as a single agent (Fig. 15C) or in combination with a T cell engager
(Fig. 16). Significantly, such antibodies that target PD-L1 and CD28 ar¢ able to induce T cell mediated
cytotoxicity of tumor cells as a single agent, even when not administered with a second agent that
specifically targets a tumor cell antigen as exemplified 1n the schematics of Figs. 15A-15C. Such antibodies
that bind specifically to PD-L1 and CD28 are not 1n a scFv-scFv format.
[0049] Disclosed heremn are multispecific antibodies that comprise a CD28 binding domain and a PD-L1
binding domain, wherein when the CD28 binding domain 1s a single chain variable fragment (scFv), then the
PD-L1 binding domain 1s not a scFv. In some embodiments, the multispecific antibody 1s according to the
formula:

A-L-B (Formula I)
wherein A comprises the CD28 binding domain; B comprises the PD-L1 binding domain; and L comprises a
linker that connects A to B. In some embodiments, the multispecific antibody comprises the formula:

A-L-B (Formula I)
wherein A comprises the CD28 binding domain; B comprises the PD-L1 binding domain; and L comprises a
linker that connects A to B. In some embodiments, the multispecific antibody comprises the formula:

A-L-B (Formula I)
wherein A 1s the CD28 binding domain; B 1s the PD-L1 binding domain; and L 1s the linker that connects A
to B. In some embodiments, the multispecific antibody 1s according to the formula:

A-L-B (Formula I)
wherein A 1s the CD28 binding domain; B 1s the PD-L1 binding domain; and L 1s the linker that connects A
to B.

11
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[0050] While preferred embodiments of the present disclosure have been shown and described herein, 1t
will be obvious to those skilled 1n the art that such embodiments are provided by way of example only.
Numerous varnations, changes, and substitutions will now occur to those skilled 1n the art without departing
from the disclosure. It should be understood that various alternatives to the embodiments of the disclosure
described herein may be employed 1n practicing the disclosure. It 1s intended that the following claims
define the scope of the disclosure and that methods and structures within the scope of these claims and their
equivalents be covered thercby.

Definitions

[0051] The terminology used herein 1s for the purpose of describing particular cases only and 1s not intended
to be limiting. As used herein, the singular forms “a”, “an” and “the™ are intended to include the plural forms
as well, unless the context clearly indicates otherwise. Furthermore, to the extent that the terms “including™,
“includes™, “having™, “has”, “with”, or variants therecof are used 1n either the detailed description and/or the
claims, such terms are intended to be inclusive in a manner similar to the term “comprising.”

[0052] The term “antibody™ 1s used 1n the broadest sense and covers fully assembled antibodies, antibody
fragments that can bind antigen, for example, Fab, F(ab )2, Fv, smgle chain antibodies (scFv), diabodies,
antibody chimeras, hybrid antibodies, bispecific antibodies, and the like.

[0053] The term “complementarity determining region™ or “CDR™ 1s a segment of the variable region of an
antibody that 1s complementary 1n structure to the epitope to which the antibody binds and 1s more variable
than the rest of the varnable region. Accordingly, a CDR 1s sometimes referred to as hypervariable region. A
variable region comprises three CDRs. CDR peptides can be obtained by constructing genes encoding the
CDR of an antibody of interest. Such genes are prepared, for example, by using the polymerase chain reaction
to synthesize the variable region from RNA of antibody-producing cells. See, for example, Larrick et al.,
Methods: A Companion to Methods in Enzymology 2: 106 (1991); Courtenay-Luck, “Genetic Manipulation of
Monoclonal Antibodies,” mm Monoclonal Antibodies: Production, Engineering and Clinical Application, Ritter
ct al. (eds.), pages 166-179 (Cambridge Unmiversity Press 1995); and Ward et al., “Genetic Manipulation and
Expression of Antibodies,” in Monoclonal Antibodies: Principles and Applications, Birch et al., (eds.), pages
137-185 (Wiley-Liss, Inc. 1995).

[0054] In some instances, the CDRs of an antibody are determined according to (1) the Kabat numbering
system (Kabat et al. (197 ) Ann. NY Acad. Sci. 190:382-391 and, Kabat et al. (1991) Sequences of Proteins
of Immunological Interest Fifth Edition, U.S. Department of Health and Human Services, NIH Publication
No. 91-3242); or (11) the Chothia numbering scheme, which will be referred to herein as the "Chothia CDRs"
(see, ¢.g., Chothia and Lesk, 1987, J. Mol. Biol., 196:901-917; Al-Lazikam et al., 1997, J. Mol. Biol., 273
:927-948; Chothia et al., 1992, J. Mol. Biol., 227:799-817; Tramontano A et al. , 1990, J. Mol. Biol. 215(1):
175-82; and U.S. Patent No. 7,709,226); or (111) the ImMunoGeneTics (IMGT) numbering system, for
example, as described 1n Lefranc, M.-P., 1999, The Immunologist, 7: 132-136 and Lefranc, M.-P. et al, 1999,
Nucleic Acids Res., 27:209-212 ("IMGT CDRs"); or (1v) MacCallum et al, 1996, J. Mol. Biol., 262:732-7435.

Sce also, e.g., Martin, A., "Protein Sequence and Structure Analysis of Antibody Variable Domains," m
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Antibody Engineering, Kontermann and Dubel, eds., Chapter 31, pp. 422-439, Springer- Verlag, Berlin
(2001).

[0055] With respect to the Kabat numbering system, CDRs within an antibody heavy chain molecule are
typically present at amino acid positions 31 to 335, which optionally can include one or two additional amino
acids, following 35 (referred to in the Kabat numbering scheme as 35 A and 35B) (CDRI), amino acid positions
50 to 65 (CDR2), and amino acid positions 95 to 102 (CDR3). Using the Kabat numbering system, CDRs
within an antibody light chain molecule are typically present at amino acid positions 24 to 34 (CDRI), amino
acid positions 50 to 56 (CDR2), and amino acid positions 89 to 97 (CDR3). As 1s well known to those of skill
in the art, using the Kabat numbering system, the actual linear amino acid sequence of the antibody variable
domain can contain fewer or additional amino acids due to a shortening or lengthening of a FR and/or CDR
and, as such, an amino acid’s Kabat number 1s not necessarily the same as 1ts linecar amino acid number.
[0056] The term “Fab™ refers to a protein that contains the constant domain of the light chain and the first
constant domain (CH1) of the heavy chain. Fab fragments differ from Fab' fragments by the addition of a few
residues at the carboxy terminus of the heavy chain CH1 domain including one or more cysteines from the
antibody hinge region. Fab'-SH 1s the designation herein for Fab' in which the cysteine residue(s) of the
constant domains bear a free thiol group. Fab' fragments are produced by reducing the F(ab')2 fragment’s
heavy chain disulfide bridge. Other chemical couplings of antibody fragments arc also known.

[0057] A ““single-chain vanable fragment (scFv) ™ 1s a fusion protein of the variable regions of the heavy (VH)
and light chains (VL) of an antibody, connected with a short linker peptide of ten to about 25 amino acids.
The linker 1s usually rich 1n glycine for flexibility, as well as serine or threonine for solubility, and can either
connect the N-terminus of the VH with the C-terminus of the VL, or vice versa. This protein retains the
specificity of the original antibody, despite removal of the constant regions and the introduction of the linker.
scFv antibodies are, ¢.g. described in Houston, J. S., Methods in Enzymol. 203 (1991) 46-96). In addition,
antibody fragments comprise single chain polypeptides having the characteristics of a VH domain, namely
being able to assemble together with a VL domain, or of a VL domain, namely being able to assemble together
with a VH domain to a functional antigen binding site and thereby providing the antigen binding property of
full length antibodies.

[0058] The term “multispecific” means that the antibody 1s able to specifically bind to two or more distinct
antigenic determinants for example two or more binding sites each formed by a pair of an antibody heavy
chain variable domain (VH) and an antibody light chain variable domain (VL), or in the case of a single
domain antibody a single variable domain, binding to different antigens.

[0059] As used herein, the term “percent (%) amino acid sequence 1dentity” with respect to a sequence 1S
defined as the percentage of amino acid residues 1n a candidate sequence that are identical with the amino acid
residues 1n the specific sequence, after aligning the sequences and introducing gaps, 1f necessary, to achieve
the maximum percent sequence 1dentity, and not considering any conservative substitutions as part of the
sequence 1dentity. Alignment for purposes of determining percent amino acid sequence identity can be

achieved 1n various ways that are within the skill in the art, for instance, using publicly available computer
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software such as EMBOSS MATCHER, EMBOSS WATER, EMBOSS STRETCHER, EMBOSS NEEDLE,
EMBOSS LALIGN, BLAST, BLAST-2, ALIGN or Megalign (DNASTAR) software. Those skilled 1n the
art can determine appropriate parameters for measuring alignment, including any algorithms needed to achieve
maximal alignment over the full length of the sequences being compared.

[0060] In situations where ALIGN-2 1s employed for amino acid sequence comparisons, the % amino acid
sequence 1dentity of a given amino acid sequence A to, with, or against a given amino acid sequence B (which
can alternatively be phrased as a given amino acid sequence A that has or comprises a certain % amino acid
sequence 1dentity to, with, or against a given amino acid sequence B) 1s calculated as follows: 100 times the
fraction X/Y, where X 1s the number of amino acid residues scored as 1dentical matches by the sequence
alignment program ALIGN-2 1n that program's alignment of A and B, and where Y 1s the total number of
amino acid residues in B. It will be appreciated that where the length of amino acid sequence A 1s not equal
to the length of amino acid sequence B, the % amino acid sequence 1dentity of A to B will not equal the %
amino acid sequence 1dentity of B to A. Unless specifically stated otherwise, all % amino acid sequence
1identity values used herein are obtained as described in the immediately preceding paragraph using the
ALIGN-2 computer program.

[0061] The terms “individual(s)”, “subject(s)” and “patient(s)” arc used interchangeably herein and refer to
any mammal. In some¢ embodiments, the mammal 1s a human. In some embodiments, the mammal 1s a non-
human. None¢ of the terms require or are limited to situations characterized by the supervision (¢.g. constant
or intermittent) of a health care worker (¢.g. a doctor, a registered nurse, a nurse practitioner, a physician’s
assistant, an orderly or a hospice worker).

CD28 Binding Domains

[0062] Disclosed herein are multispecific antibodies that comprise a CD28 binding domain. In some
embodiments, the CD28 binding domain comprises an antibody or antigen binding fragment. In some
embodiments, the antibody or antigen binding fragment 1s a monoclonal antibody. In some embodiments,
the antibody or antigen binding fragment 1s a human antibody, a murine antibody, a humanized antibody, or
a chimeric antibody. In some embodiments, antibody or antigen binding fragment that binds specifically to
CD28 comprises an ant1-CD28 heavy chain polypeptide and an ant1-CD28 light chain polypeptide.

[0063] In some embodiments, the ant1-CD28 heavy chain polypeptide comprises an anti-CD28 heavy chain
variable domain. In some embodiments, the ant1-CD28 heavy chain variable domain comprises an IgG
framework, an IgA framework, an IgE framework, or an IgM framework. In some embodiments, the anti-
CD28 heavy chain variable domain comprises a variable domain of an IgGl, IgG2, 1gG3, or IgG4 heavy
chain. In some embodiments, the anti-CD28 light chain polypeptide comprises an anti-CD28 light chain
variable domain. In some embodiments, the ant1-CD28 light chain variable domain comprises an IgG
framework, an IgA framework, an IgE framework, or an IgM framework. In some embodiments, the anti-
CD28 light chain variable domain comprises a variable domain of an IgG1, IgG2, 1gG3, or IgG4 light chain.
|0064] In some embodiments the CD28 binding domain comprises a single chain variable fragment, a

single domain antibody, a Fab, or a Fab'. In some embodiments, the CD28 binding domain comprises the
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single chain variable fragment. In some embodiments, the CD28 binding domain comprises the single
domain antibody. In some embodiments, the CD28 binding domain comprises the Fab or the Fab'. In some
embodiments, the CD28 binding domain that comprises the single chain vanable fragment comprises a scFv
heavy chain variable domain and a scFv light chain variable domain. In some embodiments, the anti-CD238
heavy chain polypeptide comprises the scFv heavy chain variable domain. In some embodiments, the anti-
CD28 light cham polypeptide comprises the scFv light chain variable domain.

[0065] In some¢ embodiments, the ant1-CD28 heavy chain polypeptide comprises complementarity
determining regions (CDRs): HC-CDRI1, HC-CDR2, and HC-CDR3, wherein the HC-CDR1, the HC-
CDR2, and the HC-CDR3 of the anti-CD28 heavy chain polypeptide comprise: HC-CDRI1: SEQ ID NO: 1;
HC-CDR2: SEQ ID NO: 2; HC-CDR3: SEQ ID NO: 3, and whereimn said CDRs comprise from 0-2 amino
acid modifications 1n at least one of said HC-CDR1, HC-CDR2. or HC-CDR3. In some embodiments, the
ant1-CD28 heavy chain polypeptide comprises complementarity determining regions (CDRs): HC-CDRI,
HC-CDR2, and HC-CDR3, wherein the HC-CDRI1, the HC-CDR2, and the HC-CDR3 of the anti-CD28
heavy chain polypeptide comprise: HC-CDR1: SEQ ID NO: 1; HC-CDR2: SEQ ID NO: 2; HC-CDR3: SEQ
ID NO: 3.

[0066] In some embodiments, the ant1-CD28 light chain polypeptide comprises complementarity
determining regions (CDRs): LC-CDRI1, LC-CDR2, and LC-CDR3, wherein the LC-CDRI, the LC-CDR2,
and the LC-CDR3 the anti-CD28 light chamn polypeptide: LC-CDRI1: SEQ ID NO: 4; LC-CDR2: SEQ ID
NO: 5; and LC-CDR3: SEQ ID NO: 6, and wherein the CDRs comprise from 0-2 amino acid modifications
in at least one of said LC-CDRI, LC-CDR2, or LC-CDR3. In some embodiments, the anti-CD28 light chain
polypeptide comprises complementarity determining regions (CDRs): LC-CDRI1, LC-CDR2, and LC-
CDR3, wherein the LC-CDRI, the LC-CDR2, and the LC-CDR3 of the ant1-CD28 light chain polypeptide:
LC-CDR1: SEQ ID NO: 4; LC-CDR2: SEQ ID NO: 5; and LC-CDR3: SEQ ID NO: 6.

[0067] In some embodiments, ant1-CD28 heavy chain polypeptide comprises complementarity determining
regions (CDRs): HC-CDR1, HC-CDR2, and HC-CDR3, wherein the HC-CDRI1, the HC-CDR2, and the
HC-CDR3 of the ant1-CD28 heavy chain polypeptide comprise: HC-CDRI1: SEQ ID NO: 1; HC-CDR2:
SEQ ID NO: 2; HC-CDR3: SEQ ID NO: 3, and wherein said CDRs comprise from 0-2 amino acid
modifications 1n at least one of said HC-CDR1, HC-CDR2, or HC-CDR3; and the ant1-CD28 light chain
polypeptide comprises complementarity determining regions (CDRs): LC-CDRI1, LC-CDR2, and LC-
CDR3, wherein the LC-CDRI1, the LC-CDR2, and the LC-CDR3 of the ant1-CD28 light chain polypeptide
comprisc: LC-CDR1: SEQ ID NO: 4; LC-CDR2: SEQ ID NO: 5; and LC-CDR3: SEQ ID NO: 6, and
wherein the CDRs comprise from 0-2 amino acid modifications 1n at Ieast one of said LC-CDR1, LC-CDR2,
or LC-CDR3.

[0068] In some¢ embodiments, the ant1-CD28 heavy chain polypeptide comprises complementarity
determining regions (CDRs): HC-CDR1, HC-CDR2, and HC-CDR3, wherein the HC-CDR 1, the HC-
CDR2, and the HC-CDR3 of the anti-CD28 heavy chain polypeptide comprise: HC-CDR1: SEQ ID NO: 1;
HC-CDR2: SEQ ID NO: 2; HC-CDR3: SEQ ID NO: 3; and the ant1-CD28 light chain polypeptide
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comprises complementarity determining regions (CDRs): LC-CDR1, LC-CDR2, and LC-CDR3, wherein
the LC-CDRI, the LC-CDR2, and the LC-CDR3 of the ant1-CD28 light chain polypeptide comprise: LC-
CDRI1: SEQ ID NO: 4;: LC-CDR2: SEQ ID NO: 5; and LC-CDR3: SEQ ID NO: 6.

Table 1. anti-CD28 heavy chain polypeptide complementarity determining regions (CDR)s as
determined by IMGT definition.

Construct Description Amino Acid Sequence SEQ ID
(N to C) NO:
ant1-CD28: HC: CDR1 GYTFTSYY 1
ant1-CD28: HC: CDR2 IYPGNVNT 2
ant1-CD28: HC: CDR3 TRSHYGLDWNFDV 3

Table 2. anti-CD28 light chain polypeptide complementarity determining regions (CDR)s as
determined by IMGT definition.

Construct Description Amino Acid Sequence SEQ ID
(N to C) NO:
ant1-CD28: LC: CDRI1 ONIYVW 4
ant1-CD28: LC: CDR2 KA 5
ant1-CD28: LC: CDR3 QQGQTYPYT 6

[0069] In some embodiments, the scFv heavy chain variable domain comprises an amino acid sequence that
has at least 70% sequence 1dentity to the amino acid sequence according to SEQ ID NO: 7. In some
embodiments, the scFv heavy chain variable domain comprises an amino acid sequence that has at Ieast 80%
sequence 1dentity to the amino acid sequence according to SEQ ID NO: 7. In some embodiments, the scFv
heavy chain variable domain comprises an amino acid sequence that has at least 85% sequence 1dentity to
the amino acid sequence according to SEQ ID NO: 7. In some embodiments, the scFv heavy chain varnable
domain comprises an amino acid sequence that has at least 90% sequence 1dentity to the amino acid
sequence according to SEQ ID NO: 7. In some embodiments, the scFv heavy chain variable domain
comprises an amino acid sequence that has at least 95% sequence 1dentity to the amino acid sequence
according to SEQ 1D NO: 7. In some embodiments, the scFv heavy chain vanable domain comprises an
amino acid sequence that has at least 96% sequence 1dentity to the amino acid sequence according to SEQ
ID NO: 7. In some embodiments, the scFv heavy chain variable domain comprises an amino acid sequence
that has at least 97% sequence 1dentity to the amino acid sequence according to SEQ ID NO: 7. In some
embodiments, the scFv heavy chain variable domain comprises an amino acid sequence that has at Ieast 98%
sequence 1dentity to the amino acid sequence according to SEQ ID NO: 7. In some embodiments, the scFv
heavy chain variable domain comprises an amino acid sequence that has at least 99% sequence 1dentity to
the amino acid sequence according to SEQ ID NO: 7. In some embodiments, the scFv heavy chain variable

domain comprises an amino acid sequence according to SEQ ID NO: 7.
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[0070] In some embodiments, the scFv heavy chain variable domain comprises an amino acid sequence of
at least 75 consecutive amino acid residues of SEQ ID NO: 7. In some embodiments, the scFv heavy chain
variable domain comprises an amino acid sequence of at least 100 consecutive amino acid residues of SEQ
ID NO: 7 In some embodiments, the scFv heavy chain variable domain comprises an amino acid sequence
of at least 105 consecutive amino acid residues of SEQ ID NO: 7 In some embodiments, the scFv heavy
chain variable domain comprises an amino acid sequence of at least 110 consecutive amino acid residues of
SEQ ID NO: 7. In some embodiments, the scFv heavy chain variable domain comprises an amino acid
sequence of at least 115 consecutive amino acid residues of SEQ 1D NO: 7.

[0071] In some embodiments, the scFv heavy chain variable domain comprises an amino acid sequence of
at least 75 consecutive amino acid residues of SEQ ID NO: 7. and has at least 80% sequence 1dentity to the
at least 75 consecutive amino acid residues of SEQ ID NO: 7. In some embodiments, the scFv heavy chain
variable domain comprises an amino acid sequence of at least 100 consecutive amino acid residues of SEQ
ID NO: 7, and has at least 80% sequence 1dentity to the at least 100 consecutive amino acid residues of SEQ
ID NO: 7. In some embodiments, the scFv heavy chain vanable domain comprises an amino acid sequence
of at least 105 consecutive amino acid residues of SEQ ID NO: 7, and has at least 80% sequence 1dentity to
the at least 105 consecutive amino acid residues of SEQ ID NO: 7. In some embodiments, the scFv heavy
chain variable domain comprises an amino acid sequence of at least 110 consecutive amino acid residues of
SEQ ID NO: 7, and has at least 80% sequence 1dentity to the at least 110 consecutive amino acid residues of
SEQ ID NO: 7. In some¢ embodiments, the scFv heavy chain variable domain comprises an amino acid
sequence of at least 115 consecutive amino acid residues of SEQ ID NO: 7, and has at least 80% sequence
1dentity to the at least 115 consecutive amino acid residues of SEQ ID NO: 7.

[0072] In some embodiments, the scFv heavy chain variable domain comprises an amino acid sequence of
at least 75 consecutive amino acid residues of SEQ ID NO: 7. and has at least 90% sequence 1dentity to the
at least 75 consecutive amino acid residues of SEQ ID NO: 7. In some embodiments, the scFv heavy chain
variable domain comprises an amino acid sequence of at least 100 consecutive amino acid residues of SEQ
ID NO: 7, and has at least 90% sequence 1dentity to the at least 100 consecutive amino acid residues of SEQ
ID NO: 7. In some embodiments, the scFv heavy chain variable domain comprises an amino acid sequence
of at least 105 consecutive amino acid residues of SEQ ID NO: 7, and has at least 90% sequence 1dentity to
the at least 105 consecutive amino acid residues of SEQ ID NO: 7. In some embodiments, the scFv heavy
chain variable domain comprises an amino acid sequence of at least 110 consecutive amino acid residues of
SEQ ID NO: 7, and has at least 90% sequence 1dentity to the at least 110 consecutive amino acid residues of
SEQ ID NO: 7. In some embodiments, the scFv heavy chain variable domain comprises an amino acid
sequence of at least 115 consecutive amino acid residues of SEQ 1D NO: 7, and has at least 90% sequence
1dentity to the at least 115 consecutive amino acid residues of SEQ ID NO: 7.

[0073] In some embodiments, the scFv heavy chain variable domain comprises an amino acid sequence of
at least 75 consecutive amino acid residues of SEQ ID NO: 7, and has at least 953% sequence 1dentity to the

at least 75 consecutive amino acid residues of SEQ ID NO: 7. In some embodiments, the scFv heavy chain
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variable domain comprises an amino acid sequence of at least 100 consecutive amino acid residues of SEQ
ID NO: 7, and has at least 95% sequence 1dentity to the at least 100 consecutive amino acid residues of SEQ
ID NO: 7. In some embodiments, the scFv heavy chain variable domain comprises an amino acid sequence
of at least 105 consecutive amino acid residues of SEQ ID NO: 7, and has at least 95% sequence 1dentity to
the at least 105 consecutive amino acid residues of SEQ ID NO: 7. In some embodiments, the scFv heavy
chain variable domain comprises an amino acid sequence of at least 110 consecutive amino acid residues of
SEQ ID NO: 7, and has at least 95% sequence 1dentity to the at least 110 consecutive amino acid residues of
SEQ ID NO: 7. In some¢ embodiments, the scFv heavy chain variable domain comprises an amino acid
sequence of at least 115 consecutive amino acid residues of SEQ ID NO: 7, and has at least 95% sequence
1dentity to the at least 115 consecutive amino acid residues of SEQ ID NO: 7.

[0074] In some embodiments, the scFv heavy chain variable domain comprises an amino acid sequence of
at least 75 consecutive amino acid residues of SEQ ID NO: 7. and has at least 99% sequence 1dentity to the
at least 75 consecutive amino acid residues of SEQ ID NO: 7. In some embodiments, the scFv heavy chain
variable domain comprises an amino acid sequence of at least 100 consecutive amino acid residues of SEQ
ID NO: 7, and has at least 99% sequence 1dentity to the at least 100 consecutive amino acid residues of SEQ
ID NO: 7. In some embodiments, the scFv heavy chain variable domain comprises an amino acid sequence
of at least 105 consecutive amino acid residues of SEQ ID NO: 7, and has at least 99% sequence 1dentity to
the at least 105 consecutive amino acid residues of SEQ ID NO: 7. In some embodiments, the scFv heavy
chain variable domain comprises an amino acid sequence of at least 110 consecutive amino acid residues of
SEQ ID NO: 7, and has at lcast 99% sequence 1dentity to the at least 110 consecutive amino acid residues of
SEQ ID NO: 7. In some embodiments, the scFv heavy chain variable domain comprises an amino acid
sequence of at least 115 consecutive amino acid residues of SEQ 1D NO: 7, and has at least 99% sequence
1dentity to the at least 115 consecutive amino acid residues of SEQ ID NO: 7.

[0075] In some embodiments, the scFv light chain variable domain comprises an amino acid sequence that
has at least 70% sequence 1dentity to the amino acid sequence according to SEQ ID NO: 8. In some
embodiments, the scFv light chain variable domain comprises an amino acid sequence that has at least 80%
sequence 1dentity to the amino acid sequence according to SEQ ID NO: 8. In some embodiments, the scFv
light chain variable domain comprises an amino acid sequence that has at Ieast 85% sequence 1dentity to the
amino acid sequence according to SEQ ID NO: 8. In some embodiments, the scFv light chain variable
domain comprises an amino acid sequence that has at least 90% sequence 1dentity to the amino acid
sequence according to SEQ ID NO: 8. In some embodiments, the scFv light chain vanable domain
compriscs an amino acid sequence that has at least 95% sequence 1dentity to the amino acid sequence
according to SEQ ID NO: 8. In some embodiments, the scFv light chain variable domain comprises an
amino acid sequence that has at least 96% sequence 1dentity to the amino acid sequence according to SEQ
ID NO: 8. In some embodiments, the scFv light chain variable domain comprises an amino acid sequence
that has at least 97% sequence 1dentity to the amino acid sequence according to SEQ ID NO: 8. In some

embodiments, the scFv light chain variable domain comprises an amino acid sequence that has at least 98%
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sequence 1dentity to the amino acid sequence according to SEQ ID NO: 8. In some embodiments, the scFv
light chain variable domain comprises an amino acid sequence that has at least 99% sequence 1dentity to the
amino acid sequence according to SEQ ID NO: 8. In some embodiments, the scFv light chain variable
domain comprises an amino acid sequence according to SEQ ID NO: 8.

[0076] In some embodiments, the scFv light chain variable domain comprises an amino acid sequence of at
least 75 consecutive amino acid residues of SEQ ID NO: 8. In some embodiments, the scFv light chain
variable domain comprises an amino acid sequence of at least 80 consecutive amino acid residues of SEQ ID
NO: 8. In some embodiments, the scFv light chain variable domain comprises an amino acid sequence of at
least 90 consecutive amino acid residues of SEQ ID NO: 8. In some embodiments, the scFv light chain
variable domain comprises an amino acid sequence of at least 95 consecutive amino acid residues of SEQ ID
NO: 8. In some embodiments, the scFv light chain varniable domain comprises an amino acid sequence of at
least 100 consecutive amino acid residues of SEQ ID NO: 8. In some embodiments, the scFv light chain
variable domain comprises an amino acid sequence of at least 105 consecutive amino acid residues of SEQ
ID NO: 8.

[0077] In some embodiments, the scFv light chain variable domain comprises an amino acid sequence of at
least 75 consecutive amino acid residues of SEQ ID NO: 8, and has at least 80% sequence 1dentity to the at
least 75 consecutive amino acid residues of SEQ ID NO: 8. In some embodiments, the scFv light chain
variable domain comprises an amino acid sequence of at least 80 consecutive amino acid residues of SEQ ID
NO: 8, and has at least 80% sequence 1dentity to the at least 80 consecutive amino acid residues of SEQ 1D
NO: 8. In some¢ embodiments, the scFv light chain variable domain comprises an amino acid sequence of at
least 90 consecutive amino acid residues of SEQ ID NO: 8, and has at least 80% sequence 1dentity to the at
least 90 consecutive amino acid residues of SEQ ID NO: 8. In some embodiments, the scFv light chain
variable domain comprises an amino acid sequence of at least 95 consecutive amino acid residues of SEQ ID
NO: 8, and has at least 80% sequence 1dentity to the at least 95 consecutive amino acid residues of SEQ 1D
NO: 8. In some embodiments, the scFv light chain variable domain comprises an amino acid sequence of at
least 100 consecutive amino acid residues of SEQ ID NO: 8, and has at least 80% sequence 1dentity to the at
least 100 consecutive amino acid residues of SEQ ID NO: 8. In some embodiments, the scFv light chain
variable domain comprises an amino acid sequence of at least 105 consecutive amino acid residues of SEQ
ID NO: 8, and has at least 80% sequence 1dentity to the at least 105 consecutive amino acid residues of SEQ
ID NO: 8.

[0078] In some embodiments, the scFv light chain variable domain comprises an amino acid sequence of at
least 75 consecutive amino acid residues of SEQ ID NO: 8, and has at least 90% sequence 1dentity to the at
least 75 consecutive amino acid residues of SEQ ID NO: 8. In some embodiments, the scFv light chain
variable domain comprises an amino acid sequence of at least 80 consecutive amino acid residues of SEQ ID
NO: 8, and has at least 90% sequence 1dentity to the at least 80 consecutive amino acid residues of SEQ 1D
NO: 8. In some embodiments, the scFv light chamn varnable domain comprises an amino acid sequence of at

least 90 consecutive amino acid residues of SEQ ID NO: 8, and has at least 90% sequence 1dentity to the at
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lcast 90 consecutive amino acid residues of SEQ ID NO: 8. In some embodiments, the scFv light chain
variable domain comprises an amino acid sequence of at least 95 consecutive amino acid residues of SEQ 1D
NO: 8, and has at lcast 90% sequence 1dentity to the at least 95 consecutive amino acid residues of SEQ 1D
NO: 8. In some embodiments, the scFv light chain variable domain comprises an amino acid sequence of at
least 100 consecutive amino acid residues of SEQ ID NO: 8, and has at least 90% sequence 1dentity to the at
lecast 100 consecutive amino acid residues of SEQ ID NO: 8. In some embodiments, the scFv light chain
variable domain comprises an amino acid sequence of at least 105 consecutive amino acid residues of SEQ
ID NO: 8, and has at least 90% sequence 1dentity to the at least 105 consecutive amino acid residues of SEQ
ID NO: 8.

[0079] In some embodiments, the scFv light chain variable domain comprises an amino acid sequence of at
least 75 consecutive amino acid residues of SEQ ID NO: 8, and has at least 95% sequence 1dentity to the at
least 75 consecutive amino acid residues of SEQ ID NO: 8. In some embodiments, the scFv light chain
variable domain comprises an amino acid sequence of at least 80 consecutive amino acid residues of SEQ ID
NO: 8, and has at least 95% sequence 1dentity to the at least 80 consecutive amino acid residues of SEQ 1D
NO: 8. In some embodiments, the scFv light chain variable domain comprises an amino acid sequence of at
least 90 consecutive amino acid residues of SEQ ID NO: 8, and has at least 95% sequence 1dentity to the at
least 90 consecutive amino acid residues of SEQ ID NO: 8. In some embodiments, the scFv light chain
variable domain comprises an amino acid sequence of at least 95 consecutive amino acid residues of SEQ ID
NO: 8, and has at least 95% sequence 1dentity to the at least 95 consecutive amino acid residues of SEQ 1D
NO: 8. In some embodiments, the scFv light chain variable domain comprises an amino acid sequence of at
least 100 consecutive amino acid residues of SEQ ID NO: 8, and has at least 95% sequence 1dentity to the at
least 100 consecutive amino acid residues of SEQ ID NO: 8. In some embodiments, the scFv light chain
variable domain comprises an amino acid sequence of at least 105 consecutive amino acid residues of SEQ
ID NO: 8, and has at least 95% sequence 1dentity to the at least 105 consecutive amino acid residues of SEQ
ID NO: 8.

[0080] In some¢ embodiments, the scFv light chain variable domain comprises an amino acid sequence of at
least 75 consecutive amino acid residues of SEQ ID NO: 8, and has at least 99% sequence 1dentity to the at
least 75 consecutive amino acid residues of SEQ ID NO: 8. In some embodiments, the scFv light chain
variable domain comprises an amino acid sequence of at least 80 consecutive amino acid residues of SEQ ID
NO: 8, and has at least 99% sequence 1dentity to the at least 80 consecutive amino acid residues of SEQ 1D
NO: 8. In some embodiments, the scFv light chain variable domain comprises an amino acid sequence of at
least 90 consecutive amino acid residues of SEQ ID NO: 8, and has at least 99% sequence 1dentity to the at
least 90 consecutive amino acid residues of SEQ ID NO: 8. In some embodiments, the scFv light chain
variable domain comprises an amino acid sequence of at least 95 consecutive amino acid residues of SEQ ID
NO: 8, and has at least 99% sequence 1dentity to the at least 95 consecutive amino acid residues of SEQ 1D
NO: 8. In some embodiments, the scFv light chain variable domain comprises an amino acid sequence of at

least 100 consecutive amino acid residues of SEQ ID NO: 8, and has at least 99% sequence 1dentity to the at
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least 100 consecutive amino acid residues of SEQ ID NO: 8. In some embodiments, the scFv light chain
variable domain comprises an amino acid sequence of at least 105 consecutive amino acid residues of SEQ
ID NO: 8, and has at least 99% sequence 1dentity to the at least 105 consecutive amino acid residues of SEQ
ID NO: 8.

[0081] In some embodiments, the scFv comprises an amino acid sequence that has at least 70% sequence
1dentity to the amino acid sequence according to SEQ ID NO: 9. In some embodiments, the scFv comprises
an amino acid sequence that has at least 80% sequence 1dentity to the amino acid sequence according to SEQ
ID NO: 9. In some embodiments, the scFv comprises an amino acid sequence that has at least 85%
sequence 1dentity to the amino acid sequence according to SEQ ID NO: 9. In some embodiments, the scFv
comprises an amino acid sequence that has at least 90% sequence 1dentity to the amino acid sequence
according to SEQ ID NO: 9. In some¢ embodiments, the scFv comprises an amino acid sequence that has at
least 91% sequence 1dentity to the amino acid sequence according to SEQ ID NO: 9. In some embodiments,
the scFv comprises an amino acid sequence that has at least 92% sequence 1dentity to the amino acid
sequence according to SEQ ID NO: 9. In some embodiments, the scFv comprises an amino acid sequence
that has at least 93% sequence 1dentity to the amino acid sequence according to SEQ ID NO: 9. In some
embodiments, the scFv comprises an amino acid sequence that has at least 94% sequence 1dentity to the
amino acid sequence according to SEQ 1D NO: 9. In some embodiments, the sckFv comprises an amino acid
sequence that has at least 95% sequence 1dentity to the amino acid sequence according to SEQ ID NO: 9. In
some embodiments, the scFv comprises an amino acid sequence that has at least 96% sequence 1dentity to
the amino acid sequence according to SEQ ID NO: 9. In some embodiments, the scFv comprises an amino
acid sequence that has at least 97% sequence 1dentity to the amino acid sequence according to SEQ ID NO:
9. In some embodiments, the scFv comprises an amino acid sequence that has at least 98% sequence
1dentity to the amino acid sequence according to SEQ ID NO: 9. In some embodiments, the scFv comprises
an amino acid sequence that has at least 99% sequence 1dentity to the amino acid sequence according to SEQ
ID NO: 9. In some¢ embodiments, the scFv comprises an amino acid sequence according to SEQ ID NO: 9.
[0082] In some embodiments, the scFv comprises an amino acid sequence of at least 175 consecutive amino
acid residues of SEQ ID NO: 9. In some embodiments, the scFv comprises an amino acid sequence of at
least 190 consecutive amino acid residues of SEQ ID NO: 9. In some embodiments, the scFv comprises an
amino acid sequence of at least 200 consecutive amino acid residues of SEQ ID NO: 9.In some
embodiments, the scFv comprises an amino acid sequence of at least 205 consecutive amino acid residues of
SEQ ID NO: 9. In some¢ embodiments, the scFv comprises an amino acid sequence of at least 210
consccutive amino acid residues of SEQ ID NO: 9. In some embodiments, the scFv comprises an amino
acid sequence of a<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>