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T CELL-ANTIGEN COUPLER WITH Y182T MUTATION AND METHODS AND
USES THEREOF

CROSS-REFERENCE
[0001] This application claims the benefit of U.S. Provisional Application No. 62/571,354, filed

October 12, 2017, which is incorporated herein by reference.

SEQUENCE LISTING
[0002] The instant application contains a Sequence Listing which has been filed electronically in
ASCII format and is hereby incorporated by reference in its entirety. Said ASCII copy, created
on October 11, 2018, is named 0034923-00006_SL.txt and is 40,435 bytes in size.

FIELD
[0003] The present disclosure relates to a method of treating cancer by engineering T-cells with
high cytotoxicity against specific target cells and reduced off-target toxicity. In particular, the
disclosure relates to engineering T-cells to express novel biological agents, which trigger the

natural T-cell activation process.

SUMMARY
[0004] Disclosed herein, in some embodiments, are a nucleic acid sequences encoding a
Trifunctional T cell-antigen coupler (Tri-TAC) comprising: (a) a first polynucleotide sequence
encoding a ligand that selectively binds a target antigen; (b) a second polynucleotide sequence
encoding a UCHTT1 ligand with a Y182T mutation comprising an amino acid sequence having at
least 80% sequence identity with SEQ ID NO: 26 that binds a protein associated with a T cell
receptor (TCR) complex; and (c) a third polynucleotide sequence encoding a TCR signaling
domain polypeptide. In some embodiments, the amino acid sequence comprises SEQ ID NO: 26.
In some embodiments, the ligand specifically binds the target antigen. In some embodiments, the
ligand is an ankyrin repeat (DARPin) polypeptide. In some embodiments, the ligand is a single
chain variable fragment (scFv). In some embodiments, the target antigen is a tumor antigen. In
some embodiments, the tumor antigen is a HER-2 antigen. In some embodiments, the tumor
antigen is a BCMA antigen. In some embodiments, the protein associated with a TCR complex is
CD3, preferably CD3e. In some embodiments, the TCR signaling domain polypeptide comprises
a transmembrane domain and a cytosolic domain. In some embodiments, the TCR signaling
domain polypeptide comprises a transmembrane domain and a cytosolic domain of a TCR co-

receptor. In some embodiments, the TCR co-receptor is CD4. In some embodiments, the TCR
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co-receptor is CD8, preferably CD8a.In some embodiments, the first polypeptide, the second
polypeptide, and the third polypeptide are directly fused. In some embodiments, the first
polypeptide and the second polypeptide are directly fused, and joined to the third polypeptide by
a linker. In some embodiments, the second polypeptide and the third polypeptide are directly
fused, and joined to the first polypeptide by a linker. In some embodiments, the linker is a
peptide linker, preferably a peptide linker comprising 5 to 30 amino acids, more preferably 5
amino acids, 10 amino acids, or 15 amino acids. In some embodiments, the peptide linker
comprises a G4S3 linker.

[0005] Disclosed herein, in some embodiments, are nucleic acid sequences encoding a T cell-
antigen coupler (Tri-TAC) comprising: (a) a first polynucleotide sequence encoding a ligand that
selectively binds a target antigen; (b) a second polynucleotide sequence encoding a humanized
variant of UCHT1 (huUCHT1) ligand comprising an amino acid sequence having at least 80%
sequence identity with SEQ ID NO: 29 that binds a protein associated with a T cell receptor
(TCR) complex; and (c) a third polynucleotide sequence encoding a TCR signaling domain
polypeptide. In some embodiments, the amino acid sequence comprises SEQ ID NO: 29. In some
embodiments, the ligand specifically binds the target antigen. In some embodiments, the ligand is
an ankyrin repeat (DARPin) polypeptide. In some embodiments, the ligand is a single chain
variable fragment (scFv). In some embodiments, the target antigen is a tumor antigen. In some
embodiments, the tumor antigen is a HER-2 antigen. In some embodiments, the tumor antigen is
a BCMA antigen. In some embodiments, the protein associated with a TCR complex is CD3,
preferably CD3e. In some embodiments, the TCR signaling domain polypeptide comprises a
transmembrane domain and a cytosolic domain. In some embodiments, the TCR signaling
domain polypeptide comprises a transmembrane domain and a cytosolic domain of a TCR co-
receptor. In some embodiments, the TCR co-receptor is CD4. In some embodiments, the TCR
co-receptor is CD8, preferably CD8a.In some embodiments, the first polypeptide, the second
polypeptide, and the third polypeptide are directly fused. In some embodiments, the first
polypeptide and the second polypeptide are directly fused, and joined to the third polypeptide by
a linker. In some embodiments, the second polypeptide and the third polypeptide are directly
fused, and joined to the first polypeptide by a linker. In some embodiments, the linker is a
peptide linker, preferably a peptide linker comprising 5 to 30 amino acids, more preferably 5
amino acids, 10 amino acids, or 15 amino acids. In some embodiments, the peptide linker
comprises a G4S3 linker.

[0006] Disclosed herein, in some embodiments, are nucleic acid sequences encoding a T cell-

antigen coupler (Tri-TAC) comprising: (a) a first polynucleotide sequence encoding a ligand that
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selectively binds a target antigen; (b) a second polynucleotide sequence encoding a humanized
variant of UCHT1 (huUCHT1) ligand with a Y177T mutation comprising an amino acid
sequence having at least 80% sequence identity with SEQ ID NO: 28 that binds a protein
associated with a T cell receptor (TCR) complex; and (c¢) a third polynucleotide sequence
encoding a TCR signaling domain polypeptide. In some embodiments, the amino acid sequence
comprises SEQ ID NO: 28. In some embodiments, the ligand specifically binds the target
antigen. In some embodiments, the ligand is an ankyrin repeat (DARPin) polypeptide. In some
embodiments, the ligand is a single chain variable fragment (scFv). In some embodiments, the
target antigen is a tumor antigen. In some embodiments, the tumor antigen is a HER-2 antigen. In
some embodiments, the tumor antigen is a BCMA antigen. In some embodiments, the protein
associated with a TCR complex is CD3, preferably CD3e. In some embodiments, the TCR
signaling domain polypeptide comprises a transmembrane domain and a cytosolic domain. In
some embodiments, the TCR signaling domain polypeptide comprises a transmembrane domain
and a cytosolic domain of a TCR co-receptor. In some embodiments, the TCR co-receptor is
CD4. In some embodiments, the TCR co-receptor is CD8, preferably CD8c.In some
embodiments, the first polypeptide, the second polypeptide, and the third polypeptide are directly
fused. In some embodiments, the first polypeptide and the second polypeptide are directly fused,
and joined to the third polypeptide by a linker. In some embodiments, the second polypeptide and
the third polypeptide are directly fused, and joined to the first polypeptide by a linker. In some
embodiments, the linker is a peptide linker, preferably a peptide linker comprising 5 to 30 amino
acids, more preferably 5 amino acids, 10 amino acids, or 15 amino acids. In some embodiments,
the peptide linker comprises a G4S; linker.

[0007] Disclosed herein, in some embodiments, are nucleic acid sequences encoding an anti-
HER-2 Trifunctional T cell-antigen coupler (anti-HER-2 Tri-TAC) comprising: (a) a first
polynucleotide sequence encoding a ligand that selectively binds a HER-2 antigen; (b) a second
polynucleotide sequence encoding a UCHT1 ligand with a Y182T mutation comprising an amino
acid sequence having at least 80% sequence identity with SEQ ID NO: 26 that binds a protein
associated with a T cell receptor (TCR) complex; and (c¢) a third polynucleotide sequence
encoding a TCR signaling domain polypeptide. In some embodiments, the amino acid sequence
comprises SEQ ID NO: 26. In some embodiments, the amino acid sequence comprises SEQ ID
NO: 29. In some embodiments, the amino acid sequence comprises SEQ ID NO: 28. In some
embodiments, the ligand specifically binds the HER-2 antigen. In some embodiments, the ligand
is an ankyrin repeat (DARPin) polypeptide. In some embodiments, the HER-2 antigen is

expressed on a cancer cell. In some embodiments, the protein associated with a TCR complex is
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CD3, preferably CD3e. In some embodiments, the TCR signaling domain polypeptide comprises
a transmembrane domain and a cytosolic domain. In some embodiments, the TCR signaling
domain polypeptide comprises a transmembrane domain and a cytosolic domain of a TCR co-
receptor. In some embodiments, the TCR co-receptor is CD4. In some embodiments, the TCR
co-receptor is CD8, preferably CD8a. In some embodiments, the first polypeptide, the second
polypeptide, and the third polypeptide are directly fused. In some embodiments, the first
polypeptide and the second polypeptide are directly fused, and joined to the third polypeptide by
a linker. In some embodiments, the second polypeptide and the third polypeptide are directly
fused, and joined to the first polypeptide by a linker. In some embodiments, the linker is a
peptide linker, preferably a peptide linker comprising 5 to 30 amino acids, more preferably 5
amino acids, 10 amino acids, or 15 amino acids. In some embodiments, the peptide linker
comprises a G4S3 linker.

[0008] Disclosed herein, in some embodiments, are nucleic acid sequences encoding an anti-
HER-2 Trifunctional T cell-antigen coupler (anti-HER-2 Tri-TAC) comprising: (a) a first
polynucleotide sequence encoding a ligand that selectively binds a HER-2 antigen; (b) a second
polynucleotide sequence encoding a humanized variant of UCHT1 (huUCHT1) ligand
comprising an amino acid sequence having at least 80% sequence identity with SEQ ID NO: 29
that binds a protein associated with a T cell receptor (TCR) complex; and (c¢) a third
polynucleotide sequence encoding a TCR signaling domain polypeptide. In some embodiments,
the amino acid sequence comprises SEQ ID NO: 26. In some embodiments, the amino acid
sequence comprises SEQ ID NO: 29. In some embodiments, the amino acid sequence comprises
SEQ ID NO: 28. In some embodiments, the ligand specifically binds the HER-2 antigen. In some
embodiments, the ligand is an ankyrin repeat (DARPin) polypeptide. In some embodiments, the
HER-2 antigen is expressed on a cancer cell. In some embodiments, the protein associated with a
TCR complex is CD3, preferably CD3e. In some embodiments, the TCR signaling domain
polypeptide comprises a transmembrane domain and a cytosolic domain. In some embodiments,
the TCR signaling domain polypeptide comprises a transmembrane domain and a cytosolic
domain of a TCR co-receptor. In some embodiments, the TCR co-receptor is CD4. In some
embodiments, the TCR co-receptor is CD8, preferably CD8a. In some embodiments, the first
polypeptide, the second polypeptide, and the third polypeptide are directly fused. In some
embodiments, the first polypeptide and the second polypeptide are directly fused, and joined to
the third polypeptide by a linker. In some embodiments, the second polypeptide and the third
polypeptide are directly fused, and joined to the first polypeptide by a linker. In some

embodiments, the linker is a peptide linker, preferably a peptide linker comprising 5 to 30 amino
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acids, more preferably 5 amino acids, 10 amino acids, or 15 amino acids. In some embodiments,
the peptide linker comprises a G4S; linker.

[0009] Disclosed herein, in some embodiments, are nucleic acid sequences encoding an anti-
HER-2 Trifunctional T cell-antigen coupler (anti-HER-2 Tri-TAC) comprising: (a) a first
polynucleotide sequence encoding a ligand that selectively binds a HER-2 antigen; (b) a second
polynucleotide sequence encoding a humanized variant of UCHT1 (huUCHT1) ligand with a
Y177T mutation comprising an amino acid sequence having at least 80% sequence identity with
SEQ ID NO: 28 that binds a protein associated with a T cell receptor (TCR) complex; and (c) a
third polynucleotide sequence encoding a TCR signaling domain polypeptide. In some
embodiments, the amino acid sequence comprises SEQ ID NO: 26. In some embodiments, the
amino acid sequence comprises SEQ ID NO: 29. In some embodiments, the amino acid sequence
comprises SEQ ID NO: 28. In some embodiments, the ligand specifically binds the HER-2
antigen. In some embodiments, the ligand is an ankyrin repeat (DARPin) polypeptide. In some
embodiments, the HER-2 antigen is expressed on a cancer cell. In some embodiments, the
protein associated with a TCR complex is CD3, preferably CD3e. In some embodiments, the
TCR signaling domain polypeptide comprises a transmembrane domain and a cytosolic domain.
In some embodiments, the TCR signaling domain polypeptide comprises a transmembrane
domain and a cytosolic domain of a TCR co-receptor. In some embodiments, the TCR co-
receptor is CD4. In some embodiments, the TCR co-receptor is CDS8, preferably CD8a. In some
embodiments, the first polypeptide, the second polypeptide, and the third polypeptide are directly
fused. In some embodiments, the first polypeptide and the second polypeptide are directly fused,
and joined to the third polypeptide by a linker. In some embodiments, the second polypeptide and
the third polypeptide are directly fused, and joined to the first polypeptide by a linker. In some
embodiments, the linker is a peptide linker, preferably a peptide linker comprising 5 to 30 amino
acids, more preferably 5 amino acids, 10 amino acids, or 15 amino acids. In some embodiments,
the peptide linker comprises a G4S; linker.

[0010] Disclosed herein, in some embodiments, are nucleic acid sequences encoding an anti-
BCMA Trifunctional T cell-antigen coupler (anti-BCMA Tri-TAC) comprising: (a) a first
polynucleotide sequence encoding a ligand that selectively binds a BCMA antigen; (b) a second
polynucleotide sequence encoding a UCHT1 ligand with a Y182T mutation comprising an amino
acid sequence having at least 80% sequence identity with SEQ ID NO: 26 that binds a protein
associated with a T cell receptor (TCR) complex; and (c¢) a third polynucleotide sequence
encoding a TCR signaling domain polypeptide. In some embodiments, the amino acid sequence

comprises SEQ ID NO: 26. In some embodiments, the amino acid sequence comprises SEQ ID
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NO: 29. In some embodiments, the amino acid sequence comprises SEQ ID NO: 28. In some
embodiments, the ligand specifically binds the BCMA antigen. In some embodiments, the ligand
is a single chain variable fragment (scFv). In some embodiments, the BCMA antigen is expressed
on a cancer cell. In some embodiments, the protein associated with a TCR complex is CD3,
preferably CD3e. In some embodiments, the TCR signaling domain polypeptide comprises a
transmembrane domain and a cytosolic domain. In some embodiments, the TCR signaling
domain polypeptide comprises a transmembrane domain and a cytosolic domain of a TCR co-
receptor. In some embodiments, the TCR co-receptor is CD4. In some embodiments, the TCR
co-receptor is CD8, preferably CD8a. In some embodiments, the first polypeptide, the second
polypeptide, and the third polypeptide are directly fused. In some embodiments, the first
polypeptide and the second polypeptide are directly fused, and joined to the third polypeptide by
a linker. In some embodiments, the second polypeptide and the third polypeptide are directly
fused, and joined to the first polypeptide by a linker. In some embodiments, the linker is a
peptide linker, preferably a peptide linker comprising 5 to 30 amino acids, more preferably 5
amino acids, 10 amino acids, or 15 amino acids. In some embodiments, the peptide linker
comprises a G4S3 linker.

[0011] Disclosed herein, in some embodiments, are nucleic acid sequences encoding an anti-
BCMA Trifunctional T cell-antigen coupler (anti-BCMA Tri-TAC) comprising: (a) a first
polynucleotide sequence encoding a ligand that selectively binds a BCMA antigen; (b) a second
polynucleotide sequence encoding a humanized variant of UCHT1 (huUCHTI1) ligand
comprising an amino acid sequence having at least 80% sequence identity with SEQ ID NO: 29
that binds a protein associated with a T cell receptor (TCR) complex; and (c¢) a third
polynucleotide sequence encoding a TCR signaling domain polypeptide. In some embodiments,
the amino acid sequence comprises SEQ ID NO: 26. In some embodiments, the amino acid
sequence comprises SEQ ID NO: 29. In some embodiments, the amino acid sequence comprises
SEQ ID NO: 28. In some embodiments, the ligand specifically binds the BCMA antigen. In some
embodiments, the ligand is a single chain variable fragment (scFv). In some embodiments, the
BCMA antigen is expressed on a cancer cell. In some embodiments, the protein associated with a
TCR complex is CD3, preferably CD3e. In some embodiments, the TCR signaling domain
polypeptide comprises a transmembrane domain and a cytosolic domain. In some embodiments,
the TCR signaling domain polypeptide comprises a transmembrane domain and a cytosolic
domain of a TCR co-receptor. In some embodiments, the TCR co-receptor is CD4. In some
embodiments, the TCR co-receptor is CD8, preferably CD8a. In some embodiments, the first
polypeptide, the second polypeptide, and the third polypeptide are directly fused. In some
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embodiments, the first polypeptide and the second polypeptide are directly fused, and joined to
the third polypeptide by a linker. In some embodiments, the second polypeptide and the third
polypeptide are directly fused, and joined to the first polypeptide by a linker. In some
embodiments, the linker is a peptide linker, preferably a peptide linker comprising 5 to 30 amino
acids, more preferably 5 amino acids, 10 amino acids, or 15 amino acids. In some embodiments,
the peptide linker comprises a G4S3 linker.

[0012] Disclosed herein, in some embodiments, are nucleic acid sequences encoding an anti-
BCMA Trifunctional T cell-antigen coupler (anti-BCMA Tri-TAC) comprising: (a) a first
polynucleotide sequence encoding a ligand that selectively binds a BCMA antigen; (b) a second
polynucleotide sequence encoding a humanized variant of UCHT1 (huUCHT1) ligand with a
Y177T mutation comprising an amino acid sequence having at least 80% sequence identity with
SEQ ID NO: 28 that binds a protein associated with a T cell receptor (TCR) complex; and (c) a
third polynucleotide sequence encoding a TCR signaling domain polypeptide. In some
embodiments, the amino acid sequence comprises SEQ ID NO: 26. In some embodiments, the
amino acid sequence comprises SEQ ID NO: 29. In some embodiments, the amino acid sequence
comprises SEQ ID NO: 28. In some embodiments, the ligand specifically binds the BCMA
antigen. In some embodiments, the ligand is a single chain variable fragment (scFv). In some
embodiments, the BCMA antigen is expressed on a cancer cell. In some embodiments, the
protein associated with a TCR complex is CD3, preferably CD3e. In some embodiments, the
TCR signaling domain polypeptide comprises a transmembrane domain and a cytosolic domain.
In some embodiments, the TCR signaling domain polypeptide comprises a transmembrane
domain and a cytosolic domain of a TCR co-receptor. In some embodiments, the TCR co-
receptor is CD4. In some embodiments, the TCR co-receptor is CDS8, preferably CD8a. In some
embodiments, the first polypeptide, the second polypeptide, and the third polypeptide are directly
fused. In some embodiments, the first polypeptide and the second polypeptide are directly fused,
and joined to the third polypeptide by a linker. In some embodiments, the second polypeptide and
the third polypeptide are directly fused, and joined to the first polypeptide by a linker. In some
embodiments, the linker is a peptide linker, preferably a peptide linker comprising 5 to 30 amino
acids, more preferably 5 amino acids, 10 amino acids, or 15 amino acids. In some embodiments,
the peptide linker comprises a G4S; linker.

[0013] Disclosed herein, in some embodiments, are vectors comprising the nucleic acid sequence
disclosed herein. In some embodiments, the vector further comprises a promoter, preferably a

promoter functional in a mammalian cell.
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[0014] Disclosed herein, in some embodiments, are T cells transfected with the vector disclosed
herein.

[0015] Disclosed herein, in some embodiments, are engineered T cells comprising the nucleic
acid sequence disclosed herein, or the vector disclosed herein.

[0016] Disclosed herein, in some embodiments, are pharmaceutical compositions comprising the
engineered T cells disclosed herein, and a pharmaceutically acceptable carrier.

[0017] Disclosed herein, in some embodiments, are methods of treating a cancer expressing a
target antigen in an individual in need thereof, comprising administering to the individual an
engineered T cell comprising a nucleic acid sequence encoding a Trifunctional T cell-antigen
coupler (Tri-TAC) comprising: (a) a first polynucleotide sequence encoding a ligand that
selectively binds the target antigen; (b) a second polynucleotide sequence encoding a UCHT1
ligand with a Y182T mutation comprising an amino acid sequence having at least 80% sequence
identity with SEQ ID NO: 26 that binds a protein associated with a T cell receptor (TCR)
complex; and (c) a third polynucleotide sequence encoding a TCR signaling domain polypeptide.
In some embodiments, the amino acid sequence comprises SEQ ID NO: 26. In some
embodiments, the ligand specifically binds the target antigen. In some embodiments, the ligand is
an ankyrin repeat (DARPin) polypeptide. In some embodiments, the ligand is a single chain
variable fragment (scFv). In some embodiments, the target antigen is a tumor antigen. In some
embodiments, the antigen is a HER-2 antigen. In some embodiments, the antigen is a BCMA
antigen. In some embodiments, the protein associated with a TCR complex is CD3, preferably
CD3e. In some embodiments, the TCR signaling domain polypeptide comprises a transmembrane
domain and a cytosolic domain. In some embodiments, the TCR signaling domain polypeptide
comprises a transmembrane domain and a cytosolic domain of a TCR co-receptor. In some
embodiments, the TCR co-receptor is CD4. In some embodiments, the TCR co-receptor is CD8,
preferably CD8a. In some embodiments, the first polypeptide, the second polypeptide, and the
third polypeptide are directly fused. In some embodiments, the first polypeptide and the second
polypeptide are directly fused, and joined to the third polypeptide by a linker. In some
embodiments, the second polypeptide and the third polypeptide are directly fused, and joined to
the first polypeptide by a linker. In some embodiments, the linker is a peptide linker, preferably a
peptide linker comprising 5 to 30 amino acids, more preferably 5 amino acids, 10 amino acids, or
15 amino acids. In some embodiments, the peptide linker comprises a GsS3 linker. In some
embodiments, the cancer is a solid cancer or a liquid cancer. In some embodiments, the cancer is

a lung cancer, a breast cancer, a colon cancer, multiple myeloma, glioblastoma, gastric cancer,
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ovarian cancer, stomach cancer, colorectal cancer, urothelial cancer, endometrial cancer, or a
melanoma.

[0018] Disclosed herein, in some embodiments, are methods of treating a cancer expressing a
target antigen in an individual in need thereof, comprising administering to the individual an
engineered T cell comprising a nucleic acid sequence encoding a Trifunctional T cell-antigen
coupler (Tri-TAC) comprising: (a) a first polynucleotide sequence encoding a ligand that
selectively binds the target antigen; (b) a second polynucleotide sequence encoding a humanized
variant of UCHT1 (huUCHT1) ligand comprising an amino acid sequence having at least 80%
sequence identity with SEQ ID NO: 29 that binds a protein associated with a T cell receptor
(TCR) complex; and (c) a third polynucleotide sequence encoding a TCR signaling domain
polypeptide. In some embodiments, the amino acid sequence comprises SEQ ID NO: 29. In some
embodiments, the ligand specifically binds the target antigen. In some embodiments, the ligand is
an ankyrin repeat (DARPin) polypeptide. In some embodiments, the ligand is a single chain
variable fragment (scFv). In some embodiments, the target antigen is a tumor antigen. In some
embodiments, the antigen is a HER-2 antigen. In some embodiments, the antigen is a BCMA
antigen. In some embodiments, the protein associated with a TCR complex is CD3, preferably
CD3e. In some embodiments, the TCR signaling domain polypeptide comprises a transmembrane
domain and a cytosolic domain. In some embodiments, the TCR signaling domain polypeptide
comprises a transmembrane domain and a cytosolic domain of a TCR co-receptor. In some
embodiments, the TCR co-receptor is CD4. In some embodiments, the TCR co-receptor is CD8,
preferably CD8a. In some embodiments, the first polypeptide, the second polypeptide, and the
third polypeptide are directly fused. In some embodiments, the first polypeptide and the second
polypeptide are directly fused, and joined to the third polypeptide by a linker. In some
embodiments, the second polypeptide and the third polypeptide are directly fused, and joined to
the first polypeptide by a linker. In some embodiments, the linker is a peptide linker, preferably a
peptide linker comprising 5 to 30 amino acids, more preferably 5 amino acids, 10 amino acids, or
15 amino acids. In some embodiments, the peptide linker comprises a GuS3 linker. In some
embodiments, the cancer is a solid cancer or a liquid cancer. In some embodiments, the cancer is
a lung cancer, a breast cancer, a colon cancer, multiple myeloma, glioblastoma, gastric cancer,
ovarian cancer, stomach cancer, colorectal cancer, urothelial cancer, endometrial cancer, or a
melanoma.

[0019] Disclosed herein, in some embodiments, are methods of treating a cancer expressing a
target antigen in an individual in need thereof, comprising administering to the individual an

engineered T cell comprising a nucleic acid sequence encoding a T cell-antigen coupler (Tri-
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TAC) comprising: (a) a first polynucleotide sequence encoding a ligand that selectively binds the
target antigen; (b) a second polynucleotide sequence encoding a humanized variant UCHT1
(huUCHT1) ligand with a Y177T mutation comprising an amino acid sequence having at least
80% sequence identity with SEQ ID NO: 28 that binds a protein associated with a T cell receptor
(TCR) complex; and (c) a third polynucleotide sequence encoding a TCR signaling domain
polypeptide. In some embodiments, the amino acid sequence comprises SEQ ID NO: 28. In some
embodiments, the ligand specifically binds the target antigen. In some embodiments, the ligand is
an ankyrin repeat (DARPin) polypeptide. In some embodiments, the ligand is a single chain
variable fragment (scFv). In some embodiments, the target antigen is a tumor antigen. In some
embodiments, the antigen is a HER-2 antigen. In some embodiments, the antigen is a BCMA
antigen. In some embodiments, the protein associated with a TCR complex is CD3, preferably
CD3e. In some embodiments, the TCR signaling domain polypeptide comprises a transmembrane
domain and a cytosolic domain. In some embodiments, the TCR signaling domain polypeptide
comprises a transmembrane domain and a cytosolic domain of a TCR co-receptor. In some
embodiments, the TCR co-receptor is CD4. In some embodiments, the TCR co-receptor is CD8,
preferably CD8a. In some embodiments, the first polypeptide, the second polypeptide, and the
third polypeptide are directly fused. In some embodiments, the first polypeptide and the second
polypeptide are directly fused, and joined to the third polypeptide by a linker. In some
embodiments, the second polypeptide and the third polypeptide are directly fused, and joined to
the first polypeptide by a linker. In some embodiments, the linker is a peptide linker, preferably a
peptide linker comprising 5 to 30 amino acids, more preferably 5 amino acids, 10 amino acids, or
15 amino acids. In some embodiments, the peptide linker comprises a GuS3 linker. In some
embodiments, the cancer is a solid cancer or a liquid cancer. In some embodiments, the cancer is
a lung cancer, a breast cancer, a colon cancer, multiple myeloma, glioblastoma, gastric cancer,
ovarian cancer, stomach cancer, colorectal cancer, urothelial cancer, endometrial cancer, or a
melanoma.

[0020] Disclosed herein, in some embodiments, are methods of treating a cancer expressing a
HER-2 antigen in an individual in need thereof, comprising administering to the individual an
engineered T cell comprising a nucleic acid sequence encoding an anti-HER-2 Trifunctional T
cell-antigen coupler (anti-HER-2 Tri-TAC) comprising: (a) a first polynucleotide sequence
encoding a ligand that selectively binds the HER-2 antigen; (b) a second polynucleotide sequence
encoding a UCHTT1 ligand with a Y182T mutation comprising an amino acid sequence having at
least 80% sequence identity with SEQ ID NO: 26 that binds a protein associated with a T cell
receptor (TCR) complex; and (c) a third polynucleotide sequence encoding a TCR signaling
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domain polypeptide. In some embodiments, the amino acid sequence comprises SEQ ID NO: 26.
In some embodiments, the ligand specifically binds the HER-2 antigen. In some embodiments,
the ligand is an ankyrin repeat (DARPin) polypeptide. In some embodiments, the protein
associated with a TCR complex is CD3, preferably CD3e. In some embodiments, the TCR
signaling domain polypeptide comprises a transmembrane domain and a cytosolic domain. In
some embodiments, the TCR signaling domain polypeptide comprises a transmembrane domain
and a cytosolic domain of a TCR co-receptor. In some embodiments, the TCR co-receptor is
CD4. In some embodiments, the TCR co-receptor is CD8, preferably CD8a. In some
embodiments, the first polypeptide, the second polypeptide, and the third polypeptide are directly
fused. In some embodiments, the first polypeptide and the second polypeptide are directly fused,
and joined to the third polypeptide by a linker. In some embodiments, the second polypeptide and
the third polypeptide are directly fused, and joined to the first polypeptide by a linker. In some
embodiments, the linker is a peptide linker, preferably a peptide linker comprising 5 to 30 amino
acids, more preferably 5 amino acids, 10 amino acids, or 15 amino acids. In some embodiments,
the peptide linker comprises a G4Ss linker. In some embodiments, the cancer is a solid cancer or
a liquid cancer. In some embodiments, the cancer is a lung cancer, a breast cancer, multiple
myeloma, glioblastoma, gastric cancer, ovarian cancer, stomach cancer, colorectal cancer,
urothelial cancer, endometrial cancer, or a colon cancer.

[0021] Disclosed herein, in some embodiments, are methods of treating a cancer expressing a
HER-2 antigen in an individual in need thereof, comprising administering to the individual an
engineered T cell comprising a nucleic acid sequence encoding an anti-HER-2 Trifunctional T
cell-antigen coupler (anti-HER-2 Tri-TAC) comprising: (a) a first polynucleotide sequence
encoding a ligand that selectively binds the HER-2 antigen; (b) a second polynucleotide sequence
encoding a humanized variant of UCHT1 (huUCHT1) ligand comprising an amino acid sequence
having at least 80% sequence identity with SEQ ID NO: 29 that binds a protein associated with a
T cell receptor (TCR) complex; and (c) a third polynucleotide sequence encoding a TCR
signaling domain polypeptide. In some embodiments, the amino acid sequence comprises SEQ
ID NO: 29. In some embodiments, the ligand specifically binds the HER-2 antigen. In some
embodiments, the ligand is an ankyrin repeat (DARPin) polypeptide. In some embodiments, the
protein associated with a TCR complex is CD3, preferably CD3e. In some embodiments, the
TCR signaling domain polypeptide comprises a transmembrane domain and a cytosolic domain.
In some embodiments, the TCR signaling domain polypeptide comprises a transmembrane
domain and a cytosolic domain of a TCR co-receptor. In some embodiments, the TCR co-

receptor is CD4. In some embodiments, the TCR co-receptor is CDS8, preferably CD8a. In some
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embodiments, the first polypeptide, the second polypeptide, and the third polypeptide are directly
fused. In some embodiments, the first polypeptide and the second polypeptide are directly fused,
and joined to the third polypeptide by a linker. In some embodiments, the second polypeptide and
the third polypeptide are directly fused, and joined to the first polypeptide by a linker. In some
embodiments, the linker is a peptide linker, preferably a peptide linker comprising 5 to 30 amino
acids, more preferably 5 amino acids, 10 amino acids, or 15 amino acids. In some embodiments,
the peptide linker comprises a G4Ss linker. In some embodiments, the cancer is a solid cancer or
a liquid cancer. In some embodiments, the cancer is a lung cancer, a breast cancer, multiple
myeloma, glioblastoma, gastric cancer, ovarian cancer, stomach cancer, colorectal cancer,
urothelial cancer, endometrial cancer, or a colon cancer.

[0022] Disclosed herein, in some embodiments, are methods of treating a cancer expressing a
HER-2 antigen in an individual in need thereof, comprising administering to the individual an
engineered T cell comprising a nucleic acid sequence encoding an anti-HER-2 Trifunctional T
cell-antigen coupler (anti-HER-2 Tri-TAC) comprising: (a) a first polynucleotide sequence
encoding a ligand that selectively binds the HER-2 antigen; (b) a second polynucleotide sequence
encoding a humanized variant of UCHT1 (huUCHT1) ligand with a Y177T mutation comprising
an amino acid sequence having at least 80% sequence identity with SEQ ID NO: 28 that binds a
protein associated with a T cell receptor (TCR) complex; and (c) a third polynucleotide sequence
encoding a TCR signaling domain polypeptide. In some embodiments, the amino acid sequence
comprises SEQ ID NO: 28. In some embodiments, the ligand specifically binds the HER-2
antigen. In some embodiments, the ligand is an ankyrin repeat (DARPin) polypeptide. In some
embodiments, the protein associated with a TCR complex is CD3, preferably CD3e. In some
embodiments, the TCR signaling domain polypeptide comprises a transmembrane domain and a
cytosolic domain. In some embodiments, the TCR signaling domain polypeptide comprises a
transmembrane domain and a cytosolic domain of a TCR co-receptor. In some embodiments, the
TCR co-receptor is CD4. In some embodiments, the TCR co-receptor is CDS, preferably CD8a.
In some embodiments, the first polypeptide, the second polypeptide, and the third polypeptide are
directly fused. In some embodiments, the first polypeptide and the second polypeptide are
directly fused, and joined to the third polypeptide by a linker. In some embodiments, the second
polypeptide and the third polypeptide are directly fused, and joined to the first polypeptide by a
linker. In some embodiments, the linker is a peptide linker, preferably a peptide linker
comprising 5 to 30 amino acids, more preferably 5 amino acids, 10 amino acids, or 15 amino
acids. In some embodiments, the peptide linker comprises a G4Sz linker. In some embodiments,

the cancer is a solid cancer or a liquid cancer. In some embodiments, the cancer is a lung cancer,
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a breast cancer, multiple myeloma, glioblastoma, gastric cancer, ovarian cancer, stomach cancer,
colorectal cancer, urothelial cancer, endometrial cancer, or a colon cancer.

[0023] Disclosed herein, in some embodiments, are methods of treating a cancer expressing a
BCMA antigen in an individual in need thereof, comprising administering to the individual an
engineered T cell comprising a nucleic acid sequence encoding an anti-BCMA Trifunctional T
cell-antigen coupler (anti-BCMA Tri-TAC) comprising: (a) a first polynucleotide sequence
encoding a ligand that selectively binds the BCMA antigen; (b) a second polynucleotide
sequence encoding a UCHT1 ligand with a Y182T mutation comprising an amino acid sequence
having at least 80% sequence identity with SEQ ID NO: 26 that binds a protein associated with a
T cell receptor (TCR) complex; and (c) a third polynucleotide sequence encoding a TCR
signaling domain polypeptide. In some embodiments, the amino acid sequence comprises SEQ
ID NO: 26. In some embodiments, the ligand specifically binds the BCMA antigen. In some
embodiments, the ligand is a single chain variable fragment (scFv). In some embodiments, the
protein associated with a TCR complex is CD3, preferably CD3e. In some embodiments, the
TCR signaling domain polypeptide comprises a transmembrane domain and a cytosolic domain.
In some embodiments, the TCR signaling domain polypeptide comprises a transmembrane
domain and a cytosolic domain of a TCR co-receptor. In some embodiments, the TCR co-
receptor is CD4. In some embodiments, the TCR co-receptor is CDS8, preferably CD8a. In some
embodiments, the first polypeptide, the second polypeptide, and the third polypeptide are directly
fused. In some embodiments, the first polypeptide and the second polypeptide are directly fused,
and joined to the third polypeptide by a linker. In some embodiments, the second polypeptide and
the third polypeptide are directly fused, and joined to the first polypeptide by a linker. In some
embodiments, the linker is a peptide linker, preferably a peptide linker comprising 5 to 30 amino
acids, more preferably 5 amino acids, 10 amino acids, or 15 amino acids. In some embodiments,
the peptide linker comprises a G4Ss linker. In some embodiments, the cancer is a solid cancer or
a liquid cancer. In some embodiments, the cancer is a multiple myeloma.

[0024] Disclosed herein, in some embodiments, are methods of treating a cancer expressing a
BCMA antigen in an individual in need thereof, comprising administering to the individual an
engineered T cell comprising a nucleic acid sequence encoding an anti-BCMA Trifunctional T
cell-antigen coupler (anti-BCMA Tri-TAC) comprising: (a) a first polynucleotide sequence
encoding a ligand that selectively binds the BCMA antigen; (b) a second polynucleotide
sequence encoding a humanized variant of UCHT1 (huUCHT1) ligand comprising an amino acid
sequence having at least 80% sequence identity with SEQ ID NO: 29 that binds a protein

associated with a T cell receptor (TCR) complex; and (c¢) a third polynucleotide sequence
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encoding a TCR signaling domain polypeptide. In some embodiments, the amino acid sequence
comprises SEQ ID NO: 29. In some embodiments, the ligand specifically binds the BCMA
antigen. In some embodiments, the ligand is a single chain variable fragment (scFv). In some
embodiments, the protein associated with a TCR complex is CD3, preferably CD3e. In some
embodiments, the TCR signaling domain polypeptide comprises a transmembrane domain and a
cytosolic domain. In some embodiments, the TCR signaling domain polypeptide comprises a
transmembrane domain and a cytosolic domain of a TCR co-receptor. In some embodiments, the
TCR co-receptor is CD4. In some embodiments, the TCR co-receptor is CDS, preferably CD8a.
In some embodiments, the first polypeptide, the second polypeptide, and the third polypeptide are
directly fused. In some embodiments, the first polypeptide and the second polypeptide are
directly fused, and joined to the third polypeptide by a linker. In some embodiments, the second
polypeptide and the third polypeptide are directly fused, and joined to the first polypeptide by a
linker. In some embodiments, the linker is a peptide linker, preferably a peptide linker
comprising 5 to 30 amino acids, more preferably 5 amino acids, 10 amino acids, or 15 amino
acids. In some embodiments, the peptide linker comprises a G4S3 linker. In some embodiments,
the cancer is a solid cancer or a liquid cancer. In some embodiments, the cancer is a multiple
myeloma.

[0025] Disclosed herein, in some embodiments, are methods of treating a cancer expressing a
BCMA antigen in an individual in need thereof, comprising administering to the individual an
engineered T cell comprising a nucleic acid sequence encoding an anti-BCMA Trifunctional T
cell-antigen coupler (anti-BCMA Tri-TAC) comprising: (a) a first polynucleotide sequence
encoding a ligand that selectively binds the BCMA antigen; (b) a second polynucleotide
sequence encoding a humanized variant of UCHT1 (huUCHT1) ligand with a Y177T mutation
comprising an amino acid sequence having at least 80% sequence identity with SEQ ID NO: 28
that binds a protein associated with a T cell receptor (TCR) complex; and (c¢) a third
polynucleotide sequence encoding a TCR signaling domain polypeptide. In some embodiments,
the amino acid sequence comprises SEQ ID NO: 28. In some embodiments, the ligand
specifically binds the BCMA antigen. In some embodiments, the ligand is a single chain variable
fragment (scFv). In some embodiments, the protein associated with a TCR complex is CD3,
preferably CD3e. In some embodiments, the TCR signaling domain polypeptide comprises a
transmembrane domain and a cytosolic domain. In some embodiments, the TCR signaling
domain polypeptide comprises a transmembrane domain and a cytosolic domain of a TCR co-
receptor. In some embodiments, the TCR co-receptor is CD4. In some embodiments, the TCR

co-receptor is CD8, preferably CD8a. In some embodiments, the first polypeptide, the second
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polypeptide, and the third polypeptide are directly fused. In some embodiments, the first
polypeptide and the second polypeptide are directly fused, and joined to the third polypeptide by
a linker. In some embodiments, the second polypeptide and the third polypeptide are directly
fused, and joined to the first polypeptide by a linker. In some embodiments, the linker is a
peptide linker, preferably a peptide linker comprising 5 to 30 amino acids, more preferably 5
amino acids, 10 amino acids, or 15 amino acids. In some embodiments, the peptide linker
comprises a Ga4S3 linker. In some embodiments, the cancer is a solid cancer or a liquid cancer. In

some embodiments, the cancer is a multiple myeloma.

BRIEF DESCRIPTION OF THE DRAWINGS
[0026] The novel features of the invention are set forth with particularity in the appended claims.
A better understanding of the features and advantages of the present invention will be obtained
by reference to the following detailed description that sets forth illustrative embodiments, in
which the principles of the invention are utilized, and the accompanying drawings of which:
[0027] Fig. 1A is a schematic of natural T-cell activation. Fig. 1B is a schematic of CAR based
T-cell activation. Fig. 1C is a schematic of a trifunctional-T cell-antigen coupler (Tri-TAC)
based T cell activation.
[0028] Fig. 2A is a schematic of a Tri-TAC molecule with a generic antigen binding domain.
Fig. 2B is a schematic of a Tri-TAC molecule with the Anti-HER-2 DARPin antigen binding
domain. Fig. 2C is a schematic of a Tri-TAC molecule with the Anti-BCMA scFv antigen
binding domain.
[0029] Fig. 3A-Fig. 3B exemplifies T cells engineered with a Tri-TAC or a CD28-based CAR
directed against HER-2 using a DARPin. Fig. 3A exemplifies the surface expression of the Tri-
TAC and CAR compared to T cells that express no chimeric receptor. Fig. 3B exemplifies
growth of 3 cell populations.
[0030] Fig. 4A-Fig. 4B exemplifies receptor surface expression and activation of various anti-
HER-2 DARPin Tri-TAC controls. T cells were engineered with a Tri-TAC variant that lacks
the targeting element (-DARPin) or a Tri-TAC variant that lacks UCHT1 or the full-length Tri-
TAC. Fig. 4A exemplifies cell surface expression (left), degranulation (middle) and cytokine
production (right) and Fig. 4B exemplifies that only full length anti-HER-2 DARPin Tri-TAC is
able to elicit a cytotoxic response.
[0031] Fig. SA-Fig. SB illustrates the Lck interaction with anti-HER-2 DARPin Tri-TAC
variants. Fig. SA exemplifies the ability of full length TAC and the cytosolic deletion to pull
down Lck and Fig. 5B illustrates a densitometry analysis of Lck detected in the pellets of Fig.
SA.
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[0032] Fig. 6A-Fig. 6B illustrates anti-tumor activity and toxicity of T cells engineered with
either the anti-HER-2 DARPin Tri-TAC or the anti-HER-2 DARPin CD28-based CAR. Mice
bearing established OVCAR-3 tumors were treated with T cells engineered with the anti-HER-2
DARPin Tri-TAC or the anti-HER-2 DARPin CAR. Fig. 6A exemplifies the change in tumor
growth relative to the day of T cell infusion (day 35) and Fig. 6B exemplifies the change in
weight, a measure of toxicity, in the same mice.

[0033] Fig. 7A-Fig. 7C illustrate wild type anti-HER-2 DARPin Tri-TAC compared to a library
of Tri-TAC variants where the UCHT1 sequences were randomly mutagenized at sites predicted
to bind to CD3. Fig. 7A is an exemplary schematic representation of the mutant, Fig. 7B
illustrates a histogram showing surface expression of the library and Fig. 7C illustrates the ability
of the library to activate T cells and produce cytokines.

[0034] Fig. 8A-Fig.8C illustrates a comparison of Anti-HER-2 DARPin Tri-TAC carrying either
the wild type UCHT1 (UCHTIwt) or a mutated UCHT1 (UCHT1A85V/T161P) selected
following a screen of the mutagenized library disclosed in Fig. 7B. Fig. 8A illustrates the
distribution of CD8/CD4 T cells at the end of the manufacturing process. Fig. 8B illustrates the
level of transduction. Fig. 8C exemplifies cytokine production following stimulation with cells
expressing HER-2.

[0035] Fig. 9A-Fig. 9C illustrates the phenotypic and functional analysis of a variety of anti-
HER-2 DARPin Tri-TACs with UCHT1 point mutants that were isolated from the screen in Fig.
7B. Fig. 9A exemplifies surface expression of the anti-HER-2 DARPin Tri-TAC variants in CD4
and CDS8 cells. Fig. 9B illustrates the ability of the Tri-TAC variants to induce expression of T
cell functional indicators following stimulation with SKOV3 cells that express HER-2. Fig. 9C
illustrates the ability of the Tri-TAC variants to express cytotoxicity against SKOV3 cells.

[0036] Fig. 10 exemplifies the results of an analysis for enrichment of specific amino acids
following selection of the randomly mutagenized library. Enrichment was defined by comparing
the sequences of the UCHT1 library post-selection to (i) the original library described in Figure 8
and (ii) the same library after packaging into lentivirus.

[0037] Fig. 11A-Fig. 11C illustrate the sequence alignment of various UCHT1 variants. Fig,
11A is wild type UCHT1 aligned with the UCHT1 Y182T identified through enrichment
analysis. Fig. 11B is wild type UCHT1 aligned with a humanized UCHT1 (huUCHT1). Fig. 11C
1s huUCHT]1 aligned with a huUCHT]1 variant carrying the corresponding mutation from UCHT1
Y182T, named huUCHT1 Y177T.

[0038] Fig. 12 illustrates surface expression of the Y182T/Y177T mutants relative to non-
mutated UCHT1/huUCHT1.
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[0039] Fig. 13 illustrates the growth of T cell cultures engineered with either a control lentivirus
(NGFR) or lentiviruses encoding Tri-TACs carrying the wild type UCHT1, UCHTI1(Y182T),
huUCHT1, or huUCHT1(Y177T).

[0040] Fig. 14 illustrates a cytotoxicity assay comparing T cell cultures engineered with either a
control lentivirus (NGFR) or lentiviruses encoding Tri-TACs carrying the wild type UCHTI,
UCHT1(Y182T), huUCHT1, or huUCHTI1(Y177T). All Tri-TACs were specific for HER-2.
SKOV and A549 are HER-2-positive targets. Raji are HER-2-negative targets.

[0041] Fig. 15A-Fig. 15C illustrate the functionality of T cells engineered with a Tri-TAC
carrying wild type UCHT1 and a Tri-TAC carrying UCHT1(Y182T). Both Tri-TACs carry an
scFv against the myeloma target, BCMA. Fig. 15A exemplifies phenotypic analysis of Tri-TAC
expression. Fig. 15B illustrates cytokine production following co-culture with KMS-11 myeloma
cells (BCMA-positive) or SKOV-3 ovarian cancer cells (BMCA-negative). Fig. 15C illustrates
cytotoxicity triggered by the 2 Tri-TACs following co-culture with KMS-11 or SKOV-3.

[0042] Fig. 16 illustrates anti-myeloma activity of T cells engineered with BCMA-specific Tri-
TACs carrying either wild type UCHT1 or UCHTI1(Y182T). Mice bearing the KMS-11
myeloma were treated with T cells engineered to express NGFR, Tri-TAC with wild type
UCHT1 or Tri-TAC with UCHT1(Y182T). Tumor growth was monitored by bioluminescence,
which is reported in the figure. Control T cells were engineered with a lentivirus without a
chimeric receptor.

[0043] Fig. 17 illustrates anti-tumor activity of T cells engineered with either the anti-HER-2
DARPin Tri-TAC carrying huUCHT1 or huUCHTI(Y177T). Mice bearing established
OVCAR-3 tumors were treated with T cells engineered with a control Tri-TAC that has no tumor
binding domain (panels A and D), the anti-HER-2 DARPin Tri-TAC with huUCHT1 (panels B
and E) or the anti-HER-2 DARPin Tri-TAC with huUCHT1(Y177T) (panels C and F). The Y-
axes represent the change in tumor growth relative to the day of T cell infusion. The X-axes
represent the time relative to the day of T cell infusion. T cell products were produced from two
different donors.

[0044] Fig. 18 is a nucleotide sequence of huUCHTTI (SEQ ID NO: 31).

DETAILED DESCRIPTION
[0045] Cancer is a major health challenge, with over 150,000 cases of cancer expected to be
diagnosed in Canada in 2013 alone. While patients with early stage disease can be treated
effectively by conventional therapies (surgery, radiation, chemotherapy), few options are

available to patients with advanced disease and those options are typically palliative in nature.
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[0046] Active immunotherapy seeks to employ the patient’s immune system to clear tumor
deposits and offers an exciting option to patients who have failed conventional therapies.
Generally, this treatment involves infusing patients with large numbers of tumor-specific T cells.
This approach has proven to be successful in early phase clinical trials for a number of diseases,
including melanoma, myeloma, leukemia, lymphoma and synovial sarcoma. As a specific
example, several clinical studies have demonstrated that immunotherapy with T cells can be
curative in patients with advanced melanoma, confirming the utility of this approach.
Additionally, patients suffering from chronic lymphocytic leukemia (CLL) and acute
lymphoblastic leukemia (ALL) have also been effectively treated and cured with T cell
immunotherapy.

[0047] A key challenge facing the clinical application of adoptive T cell therapy is the source of
the T cells. Typically, T cells isolated from a tumor-bearing patient are grown to large numbers
ex vivo and are administered back into the patient to induce a robust anti-tumor immune
response. Tumor specificity can be achieved by either: (i) isolating naturally occurring tumor-
specific T cells from the patient; or (ii) engineering bulk T cells from the peripheral blood to
express tumor-specific receptors. Naturally occurring tumor-specific T cells are rare and isolating
such cells in therapeutic quantities from cancer patients is a laborious and costly procedure. In
contrast, it is becoming more efficient to engineer readily available peripheral T cells with tumor-
specific receptors through genetic manipulation. Techniques have been developed for this
engineering process which are clinically viable, and several clinical trials have demonstrated the
feasibility and efficacy of genetically-engineered T cells for the treatment of cancer.

[0048] To this point, most engineered T cell therapies involving genetic modification of the T
cells yield: (1) forced expression of T cell receptor (TCR); or (ii) a chimeric antigen receptor
(CAR) specific for antigen targets on the tumor. To date, the chimeric antigen receptors used for
engineering T cells consist of: (i) a targeting domain, usually a single-chain fragment variable
(scFv). (i1) a transmembrane domain; and (iii) a cytosolic domain that contains signaling
elements from the T cell receptor and associated proteins. Such chimeric antigen receptors have
also been referred to as “T-body” or “Chimeric Immune Receptor” (CIR), but currently, most
researchers use the term “CAR”. One advantage of the CAR approach is that it allows any
patient’s immune cells to be targeted against any desirable target in a major histocompatibility
complex (MHC) independent manner. This is appealing as MHC presentation is often defective
in tumor cells.

[0049] CARs are considered in modular terms and scientists have spent considerable time

investigating the influence of different cytoplasmic signaling domains on CAR function.
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Conventional CARs generally share two main components: (i) the CD3 zeta cytoplasmic domain,
which contains immunotyrosine activation motifs critical for T cell activation; and (ii)
components of costimulatory receptors that trigger important survival pathways such as the Akt
pathway. The first-generation CARs employed a single signaling domain from either CD3( or
FceRlIy.

[0050] Second-generation CARs combined the signaling domain of CD3 { with the cytoplasmic
domain of costimulatory receptors from either the CD28 or TNFR family of receptors. Most
CAR-engineered T cells that are currently being tested in the clinic employ second-generation
CARs where CD3 ( is coupled to the cytoplasmic domain of either CD28 or CD137. These
second generation CARs have demonstrated anti-tumor activity in CD19-positive tumors. Third-
generation CARs combined multiple costimulatory domains, but there is concern that third-
generation CARs may lose antigen-specificity.

[0051] While CAR-engineered T cells have shown considerable promise in clinical application,
they rely on a synthetic method for replacing the native activation signal that is provided by the T
cell receptor (TCR). Since this synthetic receptor does not deliver all of the signaling components
associated with the TCR (ex. ITAMs on CD3y, CD39, CD3¢), it remains unclear whether the T
cells are optimally activated by the CAR or how the CAR activation affects T cell differentiation
(ex. progression to memory). Furthermore, since the CAR signaling domains are disconnected
from their natural regulatory partners by the very nature of the CAR structure, there is also an
inherent risk that CARs may lead to a low-level of constitutive activation, which could result in
off-target toxicities. Therefore, the synthetic nature of the prototypic CAR may disrupt canonical
mechanisms to limit TCR action and may underpin the severe toxicity often associated with
therapeutic doses of conventional CAR T cells.

[0052] Given these limitations, it is preferable to re-direct T cells to attack tumors via their
natural TCR. To this end, a class of recombinant proteins termed “Bispecific T-cell Engagers”
(BiTEs) has been created. These proteins employ bispecific antibody fragments to crosslink T-
cell TCR receptors with target antigens. This leads to efficient T-cell activation, triggering
cytotoxicity. Similarly, bi-specific antibodies have been generated that accomplish this goal and
some scientists have simply linked anti-CD3 antibodies to tumor-specific antibodies employing
chemical linkage. While these bi-specific proteins have demonstrated some activity in vitro,
GMP production, short biological half-lives and bioavailability represent significant challenges
to the successful use of these molecules in cancer treatment. Additionally, these molecules also
fail to properly recapitulate natural TCR signaling because they do not engage the TCR co-
receptors (CD8 and CD4).
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[0053] More recently, an alternate chimeric receptor, termed a Trifunctional T cell Antigen
Coupler (Tri-TAC or TAC) receptor, has been developed which employs a distinct biology to
direct the T cell to attack tumors. While the CAR is a fully synthetic receptor that stitches
together components of T cell receptor (TCR) signaling complex, the TAC receptor re-directs the
TCR towards tumor targets and recapitulates the native TCR signaling structure.

[0054] In view of the above, a need remains for chimeric receptors with enhanced activity and
safety compared to traditional CARs and first generation TAC receptors.

Certain terminology

[0055] The term “a cell” as used herein includes a single cell as well as a plurality of cells.

[0056] The term “T cell” as used herein refers to a type of lymphocyte that plays a central role in
cell-mediated immunity. T cells, also referred to as T lymphocytes, can be distinguished from
other lymphocytes, such as B cells and natural killer cells, by the presence of a T-cell receptor
(TCR) on the cell surface. There are several subsets of T cells with distinct functions, including
but not limited to, T helper cells, cytotoxic T cells, memory T cells, regulatory T cells and natural
killer T cells.

[0057] The term “T cell antigen coupler” or TAC is used interchangeably with “trifunctional T
cell antigen coupler” or Tri-TAC and refers to an engineered nucleic acid construct or
polypeptide, that when expressed on a T cell, helps to facilitate the targeting of the T cell to a
particular antigen.

[0058] The term “polynucleotide” and/or “nucleic acid sequence” and/or “nucleic acid” as used
herein refers to a sequence of nucleoside or nucleotide monomers consisting of bases, sugars and
intersugar (backbone) linkages. The term also includes modified or substituted sequences
comprising non-naturally occurring monomers or portions thereof. The nucleic acid sequences of
the present application may be deoxyribonucleic acid sequences (DNA) or ribonucleic acid
sequences (RNA) and may include naturally occurring bases including adenine, guanine,
cytosine, thymidine and uracil. The sequences may also contain modified bases. Examples of
such modified bases include aza and deaza adenine, guanine, cytosine, thymidine and uracil; and
xanthine and hypoxanthine. The nucleic acids of the present disclosure may be isolated from
biological organisms, formed by laboratory methods of genetic recombination or obtained by
chemical synthesis or other known protocols for creating nucleic acids.

[0059] The term “isolated polynucleotide™ or “isolated nucleic acid sequence” as used herein
refers to a nucleic acid substantially free of cellular material or culture medium when produced
by recombinant DNA techniques, or chemical precursors, or other chemicals when chemically

synthesized. An isolated nucleic acid is also substantially free of sequences which naturally flank
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the nucleic acid (i.e. sequences located at the 5’ and 3’ ends of the nucleic acid) from which the
nucleic acid is derived. The term “nucleic acid” is intended to include DNA and RNA and can be
either double stranded or single stranded, and represents the sense or antisense strand. Further,
the term “nucleic acid” includes the complementary nucleic acid sequences.

[0060] The term “recombinant nucleic acid” or “engineered nucleic acid” as used herein refers to
a nucleic acid or polynucleotide that is not found in a biological organism. For example,
recombinant nucleic acids may be formed by laboratory methods of genetic recombination (such
as molecular cloning) to create sequences that would not otherwise be found in nature.
Recombinant nucleic acids may also be created by chemical synthesis or other known protocols
for creating nucleic acids.

[0061] The term “polypeptide™ or “protein” as used herein describes a chain of amino acids that
correspond to those encoded by a nucleic acid. A polypeptide or protein of this disclosure can be
a peptide, which usually describes a chain of amino acids of from two to about 30 amino acids.
The term protein as used herein also describes a chain of amino acids having more than 30 amino
acids and can be a fragment or domain of a protein or a full length protein. Furthermore, as used
herein, the term protein can refer to a linear chain of amino acids or it can refer to a chain of
amino acids that has been processed and folded into a functional protein. It is understood,
however, that 30 is an arbitrary number with regard to distinguishing peptides and proteins and
the terms can be used interchangeably for a chain of amino acids. The proteins of the present
disclosure can be obtained by isolation and purification of the proteins from cells where they are
produced naturally, by enzymatic (e.g., proteolytic) cleavage, and/or recombinantly by
expression of nucleic acid encoding the proteins or fragments of this disclosure. The proteins
and/or fragments of this disclosure can also be obtained by chemical synthesis or other known
protocols for producing proteins and fragments.

[0062] The term “isolated polypeptide” refers to a polypeptide substantially free of cellular
material or culture medium when produced by recombinant DNA techniques, or chemical
precursors or other chemicals when chemically synthesized.

[0063] The term "antibody" as used herein is intended to include monoclonal antibodies,
polyclonal antibodies, single chain antibodies, chimeric antibodies and antibody fusions. The
antibody may be from recombinant sources and/or produced in transgenic animals. The term
"antibody fragment" as used herein is intended to include without limitations Fab, Fab', F(ab'),,
scFv, dsFv, ds-scFv, dimers, minibodies, diabodies, and multimers thereof, multispecific

antibody fragments and Domain Antibodies.
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[0064] The term “vector” as used herein refers to a polynucleotide that can be used to deliver a
nucleic acid to the inside of a cell. In one embodiment, a vector is an expression vector
comprising expression control sequences (for example, a promoter) operatively linked to a
nucleic acid to be expressed in a cell. Vectors known in the art include, but are not limited to,
plasmids, phages, cosmids and viruses.

[0065] The term "tumor antigen" or "tumor associated antigen" as used herein refers to an
antigenic substance produced in tumor cells that triggers an immune response in a host (e.g.
which can be represented by MHC complexes).

[0066] The term “T cell receptor” or TCR as used herein refers to a complex of integral
membrane proteins that participates in the activation of T cells in response to the binding of an
antigen. The TCR is a disulfide-linked membrane-anchored heterodimer normally consisting of
the highly variable alpha (o)) and beta () chains expressed as part of a complex with the invariant
CD3 (cluster of differentiation 3) chain molecules. T cells expressing this receptor are referred to
as a:f (or af) T cells, though a minority of T cells express an alternate receptor, formed by
variable gamma (y) and delta (6) chains, referred as y& T cells. CD3 is a protein complex
composed of four distinct chains. In mammals, the complex contains a CD3y chain, a CD36
chain, two CD3e chains and two CD3( chains.

[0067] As used herein, the term “transmembrane and cytoplasmic domain™ refers to a
polypeptide that may include, but is not limited to, protein domains that (a) associate with the
lipid raft and/or (b) bind Lck. As used herein, “protein domain™ refers to a conserved part of a
given protein sequence structure that functions and exists independently of the rest of the protein
chain.

[0068] A “TCR co-receptor” as used herein, refers to a molecule that assists the T cell receptor
(TCR) in communicating with an antigen-presenting cell. Examples of TCR co-receptors include,
but are not limited to, CD4, CDS8, CD5, CD9, and CD22.

[0069] A “TCR co-stimulator” as used herein, refers to a molecule that enhances the response of
a T cell to an antigen. Examples of TCR co-stimulators include, but are not limited to, ICOS,
CD27, CD28, 4-1BB (CD 137), 0OX40 (CD134), CD30, CD40, lymphocyte fiction-associated
antigen 1 (LFA-1), CD2, CD7, LIGHT, NKG2C, B7-H3, and a ligand that specifically binds
CDS83.

[0070] A “TCR co-inhibitor™ as used herein, refers to a molecule that inhibits the response of a T
cell to an antigen (also known as a checkpoint receptor). Examples of TCR co-stimulators

include, but are not limited to, PD-1, TIM3, LAG-3, TIGIT, BTLA, CD160, and CD37.
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[0071] The terms “recipient”, “individual”, “subject”, “host”, and “patient”, are used
interchangeably herein and in some cases, refer to any mammalian subject for whom diagnosis,
treatment, or therapy is desired, particularly humans. "Mammal" for purposes of treatment refers
to any animal classified as a mammal, including humans, domestic and farm animals, and
laboratory, zoo, sports, or pet animals, such as dogs, horses, cats, cows, sheep, goats, pigs, mice,
rats, rabbits, guinea pigs, monkeys etc. In some embodiments, the mammal is human.

[0072] As used herein, the terms "treatment," "treating," and the like, in some cases, refer to
administering an agent, or carrying out a procedure, for the purposes of obtaining an effect. The
effect may be prophylactic in terms of completely or partially preventing a disease or symptom
thereof and/or may be therapeutic in terms of effecting a partial or complete cure for a disease
and/or symptoms of the disease. "Treatment," as used herein, may include treatment of a disease
or disorder (e.g. cancer) in a mammal, particularly in a human, and includes: (a) preventing the
disease or a symptom of a disease from occurring in a subject which may be predisposed to the
disease but has not yet been diagnosed as having it (e.g., including diseases that may be
associated with or caused by a primary disease; (b) inhibiting the disease, i.e., arresting its
development; and (c) relieving the disease, i.e., causing regression of the disease. Treating may
refer to any indicia of success in the treatment or amelioration or prevention of a cancer,
including any objective or subjective parameter such as abatement; remission; diminishing of
symptoms or making the disease condition more tolerable to the patient; slowing in the rate of
degeneration or decline; or making the final point of degeneration less debilitating. The
treatment or amelioration of symptoms is based on one or more objective or subjective
parameters; including the results of an examination by a physician. Accordingly, the term
"treating” includes the administration of the compounds or agents of the present invention to
prevent or delay, to alleviate, or to arrest or inhibit development of the symptoms or conditions
associated with diseases (e.g. cancer). The term "therapeutic effect" refers to the reduction,
elimination, or prevention of the disease, symptoms of the disease, or side effects of the disease
in the subject.

[0073] As used herein, singular forms “a”, “and,” and “the” include plural referents unless the
context clearly indicates otherwise. Thus, for example, reference to “an antibody” includes a
plurality of antibodies and reference to “an antibody™ in some embodiments includes multiple
antibodies, and so forth.

[0074] As used herein, all numerical values or numerical ranges include whole integers within or
encompassing such ranges and fractions of the values or the integers within or encompassing

ranges unless the context clearly indicates otherwise. Thus, for example, reference to a range of
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90-100%, includes 91%, 92%, 93%, 94%, 95%, 95%, 97%, etc., as well as 91.1%, 91.2%,
91.3%, 91.4%, 91.5%, etc., 92.1%, 92.2%, 92.3%, 92.4%, 92.5%, etc., and so forth. In another
example, reference to a range of 1-5,000 fold includes 1, 2, 3, 4, 5, 6, 7, 8,9, 10, 11, 12, 13, 14,
15,16, 17, 18, 19, 20, fold, etc., as well as 1.1, 1.2, 1.3, 1.4, 1.5, fold, etc., 2.1, 2.2, 2.3, 2.4, 2.5,
fold, etc., and so forth.

[0075] “About” a number, as used herein, refers to range including the number and ranging from
10% below that number to 10% above that number. “About” a range refers to 10% below the
lower limit of the range, spanning to 10% above the upper limit of the range.

[0076] Percent (%) identity” refers to the extent to which two sequences (nucleotide or amino
acid) have the same residue at the same positions in an alignment. For example, “an amino acid
sequence is X% identical to SEQ ID NO: Y” refers to % identity of the amino acid sequence to
SEQ ID NO:Y and is elaborated as X% of residues in the amino acid sequence are identical to
the residues of sequence disclosed in SEQ ID NO: Y. Generally, computer programs are
employed for such calculations. Exemplary programs that compare and align pairs of sequences,
include ALIGN (Myers and Miller, 1988), FASTA (Pearson and Lipman, 1988; Pearson, 1990)
and gapped BLAST (Altschul et al., 1997), BLASTP, BLASTN, or GCG (Devereux et al., 1984).
[0077] As used herein, the term “selective binding” refers to the extent to which a protein (e.g.
target-binding ligand of TAC) binds its target antigen (e.g. HER-2 or BCMA) rather than other

antigens.

T cell-antigen coupler (TAC)

[0078] Disclosed herein, in some embodiments, are nucleic acids encoding Trifunctional T cell-
antigen coupler (Tri-TAC) that activate natural signaling through the T-cell receptor (TCR),
while retaining MHC unrestricted targeting.

[0079] Disclosed herein, in some embodiments, are nucleic acid encoding a Trifunctional T cell-
antigen coupler (Tri-TAC or TAC) comprising: (a) a first polynucleotide sequence encoding a
ligand that selectively binds a target antigen; (b) a second polynucleotide sequence encoding a
murine UCHT1 (muUCHT1) ligand with a Y182T mutation comprising an amino acid sequence
having at least 70% sequence identity with SEQ ID NO: 26 that binds a protein associated with a
T cell receptor (TCR) complex; and (c) a third polynucleotide sequence encoding a TCR
signaling domain polypeptide. In some instances, the ligand specifically binds the target antigen.
In some instances, the second polynucleotide sequence encoding a muUCHT]1 ligand with a
Y182T mutation comprises an amino acid sequence having at least 75% sequence identity with

SEQ ID NO: 26. In some instances, the second polynucleotide sequence encoding a muUCHT]1
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ligand with a Y182T mutation comprises an amino acid sequence having at least 80% sequence
identity with SEQ ID NO: 26. In some instances, the second polynucleotide sequence encoding a
muUCHT]1 ligand with a Y182T mutation comprises an amino acid sequence having at least 85%
sequence identity with SEQ ID NO: 26. In some instances, the second polynucleotide sequence
encoding a muUCHT] ligand with a Y182T mutation comprises an amino acid sequence having
at least 90% sequence identity with SEQ ID NO: 26. In some instances, the second
polynucleotide sequence encoding a muUCHT]1 ligand with a Y182T mutation comprises an
amino acid sequence having at least 95% sequence identity with SEQ ID NO: 26. In some
instances, the second polynucleotide sequence encoding a muUCHT]1 ligand with a Y182T
mutation comprises an amino acid sequence of SEQ ID NO: 26. In some instances, the percent
sequence identity of the second polypeptide sequence encoding a muUCHTI1 ligand with a
Y182T mutation with SEQ ID NO: 26 refers to amino acids other than the Y182T mutation.
[0080] Disclosed herein, in some embodiments are nucleic acid encoding a Trifunctional T cell-
antigen coupler (Tri-TAC or TAC) comprising: (a) a first polynucleotide sequence encoding a
ligand that selectively binds a target antigen; (b) a second polynucleotide sequence encoding a
humanized UCHT1 (huUCHT1) ligand comprising an amino acid sequence having at least 70%
sequence identity with SEQ ID NO: 29 that binds a protein associated with a T cell receptor
(TCR) complex; and (c) a third polynucleotide sequence encoding a TCR signaling domain
polypeptide. In some instances, the ligand specifically binds the target antigen. In some
instances, the second polynucleotide sequence encoding a huUCHT1 ligand comprises an amino
acid sequence having at least 75% sequence identity with SEQ ID NO: 29. In some instances, the
second polynucleotide sequence encoding a huUCHT]1 ligand comprises an amino acid sequence
having at least 80% sequence identity with SEQ ID NO: 29. In some instances, the second
polynucleotide sequence encoding a huUCHT1 ligand comprises an amino acid sequence having
at least 85% sequence identity with SEQ ID NO: 29. In some instances, the second
polynucleotide sequence encoding a huUCHT1 ligand comprises an amino acid sequence having
at least 90% sequence identity with SEQ ID NO: 29. In some instances, the second
polynucleotide sequence encoding a huUCHT1 ligand comprises an amino acid sequence having
at least 95% sequence identity with SEQ ID NO: 29. In some instances, the second
polynucleotide sequence encoding a huUCHT1 ligand comprises an amino acid sequence of SEQ
ID NO: 29.

[0081] Disclosed herein, in some embodiments are nucleic acid encoding a Trifunctional T cell-
antigen coupler (Tri-TAC or TAC) comprising: (a) a first polynucleotide sequence encoding a

ligand that selectively binds a target antigen; (b) a second polynucleotide sequence encoding a
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humanized UCHT1 (huUCHT1) ligand with a Y177T mutation comprising an amino acid
sequence having at least 70% sequence identity with SEQ ID NO: 28 that binds a protein
associated with a T cell receptor (TCR) complex; and (c¢) a third polynucleotide sequence
encoding a TCR signaling domain polypeptide. In some instances, the ligand specifically binds
the target antigen. In some instances, the second polynucleotide sequence encoding a huUCHT1
ligand with a Y177T mutation comprises an amino acid sequence having at least 75% sequence
identity with SEQ ID NO: 28. In some instances, the second polynucleotide sequence encoding a
huUCHT]1 ligand with a Y177T mutation comprises an amino acid sequence having at least 80%
sequence identity with SEQ ID NO: 28. In some instances, the second polynucleotide sequence
encoding a huUCHT]1 ligand with a Y177T mutation comprises an amino acid sequence having
at least 85% sequence identity with SEQ ID NO: 28 In some instances, the second
polynucleotide sequence encoding a huUCHT]I ligand with a Y177T mutation comprises an
amino acid sequence having at least 90% sequence identity with SEQ ID NO: 28. In some
instances, the second polynucleotide sequence encoding a huUCHT1 ligand with a Y177T
mutation comprises an amino acid sequence having at least 95% sequence identity with SEQ ID
NO: 28. In some instances, the second polynucleotide sequence encoding a huUCHT1 ligand
with a Y177T mutation comprises an amino acid sequence of SEQ ID NO: 28. In some instances,
the percent sequence identity of the second polypeptide sequence encoding a huUCHT1 ligand
with a Y177T mutation with SEQ ID NO: 28 refers to amino acids other than the Y177T
mutation.

[0082] In some embodiments, the ligand that selectively binds a target antigen (or a target-
specific ligand) directs the T cell-antigen coupler (TAC) to a target cell. In some instances, the
target-specific ligand is referred to as an antigen binding domain. In some instances, a target-
specific ligand refers to any substance that binds, directly or indirectly, to a target cell. In some
embodiments, the target specific ligand binds to an antigen (protein produced by a cell that can
elicit an immune response) on the target cell. In some instances, the target-specific ligands
include, but are not limited to, antibodies and fragments thereof, for example single chain
antibodies such as single-chain antibodies (scFvs), single domain antibodies, peptides,
peptidomimetics, proteins, glycoproteins, or proteoglycans that bind to the target cell and/or
antigen. In some instances, the target-specific ligands include, but are not limited to, designed
ankyrin repeat proteins (DARPins), lectins, knottins, centryrins, anticalins, or naturally occurring
ligands for the tumor antigen, such as growth factors, enzyme substrates, receptors or binding
proteins. In some instances, target specific ligands include non-protein compounds that bind to

target cells and/or antigens, including but not limited to carbohydrates, lipids, nucleic acids, or
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small molecules. In some instances, a target-specific ligand is a designed ankyrin repeat
(DARPin) targeted to a specific cell and/or antigen. In some instances, the target-specific ligand
is a DARPin that selectively binds a HER-2 (erbB-2) antigen. In some instances, the target-
specific ligand is a DARPin that specifically binds a HER-2 (erbB-2) antigen. In some instances,
the DARPIn targeted to HER-2 (erb-2) comprises SEQ ID NO: 7 and SEQ ID NO: 8. In some
instances, the target-specific ligand is a single-chain antibody (scFv) targeted to a specific cell
and/or antigen. In some instances, the target-specific ligand is a scFv that selectively binds
BCMA. In some instances, the target-specific ligand is a scFv that specifically binds BCMA. In
some instances, the scFv that binds BCMA comprises SEQ ID NO: 21 and SEQ ID NO: 22,
[0083] In some instances, a target cell is a cell associated with a disease state, including, but not
limited to cancer. In some embodiments, a target cell is a tumor cell. In some instances, a target-
specific ligand can bind to a tumor antigen or tumor associated antigen on a tumor cell. In some
instances, the target antigen is a tumor antigen. In some instances, the tumor antigen when
proteinaceous is a sequence of 8 or more amino acids up to the full protein. In some instances,
the tumor antigen is any number of amino acids in between 8 and the full length protein which
comprises at least one antigenic fragment of the full length protein that is represented in a MHC
complex. Examples of tumor antigens include, but are not limited to, HER-2 (erbB-2), B-cell
maturation antigen (BCMA), alphafetoprotein (AFP), carcinoembryonic antigen (CEA), CA-125,
MUC-1, epithelial tumor antigen (ETA), tyrosinase, melanoma-associated antigen (MAGE),
prostate-specific antigen (PSA), glioma-associated antigen, P-human chorionic gonadotropin,
thyroglobulin, RAGE-1, MN-CA IX, human telomerase reverse transcriptase, RU1, RU2 (AS),
intestinal carboxyl esterase, mut hsp70-2, M-CSF, prostase, PAP, NY-ESO-1, LAGE-1a, p53,
prostein, PSMA, survivin and telomerase, prostate-carcinoma tumor antigen-1 (PCTA-1),
ELF2M, neutrophil elastase, CD22, insulin growth factor (IGF)-I, IGF-II, IGF-I receptor and
mesothelin. In some instances, the tumor antigen is a HER-2 antigen. In some instances, the
HER-2 specific ligand comprises an antigen binding domain of an antibody selected from
Trastuzumab, Pertuzumab, Lapatinib, Neratinib, Ado-trastuzmab Emtansine, Gancotamab,
Margetuximab, Timigutuzumab, and Ertumaxomab. In some instances, the tumor antigen is a
BCMA antigen. In some instances, the BCMA specific ligand comprises an antigen binding
domain of an antibody selected from Belantamab mafodotin, and GSK2857916.

[0084] In some embodiments, the TAC recruits the T-Cell Receptor (TCR) in combination with
co-receptor stimulation. In some instances, the TAC comprises a ligand that binds a protein
associated with the TCR complex. In some instances, the ligand that binds a protein associated

with a TCR complex comprises a substance that binds, directly or indirectly, to a protein of the
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TCR. Proteins associated with the TCR include, but are not limited, to the TCR alpha (o) chain,
TCR beta (B) chain, TCR gamma (y) chain, TCR delta (§) chain, CD3y chain, CD35 chain and
CD3e chains. In some embodiments, a ligand that binds a protein associated with the TCR
complex is an antibody to the TCR alpha (o) chain, TCR beta () chain, TCR gamma (y) chain,
TCR delta (8) chain, CD3y chain, CD36 chain and/or CD3¢ chain. In some instances, the protein
associated with a TCR complex is CD3. In some instances, the protein associated with a TCR
complex is CD3e. In some embodiments, the ligand is an antibody or a fragment thereof that
binds CD3. Examples of CD3 antibodies, include, but are not limited to, for muromonab,
otelixizumab, teplizumab and visilizumab. In some embodiments, the antibody that binds CD3 is
a single chain antibody, for example a single-chain antibody (scFv). In some instances, the ligand
that binds to a CD3 is UCHTI. In some instances, the UCHT1 ligand binds CD3e. In some
instances, the UCHT1 ligand is a murine ligand. In some instances, the murine UCHT1 ligand
comprises SEQ ID NOs: 13 and 14. In some instances, the murine UCHT] ligand binds CD3e. In
some instances, the murine UCHT1 ligand with a Y182T mutation binds CD3e. In some
instances, a humanized variant of UCHT1 ligand binds CD3e. In some instances, the humanized
UCHT]1 ligand with a Y177T mutation binds CD3e.

[0085] In some embodiments, the TCR signaling domain polypeptide comprises a
transmembrane domain. In some embodiments, the TCR signaling domain polypeptide comprises
a cytoplasmic domain. In some embodiments, the TCR signaling domain polypeptide comprises
a transmembrane domain and a cytosolic domain. In some instances, the TCR signaling domain
polypeptide comprises a transmembrane domain and/or a cytosolic domain of a TCR co-receptor.
In some instances, the TCR co-receptor is CD4. In some instances, the TCR signaling domain
polypeptide comprises the transmembrane and cytoplasmic domains of the CD4 co-receptor
comprising SEQ ID NO: 17 and 18. In some instances, the TCR co-receptor is CD8. In some
instances, the TCR co-receptor is CD8a. In some instances, the TCR co-receptor is CDS5. In some
instances, the TCR co-receptor is CD9. In some instances, the TCR co-receptor is CDS5. In some
instances, the TCR co-receptor is CD22. In some instances, the TCR signaling domain
polypeptide comprises a transmembrane domain and/or a cytosolic domain of a TCR co-
stimulator. In some instances, the TCR co-stimulator is ICOS. In some instances, the TCR co-
stimulator is CD27. In some instances, the TCR co-stimulator is CD28. In some instances, the
TCR co-stimulator is 4-1BB (CD137). In some instances, the TCR co-stimulator is OX40
(CD134). In some instances, the TCR co-stimulator is CD30. In some instances, the TCR co-
stimulator is CD40. In some instances, the TCR co-stimulator is lymphocyte fiction-associated

antigen 1 (LFA-1). In some instances, the TCR co-stimulator is CD2. In some instances, the TCR
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co-stimulator is CD7. In some instances, the TCR co-stimulator is LIGHT. In some instances, the
TCR co-stimulator is NKG2C. In some instances, the TCR co-stimulator is B7-H3. In some
instances, the TCR co-stimulator is a ligand that specifically binds CD83. In some instances, the
TCR signaling domain polypeptide comprises a transmembrane domain and/or a cytosolic
domain of a TCR co-inhibitor. In some instances, the TCR co-inhibitor is PD-1. In some
instances, the TCR co-inhibitor is TIM3. In some instances, the TCR co-inhibitor is LAG-3. In
some instances, the TCR co-inhibitor is TIGIT. In some instances, the TCR co-inhibitor is
BTLA. In some instances, the TCR co-inhibitor is CD160. In some instances, the TCR co-
inhibitor is CD37. In some embodiments, the TCR signaling domain polypeptide includes both a
cytoplasmic domain and a transmembrane domain of a TCR co-receptor or co-stimulator protein.
In some instances, the cytoplasmic domain and transmembrane domain are from the same co-
receptor or co-stimulator or from different co-receptors or co-stimulators. In some instances, the
cytoplasmic domain and transmembrane domains are optionally joined by a linker. In some
embodiments, the TAC further comprises other polypeptides that directly or indirectly act to
target or activate the T cell.

[0086] In some embodiments, the first polypeptide, the second polypeptide, and the third
polypeptide are directly fused. In some embodiments, the first polypeptide, the second
polypeptide, and the third polypeptide are joined by at least one linker. In some embodiments, the
first polypeptide and the second polypeptide are directly fused, and joined to the third
polypeptide by a linker. In some embodiments, the second polypeptide and the third polypeptide
are directly fused, and joined to the first polypeptide by a linker. In some embodiments, the
linker is a peptide linker. In some embodiments, the peptide linker comprises 1 to 40 amino
acids. In some embodiments, the peptide linker comprises 1 to 30 amino acids. In some
embodiments, the peptide linker comprises 1 to 15 amino acids. In some embodiments, the
peptide linker comprises 1 to 10 amino acids. In some embodiments, the peptide linker comprises
1 to 6 amino acids. In some embodiments, the peptide linker comprises 30 to 40 amino acids. In
some embodiments, the peptide linker comprises 32 to 36 amino acids. In some embodiments,
the peptide linker comprises 5 to 30 amino acids. In some embodiments, the peptide linker
comprises 5 amino acids. In some embodiments, the peptide linker comprises 10 amino acids. In
some embodiments, the peptide linker comprises 15 amino acids. In some embodiments, the
peptide linker comprises 20 amino acids. In some embodiments, the peptide linker comprises 25
amino acids. In some embodiments, the peptide linker comprises 30 amino acids. In some

embodiments, the peptide linker comprises a G4S3 linker. Other examples of linkers that, in
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some instances, are used in the TAC, are peptides corresponding to SEQ ID NOs: 11, 12, 15, 16,
19 and 20 and variants and fragments thereof.
[0087] In some embodiments, the transmembrane and cytoplasmic domains of the CD4 co-
receptor are fused to single-chain antibody that binds CD3. In some instances, a designed
ankyrin repeat (DARPin) is linked to the CD4-UCHT1 chimera to generate a Trifunctional T
cell-antigen coupler (Tri-TAC). In some instances, the Tri-TAC draws the CD3 molecule and the
TCR into regions of lipid rafts and brings Lck into the proximity of the TCR, similar to natural
MHC binding.
[0088] In some instances, T cells engineered with the Tri-TAC demonstrate functionality
equivalent to a conventional CAR in vitro. In some instances, T cells engineered with the Tri-
TAC demonstrate functionality superior to a conventional CAR in vitro. In some instances, the
Tri-TAC offers enhanced safety compared to traditional CARs as no activation domains are part
of the protein.
[0089] In some embodiments, the nucleic acid is a recombinant, or engineered, nucleic acid. In
some embodiments, the first, second and/or third polynucleotides are recombinant, or engineered,
polynucleotides. In some embodiments, the polynucleotides described herein may be modified or
mutated to optimize the function of the encoded polypeptide and/or the function, activity and/or
expression of the T cell antigen coupler.
[0090] In some embodiments, the UCHT1 mutants are generated that have enhanced surface
expression of the TAC (Figures 8, 9, 10, 12). In some instances, the TAC comprises a modified
or mutated ligand that binds the TCR complex, wherein the TAC comprising the modified or
mutated antibody has increased surface expression and/or activity compared to a TAC
comprising a wild type, or non-modified or mutated ligand that binds the TCR complex. An
example of a mutant or modified antibody that binds CD3 is the UCHTI1(Y182T) mutant
disclosed herein (SEQ ID NO: 25 and 26).
[0091] The Tri-TAC is contemplated to be present in various configurations. In some
embodiments, the target specific ligand and the T cell receptor signaling domain polypeptide are
both fused to the ligand that binds the TCR complex. For example, the anti-HER-2 DARPin Tri-
TAC disclosed herein (also referred to as configuration 1; SEQ ID NO: 1 and 2) includes, in
order:

1) the anti-HER-2 Tri-TAC leader sequence (secretion signal) (SEQ ID NO: 5 and 6)

i1) DARPiIn specific for HER-2 antigen (SEQ ID NO: 7 and 8)

ii1) Myc tag (SEQ ID NO: 9 and 10)

iv) Linker 1 (SEQ ID NO: 11 and 12)
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v) UCHT1 (SEQ ID NO: 13 and 14)

vi) Linker 2 (SEQ ID NO: 15 and 16)

vii) CD4 (SEQ ID NO: 17 and 18).
[0092] In some embodiments, the DARPiIn is replaced with a scFv specific for a BCMA antigen
(SEQ ID NO: 21 and 22).

Polypeptides and Vector Constructs

[0093] Disclosed herein, in some embodiments, are polypeptides encoded by the nucleic acid
sequence as disclosed herein. Also disclosed herein, are vectors comprising the nucleic acid
sequence as disclosed herein. In some instances, the vectors further comprise a promoter. In
some instances, the promoter is functional in a mammalian cell. A variety of delivery vectors and
expression vehicles are employed to introduce nucleic acids described herein into a cell.

[0094] Promoters, regions of DNA that initiate transcription of a particular nucleic acid
sequence, are well known in the art. A “promoter functional in a mammalian cell” refers to a
promoter that drives expression of the associated nucleic acid sequence in a mammalian cell. A
promoter that drives expression of a nucleic acid sequence may be referred to as being “operably
connected” to the nucleic acid sequence.

[0095] In some embodiments, the first polynucleotide and third polynucleotide are fused to the
second polynucleotide to provide a Tri-TAC fusion and the coding sequence of the Tri-TAC
fusion is operably connected to the promoter. In some embodiments, the second polynucleotide
and third polynucleotide are fused to the first polynucleotide to provide a Tri-TAC fusion and the
coding sequence of the Tri-TAC fusion is operably connected to the promoter. In some
embodiments, the vector is designed for expression in mammalian cells such as T cells. In some
embodiments, the vector is a viral vector. In some instances, the viral vector is a retroviral vector.
[0096] Vectors that are useful comprise vectors derived from lentiviruses, Murine Stem Cell
Viruses (MSCV), pox viruses, oncoretroviruses, adenoviruses, and adeno-associated viruses.
Other delivery vectors that are useful comprise vectors derived from herpes simplex viruses,
transposons, vaccinia viruses, human papilloma virus, Simian immunodeficiency viruses, HTLV,
human foamy virus and variants thereof. Further vectors that are useful comprise vectors derived
from spumaviruses, mammalian type B retroviruses, mammalian type C retroviruses, avian type
C retroviruses, mammalian type D retroviruses and HTLV/BLYV type retroviruses. One example
of a lentiviral vector useful in the disclosed compositions and methods is the pCCL vector.

[0097] Many modifications may be made to the polynucleotide sequences including vector

sequences and polypeptides sequences disclosed herein. Modifications include substitution,
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insertion or deletion of nucleotides or amino acids or altering the relative positions or order of
nucleotides or amino acids.

Sequence Identity

[0098] The polynucleotides disclosed herein also include nucleic acid molecules (or a fragment
thereof) having at least about: 70% identity, at least 80% identity, at least 90% identity, at least
95% identity, at least 96% identity, at least 97% identity, at least 98% identity or, at least 99% or
99.5% identity to a nucleic acid molecule disclosed. The polypeptides also include polypeptides
(or a fragment thereof) having at least about: 70% identity, at least 80% identity, at least 90%
identity, at least 95% identity, at least 96% identity, at least 97% identity, at least 98% identity
or, at least 99% or 99.5% identity to a polypeptide disclosed.

[0099] Sequence identity is preferably set at least about: 70% identity, at least 80% identity, at
least 90% identity, at least 95% identity, at least 96% identity, at least 97% identity, at least 98%
identity or, most preferred, at least 99% or 99.5% identity to the nucleotide sequences provided
herein and/or its complementary sequence. Sequence identity is also preferably set at least about:
70% identity, at least 80% identity, at least 90% identity, at least 95% identity, at least 96%
identity, at least 97% identity, at least 98% identity or, most preferred, at least 99% or 99.5%
identity to the polypeptide sequences provided herein.

Hybridization

[0100] Disclosed herein, in some instances, is DNA that has a sequence with sufficient identity
to a nucleic acid molecule described herein to hybridize under stringent hybridization conditions.
Also disclosed herein are nucleic acid molecules that hybridize to one or more of the sequences
described herein and/or its complementary sequence. Such nucleic acid molecules preferably
hybridize under high stringency conditions. High stringency washes have preferably have low
salt (preferably about 0.2% SSC) and a temperature of about 50-65° C. and are optionally
conducted for about 15 minutes.

Expression in T cells

[0101] The Trifunctional T cell antigen coupler is designed for expression in T cells. Disclosed
herein, in some embodiments, are engineered T cells comprising the nucleic acid sequences
disclosed herein, or the vectors disclosed herein. In some instances, the T cell expresses a
Trifunctional T cell antigen coupler (Tri-TAC) disclosed herein. Further disclosed herein, are T
cells transduced or transfected with T cell antigen coupler or a vector comprising a Tri-TAC. In
some instances, the T cell is an isolated T cell.

[0102] T cells can be obtained from a number of sources, including, but not limited to blood (for

example, peripheral blood mononuclear cells), bone marrow, thymus tissue, lymph node tissue,
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cord blood, thymus tissue, tissue from an infection site, spleen tissue, and tumors. In some
embodiments, the T cells are autologous T cells. In some embodiments, the T cells are obtained
from a cell line of T cells. In some embodiments, the T cells are obtained from donors
(allogeneic T cells). In some embodiments, the T cells are obtained by differentiation of
embryonic or adult stem cells or from induced pluripotent stem cells. In some embodiments,
regardless of the source of T cells, the T cells have been modified so that they lack expression of
an endogenous TCR and/or permanently or transiently lack expression of MHC/HLA molecules
(universal donor T cells). In some embodiments, the T cells can be autologous with respect to the
subject. In some embodiments, the cells are allogeneic, syngeneic or xenogeneic with respect to
the subject.

[0103] Once obtained, the T cells are optionally enriched in vitro. In some instances, a
population of cells is enriched by positive or negative selection. Further, the T cells are
optionally frozen or cryopreserved and then thawed at a later date.

[0104] Before or after introducing the Tri-TAC to the T cells, the T cells, in some instances, are
activated and/or expanded. In some instances, the T cells are expanded by contact with a surface
having attached thereto an agent that stimulates a CD3/TCR complex associated signal and a
ligand that stimulates a co-stimulator molecule on the surface of the T cells.

[0105] In some embodiments, the T cells are transduced or transfected with nucleic acid
sequences. In some instances, the transduced or transfected T cells are expressed. In some
instances, a nucleic acid can be introduced into a cell by physical, chemical or biological means.
Physical means include, but are not limited to, microinjection, electroporation, particle
bombardment, lipofection and calcium phosphate precipitation. Biological means include the use
of DNA and RNA vectors.

[0106] In some embodiments, viral vectors, including retroviral vectors, are used to introduce
and express a nucleic acid into a T cell. Viral vectors include vectors derived from lentivirus,
Murine Stem Cell Viruses (MSCV), pox viruses, herpes simplex virus I, adenovirus and adeno-
associated viruses. The vector optionally includes a promoter that drives expression of the
transduced nucleic acid molecule in a T cell.

[0107] Various assays are used to confirm the presence and/or expression of the transduced
nucleic acid sequence and/or the polypeptide encoded by the nucleic acid in the T cell. Assays
include, but are not limited to, Southern and Northern blotting, RT-PCR and PCR, ELISAs and
Western blotting.

[0108] In some embodiments, a T cell expressing a T cell antigen coupler has increased T cell

activation in the presence of an antigen compared to a T cell not expressing a T cell antigen
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coupler and/or as compared to a T cell expressing a traditional CAR. Increased T cell activation
can be ascertained by numerous methods, including but not limited to, increased tumor cell line
killing, increased cytokine production, increased cytolysis, increased degranulation and/or
increased expression of activation markers such as CD107¢, IFNy, IL2 or TNFa. Increases may
be measured in an individual cell or in a population of cells.

[0109] The terms “increased” or “increasing” as used herein refer to at least a 1%, 2%, 5%, 10%,
25%, 50%, 100% or 200% increase in a T cell or population of T cells expressing a T cell antigen
coupler compared to a T cell or population of T cells not expressing a T cell antigen coupler

and/or as compared to a T cell or population of T cells expressing a traditional CAR.

Pharmaceutical Compositions

[0110] Disclosed herein, in some embodiments, are pharmaceutical composition comprising
engineered T cells disclosed herein (transduced with and/or expressing a T cell antigen coupler),
and a pharmaceutically acceptable carrier. Such compositions may comprise buffers such as
neutral buffered saline, phosphate buffered saline and the like; carbohydrates such as glucose,
mannose, sucrose or dextrans, mannitol; proteins; polypeptides or amino acids such as glycine;
antioxidants; chelating agents such as EDTA or glutathione; adjuvants (e.g., aluminum
hydroxide); and preservatives. In some instances, the engineered T cells are formulated for
intravenous administration.

[0111] Pharmaceutical compositions are administered in a manner appropriate to the disease to
be treated (or prevented). The quantity and frequency of administration is determined by such
factors as the condition of the patient, and the type and severity of the patient’s disease, although
appropriate dosages are determined by clinical trials. When “an immunologically effective
amount,” “an anti-tumor effective amount,” “a tumor-inhibiting effective amount,” or
“therapeutic amount™ is indicated, the precise amount of the compositions of the present
invention to be administered can be determined by a physician with consideration of individual
differences in age, weight, tumor size, extent of infection or metastasis, and condition of the
patient (subject). For example, the modified T cells and/or pharmaceutical compositions
described herein are administered at a dosage of 10* to 10° cells per kg body weight, optionally
10° to 108 cells per kg body weight, 10 to 107 cells per kg body weight or 10° to 10° cells per kg
body weight, including all integer values within those ranges. T cell compositions may also be
administered multiple times at these dosages. The dosage can be administered a single time or
multiple times, for example daily, weekly, biweekly, or monthly, or can be administered upon

recurrence, relapse or progression of the cancer being treated. The cells can be administered by
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using infusion techniques that are commonly known in immunotherapy (see, e.g., Rosenberg et
al., New Eng. J. of Med. 319:1676, 1988).

[0112] In some embodiments, the pharmaceutical composition is substantially free of, e.g., there
are no detectable levels of a contaminant, e.g., selected from the group consisting of endotoxin,
mycoplasma, replication competent lentivirus (RCL), p24, VSV-G nucleic acid, HIV gag,
residual anti-CD3/anti-CD28 coated beads, mouse antibodies, pooled human serum, bovine
serum albumin, bovine serum, culture media components, vector packaging cell or plasmid
components, a bacterium and a fungus. In one embodiment, the bacterium is at least one selected
from the group consisting of Alcaligenes faecalis, Candida albicans, Escherichia coli,
Haemophilus influenza, Neisseria meningitides, Pseudomonas aeruginosa, Staphylococcus
aureus, Streptococcus pneumonia, and Streptococcus pyogenes group A.

[0113] In some embodiments, it may be desired to administer engineered T-cells to a subject and
then subsequently redraw blood (or have an apheresis performed), activate T-cells therefrom, and
reinfuse the patient with these activated and expanded T-cells. This process can be carried out
multiple times every few weeks. In some aspects, T-cells can be activated from blood draws of
from 10 cc to 400 cc. In certain aspects, T-cells are activated from blood draws of 20 cc, 30 cc,
40 cc, 50 cc, 60 cc, 70 cc, 80 cc, 90 cc, or 100 cc.

[0114] The modified T cells and/or pharmaceutical compositions may be administered by
methods including, but not limited to, aerosol inhalation, injection, ingestion, transfusion,
implantation or transplantation. The modified T cells and/or pharmaceutical compositions may
administered to a subject transarterially, subcutaneously, intradermally, intratumorally,
intranodally, intrameduliary, intramuscularly, by intravenous (i.v.) injection, or intraperitoneally.
In one aspect, the modified T cells and/or pharmaceutical compositions thereof are administered
to a patient by intradermal or subcutaneous injection. In some aspects, the modified T cells
and/or pharmaceutical compositions thereof are administered by 1.v. injection. The modified T
cells and/or pharmaceutical compositions thereof may be injected directly into a tumor, lymph
node, or site of infection.

[0115] A pharmaceutical composition can be prepared by per se known methods for the
preparation of pharmaceutically acceptable compositions that can be administered to subjects,
such that an effective quantity of the T cells are combined in a mixture with a pharmaceutically
acceptable carrier. Suitable carriers are described, for example, in Remington's Pharmaceutical
Sciences (Remington's Pharmaceutical Sciences, 20" ed., Mack Publishing Company, Easton,

Pa., USA, 2000). On this basis, the compositions include, albeit not exclusively, solutions of the
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substances in association with one or more pharmaceutically acceptable carriers or diluents, and
contained in buffered solutions with a suitable pH and iso-osmotic with the physiological fluids.
[0116] Suitable pharmaceutically acceptable carriers include essentially chemically inert and
nontoxic compositions that do not interfere with the effectiveness of the biological activity of the
pharmaceutical composition. Examples of suitable pharmaceutical carriers include, but are not
limited to, water, saline solutions, glycerol solutions, N-(1(2,3-dioleyloxy)propyl)N,N,N-
trimethylammonium chloride (DOTMA), diolesylphosphotidyl-ethanolamine (DOPE), and
liposomes. Such compositions should contain a therapeutically effective amount of the
compound, together with a suitable amount of carrier so as to provide the form for direct
administration to the patient.

[0117] Pharmaceutical compositions may also include, without limitation, lyophilized powders
or aqueous or non-aqueous sterile injectable solutions or suspensions, which may further contain
antioxidants, buffers, bacteriostats and solutes that render the compositions substantially
compatible with the tissues or the blood of an intended recipient. Other components that may be
present in such compositions include water, surfactants (such as Tween), alcohols, polyols,
glycerin and vegetable oils, for example. Extemporaneous injection solutions and suspensions

may be prepared from sterile powders, granules, tablets, or concentrated solutions or suspensions.

Methods of Treatment and Use

[0118] Disclosed herein, in some embodiments, are methods of treating a cancer expressing a
target antigen in an individual in need thereof, comprising administering to the individual
engineered T cells disclosed herein. Further disclosed herein is use of an engineered T cell
disclosed herein in the preparation of a medicament to treat cancer in an individual in need
thereof. Also disclosed herein is an engineered T cell disclosed herein for use in the treatment of
cancer in an individual in need thereof. Also disclosed herein is the use of a mixture of T cells
comprising modified and unmodified cells, or comprising different populations of modified cells
with or without unmodified cells. One of ordinary skill in the art would understand that a
therapeutic quantity of modified T cells need not be homogenous in nature.

[0119] Disclosed herein, in some embodiments, are methods of treating a cancer expressing a
target antigen in an individual in need thereof, comprising administering to the individual an
engineered T cell comprising a nucleic acid sequence encoding a T cell-antigen coupler (Tri-
TAC) comprising: (a) a first polynucleotide sequence encoding a ligand that selectively binds a
target antigen; (b) a second polynucleotide sequence encoding a murine UCHT1 (muUCHTT1)

ligand with a Y182T mutation comprising an amino acid sequence having at least 70% sequence
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identity with SEQ ID NO: 26 that binds a protein associated with a T cell receptor (TCR)
complex; and (c) a third polynucleotide sequence encoding a TCR signaling domain polypeptide.
In some instances, the ligand specifically binds the target antigen. In some instances, the second
polynucleotide sequence encoding a muUCHT]1 ligand with a Y182T mutation comprises an
amino acid sequence having at least 75% sequence identity with SEQ ID NO: 26. In some
instances, the second polynucleotide sequence encoding a muUCHT]1 ligand with a Y182T
mutation comprises an amino acid sequence having at least 80% sequence identity with SEQ ID
NO: 26. In some instances, the second polynucleotide sequence encoding a muUCHT1 ligand
with a Y182T mutation comprises an amino acid sequence having at least 85% sequence identity
with SEQ ID NO: 26. In some instances, the second polynucleotide sequence encoding a
muUCHT]1 ligand with a Y182T mutation comprises an amino acid sequence having at least 90%
sequence identity with SEQ ID NO: 26. In some instances, the second polynucleotide sequence
encoding a muUCHT] ligand with a Y182T mutation comprises an amino acid sequence having
at least 95% sequence identity with SEQ ID NO: 26. In some instances, the second
polynucleotide sequence encoding a muUCHT]1 ligand with a Y182T mutation comprises an
amino acid sequence of SEQ ID NO: 26. In some instances, the percent sequence identity of the
second polypeptide sequence encoding a muUCHT]1 ligand with a Y182T mutation with SEQ ID
NO: 26 refers to amino acids other than the Y182T mutation.

[0120] Disclosed herein, in some embodiments, are methods of treating a cancer expressing a
target antigen in an individual in need thereof, comprising administering to the individual an
engineered T cell comprising a nucleic acid sequence encoding a T cell-antigen coupler (Tri-
TAC) comprising: (a) a first polynucleotide sequence encoding a ligand that selectively binds a
target antigen; (b) a second polynucleotide sequence encoding a humanized UCHT1 (huUCHTT1)
ligand comprising an amino acid sequence having at least 70% sequence identity with SEQ ID
NO: 29 that binds a protein associated with a T cell receptor (TCR) complex; and (c) a third
polynucleotide sequence encoding a TCR signaling domain polypeptide. In some instances, the
ligand specifically binds the target antigen. In some instances, the second polynucleotide
sequence encoding a huUCHT1 ligand comprises an amino acid sequence having at least 75%
sequence identity with SEQ ID NO: 29. In some instances, the second polynucleotide sequence
encoding a huUCHT]1 ligand comprises an amino acid sequence having at least 80% sequence
identity with SEQ ID NO: 29. In some instances, the second polynucleotide sequence encoding a
huUCHT1 ligand comprises an amino acid sequence having at least 85% sequence identity with
SEQ ID NO: 29. In some instances, the second polynucleotide sequence encoding a huUCHT1

ligand comprises an amino acid sequence having at least 90% sequence identity with SEQ ID
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NO: 29. In some instances, the second polynucleotide sequence encoding a huUCHT1 ligand
comprises an amino acid sequence having at least 95% sequence identity with SEQ ID NO: 29.
In some instances, the second polynucleotide sequence encoding a huUCHT] ligand comprises
an amino acid sequence of SEQ ID NO: 29.

[0121] Disclosed herein, in some embodiments, are methods of treating a cancer expressing a
target antigen in an individual in need thereof, comprising administering to the individual an
engineered T cell comprising a nucleic acid sequence encoding a T cell-antigen coupler (Tri-
TAC) comprising: (a) a first polynucleotide sequence encoding a ligand that selectively binds a
target antigen; (b) a second polynucleotide sequence encoding a humanized UCHT1 (huUCHTT1)
ligand with a Y177T mutation comprising an amino acid sequence having at least 70% sequence
identity with SEQ ID NO: 28 that binds a protein associated with a T cell receptor (TCR)
complex; and (c) a third polynucleotide sequence encoding a TCR signaling domain polypeptide.
In some instances, the ligand specifically binds the target antigen. In some instances, the second
polynucleotide sequence encoding a huUCHT]I ligand with a Y177T mutation comprises an
amino acid sequence having at least 75% sequence identity with SEQ ID NO: 28. In some
instances, the second polynucleotide sequence encoding a huUCHT1 ligand with a Y177T
mutation comprises an amino acid sequence having at least 80% sequence identity with SEQ ID
NO: 28. In some instances, the second polynucleotide sequence encoding a huUCHT1 ligand
with a Y177T mutation comprises an amino acid sequence having at least 85% sequence identity
with SEQ ID NO: 28. In some instances, the second polynucleotide sequence encoding a
huUCHT]1 ligand with a Y177T mutation comprises an amino acid sequence having at least 90%
sequence identity with SEQ ID NO: 28. In some instances, the second polynucleotide sequence
encoding a huUCHT]1 ligand with a Y177T mutation comprises an amino acid sequence having
at least 95% sequence identity with SEQ ID NO: 28 In some instances, the second
polynucleotide sequence encoding a huUCHT]I ligand with a Y177T mutation comprises an
amino acid sequence of SEQ ID NO: 28. In some instances, the percent sequence identity of the
second polypeptide sequence encoding a huUCHT1 ligand with a Y177T mutation with SEQ ID
NO: 28 refers to amino acids other than the Y177T mutation.

[0122] In some embodiments, the ligand that selectively binds a target antigen (or a target-
specific ligand) directs the T cell-antigen coupler (Tri-TAC) to a target cell. In some instances,
the target-specific ligand is referred to as an antigen binding domain. In some instances, a target-
specific ligand refers to any substance that binds, directly or indirectly, to a target cell. In some
embodiments, the target specific ligand binds to an antigen (protein produced by a cell that can

elicit an immune response) on the target cell. In some instances, the target-specific ligands
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include, but are not limited to, antibodies and fragments thereof, for example single chain
antibodies such as single-chain antibodies (scFvs), single domain antibodies, peptides,
peptidomimetics, proteins, glycoproteins, or proteoglycans that bind to the target cell and/or
antigen. In some instances, the target-specific ligands include, but are not limited to, designed
ankyrin repeat proteins (DARPins), lectins, knottins, centryrins, anticalins, or naturally occurring
ligands for the tumor antigen, such as growth factors, enzyme substrates, receptors or binding
proteins. In some instances, target specific ligands include non-protein compounds that bind to
target cells and/or antigens, including but not limited to carbohydrates, lipids, nucleic acids, or
small molecules. In some instances, a target-specific ligand is a designed ankyrin repeat
(DARPin) targeted to a specific cell and/or antigen. In some instances, the target-specific ligand
is a DARPin that selectively binds a HER-2 (erbB-2) antigen. In some instances, the target-
specific ligand is a DARPin that specifically binds a HER-2 (erbB-2) antigen. In some instances,
the DARPIn targeted to HER-2 (erb-2) comprises SEQ ID NO: 7 and SEQ ID NO: 8. In some
instances, the target-specific ligand is a single-chain antibody (scFv) targeted to a specific cell
and/or antigen. In some instances, the target-specific ligand is a scFv that selectively binds
BCMA. In some instances, the target-specific ligand is a scFv that specifically binds BCMA. In
some instances, the scFv that binds BCMA comprises SEQ ID NO: 21 and SEQ ID NO: 22,

[0123] In some instances, a target cell is a cell associated with a disease state, including, but not
limited to cancer. In some embodiments, a target cell is a tumor cell. In some instances, a target-
specific ligand can bind to a tumor antigen or tumor associated antigen on a tumor cell. In some
instances, the target antigen is a tumor antigen. In some instances, the tumor antigen when
proteinaceous is a sequence of 8 or more amino acids up to the full protein. In some instances,
the tumor antigen is any number of amino acids in between 8 and the full length protein which
comprises at least one antigenic fragment of the full length protein that is represented in a MHC
complex. Examples of tumor antigens include, but are not limited to, HER-2 (erbB-2), B-cell
maturation antigen (BCMA), alphafetoprotein (AFP), carcinoembryonic antigen (CEA), CA-125,
MUC-1, epithelial tumor antigen (ETA), tyrosinase, melanoma-associated antigen (MAGE),
prostate-specific antigen (PSA), glioma-associated antigen, P-human chorionic gonadotropin,
thyroglobulin, RAGE-1, MN-CA IX, human telomerase reverse transcriptase, RU1, RU2 (AS),
intestinal carboxyl esterase, mut hsp70-2, M-CSF, prostase, PAP, NY-ESO-1, LAGE-1a, p53,
prostein, PSMA, survivin and telomerase, prostate-carcinoma tumor antigen-1 (PCTA-1),
ELF2M, neutrophil elastase, CD22, insulin growth factor (IGF)-I, IGF-II, IGF-I receptor and
mesothelin. In some instances, the tumor antigen is a HER-2 antigen. In some instances, the

HER-2 specific ligand comprises an antigen binding domain of an antibody selected from
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Trastuzumab, Pertuzumab, Lapatinib, Neratinib, Ado-trastuzmab Emtansine, Gancotamab,
Margetuximab, Timigutuzumab, and Ertumaxomab. In some instances, the tumor antigen is a
BCMA antigen. In some instances, the BCMA specific ligand comprises an antigen binding
domain of an antibody selected from Belantamab mafodotin, and GSK2857916.

[0124] In some embodiments, the Tri-TAC recruits the T-Cell Receptor (TCR) in combination
with co-receptor stimulation. In some instances, the TAC comprises a ligand that binds a protein
associated with the TCR complex. In some instances, the ligand that binds a protein associated
with a TCR complex comprises a substance that binds, directly or indirectly, to a protein of the
TCR. Proteins associated with the TCR include, but are not limited, to the TCR alpha (o) chain,
TCR beta (B) chain, TCR gamma (y) chain, TCR delta (§) chain, CD3y chain, CD35 chain and
CD3e chains. In some embodiments, a ligand that binds a protein associated with the TCR
complex is an antibody to the TCR alpha (o) chain, TCR beta () chain, TCR gamma (y) chain,
TCR delta (8) chain, CD3y chain, CD36 chain and/or CD3¢ chain. In some instances, the protein
associated with a TCR complex is CD3. In some instances, the protein associated with a TCR
complex is CD3e. In some embodiments, the ligand is an antibody or a fragment thereof that
binds CD3. Examples of CD3 antibodies, include, but are not limited to, for muromonab,
otelixizumab, teplizumab and visilizumab. In some embodiments, the antibody that binds CD3 is
a single chain antibody, for example a single-chain antibody (scFv). In some instances, the ligand
that binds to a CD3 is UCHTI. In some instances, the UCHT1 ligand binds CD3e. In some
instances, the UCHT1 ligand is a murine ligand. In some instances, the murine UCHT1 ligand
comprises SEQ ID NOs: 13 and 14. In some instances, the murine UCHT] ligand binds CD3e. In
some instances, the murine UCHT1 ligand with a Y182T mutation binds CD3e. In some
instances, the humanized UCHT1 ligand binds CD3e. In some instances, the humanized UCHT1
ligand with a Y177T mutation binds CD3e.

[0125] In some embodiments, the TCR signaling domain polypeptide comprises a
transmembrane domain. In some embodiments, the TCR signaling domain polypeptide comprises
a cytoplasmic domain. In some embodiments, the TCR signaling domain polypeptide comprises
a transmembrane domain and a cytosolic domain. In some instances, the TCR signaling domain
polypeptide comprises a transmembrane domain and/or a cytosolic domain of a TCR co-receptor.
In some instances, the TCR co-receptor is CD4. In some instances, the TCR signaling domain
polypeptide comprises the transmembrane and cytoplasmic domains of the CD4 co-receptor
comprising SEQ ID NO: 17 and 18. In some instances, the TCR co-receptor is CD8. In some
instances, the TCR co-receptor is CD8a. In some instances, the TCR co-receptor is CDS5. In some

instances, the TCR co-receptor is CD9. In some instances, the TCR co-receptor is CDS5. In some
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instances, the TCR co-receptor is CD22. In some instances, the TCR signaling domain
polypeptide comprises a transmembrane domain and/or a cytosolic domain of a TCR co-
stimulator. In some instances, the TCR co-stimulator is ICOS. In some instances, the TCR co-
stimulator is CD27. In some instances, the TCR co-stimulator is CD28. In some instances, the
TCR co-stimulator is 4-1BB (CD137). In some instances, the TCR co-stimulator is OX40
(CD134). In some instances, the TCR co-stimulator is CD30. In some instances, the TCR co-
stimulator is CD40. In some instances, the TCR co-stimulator is lymphocyte fiction-associated
antigen 1 (LFA-1). In some instances, the TCR co-stimulator is CD2. In some instances, the TCR
co-stimulator is CD7. In some instances, the TCR co-stimulator is LIGHT. In some instances, the
TCR co-stimulator is NKG2C. In some instances, the TCR co-stimulator is B7-H3. In some
instances, the TCR co-stimulator is a ligand that specifically binds CD83. In some instances, the
TCR signaling domain polypeptide comprises a transmembrane domain and/or a cytosolic
domain of a TCR co-inhibitor. In some instances, the TCR co-inhibitor is PD-1. In some
instances, the TCR co-inhibitor is TIM3. In some instances, the TCR co-inhibitor is LAG-3. In
some instances, the TCR co-inhibitor is TIGIT. In some instances, the TCR co-inhibitor is
BTLA. In some instances, the TCR co-inhibitor is CD160. In some instances, the TCR co-
inhibitor is CD37. In some embodiments, the TCR signaling domain polypeptide includes both a
cytoplasmic domain and a transmembrane domain of a TCR co-receptor or co-stimulator protein.
In some instances, the cytoplasmic domain and transmembrane domain are from the same co-
receptor or co-stimulator or from different co-receptors or co-stimulators. In some instances, the
cytoplasmic domain and transmembrane domains are optionally joined by a linker. In some
embodiments, the TAC further comprises other polypeptides that directly or indirectly act to
target or activate the T cell.

[0126] In some embodiments, the first polypeptide, the second polypeptide, and the third
polypeptide are directly fused. In some embodiments, the first polypeptide, the second
polypeptide, and the third polypeptide are joined by at least one linker. In some embodiments, the
first polypeptide and the second polypeptide are directly fused, and joined to the third
polypeptide by a linker. In some embodiments, the second polypeptide and the third polypeptide
are directly fused, and joined to the first polypeptide by a linker. In some embodiments, the
linker is a peptide linker. In some embodiments, the peptide linker comprises 1 to 40 amino
acids. In some embodiments, the peptide linker comprises 1 to 30 amino acids. In some
embodiments, the peptide linker comprises 1 to 15 amino acids. In some embodiments, the
peptide linker comprises 1 to 10 amino acids. In some embodiments, the peptide linker comprises

1 to 6 amino acids. In some embodiments, the peptide linker comprises 30 to 40 amino acids. In
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some embodiments, the peptide linker comprises 32 to 36 amino acids. In some embodiments,
the peptide linker comprises 5 to 30 amino acids. In some embodiments, the peptide linker
comprises 5 amino acids. In some embodiments, the peptide linker comprises 10 amino acids. In
some embodiments, the peptide linker comprises 15 amino acids. In some embodiments, the
peptide linker comprises 20 amino acids. In some embodiments, the peptide linker comprises 25
amino acids. In some embodiments, the peptide linker comprises 30 amino acids. In some
embodiments, the peptide linker comprises a G4Ss linker. Other examples of linkers that, in some
instances, are used in the Tri-TAC, are peptides corresponding to SEQ ID NOs: 11, 12, 15, 16,
19 and 20 and variants and fragments thereof.

[0127] In some embodiments, the transmembrane and cytoplasmic domains of the CD4 co-
receptor are fused to single-chain antibody that binds CD3. In some instances, a designed
ankyrin repeat (DARPin) is linked to the CD4-UCHT1 chimera to generate a Trifunctional T
cell-antigen coupler (Tri-TAC). In some instances, the TAC draws the CD3 molecule and the
TCR into regions of lipid rafts and brings Lck into the proximity of the TCR, similar to natural
MHC binding.

[0128] Cancers that may be treated include any form of neoplastic disease. Examples of cancers
that may be treated include, but are not limited to breast cancer, lung cancer and leukemia, for
example mixed lineage leukemia (MLL), chronic lymphocytic leukemia (CLL) or acute
lymphoblastic leukemia (ALL). Other cancers include carcinomas, blastomas, melanomas,
sarcomas, hematological cancers, lymphoid malignancies, benign and malignant tumors, and
malignancies. The cancer can comprise non-solid tumors or solid tumors. Cancers that may be
treated include tumors that are not vascularized, or not yet substantially vascularized, as well as
vascularized tumors. In some instances, the cancer is a solid cancer or comprises a solid tumor.
In some instances, the cancer is a liquid cancer or comprises a liquid tumor. In some instances,
the cancer is a lung cancer, a breast cancer, a colon cancer, multiple myeloma, glioblastoma,
gastric cancer, ovarian cancer, stomach cancer, colorectal cancer, urothelial cancer, endometrial
cancer, or a melanoma. In some instances, the cancer is a lung cancer. In some instances, the
cancer is a breast cancer. In some instances, the cancer is a colon cancer. In some instances, the
cancer is multiple myeloma. In some instances, the cancer is a glioblastoma. In some instances,
the cancer is a gastric cancer. In some instances, the cancer is an ovarian cancer. In some
instances, the cancer is a stomach cancer. In some instances, the cancer is a colorectal cancer. In
some instances, the cancer is urothelial cancer. In some instances, the cancer is an endometrial

cancer. In some instances, the cancer is a melanoma.
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[0129] Disclosed herein, in some embodiments, are method of treating a cancer expressing a
HER-2 antigen in an individual in need thereof, comprising administering to the individual an
engineered T cell comprising a nucleic acid sequence encoding an anti- HER-2 Trifunctional T
cell-antigen coupler (anti- HER-2 Tri-TAC) comprising: (a) a first polynucleotide sequence
encoding a ligand that selectively binds the HER-2 antigen; (b) a second polynucleotide sequence
encoding a murine UCHT1 (muUCHT1) ligand with a Y182T mutation comprising an amino
acid sequence having at least 70% sequence identity with SEQ ID NO: 26 that binds a protein
associated with a T cell receptor (TCR) complex; and (c¢) a third polynucleotide sequence
encoding a TCR signaling domain polypeptide. In some instances, the ligand specifically binds
the HER-2 antigen. In some instances, the second polynucleotide sequence encoding a
muUCHT]1 ligand with a Y182T mutation comprises an amino acid sequence having at least 75%
sequence identity with SEQ ID NO: 26. In some instances, the second polynucleotide sequence
encoding a muUCHT1 ligand with a Y182T mutation comprises an amino acid sequence having
at least 80% sequence identity with SEQ ID NO: 26. In some instances, the second
polynucleotide sequence encoding a muUCHT]1 ligand with a Y182T mutation comprises an
amino acid sequence having at least 85% sequence identity with SEQ ID NO: 26. In some
instances, the second polynucleotide sequence encoding a muUCHT]1 ligand with a Y182T
mutation comprises an amino acid sequence having at least 90% sequence identity with SEQ ID
NO: 26. In some instances, the second polynucleotide sequence encoding a muUCHT1 ligand
with a Y182T mutation comprises an amino acid sequence having at least 95% sequence identity
with SEQ ID NO: 26. In some instances, the second polynucleotide sequence encoding a
muUCHT]1 ligand with a Y182T mutation comprises an amino acid sequence of SEQ ID NO: 26.
In some instances, the percent sequence identity of the second polypeptide sequence encoding a
muUCHT]1 ligand with a Y182T mutation with SEQ ID NO: 26 refers to amino acids other than
the Y182T mutation.

[0130] Also disclosed herein, in some embodiments, are method of treating a cancer expressing a
HER-2 antigen in an individual in need thereof, comprising administering to the individual an
engineered T cell comprising a nucleic acid sequence encoding an anti-HER-2 T cell-antigen
coupler (anti-HER-2 Tri-TAC) comprising: (a) a first polynucleotide sequence encoding a ligand
that selectively binds the HER-2 antigen; (b) a second polynucleotide sequence encoding a
humanized UCHT1 (huUCHT1) ligand comprising an amino acid sequence having at least 70%
sequence identity with SEQ ID NO: 29 that binds a protein associated with a T cell receptor
(TCR) complex; and (c) a third polynucleotide sequence encoding a TCR signaling domain
polypeptide. In some instances, the ligand specifically binds the HER-2 antigen. In some
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instances, the second polynucleotide sequence encoding a huUCHT1 ligand comprises an amino
acid sequence having at least 75% sequence identity with SEQ ID NO: 29. In some instances, the
second polynucleotide sequence encoding a huUCHT]1 ligand comprises an amino acid sequence
having at least 80% sequence identity with SEQ ID NO: 29. In some instances, the second
polynucleotide sequence encoding a huUCHT1 ligand comprises an amino acid sequence having
at least 85% sequence identity with SEQ ID NO: 29. In some instances, the second
polynucleotide sequence encoding a huUCHT1 ligand comprises an amino acid sequence having
at least 90% sequence identity with SEQ ID NO: 29. In some instances, the second
polynucleotide sequence encoding a huUCHT1 ligand comprises an amino acid sequence having
at least 95% sequence identity with SEQ ID NO: 29. In some instances, the second
polynucleotide sequence encoding a huUCHT1 ligand comprises an amino acid sequence of SEQ
ID NO: 29.

[0131] Further disclosed herein, in some embodiments, are method of treating a cancer
expressing a HER-2 antigen in an individual in need thereof, comprising administering to the
individual an engineered T cell comprising a nucleic acid sequence encoding an anti-HER-2 T
cell-antigen coupler (anti-HER-2 Tri-TAC) comprising: (a) a first polynucleotide sequence
encoding a ligand that selectively binds the HER-2 antigen; (b) a second polynucleotide sequence
encoding a humanized UCHT1 (huUCHT1) ligand with a Y177T mutation comprising an
amino acid sequence having at least 70% sequence identity with SEQ ID NO: 28 that binds a
protein associated with a T cell receptor (TCR) complex; and (c) a third polynucleotide sequence
encoding a TCR signaling domain polypeptide. In some instances, the ligand specifically binds
the HER-2 antigen. In some instances, the second polynucleotide sequence encoding a huUCHT1
ligand with a Y177T mutation comprises an amino acid sequence having at least 75% sequence
identity with SEQ ID NO: 28. In some instances, the second polynucleotide sequence encoding a
huUCHT]1 ligand with a Y177T mutation comprises an amino acid sequence having at least 80%
sequence identity with SEQ ID NO: 28. In some instances, the second polynucleotide sequence
encoding a huUCHT]1 ligand with a Y177T mutation comprises an amino acid sequence having
at least 85% sequence identity with SEQ ID NO: 28 In some instances, the second
polynucleotide sequence encoding a huUCHT]I ligand with a Y177T mutation comprises an
amino acid sequence having at least 90% sequence identity with SEQ ID NO: 28. In some
instances, the second polynucleotide sequence encoding a huUCHT1 ligand with a Y177T
mutation comprises an amino acid sequence having at least 95% sequence identity with SEQ ID
NO: 28. In some instances, the second polynucleotide sequence encoding a huUCHT1 ligand

with a Y177T mutation comprises an amino acid sequence of SEQ ID NO: 28. In some instances,
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the percent sequence identity of the second polypeptide sequence encoding a huUCHT1 ligand
with a Y177T mutation with SEQ ID NO: 28 refers to amino acids other than the Y177T
mutation.

[0132] In some embodiments, the ligand that selectively binds a target antigen (or a target-
specific ligand) directs the Trifunctional T cell-antigen coupler (Tri-TAC) to a target cell. In
some instances, the target-specific ligand is referred to as an antigen binding domain. In some
instances, a target-specific ligand refers to any substance that binds, directly or indirectly, to a
target cell. In some embodiments, the target specific ligand binds to an antigen (protein produced
by a cell that can elicit an immune response) on the target cell. In some instances, the target-
specific ligands include, but are not limited to, antibodies and fragments thereof, for example
single chain antibodies such as single-chain antibodies (scFvs), single domain antibodies,
peptides, peptidomimetics, proteins, glycoproteins, or proteoglycans that bind to the target cell
and/or antigen. In some instances, the target-specific ligands include, but are not limited to,
designed ankyrin repeat proteins (DARPins), lectins, knottins, centryrins, anticalins, or naturally
occurring ligands for the tumor antigen, such as growth factors, enzyme substrates, receptors or
binding proteins. In some instances, target specific ligands include non-protein compounds that
bind to target cells and/or antigens, including but not limited to carbohydrates, lipids, nucleic
acids, or small molecules. In some instances, a target-specific ligand is a designed ankyrin repeat
(DARPin) targeted to a specific cell and/or antigen. In some instances, the target-specific ligand
is a DARPin that selectively binds a HER-2 (erbB-2) antigen. In some instances, the target-
specific ligand is a DARPin that specifically binds a HER-2 (erbB-2) antigen. In some instances,
the DARPin targeted to HER-2 (erb-2) comprises SEQ ID NO: 7 and SEQ ID NO: 8.

[0133] In some instances, a target cell is a cell associated with a disease state, including, but not
limited to cancer. In some embodiments, a target cell is a tumor cell. In some instances, a target-
specific ligand can bind to a tumor antigen or tumor associated antigen on a tumor cell. In some
instances, the target antigen is a tumor antigen. In some instances, the tumor antigen when
proteinaceous is a sequence of 8 or more amino acids up to the full protein. In some instances,
the tumor antigen is any number of amino acids in between 8 and the full length protein which
comprises at least one antigenic fragment of the full length protein that is represented in a MHC
complex. Examples of tumor antigens include, but are not limited to, HER-2 (erbB-2), B-cell
maturation antigen (BCMA), alphafetoprotein (AFP), carcinoembryonic antigen (CEA), CA-125,
MUC-1, epithelial tumor antigen (ETA), tyrosinase, melanoma-associated antigen (MAGE),
prostate-specific antigen (PSA), glioma-associated antigen, P-human chorionic gonadotropin,

thyroglobulin, RAGE-1, MN-CA IX, human telomerase reverse transcriptase, RU1, RU2 (AS),
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intestinal carboxyl esterase, mut hsp70-2, M-CSF, prostase, PAP, NY-ESO-1, LAGE-1a, p53,
prostein, PSMA, survivin and telomerase, prostate-carcinoma tumor antigen-1 (PCTA-1),
ELF2M, neutrophil elastase, CD22, insulin growth factor (IGF)-I, IGF-II, IGF-I receptor and
mesothelin. In some instances, the tumor antigen is a HER-2 antigen. In some instances, the
HER-2 specific ligand comprises an antigen binding domain of an antibody selected from
Trastuzumab, Pertuzumab, Lapatinib, Neratinib, Ado-trastuzmab Emtansine, Gancotamab,
Margetuximab, Timigutuzumab, and Ertumaxomab.

[0134] In some embodiments, the Tri-TAC recruits the T-Cell Receptor (TCR) in combination
with co-receptor stimulation. In some instances, the TAC comprises a ligand that binds a protein
associated with the TCR complex. In some instances, the ligand that binds a protein associated
with a TCR complex comprises a substance that binds, directly or indirectly, to a protein of the
TCR. Proteins associated with the TCR include, but are not limited, to the TCR alpha (o) chain,
TCR beta (B) chain, TCR gamma (y) chain, TCR delta (§) chain, CD3y chain, CD35 chain and
CD3e chains. In some embodiments, a ligand that binds a protein associated with the TCR
complex is an antibody to the TCR alpha (o) chain, TCR beta () chain, TCR gamma (y) chain,
TCR delta (8) chain, CD3y chain, CD36 chain and/or CD3¢ chain. In some instances, the protein
associated with a TCR complex is CD3. In some instances, the protein associated with a TCR
complex is CD3e. In some embodiments, the ligand is an antibody or a fragment thereof that
binds CD3. Examples of CD3 antibodies, include, but are not limited to, for muromonab,
otelixizumab, teplizumab and visilizumab. In some embodiments, the antibody that binds CD3 is
a single chain antibody, for example a single-chain antibody (scFv). In some instances, the ligand
that binds to a CD3 is UCHTI. In some instances, the UCHT1 ligand binds CD3e. In some
instances, the UCHT1 ligand is a murine ligand. In some instances, the murine UCHT1 ligand
comprises SEQ ID NOs: 13 and 14. In some instances, the murine UCHT] ligand binds CD3e. In
some instances, the murine UCHT1 ligand with a Y182T mutation binds CD3e. In some
instances, the humanized UCHT1 ligand binds CD3e. In some instances, the humanized UCHT1
ligand with a Y177T mutation binds CD3e.

[0135] In some embodiments, the TCR signaling domain polypeptide comprises a
transmembrane domain. In some embodiments, the TCR signaling domain polypeptide comprises
a cytoplasmic domain. In some embodiments, the TCR signaling domain polypeptide comprises
a transmembrane domain and a cytosolic domain. In some instances, the TCR signaling domain
polypeptide comprises a transmembrane domain and/or a cytosolic domain of a TCR co-receptor.
In some instances, the TCR co-receptor is CD4. In some instances, the TCR signaling domain

polypeptide comprises the transmembrane and cytoplasmic domains of the CD4 co-receptor
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comprising SEQ ID NO: 17 and 18. In some instances, the TCR co-receptor is CD8. In some
instances, the TCR co-receptor is CD8a. In some instances, the TCR co-receptor is CDS5. In some
instances, the TCR co-receptor is CD9. In some instances, the TCR co-receptor is CD5. In some
instances, the TCR co-receptor is CD22. In some instances, the TCR signaling domain
polypeptide comprises a transmembrane domain and/or a cytosolic domain of a TCR co-
stimulator. In some instances, the TCR co-stimulator is ICOS. In some instances, the TCR co-
stimulator is CD27. In some instances, the TCR co-stimulator is CD28. In some instances, the
TCR co-stimulator is 4-1BB (CD137). In some instances, the TCR co-stimulator is OX40
(CD134). In some instances, the TCR co-stimulator is CD30. In some instances, the TCR co-
stimulator is CD40. In some instances, the TCR co-stimulator is lymphocyte fiction-associated
antigen 1 (LFA-1). In some instances, the TCR co-stimulator is CD2. In some instances, the TCR
co-stimulator is CD7. In some instances, the TCR co-stimulator is LIGHT. In some instances, the
TCR co-stimulator is NKG2C. In some instances, the TCR co-stimulator is B7-H3. In some
instances, the TCR co-stimulator is a ligand that specifically binds CD83. In some instances, the
TCR signaling domain polypeptide comprises a transmembrane domain and/or a cytosolic
domain of a TCR co-inhibitor. In some instances, the TCR co-inhibitor is PD-1. In some
instances, the TCR co-inhibitor is TIM3. In some instances, the TCR co-inhibitor is LAG-3. In
some instances, the TCR co-inhibitor is TIGIT. In some instances, the TCR co-inhibitor is
BTLA. In some instances, the TCR co-inhibitor is CD160. In some instances, the TCR co-
inhibitor is CD37. In some embodiments, the TCR signaling domain polypeptide includes both a
cytoplasmic domain and a transmembrane domain of a TCR co-receptor or co-stimulator protein.
In some instances, the cytoplasmic domain and transmembrane domain are from the same co-
receptor or co-stimulator or from different co-receptors or co-stimulators. In some instances, the
cytoplasmic domain and transmembrane domains are optionally joined by a linker. In some
embodiments, the TAC further comprises other polypeptides that directly or indirectly act to
target or activate the T cell.

[0136] In some embodiments, the first polypeptide, the second polypeptide, and the third
polypeptide are directly fused. In some embodiments, the first polypeptide, the second
polypeptide, and the third polypeptide are joined by at least one linker. In some embodiments, the
first polypeptide and the second polypeptide are directly fused, and joined to the third
polypeptide by a linker. In some embodiments, the second polypeptide and the third polypeptide
are directly fused, and joined to the first polypeptide by a linker. In some embodiments, the
linker is a peptide linker. In some embodiments, the peptide linker comprises 1 to 40 amino

acids. In some embodiments, the peptide linker comprises 1 to 30 amino acids. In some
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embodiments, the peptide linker comprises 1 to 15 amino acids. In some embodiments, the
peptide linker comprises 1 to 10 amino acids. In some embodiments, the peptide linker comprises
1 to 6 amino acids. In some embodiments, the peptide linker comprises 30 to 40 amino acids. In
some embodiments, the peptide linker comprises 32 to 36 amino acids. In some embodiments,
the peptide linker comprises 5 to 30 amino acids. In some embodiments, the peptide linker
comprises 5 amino acids. In some embodiments, the peptide linker comprises 10 amino acids. In
some embodiments, the peptide linker comprises 15 amino acids. In some embodiments, the
peptide linker comprises 20 amino acids. In some embodiments, the peptide linker comprises 25
amino acids. In some embodiments, the peptide linker comprises 30 amino acids. In some
embodiments, the peptide linker comprises a G4Ss linker. Other examples of linkers that, in some
instances, are used in the TAC, are peptides corresponding to SEQ ID NOs: 11, 12, 15, 16, 19
and 20 and variants and fragments thereof.

[0137] In some embodiments, the transmembrane and cytoplasmic domains of the CD4 co-
receptor are fused to single-chain antibody that binds CD3. In some instances, the TAC draws
the CD3 molecule and the TCR into regions of lipid rafts and brings Lck into the proximity of the
TCR, similar to natural MHC binding. In some instances, a designed ankyrin repeat (DARPIn) is
linked to the CD4-UCHT]1 chimera to generate a Trifunctional T cell-antigen coupler (Tri-TAC).

[0138] Cancers that may be treated include any form of neoplastic disease. Examples of cancers
that may be treated include, but are not limited to breast cancer, lung cancer and leukemia, for
example mixed lineage leukemia (MLL), chronic lymphocytic leukemia (CLL) or acute
lymphoblastic leukemia (ALL). Other cancers include carcinomas, blastomas, melanomas,
sarcomas, hematological cancers, lymphoid malignancies, benign and malignant tumors, and
malignancies. The cancer can comprise non-solid tumors or solid tumors. Cancers that may be
treated include tumors that are not vascularized, or not yet substantially vascularized, as well as
vascularized tumors. In some instances, the cancer is a solid cancer or comprises a solid tumor.
In some instances, the cancer is a liquid cancer or comprises a liquid tumor. In some instances,
the cancer is a lung cancer, a breast cancer, a colon cancer, multiple myeloma, glioblastoma,
gastric cancer, ovarian cancer, stomach cancer, colorectal cancer, urothelial cancer, or
endometrial cancer. In some instances, the cancer is a lung cancer. In some instances, the cancer
1s a breast cancer. In some instances, the cancer is a colon cancer. In some instances, the cancer is
multiple myeloma. In some instances, the cancer is a glioblastoma. In some instances, the cancer
is a gastric cancer. In some instances, the cancer is an ovarian cancer. In some instances, the
cancer 1s a stomach cancer. In some instances, the cancer is a colorectal cancer. In some

instances, the cancer is urothelial cancer. In some instances, the cancer is an endometrial cancer.
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[0139] Disclosed herein, in some embodiments, are method of treating a cancer expressing a
BCMA antigen in an individual in need thereof, comprising administering to the individual an
engineered T cell comprising a nucleic acid sequence encoding an anti- BCMA T cell-antigen
coupler (anti- BCMA Tri-TAC) comprising: (a) a first polynucleotide sequence encoding a
ligand that selectively binds the BCMA antigen; (b) a second polynucleotide sequence encoding
a murine UCHT1 (muUCHT1) ligand with a Y182T mutation comprising an amino acid
sequence having at least 70% sequence identity with SEQ ID NO: 26 that binds a protein
associated with a T cell receptor (TCR) complex; and (c¢) a third polynucleotide sequence
encoding a TCR signaling domain polypeptide. In some instances, the ligand specifically binds
the BCMA antigen. In some instances, the second polynucleotide sequence encoding a
muUCHT]1 ligand with a Y182T mutation comprises an amino acid sequence having at least 75%
sequence identity with SEQ ID NO: 26. In some instances, the second polynucleotide sequence
encoding a muUCHT] ligand with a Y182T mutation comprises an amino acid sequence having
at least 80% sequence identity with SEQ ID NO: 26. In some instances, the second
polynucleotide sequence encoding a muUCHT]1 ligand with a Y182T mutation comprises an
amino acid sequence having at least 85% sequence identity with SEQ ID NO: 26. In some
instances, the second polynucleotide sequence encoding a muUCHT]1 ligand with a Y182T
mutation comprises an amino acid sequence having at least 90% sequence identity with SEQ ID
NO: 26. In some instances, the second polynucleotide sequence encoding a muUCHT1 ligand
with a Y182T mutation comprises an amino acid sequence having at least 95% sequence identity
with SEQ ID NO: 26. In some instances, the second polynucleotide sequence encoding a
muUCHT]1 ligand with a Y182T mutation comprises an amino acid sequence of SEQ ID NO: 26.
In some instances, the percent sequence identity of the second polypeptide sequence encoding a
muUCHT]1 ligand with a Y182T mutation with SEQ ID NO: 26 refers to amino acids other than
the Y182T mutation.

[0140] Also disclosed herein, in some embodiments, are method of treating a cancer expressing a
BCMA antigen in an individual in need thereof, comprising administering to the individual an
engineered T cell comprising a nucleic acid sequence encoding an anti- BCMA T cell-antigen
coupler (anti- BCMA Tri-TAC) comprising: (a) a first polynucleotide sequence encoding a
ligand that selectively binds the BCMA antigen; (b) a second polynucleotide sequence encoding
a humanized UCHT1 (huUCHT1) ligand comprising an amino acid sequence having at least 70%
sequence identity with SEQ ID NO: 29 that binds a protein associated with a T cell receptor
(TCR) complex; and (c) a third polynucleotide sequence encoding a TCR signaling domain
polypeptide. In some instances, the ligand specifically binds the BCMA antigen. In some
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instances, the second polynucleotide sequence encoding a huUCHT1 ligand comprises an amino
acid sequence having at least 75% sequence identity with SEQ ID NO: 29. In some instances, the
second polynucleotide sequence encoding a huUCHT]1 ligand comprises an amino acid sequence
having at least 80% sequence identity with SEQ ID NO: 29. In some instances, the second
polynucleotide sequence encoding a huUCHT1 ligand comprises an amino acid sequence having
at least 85% sequence identity with SEQ ID NO: 29. In some instances, the second
polynucleotide sequence encoding a huUCHT1 ligand comprises an amino acid sequence having
at least 90% sequence identity with SEQ ID NO: 29. In some instances, the second
polynucleotide sequence encoding a huUCHT1 ligand comprises an amino acid sequence having
at least 95% sequence identity with SEQ ID NO: 29. In some instances, the second
polynucleotide sequence encoding a huUCHT1 ligand comprises an amino acid sequence of SEQ
ID NO: 29.

[0141] Further disclosed herein, in some embodiments, are method of treating a cancer
expressing a BCMA antigen in an individual in need thereof, comprising administering to the
individual an engineered T cell comprising a nucleic acid sequence encoding an anti- BCMA T
cell-antigen coupler (anti- BCMA Tri-TAC) comprising: (a) a first polynucleotide sequence
encoding a ligand that selectively binds the BCMA antigen; (b) a second polynucleotide
sequence encoding a humanized UCHT1 (huUCHT1) ligand with a Y177T mutation
comprising an amino acid sequence having at least 70% sequence identity with SEQ ID NO: 28
that binds a protein associated with a T cell receptor (TCR) complex; and (c¢) a third
polynucleotide sequence encoding a TCR signaling domain polypeptide. In some instances, the
ligand specifically binds the BCMA antigen. In some instances, the second polynucleotide
sequence encoding a huUCHTI1 ligand with a Y177T mutation comprises an amino acid
sequence having at least 75% sequence identity with SEQ ID NO: 28. In some instances, the
second polynucleotide sequence encoding a huUCHTT ligand with a Y177T mutation comprises
an amino acid sequence having at least 80% sequence identity with SEQ ID NO: 28. In some
instances, the second polynucleotide sequence encoding a huUCHT1 ligand with a Y177T
mutation comprises an amino acid sequence having at least 85% sequence identity with SEQ ID
NO: 28. In some instances, the second polynucleotide sequence encoding a huUCHT1 ligand
with a Y177T mutation comprises an amino acid sequence having at least 90% sequence identity
with SEQ ID NO: 28. In some instances, the second polynucleotide sequence encoding a
huUCHT]1 ligand with a Y177T mutation comprises an amino acid sequence having at least 95%
sequence identity with SEQ ID NO: 28. In some instances, the second polynucleotide sequence

encoding a huUCHT]1 ligand with a Y177T mutation comprises an amino acid sequence of SEQ
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ID NO: 28. In some instances, the percent sequence identity of the second polypeptide sequence
encoding a huUCHT1 ligand with a Y177T mutation with SEQ ID NO: 28 refers to amino acids
other than the Y177T mutation.

[0142] In some embodiments, the ligand that selectively binds a target antigen (or a target-
specific ligand) directs the T cell-antigen coupler (TAC) to a target cell. In some instances, the
target-specific ligand is referred to as an antigen binding domain. In some instances, a target-
specific ligand refers to any substance that binds, directly or indirectly, to a target cell. In some
embodiments, the target specific ligand binds to an antigen (protein produced by a cell that can
elicit an immune response) on the target cell. In some instances, the target-specific ligands
include, but are not limited to, antibodies and fragments thereof, for example single chain
antibodies such as single-chain antibodies (scFvs), single domain antibodies, peptides,
peptidomimetics, proteins, glycoproteins, or proteoglycans that bind to the target cell and/or
antigen. In some instances, the target-specific ligands include, but are not limited to, designed
ankyrin repeat proteins (DARPins), lectins, knottins, centryrins, anticalins, or naturally occurring
ligands for the tumor antigen, such as growth factors, enzyme substrates, receptors or binding
proteins. In some instances, target specific ligands include non-protein compounds that bind to
target cells and/or antigens, including but not limited to carbohydrates, lipids, nucleic acids, or
small molecules. In some instances, a target-specific ligand is a designed ankyrin repeat
(DARPin) targeted to a specific cell and/or antigen. In some instances, the target-specific ligand
is a single-chain antibody (scFv) targeted to a specific cell and/or antigen. In some instances, the
target-specific ligand is a scFv that selectively binds BCMA. In some instances, the target-
specific ligand is a scFv that specifically binds BCMA. In some instances, the scFv that binds
BCMA comprises SEQ ID NO: 21 and SEQ ID NO: 22.

[0143] In some instances, a target cell is a cell associated with a disease state, including, but not
limited to cancer. In some embodiments, a target cell is a tumor cell. In some instances, a target-
specific ligand can bind to a tumor antigen or tumor associated antigen on a tumor cell. In some
instances, the target antigen is a tumor antigen. In some instances, the tumor antigen when
proteinaceous is a sequence of 8 or more amino acids up to the full protein. In some instances,
the tumor antigen is any number of amino acids in between 8 and the full length protein which
comprises at least one antigenic fragment of the full length protein that is represented in a MHC
complex. Examples of tumor antigens include, but are not limited to, HER-2 (erbB-2), B-cell
maturation antigen (BCMA), alphafetoprotein (AFP), carcinoembryonic antigen (CEA), CA-125,
MUC-1, epithelial tumor antigen (ETA), tyrosinase, melanoma-associated antigen (MAGE),

prostate-specific antigen (PSA), glioma-associated antigen, P-human chorionic gonadotropin,
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thyroglobulin, RAGE-1, MN-CA IX, human telomerase reverse transcriptase, RU1, RU2 (AS),
intestinal carboxyl esterase, mut hsp70-2, M-CSF, prostase, PAP, NY-ESO-1, LAGE-1a, p53,
prostein, PSMA, survivin and telomerase, prostate-carcinoma tumor antigen-1 (PCTA-1),
ELF2M, neutrophil elastase, CD22, insulin growth factor (IGF)-I, IGF-II, IGF-I receptor and
mesothelin. In some instances, the tumor antigen is a BCMA antigen. In some instances, the
BCMA specific ligand comprises an antigen binding domain of an antibody selected from
Belantamab mafodotin, and GSK2857916.

[0144] In some embodiments, the TAC recruits the T-Cell Receptor (TCR) in combination with
co-receptor stimulation. In some instances, the TAC comprises a ligand that binds a protein
associated with the TCR complex. In some instances, the ligand that binds a protein associated
with a TCR complex comprises a substance that binds, directly or indirectly, to a protein of the
TCR. Proteins associated with the TCR include, but are not limited, to the TCR alpha (o) chain,
TCR beta (B) chain, TCR gamma (y) chain, TCR delta (§) chain, CD3y chain, CD35 chain and
CD3e chains. In some embodiments, a ligand that binds a protein associated with the TCR
complex is an antibody to the TCR alpha (o) chain, TCR beta () chain, TCR gamma (y) chain,
TCR delta (8) chain, CD3y chain, CD36 chain and/or CD3¢ chain. In some instances, the protein
associated with a TCR complex is CD3. In some instances, the protein associated with a TCR
complex is CD3e. In some embodiments, the ligand is an antibody or a fragment thereof that
binds CD3. Examples of CD3 antibodies, include, but are not limited to, for muromonab,
otelixizumab, teplizumab and visilizumab. In some embodiments, the antibody that binds CD3 is
a single chain antibody, for example a single-chain antibody (scFv). In some instances, the ligand
that binds to a CD3 is UCHTI. In some instances, the UCHT1 ligand binds CD3e. In some
instances, the UCHT1 ligand is a murine ligand. In some instances, the murine UCHT1 ligand
comprises SEQ ID NOs: 13 and 14. In some instances, the murine UCHT] ligand binds CD3e. In
some instances, the murine UCHT1 ligand with a Y182T mutation binds CD3e. In some
instances, the humanized UCHT1 ligand binds CD3e. In some instances, the humanized UCHT1
ligand with a Y177T mutation binds CD3e.

[0145] In some embodiments, the TCR signaling domain polypeptide comprises a
transmembrane domain. In some embodiments, the TCR signaling domain polypeptide comprises
a cytoplasmic domain. In some embodiments, the TCR signaling domain polypeptide comprises
a transmembrane domain and a cytosolic domain. In some instances, the TCR signaling domain
polypeptide comprises a transmembrane domain and/or a cytosolic domain of a TCR co-receptor.
In some instances, the TCR co-receptor is CD4. In some instances, the TCR signaling domain

polypeptide comprises the transmembrane and cytoplasmic domains of the CD4 co-receptor
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comprising SEQ ID NO: 17 and 18. In some instances, the TCR co-receptor is CD8. In some
instances, the TCR co-receptor is CD8a. In some instances, the TCR co-receptor is CDS5. In some
instances, the TCR co-receptor is CD9. In some instances, the TCR co-receptor is CD5. In some
instances, the TCR co-receptor is CD22. In some instances, the TCR signaling domain
polypeptide comprises a transmembrane domain and/or a cytosolic domain of a TCR co-
stimulator. In some instances, the TCR co-stimulator is ICOS. In some instances, the TCR co-
stimulator is CD27. In some instances, the TCR co-stimulator is CD28. In some instances, the
TCR co-stimulator is 4-1BB (CD137). In some instances, the TCR co-stimulator is OX40
(CD134). In some instances, the TCR co-stimulator is CD30. In some instances, the TCR co-
stimulator is CD40. In some instances, the TCR co-stimulator is lymphocyte fiction-associated
antigen 1 (LFA-1). In some instances, the TCR co-stimulator is CD2. In some instances, the TCR
co-stimulator is CD7. In some instances, the TCR co-stimulator is LIGHT. In some instances, the
TCR co-stimulator is NKG2C. In some instances, the TCR co-stimulator is B7-H3. In some
instances, the TCR co-stimulator is a ligand that specifically binds CD83. In some instances, the
TCR signaling domain polypeptide comprises a transmembrane domain and/or a cytosolic
domain of a TCR co-inhibitor. In some instances, the TCR co-inhibitor is PD-1. In some
instances, the TCR co-inhibitor is TIM3. In some instances, the TCR co-inhibitor is LAG-3. In
some instances, the TCR co-inhibitor is TIGIT. In some instances, the TCR co-inhibitor is
BTLA. In some instances, the TCR co-inhibitor is CD160. In some instances, the TCR co-
inhibitor is CD37. In some embodiments, the TCR signaling domain polypeptide includes both a
cytoplasmic domain and a transmembrane domain of a TCR co-receptor or co-stimulator protein.
In some instances, the cytoplasmic domain and transmembrane domain are from the same co-
receptor or co-stimulator or from different co-receptors or co-stimulators. In some instances, the
cytoplasmic domain and transmembrane domains are optionally joined by a linker. In some
embodiments, the TAC further comprises other polypeptides that directly or indirectly act to
target or activate the T cell.

[0146] In some embodiments, the first polypeptide, the second polypeptide, and the third
polypeptide are directly fused. In some embodiments, the first polypeptide, the second
polypeptide, and the third polypeptide are joined by at least one linker. In some embodiments, the
first polypeptide and the second polypeptide are directly fused, and joined to the third
polypeptide by a linker. In some embodiments, the second polypeptide and the third polypeptide
are directly fused, and joined to the first polypeptide by a linker. In some embodiments, the
linker is a peptide linker. In some embodiments, the peptide linker comprises 1 to 40 amino

acids. In some embodiments, the peptide linker comprises 1 to 30 amino acids. In some
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embodiments, the peptide linker comprises 1 to 15 amino acids. In some embodiments, the
peptide linker comprises 1 to 10 amino acids. In some embodiments, the peptide linker comprises
1 to 6 amino acids. In some embodiments, the peptide linker comprises 30 to 40 amino acids. In
some embodiments, the peptide linker comprises 32 to 36 amino acids. In some embodiments,
the peptide linker comprises 5 to 30 amino acids. In some embodiments, the peptide linker
comprises 5 amino acids. In some embodiments, the peptide linker comprises 10 amino acids. In
some embodiments, the peptide linker comprises 15 amino acids. In some embodiments, the
peptide linker comprises 20 amino acids. In some embodiments, the peptide linker comprises 25
amino acids. In some embodiments, the peptide linker comprises 30 amino acids. In some
embodiments, the peptide linker comprises a G4Ss linker. Other examples of linkers that, in some
instances, are used in the TAC, are peptides corresponding to SEQ ID NOs: 11, 12, 15, 16, 19
and 20 and variants and fragments thereof.

[0147] In some embodiments, the transmembrane and cytoplasmic domains of the CD4 co-
receptor are fused to single-chain antibody that binds CD3. In some instances, a designed
ankyrin repeat (DARPin) is linked to the CD4-UCHT1 chimera to generate a Trifunctional T
cell-antigen coupler (Tri-TAC). In some instances, the Tri-TAC draws the CD3 molecule and
the TCR into regions of lipid rafts and brings Lck into the proximity of the TCR, similar to
natural MHC binding.

[0148] Cancers that may be treated include any form of neoplastic disease. Examples of cancers
that may be treated include, but are not limited to breast cancer, lung cancer and leukemia, for
example mixed lineage leukemia (MLL), chronic lymphocytic leukemia (CLL) or acute
lymphoblastic leukemia (ALL). Other cancers include carcinomas, blastomas, melanomas,
sarcomas, hematological cancers, lymphoid malignancies, benign and malignant tumors, and
malignancies. The cancer can comprise non-solid tumors or solid tumors. Cancers that may be
treated include tumors that are not vascularized, or not yet substantially vascularized, as well as
vascularized tumors. In some instances, the cancer is a solid cancer or comprises a solid tumor.
In some instances, the cancer is a liquid cancer or comprises a liquid tumor. In some instances,

the cancer 1s a melanoma.

Table 1. Table of Sequences

SEQ ID NO Description Nucleotide/Amino Acid
SEQID NO: 1 | N-Darpin Tri TAC Nucleotide

SEQID NO: 2 | N-Darpin Tri TAC Amino Acid

SEQ ID NO: 3 | C-Darpin Tri TAC Nucleotide

SEQID NO: 4 | C-Darpin Tri TAC Amino Acid

SEQ ID NO: 5 | N-Darpin Tri TAC leader sequence | Nucleotide
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(secretion signal)

SEQID NO: 6 | N-Darpin Tri TAC leader sequence | Amino Acid
(secretion signal)

SEQID NO: 7 | DARPin specific for HER-2 | Nucleotide

antigen
SEQID NO: 8 | DARPin specific for HER-2 | Amino Acid

antigen
SEQID NO: 9 | Myc Tag Nucleotide
SEQ ID NO: 10 | Myc Tag Amino Acid
SEQ ID NO: 11 | Linker 1 Nucleotide
SEQ ID NO: 12 | Linker 1 Amino Acid
SEQ ID NO: 13 | UCHT1! Nucleotide
SEQ ID NO: 14 | UCHT1? Amino Acid
SEQ ID NO: 15 | Linker 2 Nucleotide
SEQ ID NO: 16 | Linker 2 Amino Acid
SEQ ID NO: 17 | CD4 Domain® Nucleotide
SEQ ID NO: 18 | CD4 Domain* Amino Acid
SEQ ID NO: 19 | CD4 based linker Nucleotide
SEQ ID NO: 20 | CD4 based linker Amino Acid

SEQ ID NO: 21 | ScFv specific for BCMA antigen Nucleotide

SEQ ID NO: 22 | ScFv specific for BCMA antigen Amino Acid

SEQ ID NO: 23 | UCHTI (A85V, T161P) Nucleotide
SEQ ID NO: 24 | UCHTI1 (A85V, T161P) Amino Acid
SEQ ID NO: 25 | muUCHT1 (Y182T) Nucleotide
SEQ ID NO: 26 | muUCHT1 (Y182T) Amino Acid
SEQ ID NO: 27 | huUCHTI1 (Y177T) Nucleotide
SEQ ID NO: 28 | huUCHT1 (Y177T) Amino Acid
SEQ ID NO: 29 | huUCHT1 Amino Acid
SEQ ID NO: 30 | (G4S)3 linker Amino Acid
SEQ ID NO: 31 | huUCHTI Nucleotide

I Light chain, nucleotides 1-324; Linker, nucleotides 325-387; Heavy chain, nucleotides 388-750

2 Light chain, amino acids 1-108; Linker, amino acids 109-128; Heavy chain, amino acids 129-250

3 Extracellular linker, nucleotides 1-66; Transmembrane domain, nucleotides 67-132; Cytosolic domain,
nucleotides 133-254

4 Extracellular linker, amino acids 1-22; Transmembrane domain, amino acids 23-44; Cytosolic domain, amino
acids 45-84

EXAMPLES
[0149] The following examples are given for the purpose of illustrating various embodiments of
the invention and are not meant to limit the present invention in any fashion. The present
examples, along with the methods described herein are presently representative of preferred
embodiments, are exemplary, and are not intended as limitations on the scope of the invention.
Changes therein and other uses which are encompassed within the spirit of the invention as

defined by the scope of the claims will occur to those skilled in the art.
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Example 1. Characterization of the Tri-TAC technology
[0150] An overview of the Tri-TAC technology is provided in Fig. 1A-Fig. 1C.

[0151] Fig. 1A shows an example of CD8 T-cell activation based on the co-assembly of different
receptors and their associated protein partners. Initially, the major histocompatibility complex I is
presenting an antigen (helix). This is recognized by a T cell receptor (TCR) complex capable of
binding the antigen. The TCR complex contains several individual subunits. The o/ domains are
able to interact directly with the antigen presented on MHC-I. The o/p domains then interact with
several other domains (g, v, d,and £), all of which participate in T-cell activation via various
intracellular activation domains. The TCR complex interacts with MHC-I concurrently with the
CDS8 co-receptor. The CD8 co-receptor binds to the MHC-I in an antigen independent manner.
CD8 directly interacts with Lck, a protein kinase important for activating the TCR receptor
complex. The CD8 and Lck interaction also ensures their association with lipid rafts (membrane
portion) microdomains, which are hypothesized to organize and encapsulate other relevant
signaling moieties (dark spheres). Later stages of activation then lead to CD28 recruitment. If this
interaction cascade occurs several times in parallel, T-cells become activated and are able to
exert their cytotoxic effects.

[0152] Fig. 1B provides an overview of Chimeric Antigen Receptors (CAR). CARs seek to
reproduce the complex mechanism of T-cell activation by combining several key activation
domains, such as { and CD28 in a single synthetically engineered molecule. The CAR then
directly interacts with an antigen of choice using specific binding domains. Depicted here is an
ankyrin repeat protein (DARPIn). It is believed that several such interactions occurring in parallel
lead to T-cell activation.

[0153] Fig. 1C is an overview of the Tri-TAC technology mimicking the natural activation
process. The Tri-TAC was developed to better recapitulate the natural signaling through the
TCR, while retaining MHC unrestricted targeting. T-cell activation occurs following ligation of
MHC by the TCR and co-receptor on the T cells (either CD4 or CD8) simultaneously bind to
conserved regions within the MHC molecule. The co-receptors are specifically located within
"lipid rafts", membrane micro domains that are particularly important for TCR signal complex
formation. In addition to ensuring the correct microdomain localization of the TCR activation
complex, these co-receptors also bind directly to Lck, a protein kinase that is crucial for T-cell
activation. As stated previously, none of the traditional chimeric receptors or bi-functional
proteins engage the co-receptor molecules or Lck. A molecule was created where the

transmembrane and intracellular regions of the CD4 co-receptor, which localize to the lipid raft
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and bind Lck, respectively, were fused to single-chain antibody that binds CD3 (UCHT1; SEQ
ID NO: 13 and 14). This construct is designed to draw the CD3 molecule and the TCR into
regions of lipid rafts and bring Lck into the proximity of the TCR, similar to natural MHC
binding. To target this receptor, a designed ankyrin repeat (DARPin) was linked to the CD4-
UCHT1 chimera to generate a Trifunctional T cell-antigen coupler (Tri-TAC). In this example,
the DARPin was specific for the proto-oncogene, HER-2 (erbB-2).

[0154] Multiple classes of ligand binding domains can be incorporated into the Tri-TAC
molecule (Fig. 2A). The examples herein illustrate Tri-TACs bearing a HER-2-specific DARPin
(Fig. 2B) or a BCMA-specific scFv (Fig. 2C).

[0155] Fig. 3 illustrates the functionality of a Tri-TAC bearing the HER-2-specific DARPin.
Human T cells were engineered to express either the Tri-TAC as disclosed herein or a
conventional CAR with the same DARPin. It was determined that in all aspects, T cells
engineered with the Tri-TAC demonstrated functionality at least equivalent to a conventional
CAR. Interestingly, with regard to 2 parameters (TNF-a production and CD107a mobilization),
it was observed that the Tri-TAC was more active than a conventional CAR in some
circumstances.

[0156] Fig. 3A shows surface expression of Anti-HER-2 DARPin Tri-TAC compared to Anti-
HER-2 DARPin CAR, and control T cells. The chimeric receptors were detected by incubation
with recombinant HER-2. The Anti-HER-2 DARPin Tri-TAC was expressed well on the surface
of the engineered T cells. However, its maximal surface expression was lower compared to the
Anti-HER-2 DARPin CAR construct. Fig. 3B shows growth of the engineered T cells cultures.
T cells were activated with anti-CD3/anti-CD28 Dynabeads and engineered with lentiviruses
encoding the Tri-TAC, CAR or no receptor (control). After 2 weeks, the CAR and control
cultures had grown to similar numbers while the Tri-TAC cultures grew slightly more slowly.
[0157] Fig. 4 provides data confirming the importance of both ligand binding domain and the
UCHT1 CD3 binding domain for Tri-TAC functionality. T cells were engineered with the full-
length Tri-TAC bearing the HER-2 DARPin (Fig. 4A, bottom row), a Tri-TAC variant that
lacks the DARPin (Fig. 4A, top row), or a Tri-TAC variant that lacks the UCHT1 (Fig. 4A,
middle row). All 3 engineered T cell populations were stimulated with HER-2-positive tumor
cells. The T cells engineered with the full-length Tri-TAC could produce IFN-y, TNF-a and 1L-2
following stimulation, whereas the variants failed to produce any cytokine following stimulation.
The 3 T cell populations were also co-cultured with D2F2/E2 cells (HER-2-expressing) or D2F2
cells (HER-2-negative) at an effector:target of 4:1 (Fig. 4B). T cells engineered with full-length
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Tri-TAC demonstrated robust killing against D2F2/E2 cells but did not kill the D2F2 cells. The
other Tri-TAC variants lacking either the DARPin or the UCHT1, exhibited no killing.

[0158] Fig. 5 illustrates Lck interaction with the Tri-TAC. In Fig. SA, 293TM cells were
engineered to express Lck in combination with either the full-length Tri-TAC or a Tri-TAC
variant that lacked the cytosolic domain that interacts with Lck. The Tri-TAC receptors were
immunoprecipitated with beads carrying recombinant HER-2 protein. The precipitated Tri-TAC
was measured by Western blot with an antibody against the myc tag. Co-precipitated Lck was
identified by Western blot with an antibody against Lck . B-Actin was not pulled down and only
detected in the supernatant (S). Both full length Tri-TAC and the Tri-TAC that lacked the
cytosolic domain were efficiently pulled down and detected in the bound fraction (B). Vector
control and TAC without cytosolic domain show comparable levels of background Lck signal.
Greater amounts of Lck were co-immunopreciptated with the full-length Tri-TAC relative to the
controls. Fig. SB shows densitometry analysis of the Lck detected in the bound fraction. Signal
was corrected relative to the negative control. This data supports that Lck is able to interact with
full length Tri-TAC.

[0159] Fig. 6 shows the results of mice treated with vector control (NGFR), Anti-HER-2
DARPin CAR or Anti-HER-2 DARPin Tri-TAC. A xenograft mouse model was used. OVCAR-
3 tumor cells were administered to mice subcutaneously and allowed to grow until the tumors
reached a size of 100 - 200mm°. Engineered T-cells were then administered intravenously. Fig.
6A shows relative tumor progression normalized to tumor size at day of treatment. Anti-HER-2
DARPin Tri-TAC engineered T-cells cause a rapid decrease in tumor volume, control has no
effect and CAR cells slow tumor growth and show a delayed reduction in tumor size. Fig. 6B
illustrates the relative health of animals was monitored using relative changes in body weight
post T-cell infusion. Both control and Anti-HER-2 DARPin Tri-TAC engineered cells show no
significant changes in mouse body weight post treatment. In contrast Anti-HER-2 DARPin CAR
treated mice, show significant loss in body weight indicative of severe toxicity.

Discussion

[0160] Using chimeric receptors to redirect T-cells towards specific targets in an MHC-
independent manner is a novel method to treat cancer and may be applicable to infectious
diseases where antigens from the pathogen are found on the plasma membrane. The chimeric
receptor would result in: (1) specific cytotoxicity against the target cells and (2) minimal off
target toxicity. Conventional CARs are limited in this regard because they rely upon a synthetic
structure where signaling domains are located in unnatural positions where they may not receive

proper regulation and, thus, there is reduced cellular control of specific activity.
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[0161] The Tri-TAC was designed to re-direct the signaling components of the natural TCR
without employing ectopic localization of signaling domains. The Tri-TAC was designed with
the following principles: (1) the chimeric receptor should interact and facilitate ordered assembly
of key activating protein complexes, (2) the chimeric receptor should take advantage of pre-
existing cellular adaptations, such as micro-domain environments, and (3) the chimeric receptor
should not possess any activating domains. The Tri-TAC is able to achieve this efficiently and, as
the data demonstrates, at rates of activation that are equal to, if not better than, that of a 2nd
generation CAR.

[0162] The Tri-TAC is suited for further integration with additional designed co-receptors to
further fine tune T-cell activation. Tri-TAC appears to exhibit lower toxicity than existing CARs.
Anti-HER-2 DARPin CARs show mild off target killing at high cell to target ratios, which may
become problematic when used in therapies. However, Anti-HER-2 DARPin Tri-TAC, which is
as functional as the traditional CAR, did not display off-target effects. Since DARPins bind
targets with high affinity, off-target effects may be more common on cells that express high
levels of a chimeric receptor that employs a DARPin. Therefore, without being bound by theory,
the low surface expression of the Tri-TAC may be advantageous as it reduces the likelihood of
such off-target effects.

[0163] The modular nature of the Tri-TAC technology allows fine tuning of the T-cell activation
process. For example, the recruitment of the TCR complex is modulated by engineering Tri-TAC
molecules with a lower CD3 affinity. This mimics the natural low TCR affinity while retaining a
high affinity targeting domain to detect cancer targets. Unlike the classical CAR, the Tri-TAC
technology is engineered to more closely resemble this.

[0164] The presented Tri-TAC technology is a highly efficient molecular tool that is able to (1)
efficiently trigger T-cell activation and cytotoxicity, (2) is able to do this by mimicking natural T-

cell activation and (3) does not require activation domains of its own.

Example 2. Mutation of UCHT1 influences Tri-TAC function
[0165] Fig. 7 shows wild type anti-HER-2 DARPin Tri-TAC compared to a library of Tri-TAC

variants where the UCHT1 sequences were randomly mutagenized at sites predicted to bind to
CD3. To build the library, 24 amino acids within UCHT1 that were found on the binding surface
of UCHT1 and CD3 epsilon were randomly mutagenized, which yielded a theoretical number of
480 unique clones. Fig. 7A shows the schematic representation of the mutant library. Analysis of
surface expression revealed that the mutant Tri-TACs was expressed at higher levels than the

original Tri-TAC (Fig.7B). T cells engineered with the original Tri-TAC or the mutant library
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were tested for functionality. The T cells engineered with the mutant library retained
functionality, indicating the presence of UCHT1 mutants that retain Tri-TAC function (Fig. 7C).
[0166] Fig. 8 shows enhanced surface expression of Tri-TACs carrying UCHT1 mutants selected
from the library. T cells engineered with the Tri-TAC library were subject to a screen that
selected for the ability of the Tri-TAC to stimulate T cells. Random selection of sequences from
the selected library yielded a mutant where UCHT where A85 was replaced by V and T161 was
replaced by P (SEQ ID NO: 23 and 24). T cells were engineered with either the original Anti-
HER-2 DARPin Tri-TAC or a variant carrying the UCHT1 with the A85V and T161P mutations.
It has been noted that T cell cultures engineered with the original Tri-TAC were biased towards
expansion of CD8+ T cells relative to control T cells. T cells engineered with the A85V, T161P
mutant Tri-TAC did not reveal a bias towards CD8+ T cell expansion (Fig. 8A). Comparison of
surface expression revealed that the Tri-TAC carrying the A85V, T161P mutant was expressed at
higher levels on the surface of T cells compared to the original Tri-TAC (Fig. 8B). With regards
to functionality, T cells engineered with the A85V, T161P mutant Tri-TAC produced lower
levels of cytokine and experienced reduced degranulation following stimulation with HER-2.
These results demonstrate that mutation of UCHT1 can impact multiple aspects of Tri-TAC
function.

[0167] In Fig. 9, seven additional point mutations were tested. Four of the mutants (T161R,
T178R, N180R and N180G) resulted in enhanced surface expression of the Tri-TAC (Fig. 9A).
The various mutants were tested for functionality following stimulation with either A549 or
SKOV-3 cells. All of the mutants, with the exception of T178P, displayed greatly impaired
cytokine production (Fig. 9B) and none of the mutants demonstrated cytotoxicity against HER-2-
positive target cells (Fig. 9C). These results exemplify that individual mutations can completely
abrogate the Tri-TAC function.

[0168] Fig. 10 shows the results of an analysis for enrichment of specific amino acids following
selection of the randomly mutagenized library. Enrichment was defined by comparing the
sequences of the UCHT]1 library post-selection to (i) the original library described in Fig. 7, and
(i1) the same library after packaging into lentivirus. Mutations that were enriched following
selection were determined by comparing frequencies in: (i) the original library described in Fig. 8
(black line); (i1) the library packaged into lentivirus (gray line); and (iii) the-post selection library
(circles). Mutations that showed distinct enrichment, as indicated by full circles, were considered
candidates (Fig. 10). Empty circles represented a low number of reads. The single most obvious

mutation found was the replacement of tyrosine (Y) with threonine (T) at position 88-90.
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[0169] Fig. 11 shows sequence alignment of UCHT1 and UCHT]1 variants. The sequence of
UCHT1 and UCHT1 (Y182T) (SEQ ID NO: 26) is shown in Fig. 11A. The sequence of UCHT1
and a humanized UCHT1 (huUCHT1) (SEQ ID NO: 29) is shown in Fig. 11B. The Y -> T
mutation was inserted into the corresponding site in huUCHTT1 to yield huUCHT1 (Y177T) (Fig.
11C) (SEQ ID NO: 28.)

[0170] The Y182T and Y177T mutants were analyzed i vifro based on their surface expression
phenotype, and other functional properties, namely, cell growth and cytotoxicity.

[0171] Fig. 12 exemplify that Tri-TACs carrying the Y -> T mutation, either UCHT1(Y 182T) or
huUCHT1(Y177T) are expressed at higher levels on the surface of engineered T cells compared
to Tri-TACs carrying UCHT1 and huUCHTT, respectively. Human PBMC were activated with
anti-CD3/anti-CD28, transduced with lentivirus (MOI=10) expressing only: (i) NGFR, (ii) the
prototypic Tri-TAC molecule, (iii) the Tri-TAC carrying UCHT1(Y182T), (iv) the Tri-TAC
carrying huUCHTT, and (v) the Tri-TAC carrying huUCHT1(Y177T). After 14 days, the cells
were stained with antibodies against NGFR (Transduction marker), the TAC receptor, and the T
cell markers CD8 and CD4. Cells were gated on CD8 (upper panels) and CD4 (lower panels). In
each case, the presence of the Y182T/Y177T mutation improved surface expression of the TAC
receptor. This was observed across multiple donors and a representative plot is shown.

[0172] Fig. 12 also reveals enhanced surface expression of the Tri-TAC carrying huUCHT1
compared to the original Tri-TAC that carried UCHT1 indicating that the mutations incorporated
into UCHT]1 during the humanization introduced attributes that influenced surface expression.
[0173] Fig. 13 demonstrates that T cells engineered with Tri-TACs carrying either huUCHT]1,
muUCHTI1(Y182T) or huUCHTI1(Y177T) expanded to a greater extent than T cells engineered
with the original Tri-TAC carrying UCHT1. Human PBMC were activated with anti-CD3/anti-
CD28, transduced with lentivirus (MOI=10) expressing only: (i) NGFR, (ii) the prototypic Tri-
TAC molecule, (iii) the Tri-TAC carrying UCHTI(Y182T), (iv) the Tr-TAC -carrying
huUCHT1, and (v) the Tri-TAC carrying huUCHT1(Y177T). After 14 days of growth, the cells
were enumerated to determine fold-expansion over the baseline. The fold expansion was
normalized to the expansion of the control cells engineered with NGFR lentivirus alone. The
average of two different donors is shown in Fig. 13. T cells engineered with Tri-TAC with
UCHTI1(Y182T) expanded to a greater extent than T cells engineered with the original Tri-TAC
carrying UCHTI1. T cells engineered with Tri-TACs with huUCHT1 and huUCHTI1(Y177T)
expanded to the same extent; both of which displayed greater expansion than the original Tri-

TAC carrying UCHTT1.
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[0174] Again, it should be noted that the Tri-TAC carrying UCHT1 demonstrated impaired
expansion relative to control T cells, whereas the Tri-TAC carrying huUCHT]1 revealed no
impairment in expansion relative to controls.

[0175] Fig. 14 describes the cytotoxicity of the Tri-TAC variants. T cells were engineered with
the original Tri-TAC, the Tri-TAC carrying huUCHT1 and the Tri-TACs carrying the UCHT1
variants with the Y->T mutation. All Tri-TACs were targeted with the anti-HER-2 DARPIin.
Cytotoxicity was assessed by incubating the engineered T cells with HER-2-positive targets
(SKOV-3 and A549) or the HER-2-negative target LOXIMVI. The average of two different
donors is shown. All T cell populations revealed comparable cytotoxicity.

[0176] As in Fig. 14, T cells were engineered with the Tri-TAC carrying huUCHT1 or the Tri-
TACs carrying the huUCHT]1 variants with the Y->T mutation [WuUCHTI1(Y177T)]. Both Tri-
TACs were targeted with the anti-HER-2 DARPin. Control T cells were engineered with a Tri-
TAC that carries huUCHT1(Y177T) but not tumor binding domain. The T cells were used to
treat the OVCAR-3 xenograft mouse model described in Fig. 6. Engineered T-cells were
administered intravenously tumors reached a size of 100 - 200mm®. The data shows relative
tumor progression normalized to tumor size at day of treatment. Fig. 17 (panels A-C) illustrate
the results for T cells produced from donor A. Fig. 17 (panels D-F) show the results for T cells
produced from donor B.

[0177] Fig. 15 shows the in vitro characterization of T cells engineered with Tri-TACs carrying
an scFv specific for the myeloma target, BCMA. T cells were engineered with either the original
Tri-TAC or the Tri-TAC with the UCHT1(Y182T). T cells were engineered with a control
lentivirus, a lentivirus expressing the original Tri-TAC or a lentivirus expressing the Tri-TAC
with UCHT1(Y182T) at an MOI of 5. Cell surface expression of the Tri-TAC was assessed by
incubating engineered cells with the recombinant BCMA-Fc which was subsequently measured
by flow cytometry. Cytokine production was assessed by co-culturing engineered or control cells
with BCMA-positive (KMS-11) or BCMA-negative (SKOV-3) cell lines. After 4h of co-culture
cells were processed for intracellular staining of cytokines and cytokine production was
measured by flow cytometry. Cytotoxicity was assessed by co-culturing engineered or control
cells with BCMA-positive (KMS-11) or BCMA-negative (SKOV-3) cell lines and viability was
assessed after 6h of co-culture. As described previously, a higher fraction of T cells were
engineered with the Tri-TAC UCHTI1(Y 182T) compared to the original Tri-TAC; the Tri-TAC
UCHTI1(Y182T) was also expressed at higher levels than the original Tri-TAC (Fig. 15A).
Despite the higher levels of expression, T cells engineered with the original Tri-TAC and the Tri-
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TAC UCHTI1(Y182T) demonstrated similar functionality with regard to cytokine production
(Fig. 15B) and cytotoxicity on BCMA-expressing targets (KMS-11; Fig. 15C).

[0178] Fig. 16 illustrates enhanced anti-tumor efficacy of T cells engineered with Tri-TAC
carrying UCHT1(Y182T). As in Fig. 15, T cells were engineered with a control lentivirus, a
lentivirus expressing the original Tri-TAC or a lentivirus expressing the Tri-TAC with
UCHT1(Y182T) at an MOI of 5. Multiple myeloma tumors were established in immunodeficient
NRG mice by inoculation with KMS-11 cell lines had been engineered with enhance firefly
luciferase (KMS-11°%). Seven days after the myeloma tumors were established the mice were
treated a split dose of engineered T-cells administered 48h apart. Mice received equal doses of
control T cells or T cells engineered with the 2 BCMA-specific Tri-TACs (original Tri-TAC with
UCHT1 and variant Tri-TAC with UCHT1(Y182T)). Mouse tumor burden was monitored at
regular by in vivo bioluminescent imaging. The data in the figure reflect tumor growth, as
assessed by increased bioluminescence, over time. Tumor growth was comparable in mice that
received no treatment and mice that received control T cells. Tumor growth was initially slowed
in mice treated with T cells engineered with the original Tri-TAC but tumor control in these mice
was lost approximately 2 weeks post-treatment. In contrast, the T cells engineered with the Tri-
TAC carrying UCHT1(Y 182T) exhibited tumor regression and long-term tumor control.
Discussion

[0179] The Tri-TAC was designed based on the philosophy that alterations of the various
components could modulate receptor function. Here, modifications to the contact region between
UCHT1 and CD3 were investigated by mutating individual amino acids in UCHT1. First, it was
demonstrated that point mutations in UCHT1 influence surface expression of the receptor. While
most mutations increased surface expression, some mutations diminished surface expression (ex.
T161W, T178P). Second, it was noted that mutation to UCHT1 also improves the overall yield
of T cells during the manufacturing process. Finally, it was found that mutations to UCHT1
could reverse the skewing of the manufactured product towards CD8+ T cells, which is a
common feature of the original Tri-TAC receptor.

[0180] In many cases, the mutations impaired the production of cytokines IFN-y, TNF-a and IL-
2 and also impaired cytotoxicity. We uncovered a specific mutation (Y182T) that yields a Tri-
TAC with properties that are highly attractive for manufacturing (no impairment in T cell
expansion, no suppression of CD4+ T cell expansion) without compromising the functionality of
the receptor. Moreover, T cells engineered with the Tri-TAC (UCHT1 Y182T) displayed greater

anti-tumor activity than T cells engineered with the original Tri-TAC.
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[0181] A Tri-TAC carrying the humanized variant of UCHT1 (huUCHT1) also demonstrated
enhanced manufacturing properties relative to the original Tri-TAC. These enhanced features are
due to the mutations in huUCHT]1 associated with the humanization.

[0182] Collectively, these data demonstrate that subtle mutations of UCHT1 dramatically
influence the function of Tri-TACs. While these studies to date have focused on Oncology
applications, this knowledge also applies to the use of Tri-TAC receptors for other application
(ex. Auto-immunity, allergy) where mutations, other than the ones described herein, may be of

value for those specific applications.

[0183] While preferred embodiments of the present invention have been shown and described
herein, it will be obvious to those skilled in the art that such embodiments are provided by way of
example only. Numerous variations, changes, and substitutions will now occur to those skilled in
the art without departing from the invention. It should be understood that various alternatives to
the embodiments of the invention described herein may be employed in practicing the invention.
It is intended that the following claims define the scope of the invention and that methods and

structures within the scope of these claims and their equivalents be covered thereby.
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CLAIMS
WHAT IS CLAIMED I8S:
1. A nucleic acid sequence encoding a Trifunctional T cell-antigen coupler (Tri-
TAC) comprising:
(a) a first polynucleotide sequence encoding a ligand that selectively binds a target
antigen;
(b) a second polynucleotide sequence encoding a UCHT1 ligand with a Y182T
mutation comprising an amino acid sequence having at least 80% sequence identity with
SEQ ID NO: 26 that binds a protein associated with a T cell receptor (TCR) complex; and
(¢) a third polynucleotide sequence encoding a TCR signaling domain
polypeptide.
2. The nucleic acid sequence of claim 1, wherein the amino acid sequence comprises
SEQ ID NO: 26.
3. A nucleic acid sequence encoding a T cell-antigen coupler (Tri-TAC) comprising:
(a) a first polynucleotide sequence encoding a ligand that selectively binds a target
antigen;
(b) a second polynucleotide sequence encoding a humanized variant of UCHT1
(huUCHT1) ligand comprising an amino acid sequence having at least 80% sequence
identity with SEQ ID NO: 29 that binds a protein associated with a T cell receptor (TCR)
complex; and
(¢) a third polynucleotide sequence encoding a TCR signaling domain
polypeptide.
4, The nucleic acid sequence of claim 3, wherein the amino acid sequence comprises
SEQ ID NO: 29
5. A nucleic acid sequence encoding a T cell-antigen coupler (Tri-TAC) comprising:
(a) a first polynucleotide sequence encoding a ligand that selectively binds a target
antigen;
(b) a second polynucleotide sequence encoding a humanized variant of UCHT1
(huUCHT1) ligand with a Y177T mutation comprising an amino acid sequence having at
least 80% sequence identity with SEQ ID NO: 28 that binds a protein associated with a T
cell receptor (TCR) complex; and
(¢) a third polynucleotide sequence encoding a TCR signaling domain

polypeptide.
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6. The nucleic acid sequence of claim 5, wherein the amino acid sequence comprises
SEQ ID NO: 28.
7. The nucleic acid sequence of any one of claims 1-6, wherein the ligand

specifically binds the target antigen.

8. The nucleic acid sequence of any one of claims 1-7, wherein the ligand is an
ankyrin repeat (DARPin) polypeptide.

9. The nucleic acid sequence of any one of claims 1-7, wherein the ligand is a single
chain variable fragment (scFv).

10. The nucleic acid sequence of any one of claims 1-9, wherein the target antigen is a
tumor antigen.

11. The nucleic acid sequence of any one of claims 1-10, wherein the tumor antigen is
a HER-2 antigen.

12. The nucleic acid sequence of any one of claims 1-10, wherein the tumor antigen is
a BCMA antigen.

13. The nucleic acid sequence of any one of claims 1-13, wherein the protein
associated with a TCR complex is CD3, preferably CD3e.

14, The nucleic acid sequence of any one of claims 1-13, wherein the TCR signaling
domain polypeptide comprises a transmembrane domain and a cytosolic domain.

15.  The nucleic acid sequence of any one of claims 1-14, wherein the TCR signaling
domain polypeptide comprises a transmembrane domain and a cytosolic domain of a TCR co-
receptor.

16.  The nucleic acid sequence of claim 15, wherein the TCR co-receptor is CD4.

17.  The nucleic acid sequence of claim 16, wherein the TCR co-receptor is CDS,
preferably CD8a.

18.  The nucleic acid sequence of any one of claims 1-17, wherein the first
polypeptide, the second polypeptide, and the third polypeptide are directly fused.

19. The nucleic acid sequence of any one of claims 1-17, wherein the first polypeptide
and the second polypeptide are directly fused, and joined to the third polypeptide by a linker.

20.  The nucleic acid sequence of any one of claims 1-17, wherein the second
polypeptide and the third polypeptide are directly fused, and joined to the first polypeptide by a
linker.

21.  The nucleic acid sequence of any one of claims 19-20, wherein the linker is a
peptide linker, preferably a peptide linker comprising 5 to 30 amino acids, more preferably 5

amino acids, 10 amino acids, or 15 amino acids.
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22. The nucleic acid sequence of claim 21, wherein the peptide linker comprises a
G4S; linker.
23. A nucleic acid sequence encoding an anti-HER-2 Trifunctional T cell-antigen
coupler (anti-HER-2 Tri-TAC) comprising:
(a) a first polynucleotide sequence encoding a ligand that selectively binds a HER-
2 antigen;
(b) a second polynucleotide sequence encoding:
(i) a UCHTI ligand with a Y182T mutation comprising an amino acid
sequence having at least 80% sequence identity with SEQ ID NO: 26 that binds a
protein associated with a T cell receptor (TCR) complex,
(i1) a humanized variant of UCHT1 (huUCHT1) ligand comprising an
amino acid sequence having at least 80% sequence identity with SEQ ID NO: 29
that binds a protein associated with a T cell receptor (TCR) complex, or
(i11) a humanized variant of UCHT1 (huUCHT1) ligand with a Y177T
mutation comprising an amino acid sequence having at least 80% sequence
identity with SEQ ID NO: 28 that binds a protein associated with a T cell receptor
(TCR) complex; and
(¢) a third polynucleotide sequence encoding a TCR signaling domain
polypeptide.
24, The nucleic acid sequence of claim 23, wherein the amino acid sequence
comprises SEQ ID NO: 26.
25.  The nucleic acid sequence of claim 23, wherein the amino acid sequence
comprises SEQ ID NO: 29.
26.  The nucleic acid sequence of claim 23, wherein the amino acid sequence
comprises SEQ ID NO: 28.
27. The nucleic acid sequence of any one of claims 23-26, wherein the ligand
specifically binds the HER-2 antigen.
28. The nucleic acid sequence of any one of claims 23-27, wherein the ligand is an
ankyrin repeat (DARPin) polypeptide.
29. The nucleic acid sequence of any one of claims 23-28, wherein the HER-2 antigen
is expressed on a cancer cell.
30. The nucleic acid sequence of any one of claims 23-29, wherein the protein

associated with a TCR complex is CD3, preferably CD3e.
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31.  The nucleic acid sequence of any one of claims 23-30, wherein the TCR signaling
domain polypeptide comprises a transmembrane domain and a cytosolic domain.

32.  The nucleic acid sequence of any one of claims 23-31, wherein the TCR signaling
domain polypeptide comprises a transmembrane domain and a cytosolic domain of a TCR co-
receptor.

33. The nucleic acid sequence of claim 32, wherein the TCR co-receptor is CD4.

34.  The nucleic acid sequence of claim 32, wherein the TCR co-receptor is CD8,
preferably CD8a.

35.  The nucleic acid sequence of any one of claims 23-34, wherein the first
polypeptide, the second polypeptide, and the third polypeptide are directly fused.

36.  The nucleic acid sequence of any one of claims 23-34, wherein the first
polypeptide and the second polypeptide are directly fused, and joined to the third polypeptide by
a linker.

37. The nucleic acid sequence of any one of claims 23-34, wherein the second
polypeptide and the third polypeptide are directly fused, and joined to the first polypeptide by a
linker.

38.  The nucleic acid sequence of any one of claims 35-37, wherein the linker is a
peptide linker, preferably a peptide linker comprising 5 to 30 amino acids, more preferably 5
amino acids, 10 amino acids, or 15 amino acids.

39. The nucleic acid sequence of claim 38, wherein the peptide linker comprises a
G4S; linker.

40. A nucleic acid sequence encoding an anti-BCMA Trifunctional T cell-antigen
coupler (anti-BCMA Tri-TAC) comprising:

(a) a first polynucleotide sequence encoding a ligand that selectively binds a

BCMA antigen;

(b) a second polynucleotide sequence encoding:

(i) a UCHTI ligand with a Y182T mutation comprising an amino acid
sequence having at least 80% sequence identity with SEQ ID NO: 26 that binds a
protein associated with a T cell receptor (TCR) complex,

(i1) a humanized variant of UCHT1 (huUCHT1) ligand comprising an
amino acid sequence having at least 80% sequence identity with SEQ ID NO: 29
that binds a protein associated with a T cell receptor (TCR) complex, or

(i11) a humanized variant of UCHT1 (huUCHT1) ligand with a Y177T

mutation comprising an amino acid sequence having at least 80% sequence
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identity with SEQ ID NO: 28 that binds a protein associated with a T cell receptor
(TCR) complex; and
(¢) a third polynucleotide sequence encoding a TCR signaling domain
polypeptide.
41.  The nucleic acid sequence of claim 40, wherein the amino acid sequence
comprises SEQ ID NO: 26.
42, The nucleic acid sequence of claim 40, wherein the amino acid sequence
comprises SEQ ID NO: 29.
43.  The nucleic acid sequence of claim 40, wherein the amino acid sequence
comprises SEQ ID NO: 28.
44, The nucleic acid sequence of any one of claims 40-43, wherein the ligand
specifically binds the BCMA antigen.
45, The nucleic acid sequence of any one of claims 40-44, wherein the ligand is a
single chain variable fragment (scFv).
46. The nucleic acid sequence of claim 44, wherein the BCMA antigen is expressed
on a cancer cell.
47. The nucleic acid sequence of any one of claims 40-46, wherein the protein
associated with a TCR complex is CD3, preferably CD3e.
48.  The nucleic acid sequence of any one of claims 40-47, wherein the TCR signaling
domain polypeptide comprises a transmembrane domain and a cytosolic domain.
49.  The nucleic acid sequence of any one of claims 40-48, wherein the TCR signaling

domain polypeptide comprises a transmembrane domain and a cytosolic domain of a TCR co-

receptor.
50.  Thenucleic acid sequence of claim 49, wherein the TCR co-receptor is CD4.
51.  The nucleic acid sequence of claim 49, wherein the TCR co-receptor is CD8,

preferably CD8a.

52.  The nucleic acid sequence of any one of claims 40-51, wherein the first
polypeptide, the second polypeptide, and the third polypeptide are directly fused.

53.  The nucleic acid sequence of any one of claims 40-51, wherein the first
polypeptide and the second polypeptide are directly fused, and joined to the third polypeptide by
a linker.

54.  The nucleic acid sequence of any one of claims 40-51, wherein the second
polypeptide and the third polypeptide are directly fused, and joined to the first polypeptide by a

linker.
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55.  The nucleic acid sequence of any one of claims 53-54, wherein the linker is a
peptide linker, preferably a peptide linker comprising 5 to 30 amino acids, more preferably 5
amino acids, 10 amino acids, or 15 amino acids.

56. The nucleic acid sequence of claim 56, wherein the peptide linker comprises a
G4S; linker.

57. A vector comprising the nucleic acid sequence of any one of claims 1-56.

58. The vector of claim 57, further comprising a promoter, preferably a promoter
functional in a mammalian cell.

59. A T cell transfected with the vector of any one of claims 57-58.

60. An engineered T cell comprising the nucleic acid sequence of any one of claims 1-
56, or the vector of any one of claims 57-58.

61. A pharmaceutical composition comprising the engineered T cell of claim 60, and
a pharmaceutically acceptable carrier.

62. A method of treating a cancer expressing a target antigen in an individual in need
thereof, comprising administering to the individual an engineered T cell comprising a nucleic
acid sequence encoding a Trifunctional T cell-antigen coupler (Tri-TAC) comprising:

(a) a first polynucleotide sequence encoding a ligand that selectively binds the
target antigen;

(b) a second polynucleotide sequence encoding a UCHT1 ligand with a Y182T
mutation comprising an amino acid sequence having at least 80% sequence identity with

SEQ ID NO: 26 that binds a protein associated with a T cell receptor (TCR) complex; and

(¢) a third polynucleotide sequence encoding a TCR signaling domain
polypeptide.

63. A method of treating a cancer expressing a target antigen in an individual in need
thereof, comprising administering to the individual an engineered T cell comprising a nucleic
acid sequence encoding a Trifunctional T cell-antigen coupler (Tri-TAC) comprising:

(a) a first polynucleotide sequence encoding a ligand that selectively binds the
target antigen;
(b) a second polynucleotide sequence encoding a humanized variant of UCHT1

(huUCHT1) ligand comprising an amino acid sequence having at least 80% sequence

identity with SEQ ID NO: 29 that binds a protein associated with a T cell receptor (TCR)

complex; and
(¢) a third polynucleotide sequence encoding a TCR signaling domain

polypeptide.
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64, A method of treating a cancer expressing a target antigen in an individual in need
thereof, comprising administering to the individual an engineered T cell comprising a nucleic
acid sequence encoding a T cell-antigen coupler (Tri-TAC) comprising;

(a) a first polynucleotide sequence encoding a ligand that selectively binds the
target antigen;
(b) a second polynucleotide sequence encoding a humanized variant UCHTI1

(huUCHT1) ligand with a Y177T mutation comprising an amino acid sequence having at

least 80% sequence identity with SEQ ID NO: 28 that binds a protein associated with a T

cell receptor (TCR) complex; and

(¢) a third polynucleotide sequence encoding a TCR signaling domain
polypeptide.

65. The nucleic acid sequence of claim 62, wherein the amino acid sequence
comprises SEQ ID NO: 26.

66. The nucleic acid sequence of claim 63, wherein the amino acid sequence
comprises SEQ ID NO: 29.

67.  The nucleic acid sequence of claim 64, wherein the amino acid sequence
comprises SEQ ID NO: 28.

68. The method of any one of claims 62-67, wherein the ligand specifically binds the
target antigen.

69. The method of any one of claims 62-68, wherein the ligand is an ankyrin repeat
(DARPin) polypeptide.

70. The method of any one of claims 62-67, wherein the ligand is a single chain
variable fragment (scFv).

71. The method of any one of claims 62-70, wherein the target antigen is a tumor
antigen.

72. The method of any one of claims 62-71, wherein the antigen is a HER-2 antigen.

73. The method of any one of claims 62-71, wherein the antigen is a BCMA antigen.

74.  The method of any one of claims 62-73, wherein the protein associated with a
TCR complex is CD3, preferably CD3e.

75. The method of any one of claims 62-74, wherein the TCR signaling domain
polypeptide comprises a transmembrane domain and a cytosolic domain.

76. The method of any one of claims 62-75, wherein the TCR signaling domain
polypeptide comprises a transmembrane domain and a cytosolic domain of a TCR co-receptor.

717. The method of claim 76, wherein the TCR co-receptor is CD4.
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78. The method of claim 76, wherein the TCR co-receptor is CD8, preferably CD8a.

79. The method of any one of claims 62-78, wherein the first polypeptide, the second
polypeptide, and the third polypeptide are directly fused.

80. The method of any one of claims 62-78, wherein the first polypeptide and the
second polypeptide are directly fused, and joined to the third polypeptide by a linker.

81. The method of any one of claims 62-78, wherein the second polypeptide and the
third polypeptide are directly fused, and joined to the first polypeptide by a linker.

82. The method of any one of claims 80-81, wherein the linker is a peptide linker,
preferably a peptide linker comprising 5 to 30 amino acids, more preferably 5 amino acids, 10
amino acids, or 15 amino acids.

83.  The method of claim 82, wherein the peptide linker comprises a G4S3 linker.

84.  The method of any one of claims 62-83, wherein the cancer is a solid cancer or a
liquid cancer.

85. The method of any one of claims 62-84, wherein the cancer is a lung cancer, a
breast cancer, a colon cancer, multiple myeloma, glioblastoma, gastric cancer, ovarian cancer,
stomach cancer, colorectal cancer, urothelial cancer, endometrial cancer, or a melanoma.

86. A method of treating a cancer expressing a HER-2 antigen in an individual in need
thereof, comprising administering to the individual an engineered T cell comprising a nucleic
acid sequence encoding an anti-HER-2 Trifunctional T cell-antigen coupler (anti-HER-2 Tri-
TAC) comprising:

(a) a first polynucleotide sequence encoding a ligand that selectively binds the

HER-2 antigen;

(b) a second polynucleotide sequence encoding:

(i) a UCHTI ligand with a Y182T mutation comprising an amino acid
sequence having at least 80% sequence identity with SEQ ID NO: 26 that binds a
protein associated with a T cell receptor (TCR) complex,

(i1) a humanized variant of UCHT1 (huUCHT1) ligand comprising an
amino acid sequence having at least 80% sequence identity with SEQ ID NO: 29
that binds a protein associated with a T cell receptor (TCR) complex, or

(i11) a humanized variant of UCHT1 (huUCHT1) ligand with a Y177T
mutation comprising an amino acid sequence having at least 80% sequence
identity with SEQ ID NO: 28 that binds a protein associated with a T cell receptor
(TCR) complex; and
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(¢) a third polynucleotide sequence encoding a TCR signaling domain
polypeptide.

87. The nucleic acid sequence of claim 86, wherein the amino acid sequence
comprises SEQ ID NO: 26.

88. The nucleic acid sequence of claim 86, wherein the amino acid sequence
comprises SEQ ID NO: 29.

89.  The nucleic acid sequence of claim 86, wherein the amino acid sequence
comprises SEQ ID NO: 28.

90. The method of any one of claims 86-89, wherein the ligand specifically binds the
HER-2 antigen.

91. The method of any one of claims 86-90, wherein the ligand is an ankyrin repeat
(DARPin) polypeptide.

92.  The method of any one of claims 86-91, wherein the protein associated with a
TCR complex is CD3, preferably CD3e.

93. The method of any one of claims 86-92, wherein the TCR signaling domain
polypeptide comprises a transmembrane domain and a cytosolic domain.

94, The method of any one of claims 86-93, wherein the TCR signaling domain
polypeptide comprises a transmembrane domain and a cytosolic domain of a TCR co-receptor.

95. The method of claim 94, wherein the TCR co-receptor is CD4.

96. The method of claim 94, wherein the TCR co-receptor is CD8, preferably CD8a.

97. The method of any one of claims 86-96, wherein the first polypeptide, the second
polypeptide, and the third polypeptide are directly fused.

98. The method of any one of claims 86-96, wherein the first polypeptide and the
second polypeptide are directly fused, and joined to the third polypeptide by a linker.

99. The method of any one of claims 86-96, wherein the second polypeptide and the
third polypeptide are directly fused, and joined to the first polypeptide by a linker.

100. The method of any one of claims 98-99, wherein the linker is a peptide linker,
preferably a peptide linker comprising 5 to 30 amino acids, more preferably 5 amino acids, 10
amino acids, or 15 amino acids.

101.  The method of claim 100, wherein the peptide linker comprises a G4S3 linker.

102.  The method of any one of claims 86-101, wherein the cancer is a solid cancer or a

liquid cancer.
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103. The method of any one of claims 86-102, wherein the cancer is a lung cancer, a
breast cancer, multiple myeloma, glioblastoma, gastric cancer, ovarian cancer, stomach cancer,
colorectal cancer, urothelial cancer, endometrial cancer, or a colon cancer.

104. A method of treating a cancer expressing a BCMA antigen in an individual in
need thereof, comprising administering to the individual an engineered T cell comprising a
nucleic acid sequence encoding an anti-BCMA Trifunctional T cell-antigen coupler (anti-BCMA
Tri-TAC) comprising:

(a) a first polynucleotide sequence encoding a ligand that selectively binds the

BCMA antigen;

(b) a second polynucleotide sequence encoding:

(i) a UCHTI ligand with a Y182T mutation comprising an amino acid
sequence having at least 80% sequence identity with SEQ ID NO: 26 that binds a
protein associated with a T cell receptor (TCR) complex,

(i1) a humanized variant of UCHT1 (huUCHT1) ligand comprising an
amino acid sequence having at least 80% sequence identity with SEQ ID NO: 29
that binds a protein associated with a T cell receptor (TCR) complex, or

(i11) a humanized variant of UCHT1 (huUCHT1) ligand with a Y177T
mutation comprising an amino acid sequence having at least 80% sequence
identity with SEQ ID NO: 28 that binds a protein associated with a T cell receptor
(TCR) complex; and
(¢) a third polynucleotide sequence encoding a TCR signaling domain

polypeptide.

105. The nucleic acid sequence of claim 104, wherein the amino acid sequence
comprises SEQ ID NO: 26.

106. The nucleic acid sequence of claim 104, wherein the amino acid sequence
comprises SEQ ID NO: 29.

107. The nucleic acid sequence of claim 104, wherein the amino acid sequence
comprises SEQ ID NO: 28.

108. The method of any one of claims 104-107, wherein the ligand specifically binds
the BCMA antigen.

109. The method of any one of claims 104-108, wherein the ligand is a single chain
variable fragment (scFv).

110. The method of any one of claims 104-109, wherein the protein associated with a

TCR complex is CD3, preferably CD3e.
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111.  The method of any one of claims 104-110, wherein the TCR signaling domain
polypeptide comprises a transmembrane domain and a cytosolic domain.

112,  The method of any one of claims 104-111, wherein the TCR signaling domain
polypeptide comprises a transmembrane domain and a cytosolic domain of a TCR co-receptor.

113,  The method of claim 112, wherein the TCR co-receptor is CD4.

114,  The method of claim 112, wherein the TCR co-receptor is CD8, preferably CD8a.

115. The method of any one of claims 104-114, wherein the first polypeptide, the
second polypeptide, and the third polypeptide are directly fused.

116. The method of any one of claims 104-114, wherein the first polypeptide and the
second polypeptide are directly fused, and joined to the third polypeptide by a linker.

117.  The method of any one of claims 104-114, wherein the second polypeptide and
the third polypeptide are directly fused, and joined to the first polypeptide by a linker.

118.  The method of any one of claims 116-117, wherein the linker is a peptide linker,
preferably a peptide linker comprising 5 to 30 amino acids, more preferably 5 amino acids, 10
amino acids, or 15 amino acids.

119. The method of claim 118, wherein the peptide linker comprises a G4S3 linker.

120. The method of any one of claims 104-119, wherein the cancer is a solid cancer or
a liquid cancer.

121.  The method of any one of claims 104-120, wherein the cancer is a multiple

myeloma.
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