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STABILIZED TCR CONSTRUCTS AND METHODS OF USE

FIELD

[0001] The present disclosure relates to the field of soluble T-cell receptors for use as

therapeutics and, 1n particular, to stabilized TCR constructs and TCR fusion proteins.

BACKGROUND

[0002] T-cell receptors (TCRSs) are proteins found on the surface of T-cells. TCRs modulate the
immune response through binding with Class I and Class II major histocompatibility complexes
(MHC) present on the surface of cells. An MHC presenting a peptide sequence which activates a
T-cell via the TCR triggers an immune response. In the case of cancer, a mutated or overexpressed
peptide sequence can be presented on the surface of the cancerous cell. TCRs can differentiate
between peptides with a single amino acid mutation and thus provide an opportunity to specifically

target these mutant peptide-MHC complexes.

[0003] TCRs belong to the immunoglobulin super-tamily (IgSF) of proteins and share certain
structural stmilarities with antibodies. Similar to the Fab section of an antibody, a TCR includes
two unique chains, each containing one variable domain and one constant domain, with highly

variable loops (CDRs) 1n the variable domain providing the binding selectivity of the TCR.

[0004] TCRs are membrane-bound proteins that contain a transmembrane domain. There has
been interest in developing a soluble form of TCRs as therapeutics, but soluble TCRs are inherently
unstable proteins with low expression and stability. Modifications to improve the stability of
soluble TCRs have been described. International Patent Publication No. WO 2004/074322
describes a stabilized soluble TCR that comprises a disulfide bond between constant domain
residues which 1s not present in the native TCR. International Patent Publication No. WO
2016/070814 describes a high-stability soluble TCR comprising an artificial interchain disulfide
bond linking the constant domains of the TCRa and 3 chains, and International Patent Publication
No. WO 2016/184258 describes a stabilized soluble heterodimeric TCR containing an artificial
interchain disulfide bond between the variable region of the o chain and the constant region of the

B chain. Point mutations that improve stability of soluble TCRs have also been described (see,
]
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Shusta, er al., 2000, Nature Biotechnol., 18:754-759, and Gunnarsen, ef al.,, 2013, Scientific
Reports, 3:1162).

[0005] Fusion of the extracellular portion of a TCR to different domains of human

immunoglobulins (Ig) has also been used as a strategy to increase the expression and/or improve

stability of the TCR (see, Lunde, ef al., 2010, BMC Biotechnol.,10:61; Ozawa, et al., 2012,
Biochem. Biophys. Res. Commun., 422:245-249; and Wu, et al., 2015, MAbs, 7:364-376).

[0006] International Patent Publication No. WO 1999/018129 describes a single-chain TCR (sc-
TCR) 1n which the alpha and beta chain of the TCR are connected with a flexible linker. The sc-
TCR was shown to have improved stability. sc-TCR fusion proteins are also described which

include covalently linked TCR Va and V[ chains fused to an immunoglobin light chain constant
region. U.S. Patent Nos. 6,534,633 and 8,105,830 describe an sc-TCR covalently linked through a

peptide linker sequence to at least one single-chain antibody (sc-Ab).

[0007] This background information 1s provided for the purpose of making known information
believed by the applicant to be of possible relevance to the present disclosure. No admission 1s
necessarily intended, nor should be construed, that any of the preceding information constitutes

prior art against the claimed invention.

SUMMARY

[0008] Described herein are stabilized TCR constructs and methods of use. In one aspect, the

disclosure relates to a TCR construct comprising a TCR alpha chain polypeptide and a TCR beta
chain polypeptide, the TCR alpha chain polypeptide comprising a variable alpha (Vo) domain and
a constant alpha (Co) domain and the TCR beta chain polypeptide comprising a variable beta (V[3)
domain and a constant beta (C[) domain, where the Ca domain and C[3 domain comprise
stabilizing mutations, the stabilizing mutations comprising a first interchain disulfide bond
between the Co domain and the C3 domain and one or more additional stabilizing mutations, the
one or more additional stabilizing mutations selected from: a) an interchain disulfide bond formed

between: 1) a cysteine residue comprised by an amino acid extension at the C-terminus of the C[3

domain of the TCR beta chain polypeptide, wherein the amino acid extension 1s 1 to about 10
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amino acids in length, and 11) a cysteine residue at position TRAC 128 1n the Co domain of the
TCR alpha chain polypeptide; b) an interchain disulfide bond between cysteine residue
substitutions at positions TRAC 84.2 and TRBC 79; c¢) an interchain disulfide bond between
cysteine residue substitutions at positions TRAC 122 and TRBC 12; d) an interchain disulfide
bond between cysteine residue substitutions at positions TRAC 124 and TRBC 11; e) an interchain
disulfide bond between cysteine residue substitutions at positions TRAC 125 and TRBC 11; ) an
interchain disulfide bond between cysteine residue substitutions at positions TRAC 126 and TRBC
11; g) an interchain disulfide bond between cysteine residue substitutions at positions TRAC 127
and TRBC 11; h) an interchain disulfide bond between cysteine residue substitutions at positions
TRAC 128 and TRBC 11; 1) an intrachain disulfide bond between cysteine residue substitutions at
positions TRAC 39 and TRAC 85; 1) an intrachain disulfide bond between cysteine residue
substitutions at positions TRAC 26 and TRAC 85.1; k) an amino acid substitution at position
TRAC 4 from Val to Ala, Thr, lle, Leu or Met; 1) an amino acid substitution at position TRAC 26
from Thr to Ala, Val, Ile, Leu or Met; m) an amino acid substitution at position TRAC 39 from
Val to Ala, Thr, Ile, Leu or Met; n) an amino acid substitution at position TRAC 85 from Ala to
Ser, Thr, Val, Ile or Met; 0) an amino acid substitution at position TRAC 105 from Ala to Ser, Thr,
Glu, Gln, Asp, Asn, His, Lys or Arg; p) an amino acid substitution at position TRAC 120 from
Phe to Tyr or His; ) an amino acid substitution at position TRBC 6 from Val to Ala, Thr, Ile, Leu
or Met; r) an amino acid substitution at position TRBC 36 from His to Phe, Tyr or Trp; s) an amino
acid substitution at position TRBC 86 from Ser to Ala or Thr; t) an amino acid substitution at
position TRBC 45 .3 from Val to Ser, Thr, Glu, Gln, Asp, Asn, His, Lys or Arg; u) a deletion of 1
to 4 consecutive amino acids of the DE loop 1n the C[3 domain of the TCR construct, and v) a
replacement of the amino acids at positions TRBC 84 .4 to 85.4 with an amino acid sequence of 2
to 4 amino acids, wherein the amino acid sequence allows for formation of a beta-turn, where the
numbering of amino acids 1s IMGT numbering, and where the TCR construct has an increased
TCR melting temperature (Tm) as compared to a corresponding TCR construct comprising the

first non-naturally occurring disulfide bond alone.

[0009] In another aspect, the present disclosure relates to a TCR construct comprising a TCR

alpha chain polypeptide and a TCR beta chain polypeptide, the TCR alpha chain polypeptide

comprising a variable alpha (Vo) domain and a constant alpha (Ca) domain and the TCR beta

3
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chain polypeptide comprising a variable beta (V[3) domain and a constant beta (C[3) domain, where

the Ca domain and/or C3 domain comprise one or more stabilizing mutations selected from: a)
an interchain disulfide bond formed between: 1) a cysteine residue comprised by an amino acid
extension at the C-terminus of the C[3 domain of the TCR beta chain polypeptide, wherein the
amino acid extension 1s 1 to about 10 amino acids 1n length, and 11) a cysteine residue at position
TRAC 128 1n the Ca domain of the TCR alpha chain polypeptide; b) an interchain disulfide bond
between cysteine residue substitutions at positions TRAC 84.2 and TRBC 79; ¢) an interchain
disulfide bond between cysteine residue substitutions at positions TRAC 124 and TRBC 11; d) an
interchain disulfide bond between cysteine residue substitutions at positions TRAC 125 and TRBC
11; e) an 1nterchain disulfide bond between cysteine residue substitutions at positions TRAC 126
and TRBC 11; f) an interchain disulfide bond between cysteine residue substitutions at positions
TRAC 127 and TRBC 11; g) an interchain disulfide bond between cysteine residue substitutions
at positions TRAC 128 and TRBC 11; h) an intrachain disulfide bond between cysteine residue
substitutions at positions TRAC 39 and TRAC 85; 1) an intrachain disulfide bond between cysteine
residue substitutions at positions TRAC 26 and TRAC 85.1; j) an amino acid substitution at
position TRAC 4 from Val to Ala, Thr, Ile, Leu or Met; k) an amino acid substitution at position
TRAC 26 from Thr to Ala, Val, Ile, Leu or Met; 1) an amino acid substitution at position TRAC
39 from Val to Ala, Thr, Ile, Leu or Met; m) an amino acid substitution at position TRAC 85 from
Ala to Ser, Thr, Val, Ile or Met; n) an amino acid substitution at position TRAC 105 from Ala to
Ser, Thr, Glu, Gln, Asp, Asn, His, Lys or Arg; 0) an amino acid substitution at position TRAC 120
from Phe to Tyr or His; p) an amino acid substitution at position TRBC 6 from Val to Ala, Thr,
Ile, Leu or Met; ) an amino acid substitution at position TRBC 36 from His to Phe, Tyr or Trp;
r) an amino acid substitution at position TRBC 86 from Ser to Ala or Thr; s) an amino acid
substitution at position TRBC 45.3 from Val to Ser, Thr, Glu, Gln, Asp, Asn, His, Lys or Arg; t)
a deletion of 1 to 4 consecutive amino acids of the DE loop 1n the C3 domain of the TCR construct,
and u) a replacement of the amino acids at positions TRBC 84.4 to 85.4 with an amino acid
sequence of 2 to 4 amino acids, wherein the amino acid sequence allows for formation of a beta-
turn, where the numbering of amino acids 1s IMGT numbering, and wherein the TCR construct
has an increased TCR melting temperature (Tm) as compared to a corresponding TCR construct

that does not comprise the one or more stabilizing mutations.
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[0010] In another aspect, the present disclosure relates to a TCR construct comprising a TCR

alpha chain polypeptide and a TCR beta chain polypeptide, the TCR alpha chain polypeptide
comprising a variable alpha (Vo) domain and a constant alpha (Co) domain and the TCR beta
chain polypeptide comprising a variable beta (V[3) domain and a constant beta (C[3) domain, where

the Ca. domain and C[3 domain together comprise two or more stabilizing mutations selected from:
a) an interchain disulfide bond formed between: 1) a cysteine residue comprised by an amino acid
extension at the C-terminus of the C[3 domain of the TCR beta chain polypeptide, wherein the
amino acid extension 1s 1 to about 10 amino acids 1n length, and 11) a cysteine residue at position
TRAC 128 1n the Ca domain of the TCR alpha chain polypeptide; b) an interchain disulfide bond
between cysteine residue substitutions at positions TRAC 84 and TRBC 79; ¢) an interchain
disulfide bond between cysteine residue substitutions at positions TRAC 84.2 and TRBC 79; d) an
interchain disulfide bond between cysteine residue substitutions at positions TRAC 124 and TRBC
11; e) an 1nterchain disulfide bond between cysteine residue substitutions at positions TRAC 122
and TRBC 12; f) an interchain disulfide bond between cysteine residue substitutions at positions
TRAC 125 and TRBC 11; g) an interchain disulfide bond between cysteine residue substitutions
at positions TRAC 126 and TRBC 11; h) an interchain disulfide bond between cysteine residue
substitutions at positions TRAC 127 and TRBC 11; 1) an interchain disulfide bond between
cysteine residue substitutions at positions TRAC 128 and TRBC 11; ) an intrachain disulfide bond
between cysteine residue substitutions at positions TRAC 39 and TRAC 85; k) an intrachain
disulfide bond between cysteine residue substitutions at positions TRAC 26 and TRAC 85.1; 1) an
amino acid substitution at position TRAC 4 from Val to Ala, Thr, Ile, Leu or Met; m) an amino
acid substitution at position TRAC 26 from Thr to Ala, Val, Ile, Leu or Met; n) an amino acid
substitution at position TRAC 39 from Val to Ala, Thr, Ile, Leu or Met; 0) an amino acid
substitution at position TRAC 85 from Ala to Ser, Thr, Val, Ile or Met; p) an amino acid
substitution at position TRAC 105 from Ala to Ser, Thr, Glu, Gln, Asp, Asn, His, Lys or Arg; q)
an amino acid substitution at positton TRAC 120 from Phe to Tyr or His; r) an amino acid
substitution at position TRBC 6 from Val to Ala, Thr, Ile, Leu or Met; s) an amino acid substitution
at position TRBC 36 from His to Phe, Tyr or Trp; t) an amino acid substitution at position TRBC
86 from Ser to Ala or Thr; u) an amino acid substitution at position TRBC 45.3 from Val to Ser,
Thr, Glu, Gln, Asp, Asn, His, Lys or Arg; v) a deletion of 1 to 4 consecutive amino acids of the
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DE loop 1n the C3 domain of the TCR construct, and w) a replacement of the amino acids at
positions TRBC 84 .4 to 85.4 with an amino acid sequence of 2 to 4 amino acids, wherein the amino
acid sequence allows for formation of a beta-turn, where the numbering of amino acids 1s IMGT
numbering, and where the TCR construct has an increased TCR melting temperature (Tm) as
compared to a corresponding TCR construct that does not comprise the two or more stabilizing

mutations.

[0011] In another aspect, the present disclosure relates to a TCR construct comprising a TCR

alpha chain polypeptide and a TCR beta chain polypeptide, the TCR alpha chain polypeptide
comprising a variable alpha (Vo) domain and a constant alpha (Ca) domain and the TCR beta

chain polypeptide comprising a variable beta (V[3) domain and a constant beta (C[3) domain, the

TCR construct comprising a combination of amino acid mutations as set forth for any one of the

variants shown 1n Table 2, wherein the numbering of amino acids 1s IMGT numbering.

[0012] In another aspect, the present disclosure relates to a TCR construct comprising a TCR

alpha chain polypeptide and a TCR beta chain polypeptide, the TCR alpha chain polypeptide
comprising a variable alpha (Vo) domain and a constant alpha (Co) domain and the TCR beta

chain polypeptide comprising a variable beta (V[3) domain and a constant beta (C[3) domain, the

TCR construct comprising a combination of amino acid mutations as set forth for any one of the

variants shown 1n Table 3, wherein the numbering of amino acids 1s IMGT numbering.

[0013] In another aspect, the present disclosure relates to a TCR fusion protein comprising one
or more TCR constructs described herein and a scatfold, wherein at least one of the TCR constructs

1s tused to the scattold.

[0014] In another aspect, the present disclosure relates to a pharmaceutical composition
comprising a TCR construct or TCR fusion protein as described herein and a pharmaceutically

acceptable carrier or diluent.

[0015] In another aspect, the present disclosure relates to a polynucleotide or set of

polynucleotides encoding a TCR construct or TCR fusion protein as described herein.
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[0016] In another aspect, the present disclosure relates to a method of preparing a TCR construct
or TCR fusion protein as described herein comprising transfecting a cell with a polynucleotide or
set of polynucleotides encoding the TCR construct or TCR fusion protein, and culturing the cell

under conditions suitable for expression of the TCR construct or TCR fusion protein.

[0017] In another aspect, the present disclosure relates to a method of treating a disease or
disorder in a subject in need thereof, the method comprising administering to the subject an

effective amount of a TCR construct or a TCR fusion protein as described herein.

[0018] In another aspect, the present disclosure relates to the use of a TCR construct or a TCR

fusion protein as described herein 1n therapy.

BRIEF DESCRIPTION OF THE DRAWINGS

[0019] Fig. 1 presents a schematic representation of exemplary TCR fusion proteins and controls
as described herein and in the Examples. (A) control one-armed antibody (OA-scFv); (B) control
antibody comprising two scFv arms (Dual scFv); (C) TCR-scFv; (D) One-armed alpha fusion; (E)
One-armed alpha fusion-DS; (F) Dual alpha fusion-DS; (G) Dual-fusion; (H) One-armed beta
fusion; (I) One-armed beta fusion-DS; (J) Dual beta fusion-DS; (K) Bispecific alpha fusion; (L)
Bispecific beta fusion; (M) Chimera Bispecific; (N) Bispecific tandem beta-fusion; (O) 2x1
Bispecific beta-fusion; (P) 3x1 Bispecific beta-fusion; (Q) 4x1 Bispecific C-terminal beta-fusion;
(R) 4x1 Bispecific light chain beta-fusion; (S) One-armed alpha fusion, and (T) One-armed beta
fusion. The black bar between TRAC and TRBC domains represents an interchain disulfide bond
(“DS”).

[0020] Fig. 2 presents differential scanning calorimetry (DSC) thermograms for TCR fusion
proteins comprising exemplary stabilizing mutations as described herein (v21230: IC Disulfide;
v22712: TRBC/6.VAL->LEU + IC Disulfide, and v28881: TRBC/6.VAL->ILE + 1C Disulfide).
Each peak on the DSC thermogram corresponds to a thermal transition. There are three expected
thermal transitions: TCR, CH2 (~71°C) and CH3 (~80°C). The transition of the TCR 1ncludes the
TRAV-TRBV and TRAC-TRBC interfaces.
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[0021] Fig. 3 presents a comparison of the UPLC-SEC traces for an exemplary TCR fusion
protein described herein (variant v21230, containing the IC Disulfide) after expression at (A) 37°C,
and (B) 32°C. The monodispersed species elute at 2.6 min. The high molecular weight species
(aggregates) elute prior to the monodispersed species. The peaks at 2.8 and 3.25 min correspond

to the mis-paired ant1-CD3 scFv homodimer and unpaired anti-CD3 scFv, respectively.

[0022] Fig. 4 presents differential scanning calorimetry (DSC) thermograms showing the change
in Tm for an exemplary TCR fusion protein comprising the TRAC-Hinge Disulfide described
herein (v22752: IC Disulfide + TRAC-Hinge Disulfide) compared to a TCR fusion protein
comprising the IC Disulfide alone (v21230). Each peak on the DSC thermogram corresponds to a

thermal transition as described for Fig. 2.

[0023] Fig. S shows binding of exemplary TCR fusion proteins to target cell surface peptide-
MHC complex by flow cytometry, (A) variant v21230 (control comprising the IC Disulfide), and
variants v22705, v22707 and v22709; (B) variant v21230 (control comprising the IC Disulfide),
and varniants v22712, v22716, v22720 and v22722; (C) variant v21230 (control comprising the IC
Disulfide), and vanants v22729, v22730, v22748 and v22752, and (D) variant v21230 (control
comprising the IC Disulfide), and variants v22772, v22837, v22840 and v22842. (See Tables 4.1

and 8.1 for variant descriptions).

[0024] Fig. 6 presents the ECso values measured for binding of exemplary TCR fusion proteins
to target cell surface peptide-MHC complex (assessed by flow cytometry). The dashed line

corresponds to the ECso of control variant v21230 which contains the IC Disulfide.

[0025] Fig. 7 presents the results of assessment of the avidity effects using a low affinity TCR
component 1n exemplary TCR fusion proteins having different formats. Variants v30972
(bispecific tandem beta-fusion), v30964 (bispecific beta-fusion), v30975 (one-armed beta fusion)
and v30968 (2x1 bispecific beta-fusion) comprise a low affinity anti-gp100 TCR component.
Variants v29011 (one-armed beta fusion) and v31327 (bispecific beta-fusion) comprise a higher
atfinity anti-gp100 TCR component. Variant v30968 comprises 2 copies of the TCR component,

all other variants comprise one copy of the TCR component.
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[0026] Fig. 8 presents UPLC-SEC traces for two exemplary TCR fusion proteins (A) variant
v32548, which 1s 1n a “4x1 tandem” format comprising anti-NY-ESO1 TCRs, and (B) variant
v32549, which 1s 1n a “4x1 LC” format comprising anti-NY-ESO1 TCRs.

[0027] Fig. 9 presents the amino acid sequences of the TCR alpha chain constant region (TRAC;
SEQ ID NO:1) and the TCR beta chain constant regions (TRBCI1; SEQ ID NO:2 and TRBC2;

SEQ ID NO:3), together with the standard IMGT numbering. Differences between the sequences
of TRBC1 and TRBC2 are shown 1n bold 1talic font.

[0028] Fig. 10 shows the cytotoxic effects of TCR fusion proteins having different formats as

measured by a T2 T-cell dependent cytotoxicity assay. The TCR fusion proteins comprised a
stabilized affinity matured 1G4-33A anti-NY-ESO1 TCR and an anti-CD3 Fab or scFv. Variant

v31185 1s a control one-armed TCR construct that lacks the anti-CD3 component.

[0029] Fig. 11 presents a table of TCR fusion protein variants (Table 2) comprising exemplary

combinations of stabilizing mutations.

[0030] Fig. 12 presents a table of TCR fusion protein variants (Table 3) comprising exemplary

combinations of stabilizing mutations.

DETAILED DESCRIPTION

[0031] The present disclosure relates to stabilized TCR constructs. The TCR constructs comprise
a TCR alpha chain polypeptide having a variable alpha (Va) domain and a constant alpha (Co)
domain and a TCR beta chain polypeptide having a variable beta (V[3) domain and a constant beta
(CPB) domain and are stabilized by the introduction of stabilizing mutations into the Co. domain

and/or the C[3 domain. The stabilizing mutations may include one or more non-naturally occurring
interchain disulfide bonds, one or more non-naturally occurring intrachain disulfide bonds, one or

more point mutations, one or more loop truncation mutations, or combinations thereof.

[0032] In certain embodiments, the stabilizing mutations include the introduction a non-naturally

occurring disulfide bond between the Ca domain and the C[3 domain (an interchain disulfide

bond), together with one or more additional stabilizing mutations. The additional stabilizing

9
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mutations may include additional non-naturally occurring interchain disulfide bonds, non-
naturally occurring intrachain disulfide bonds, point mutations, loop truncation mutations, or

combinations thereof

[0033] Also disclosed herein are TCR fusion proteins comprising one or more TCR constructs
as described herein fused to a scaffold, such as an immunoglobulin (Ig) Fc region. The Ig Fc region

may be, for example, an IgG or IgA Fc region.

[0034] The TCR constructs and TCR fusion proteins may find use, for example, as therapeutic

or diagnostic agents.

Definitions

[0035] Unless defined otherwise, all technical and scientific terms used herein have the same

meaning as commonly understood by one of ordinary skill in the art.

[0036] As used herein, the term “about” refers to an approximately +/-10% variation from a
aiven value. It 1s to be understood that such a variation 1s always included 1n any given value

provided herein, whether or not 1t 1s specifically referred to.

[0037] The use of the word “a” or “an” when used herein in conjunction with the term

27 Cc

“comprising”’ may mean “‘one,” but 1t 1s also consistent with the meaning of “one or more,” “at

least one” and “one or more than one” unless the context clearly dictates otherwise.

e B 4

[0038] As used herein, the terms “comprising,” “having,” “including” and “containing,” and
ogrammatical variations thereof, are inclusive or open-ended and do not exclude additional,
unrecited elements and/or method steps. The term “consisting essentially of” when used herein 1n
connection with a composition, use or method, denotes that additional elements and/or method
steps may be present, but that these additions do not materially atfect the manner 1n which the
recited composition, method or use functions. The term “consisting of” when used herein 1n
connection with a composition, use or method, excludes the presence of additional elements and/or
method steps. A composition, use or method described herein as comprising certain elements

and/or steps may also, in certain embodiments consist essentially of those elements and/or steps,

10
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and 1n other embodiments consist of those elements and/or steps, whether or not these

embodiments are specifically referred to.

[0039] When two components of a TCR construct or TCR fusion protein described herein are
“fused,” 1t 1s meant that the components are linked by peptide bonds, either directly or via a peptide

linker.

[0040] The terms “derived from™ and “based on” when used with reference to a recombinant
amino acid sequence mean that the recombinant amino acid sequence 1s substantially identical to
the sequence of the corresponding wild-type amino acid sequence. For example, an Ig Fc amino
acid sequence that 1s derived from (or based on) a wild-type Ig Fc sequence 1s substantially
1dentical (for example, shares at least 90%, at least 95%, at least 96%, at least 97%, at least 98%

or at least 99% sequence 1dentity) with the wild-type Ig Fc sequence.

[0041] Where a range of values 1s provided herein, for example where a value 1s defined as being
“between” an upper limit value and a lower limit value, 1t 1s understood that the range encompasses

both the upper limit value and the lower limit value as well as each intervening value.

[0042] It 1s contemplated that any embodiment discussed herein regarding a TCR construct can

be implemented with respect to any fusion protein, method, use or composition disclosed herein.

[0043] Amino acid residues in the extracellular TCR domains are numbered according to the

IMGT numbering system (Lefranc, ef al., 2005, Developmental and Comparative Immunology,
29:185-203. See also Fig. 9).

TCR CONSTRUCTS

[0044] The TCR constructs of the present disclosure are based on an o fTCR heterodimer and
comprise a TCR alpha chain polypeptide having a variable alpha (Vo) domain and a constant alpha
(Co) domain and a TCR beta chain polypeptide having a variable beta (V[3) domain and a constant
beta (C[3) domain. The TCR constructs are stabilized by the introduction of stabilizing mutations

1nto the Co. domain and/or the C3 domain.
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[0045] Human wild-type ofTCRs comprise a Co domain (T-cell receptor alpha constant

(TRAC)) and a C3 domain (either T-cell receptor beta constant 1 (TRBC1) or T-cell receptor beta
constant 2 (TRBC2)). The sequences of TRBC1 and TRBC2 differ in only 3 residues: position
TRBC/1.41s Asn in TRBC1 and Lys in TRBC2; position TRBC/1.3 1s Lys in TRBC1 and Asn in
TRBC2, and position TRBC/29 1s Phe in TRBC1 and Tyr in TRBC2. The amino acid sequences
of the human TRAC (SEQ ID NO:1), TRBCI1 (SEQ ID NO:2) and TRBC2 (SEQ ID NO:3) are

shown 1n Fig. 9.

[0046] As used herein, the term “Co domain” refers to the amino acid sequence of a TRAC

Co domain and excludes any transmembrane sequence. The Co domain comprised by the TCR

constructs described herein may optionally comprise the naturally-occurring cysteine residue at
position TRAC/128. In some embodiments, the Co. domain comprised by the TCR construct has
the amino acid sequence of the human TRAC Ca domain as set forth in SEQ ID NO:1 (i.e. ending

at position TRAC/127). In some embodiments, for example when the TCR construct comprises a

disulfide bond that involves the naturally-occurring cysteine residue at position TRAC/128, the
Coa domain comprised by the TCR construct has the amino acid sequence of the human TRAC

Co domain as set forth in SEQ ID NO:4 (i.e. including the cysteine residue at position TRAC/128).

[0047] As used herein, the term “C[3 domain” refers to the amino acid sequence of a TRBC

Cp domain and excludes any transmembrane sequence. In some embodiments, the C[3 domain

comprised by the TCR construct has the amino acid sequence of the human TRBC1 or TRBC2
Cp domain ending at position TRBC/126. In some embodiments, the C3 domain comprised by the
TCR construct has the amino acid sequence of the human TRBC1 C[3 domain as set forth in SEQ
ID NO:2. In some embodiments, the C3 domain comprised by the TCR construct has the amino
acid sequence of the human TRBC2 Cf3 domain as set forth in SEQ ID NO:3. In some
embodiments, the C3 domain comprised by the TCR construct has the amino acid sequence of the

human TRBC1 C[3 domain in which position 85.1 has been mutated from cysteine to alanine, as

shown 1n SEQ ID NO:43.

[0048] In certain embodiments, the TCR beta chain polypeptide further comprises a cysteine

residue at the C-terminus of the C3 domain that forms a non-naturally occurring disulfide bond
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with a cysteine residue in the Co domain of the TCR alpha chain polypeptide as described herein.

The cysteine residue at the C-terminus of the C[3 domain of the TCR beta chain polypeptide may
be a single amino acid addition or the cysteine residue may be part of a short amino acid extension
at the C-terminus of the C[3 domain of the TCR beta chain polypeptide as described herein. In
some embodiments, the cysteine residue may be part of a short amino acid extension, for example
between 1 and about 10 amino acids in length, at the C-terminus of the C[3 domain of the TCR

beta chain polypeptide. In some embodiments, the cysteine residue may be part of a short amino

acid extension, for example between 1 and about 10 amino acids 1n length, at the C-terminus of
the C[3 domain of the TCR beta chain polypeptide where the amino acid extension comprises all

or a portion, for example 3 or more consecutive amino acids, of the sequence of an IgG1 hinge

region, such as EPKSCDKTHT [SEQ ID NO:16], or EPKSCDKTHTCPPCP [SEQ ID NO:21].

[0049] The stabilizing mutations introduced into the Ca. domain and/or the C3 domain of the
TCR constructs of the present disclosure may include non-naturally occurring interchain disulfide
bonds, non-naturally occurring intrachain disulfide bonds, point mutations, loop truncation
mutations, and combinations thereof, as described in detail below. The stabilizing mutations
comprised by the TCR constructs improve the stability of the TCR construct as compared to a
TCR construct that does not comprise the stabilizing mutation(s). Improving the stability of the
TCR construct 1n this context may include improving the thermal stability of the TCR construct,

improving the colloidal stability of the TCR construct, or both.

[0050] In certain embodiments, the TCR constructs of the present disclosure show an
improvement 1n thermal stability as compared to a corresponding TCR construct that does not
comprise the stabilizing mutation(s). Thermal stability of the TCR constructs may be assessed, for
example, by measuring the melting temperature (Tm) of the TCR construct. Accordingly, in some
embodiments, the TCR constructs have an increased Tm as compared to a corresponding TCR

construct that does not comprise the stabilizing mutation(s).

[0051] In certain embodiments, the TCR constructs of the present disclosure have a Tm that 1s
increased by 0.5°C or more as compared to the Tm of a corresponding TCR construct that does
not comprise the stabilizing mutation(s). In some embodiments, the TCR constructs have a Tm

that 1s increased by 1°C or more as compared to the Tm of a corresponding TCR construct that
13
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does not comprise the stabilizing mutation(s), for example, by 2°C or more, 3°C or more, 4°C or
more, or 5°C or more, as compared to the Tm of a corresponding TCR construct that does not

comprise the stabilizing mutation(s).

[0052] In certain embodiments, the TCR constructs of the present disclosure have a Tm that 1s
increased by between 0.5°C and about 10°C as compared to the Tm of a corresponding TCR
construct that does not comprise the stabilizing mutation(s). In some embodiments, the TCR
constructs have a Tm that 1s increased by between 1°C and about 10°C as compared to the Tm of
a corresponding TCR construct that does not comprise the stabilizing mutation(s), for example,
between 1°C and about 9°C, between 1°C and about 8°C, or between 1°C and about 7°C, as
compared to the Tm of a corresponding TCR construct that does not comprise the stabilizing
mutation(s). In some embodiments, the TCR constructs have a Tm that 1s increased by between
2°C and about 10°C, between 2°C and about 9°C, between 2°C and about 8°C, or between 2°C and
about 7°C, as compared to the Tm of a corresponding TCR construct that does not comprise the

stabilizing mutation(s).

[0053] In certain embodiments, the TCR constructs of the present disclosure comprise a non-
naturally occurring disulfide bond between the Co. domain and the C[3 domain (a “first non-
naturally occurring interchain disulfide bond™), together with one or more additional stabilizing
mutations as described herein and have an increased Tm as compared to a corresponding TCR

construct comprising the first non-naturally occurring interchain disulfide bond alone.

[0054] In certain embodiments, the TCR constructs comprise a first non-naturally occurring
interchain disulfide bond and one or more additional stabilizing mutations and have a Tm that 1s
increased by 0.5°C or more as compared to the Tm of a corresponding TCR construct comprising
the first non-naturally occurring interchain disulfide bond alone, for example, by 1°C or more, by
2°C or more, 3°C or more, 4°C or more, or 5°C or more, as compared to the Tm of a corresponding

TCR construct comprising the first non-naturally occurring interchain disulfide bond alone.

[005S] In certain embodiments, the TCR constructs comprise a first non-naturally occurring
interchain disulfide bond and one or more additional stabilizing mutations and have a Tm that 1s

increased by between 0.5°C and about 10°C as compared to the Tm of a corresponding TCR
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construct comprising the first non-naturally occurring interchain disulfide bond alone, for example,
by between 1°C and about 10°C, by between 1°C and about 9°C, between 1°C and about 8°C, or
between 1°C and about 7°C, as compared to the Tm of a corresponding TCR construct comprising
the first non-naturally occurring interchain disulfide bond alone. In some embodiments, the TCR
constructs comprising a first non-naturally occurring interchain disulfide bond and one or more
additional stabilizing mutations have a Tm that 1s increased by between 2°C and about 10°C,
between 2°C and about 9°C, between 2°C and about 8°C, or between 2°C and about 7°C, as
compared to the Tm of a corresponding TCR construct comprising the first non-naturally occurring

interchain disulfide bond alone.

[0056] The Tm of the TCR constructs may be measured, for example, by circular dichroism
(CD), differential scanning calorimetry (DSC) or differential scanning fluorimetry (DSF) using
standard techniques. In certain embodiments, the TCR constructs have an increased Tm as
compared to the stipulated corresponding control TCR construct (for example, a corresponding
TCR construct that does not comprise the stabilizing mutation(s) or a corresponding TCR construct

comprising a first non-naturally occurring interchain disulfide bond alone), where the Tm 1s

measured by DSC.

[0057] In certain embodiments, the TCR constructs of the present disclosure show an
improvement 1n colloidal stability as compared to a corresponding TCR construct that does not
comprise the stabilizing mutation(s). Colloidal stability may be assessed, for example, by
measuring the amount of high molecular weight (HMW) species (or aggregation) of the TCR
construct that occurs during expression of the TCR construct. Accordingly, in some embodiments,
the TCR constructs of the present disclosure show decreased amounts of HMW species
(aggregation) as compared to a corresponding TCR construct that does not comprise the stabilizing
mutation(s) when expressed under the same conditions. In certain embodiments, the TCR
constructs comprise a first non-naturally occurring interchain disulfide bond and one or more
additional stabilizing mutations and show decreased amounts of HMW species (aggregation) as
compared to a corresponding TCR construct comprising the first non-naturally occurring

interchain disulfide bond alone when expressed under the same conditions.
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[0058] The amount of HMW species present 1in a preparation of a TCR construct may be assessed
by various standard techniques known 1n the art. For example, the amount of HMW species 1n a
preparation of a TCR construct may be assessed by size-exclusion chromatography (SEC), for
example using UPLC-SEC, or dynamic light scattering (DLS). In certain embodiments, the TCR
constructs show decreased amounts of HMW species as compared to the stipulated corresponding

control TCR construct, where the amount of HMW species 1s assessed by UPLC-SEC.

[0059] A non-naturally occurring interchain disulfide bond between cysteine substitutions at

positions TRAC/84. THR - TRBC/79.SER that stabilizes soluble afTCRs has been previously
described (Boulter, et al., 2003, PLEDS, 16:707-711). This TRAC/84. THR - TRBC/79.SER
disulfide bond 1s referred to herein as the “IC Disulfide.” In certain embodiments, the TCR
constructs of the present disclosure have an increased Tm as compared to a corresponding TCR
construct comprising the IC Disulfide alone. In certain embodiments, the TCR constructs of the
present disclosure comprise a first non-naturally occurring disulfide bond and one or more
additional stabilizing mutations as described herein, where the first non-naturally occurring
disulfide bond 1s the IC Disulfide, and have an increased Tm as compared to a corresponding TCR

construct comprising the IC Disulfide alone.

[0060] In certain embodiments, the TCR constructs of the present disclosure have a Tm that 1s
increased by 0.5°C or more as compared to the Tm of a corresponding TCR construct comprising
the IC Disulfide alone. In some embodiments, the TCR constructs have a Tm that 1s increased by
1°C or more as compared to the Tm of a corresponding TCR construct comprising the IC Disulfide
alone, for example, by 2°C or more, 3°C or more, 4°C or more, or 5°C or more, as compared to the

Tm of a corresponding TCR construct comprising the IC Disulfide alone.

[0061] In certain embodiments, the TCR constructs of the present disclosure have a Tm that 1s
increased by between 0.5°C and about 10°C as compared to the Tm of a corresponding TCR
construct comprising the IC Disulfide alone, for example, by between 1°C and about 10°C, by
between 1°C and about 9°C, between 1°C and about 8°C, or between 1°C and about 7°C, as
compared to the Tm of a corresponding TCR construct comprising the 1C Disulfide alone. In some

embodiments, the TCR constructs have a Tm that 1s increased by between 2°C and about 10°C,
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between 2°C and about 9°C, between 2°C and about 8°C, or between 2°C and about 7°C, as

compared to the Tm of a corresponding TCR construct comprising the IC Disulfide alone.

[0062] In certain embodiments, the TCR constructs of the present disclosure show an amount of
HMW species that 1s substantially the same, or decreased, as compared to a corresponding TCR
construct comprising the IC Disulfide alone when expressed under the same conditions. By
“substantially the same” 1n the context of amount of HMW species 1t 1s meant that the amount of
HMW species measured for the test TCR construct 1s + 10% of the amount of HMW species
measured for a corresponding TCR construct comprising the IC Disulfide alone when expressed

under the same conditions. In certain embodiments, the amount of HMW species 1s measured by

UPLC-SEC.

[0063] In certain embodiments, the TCR constructs of the present disclosure comprise the IC
Disulfide and one or more additional stabilizing mutations and have one or both of the following
properties: (1) an increased Tm as compared to a corresponding TCR construct comprising the I1C
Disulfide alone, and/or (11) a decreased amount of HMW species as compared to a corresponding

TCR construct comprising the IC Disulfide alone when expressed under the same conditions.

[0064] In certain embodiments, the TCR constructs of the present disclosure comprise a first
non-naturally occurring interchain disulfide bond and one or more additional stabilizing mutations
and have one or both of the following properties: (1) an increased Tm as compared to a
corresponding TCR construct comprising the first non-naturally occurring interchain disulfide
bond alone, and/or (11) a decreased amount of HMW species as compared to a corresponding TCR
construct comprising the first non-naturally occurring interchain disulfide bond alone when

expressed under the same conditions.

Stabilizing Mutations

[0065] The stabilizing mutations comprised by the TCR constructs of the present disclosure were
1dentified by an 1terative process of structure and computational guided design and experimental
screening as described herein. /n silico modelling using a TCR model based on a Protein Database

(PDB) structure was employed to identify mutation designs in the TRAC and TRBC domains that
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could potentially improve the thermal and/or colloidal stability of the TCR, and these were

subsequently tested experimentally.

[0066] Mutation designs identified by this approach that successfully improved the thermal
and/or colloidal stability of the TCR constructs included disulfide bonds (non-naturally occurring
interchain disulfide bonds and/or non-naturally occurring intrachain disulfide bonds), point

mutations, loop truncation mutations, and combinations thereof.

I. Disulfide Bonds

[0067] Stabilizing disulfide bonds i1dentified by the above approach include non-naturally
occurring interchain disulfide bonds and non-naturally occurring intrachain disulfide bonds. In this
context, a non-naturally occurring interchain disulfide bond 1s a disulfide bond between a cysteine
residue 1n the Co. domain of the TCR construct and a cysteine residue 1in the C[3 domain of the
TCR construct that does not occur 1n a wild-type TCR. One or both of the cysteine residues of the
non-naturally occurring interchain disulfide bond are introduced by substitution of the wild-type
residue at a given position with a cysteine residue (a “cysteine residue substitution” or “cysteine
substitution) or by addition of a cysteine residue at the C-terminus of the Co. domain or the Cf3

domain.

[0068] A non-naturally occurring intrachain disulfide bond 1s a disulfide bond between two
cysteine residues 1n the Coo domain of the TCR construct or between two cysteine residues in the

Cp domain of the TCR construct that does not occur 1n a wild-type TCR. One or both of the

cysteine residues of the non-naturally occurring intrachain disulfide bond 1s introduced by
substitution of the wild-type residue at a given position with a cysteine residue (a “cysteine residue

substitution” or “cysteine substitution) or by addition of a cysteine residue at the C-terminus of the

Co domain or the C[3 domain.

a) Interchain Disulfide Bonds

[0069] In certain embodiments, the TCR constructs of the present disclosure include at least one

non-naturally occurring interchain disulfide bond.
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[0070] In certain embodiments, non-naturally occurring interchain disulfide bonds that may be
comprised by the TCR constructs include a “hinge disulfide bond.” A “hinge disulfide bond,” as
used herein, refers to a disulfide bond formed between a cysteine residue added at the C-terminus
of the C[3 domain of the TCR beta chain polypeptide and a cysteine residue in the Co. domain of
the TCR alpha chain polypeptide.

[0071] The cysteine residue added at the C-terminus of the C[3 domain of the TCR beta chain

polypeptide may be a single amino acid addition or the cysteine residue may be part of a short
amino acid extension at the C-terminus of the C[3 domain of the TCR beta chain polypeptide. In

those embodiments 1n which the cysteine residue 1s added at the C-terminus of the C[3 domain of
the TCR beta chain polypeptide as part of an amino acid extension, the amino acid extension 1s
typically 10 amino acids or less in length. In some embodiments, the cysteine residue added at the
C-terminus of the C[3 domain of the TCR beta chain polypeptide 1s part of an amino acid extension
that 1s 10 amino acids or less 1n length, for example, 9 amino acids or less 1n length, 8 amino acids
or less 1n length, 7 amino acids or less in length, 6 amino acids or less in length, or 5 amino acids

or less 1n length.

[0072] In some embodiments, the cysteine residue added at the C-terminus of the C[3 domain of
the TCR beta chain polypeptide 1s part of an amino acid extension that 1s between 1 and about 10
amino acids 1n length. In some embodiments, the cysteine residue added at the C-terminus of the
Cp3 domain of the TCR beta chain polypeptide 1s part of an amino acid extension that 1s between
1 and about 9 amino acids 1n length, for example, between 1 and about 8 amino acids in length,
between 1 and about 7 amino acids in length, between 1 and about 6 amino acids 1n length, or

between 1 and about 5 amino acids 1n length. In some embodiments, the cysteine residue added at

the C-terminus of the C[3 domain of the TCR beta chain polypeptide 1s part of an amino acid
extension that 1s between 2 and about 10 amino acids 1n length, for example, between 2 and about
9 amino acids 1n length, for example, between 2 and about 8 amino acids 1n length, between 2 and
about 7 amino acids 1n length, between 2 and about 6 amino acids 1n length, or between 2 and

about 5 amino acids 1n length.

[0073] In certain embodiments, the amino acid extension comprises a cysteine residue and one

or two “linkers” where the linker(s) are composed of amino acids other than cysteine. Thus, 1n
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some embodiments, the C3 domain of the TCR beta chain polypeptide comprises an amino acid
extension at the C-terminus that has one of the following structures (from N-terminus to C-
terminus):

Linker-Cys,

Cys-Linker or

Linker-Cys-Linker.

[0074] When present, the linker allows the cysteine residue of the amino acid extension to
assume the correct conformation relative to 1ts cognate cysteine residue 1n the Ca domain of the
TCR alpha chain polypeptide such that the desired disulfide bond 1s formed. The linker peptide
may have one of a number of amino acid sequences known 1n the art to function successfully as a

linker or spacer 1n polypeptide and protein sequences.

[0075] In some embodiments, the linker peptide may comprise the following amino acid
residues: Gly, Ser, Ala or Thr, or a combination thereof. Examples of useful linkers include, but
are not limited to, glycine-serine linkers, such as (GS),, (GSGGS),, (GGGGYS),, and (GGGS),
(where n 1s an integer between 1 and 4), as well as glycine-alanine linkers and alanine-serine

linkers having similar configurations.

[0076] In some embodiments, the amino acid extension may comprise all or a portion of a hinge
region sequence from an immunoglobulin or from a TCR. In such embodiments, the cysteine
residue included 1n the amino acid extension may occur naturally 1n the hinge region sequence or
1t may be introduced by amino acid substitution. Non-limiting examples of hinge region sequences,
of which all or a portion (for example, at least 2, 3, 4, 5, 6 or more contiguous amino acids) may
be comprised by the amino acid extension, include: ESSCDVKLVEKSFET (SEQ ID NO:5)
(TCRo); DCGFTS (SEQ ID NO:6) (TCRf3); DVITMDPKDNCSKDAN (SEQ ID NO:7) (TCRY);

DHVKPKETENTKQPSKSCHKPK (SEQ ID NO:8) (TCRS); EPKSCDKTHTCPPCP (SEQ ID
NO:9) (IgG1);: ERKCCVECPPCP (SEQ ID NO:10) (IgG2); ELKTPLGDTTHTCPRCP (SEQ ID
NO:11) (IgG3-H1); EPKSCDTPPPCPRCP (SEQ ID NO:12) (IgG3-H2, 1¢G3-H3 and 1gG3-H4):
ESKYGPPCPSCP (SEQ ID NO:13) (IgG4); VPPPPP (SEQ ID NO:14) (IgA2).

20



10

15

20

25

WO 2022/133592 PCT/CA2021/051855

27 L

[0077] Immunoglobulin hinge region sequences may be divided into “upper,” “core” and

“lower” hinge regions. For example, for IgGl, the full hinge region sequence 1is:
EPKSCDKTHTCPPCPAPELLGG (SEQ ID NO:15). The upper hinge region of the IgG hinge 1s
generally defined as extending from Glu216 to Thr225 (EU numbering) (i.e. EPKSCDKTHT
(SEQ ID NO:16)), the core hinge region 1s generally defined as extending from Cys226 to Pro230
(EU numbering) (i.e. CPPCP (SEQ ID NO:17)), and the lower hinge region 1s generally defined
as extending from Ala231 to Pro238 (EU numbering) (i.e. APELLGG (SEQ ID NO:18)) (see,
Burton, 1985, Molec. Immunol., 22:161-206).

[0078] In certain embodiments, the amino acid extension comprises all or a portion of an
immunoglobulin hinge region sequence. In some embodiments, the amino acid extension
comprises all or a portion of an immunoglobulin upper and/or core hinge region sequence. In some
embodiments, the amino acid extension comprises all or a portion of an immunoglobulin upper

hinge region sequence.

[0079] In some embodiments, the amino acid extension comprises all or a portion of an IgG1
hinge region sequence. In some embodiments, the amino acid extension comprises all or a portion
of an IgG1 upper and/or core hinge region sequence. In some embodiments, the amino acid
extension comprises all or a portion of an IgGl upper hinge region sequence. In some
embodiments, the amino acid extension comprises the sequence: EPKSC [SEQ ID NO:19]. In

some embodiments, the amino acid extension comprises the sequence: EPKSCDKTHT [SEQ ID
NO:16].

[0080] The cysteine residue in the Ca domain of the TCR alpha chain polypeptide that forms the

hinge disulfide with the cysteine residue added at the C-terminus of the C[3 domain of the TCR
beta chain polypeptide may be a naturally occurring cysteine residue (for example, the naturally
occurring cysteine residue at position TRAC 128) or it may be a cysteine substitution at a position
proximate to the C-terminus of the TCR alpha chain polypeptide. By “proximate to” in this context,
1t 1s meant within 10 amino acids of the C-terminus of the TCR alpha chain polypeptide.

[0081] In certain embodiments, the cysteine residue 1n the Coo domain of the TCR alpha chain
polypeptide that forms the hinge disulfide with the cysteine residue added at the C-terminus of the
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Cf3 domain of the TCR beta chain polypeptide 1s the naturally occurring cysteine residue at position

TRAC 128.

[0082] In certain embodiments, the TCR construct comprises a non-naturally occurring

interchain disulfide bond that 1s formed between:

5 1) a cysteine residue comprised by an amino acid extension at the C-terminus of the C[3
domain of the TCR beta chain polypeptide, where the amino acid extension 1s between 1

and about 10 amino acids 1n length, and

11) the naturally occurring cysteine residue at position TRAC 128 1n the Cao domain of the

TCR alpha chain polypeptide.

10  [0083] In certain embodiments, the TCR construct comprises a non-naturally occurring

interchain disulfide bond that 1s formed between:

1) a cysteine residue 1n an amino acid extension at the C-terminus of the C[3 domain of the

TCR beta chain polypeptide, where the amino acid extension has the sequence: EPKSC
[SEQ ID NO:19] or EPKSCDKTHT [SEQ ID NO:16], and

15 11) the naturally occurring cysteine residue at position TRAC 128 1n the Co domain of the

TCR alpha chain polypeptide.

[0084] Other non-naturally occurring interchain disulfide bonds that may be comprised by the

TCR constructs include:

1) a disulfide bond between cysteine residue substitutions at positions TRAC 84.2 and

20 TRBC 79;

11) a disulfide bond between cysteine residue substitutions at positions TRAC 122 and

TRBC 12;

111) a disulfide bond between cysteine residue substitutions at positions TRAC 124 and
TRBC 11;

25 1v) a disulfide bond between cysteine residue substitutions at positions TRAC 125 and

TRBC 11;
22



WO 2022/133592 PCT/CA2021/051855

v) a disulfide bond between cysteine residue substitutions at positions TRAC 126 and

TRBC 11;

vi) a disulfide bond between cysteine residue substitutions at positions TRAC 127 and

TRBC 11, and

vil) a disulfide bond between cysteine residue substitutions at positions TRAC 128 and
TRBC 11.

[0085] In certain embodiments, non-naturally occurring interchain disulfide bonds comprised by
the TCR constructs may 1nclude the 1C Disulfide (i.e. a disulfide bond between cysteine residue
substitutions at position TRAC 84 1n the TCR alpha chain polypeptide and position TRBC 79 1n
the TCR beta chain polypeptide).

[0086] In certain embodiments, the TCR construct comprises a non-naturally occurring

interchain disultide bond selected from:

(a) a disulfide bond formed between 1) a cysteine residue comprised by an amino acid
extension at the C-terminus of the C3 domain of the TCR beta chain polypeptide, where
the amino acid extension 1s between 1 and about 10 amino acids 1n length (for example, an
amino acid extension comprising all or a portion of a hinge region sequence from an

immunoglobulin or from a TCR, such as an amino acid extension having the sequence:

EPKSC [SEQ ID NO:19] or EPKSCDKTHT [SEQ ID NO:16]), and 11) the naturally

occurring cysteine residue at position TRAC 128 1in the Co. domain of the TCR alpha chain
polypeptide;

b) a disulfide bond between cysteine residue substitutions at positions TRAC 84 and TRBC
79:;

2

c) a disulfide bond between cysteine residue substitutions at positions TRAC 84.2 and

TRBC 79;

d) a disulfide bond between cysteine residue substitutions at positions TRAC 122 and
TRBC 12;

¢) a disulfide bond between cysteine residue substitutions at positions TRAC 124 and

TRBC 11;
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f) a disulfide bond between cysteine residue substitutions at positions TRAC 125 and
TRBC 11;

o) a disulfide bond between cysteine residue substitutions at positions TRAC 126 and
TRBC 11;

5 h) a disulfide bond between cysteine residue substitutions at positions TRAC 127 and
TRBC 11, and

1) a disulfide bond between cysteine residue substitutions at positions TRAC 128 and

TRBC 11.

[0087] In certain embodiments, the TCR construct comprises a non-naturally occurring

10 interchain disultide bond selected trom:

(a) a disulfide bond formed between 1) a cysteine residue comprised by an amino acid
extension at the C-terminus of the C3 domain of the TCR beta chain polypeptide, where
the amino acid extension 1s between 1 and about 10 amino acids 1n length (for example, an
amino acid extension comprising all or a portion of a hinge region sequence from an

15 immunoglobulin or from a TCR, such as an amino acid extension having the sequence:
EPKSC [SEQ ID NO:19] or EPKSCDKTHT [SEQ ID NO:16]), and 11) the naturally
occurring cysteine residue at position TRAC 128 1in the Co. domain of the TCR alpha chain
polypeptide;

b) a disulfide bond between cysteine residue substitutions at positions TRAC 84.2 and
20 TRBC 79;

c) a disulfide bond between cysteine residue substitutions at positions TRAC 124 and

TRBC 11;

d) a disulfide bond between cysteine residue substitutions at positions TRAC 125 and
TRBC 11;

25 e) a disulfide bond between cysteine residue substitutions at positions TRAC 126 and
TRBC 11;

f) a disulfide bond between cysteine residue substitutions at positions TRAC 127 and

TRBC 11, and
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o) a disulfide bond between cysteine residue substitutions at positions TRAC 128 and
TRBC 11.

b) Intrachain Disulfide Bonds

[0088] Intrachain disulfide bonds that may be included in the TCR constructs as stabilizing
mutations include disulfide bonds between two cysteine residues in the Co domain of the TCR
construct and disulfide bonds between two cysteine residues in the C3 domain of the TCR
construct. Typically, at least one of the cysteine residues that make up the intrachain disulfide bond

1S a cysteine substitution of a naturally occurring residue in the Ca domain or the C3 domain.

[0089] In certain embodiments, the TCR constructs of the present disclosure comprise one or
more 1ntrachain disulfide bonds. In some embodiments, the TCR constructs comprise an intrachain
disulfide bond between two cysteine residues 1n the Co. domain of the TCR construct. In some
embodiments, the TCR constructs comprise an intrachain disulfide bond between two cysteine
residues 1n the Coo domain of the TCR construct where both cysteine residues involved in the

disulfide bond are cysteine substitutions.

[0090] Non-naturally occurring intrachain disulfide bonds that may be included in the TCR
constructs 1n certain embodiments include: 1) a disulfide bond between cysteine residue
substitutions at positions TRAC 39 and TRAC 85, and 1) a disulfide bond between cysteine
residue substitutions at positions TRAC 26 and TRAC 85.1.

[0091] In certain embodiments in which the TCR constructs of the present disclosure comprise
an interchain disulfide bond, the TCR construct may also comprise one or more intrachain disulfide

bonds as additional stabilizing mutations.

1. Point Mutations and Loop Truncation Mutations

[0092] A number of stabilizing point and loop truncation mutations were 1dentified by the
approach outlined above and described in the Examples. The TCR constructs of the present
disclosure may include one or more of these stabilizing point mutations and/or loop truncation

mutations.
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[0093] A “point mutation,” as used herein, refers to a substitution of an amino acid that occurs
in the wild-type sequence with a different amino acid. In certain embodiments, the TCR constructs

comprise one or more stabilizing point mutations which are amino acid substitutions at one or
more of the following positions: TRAC 4, TRAC 26, TRAC 39, TRAC 85, TRAC 105, TRAC
120, TRBC 6, TRBC 36, TRBC 86 and TRBC 45.3.

[0094] In certain embodiments, the TCR constructs comprise one or more stabilizing point

mutations selected from:
1) an amino acid substitution at position TRAC 4 from Val to Ala, Thr, Ile, Leu or Met;
11) an amino acid substitution at position TRAC 26 from Thr to Ala, Val, Ile, Leu or Met;
111) an amino acid substitution at position TRAC 39 from Val to Ala, Thr, Ile, Leu or Met;
1v) an amino acid substitution at position TRAC 85 from Ala to Ser, Thr, Val, Ile or Met;

v) an amino acid substitution at position TRAC 105 from Ala to Ser, Thr, Glu, Gln, Asp,

Asn, His, Lys or Arg;

v1) an amino acid substitution at position TRAC 120 from Phe to Tyr or His;

vil) an amino acid substitution at position TRBC 6 from Val to Ala, Thr, Ile, Leu or Met;
viil) an amino acid substitution at position TRBC 36 from His to Phe, Tyr or Trp;

1X) an amino acid substitution at position TRBC 86 from Ser to Ala or Thr, and

x) an amino acid substitution at position TRBC 45.3 from Val to Ser, Thr, Glu, Gln, Asp,

Asn, His, Lys or Arg.

[009S] In certain embodiments, the amino acid substitution at position TRAC 4 1s from Val to
Ile. In certain embodiments, the amino acid substitution at position TRAC 26 1s from Thr to Ile.
In certain embodiments, the amino acid substitution at position TRAC 39 1s from Val to Ile. In
certain embodiments, the amino acid substitution at position TRAC 85 1s from Ala to Val. In
certain embodiments, the amino acid substitution at position TRAC 105 1s from Ala to Ser. In
certain embodiments, the amino acid substitution at position TRAC 120 1s from Phe to Tyr. In
certain embodiments, the amino acid substitution at position TRBC 6 1s from Val to Ile or Leu. In

certain embodiments, the amino acid substitution at position TRBC 36 1s from His to Phe. In
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certain embodiments, the amino acid substitution at position TRBC 86 1s from Ser to Thr. In certain

embodiments, the amino acid substitution at position TRBC 45.3 1s from Val to Thr.
[0096] In certain embodiments, the TCR constructs comprise one or more stabilizing point
mutations selected from:

1) an amino acid substitution at position TRAC 4 from Val to Ile;

11) an amino acid substitution at position TRAC 26 from Thr to Ile;

111) an amino acid substitution at position TRAC 39 from Val to Ile;

1v) an amino acid substitution at position TRAC 85 from Ala to Val;

v) an amino acid substitution at position TRAC 105 from Ala to Ser;

v1) an amino acid substitution at position TRAC 120 from Phe to Tyr;

vil) an amino acid substitution at position TRBC 6 from Val to Ile or Leu;

viil) an amino acid substitution at position TRBC 36 from His to Phe;

1X) an amino acid substitution at position TRBC 86 from Ser to Thr, and

X) an amino acid substitution at position TRBC 45.3 from Val to Thr.
[0097] A “loop truncation mutation,” as used herein, refers to a mutation that shortens a
naturally occurring loop 1n the wild-type TCR sequence by deletion of one or more amino acids in

the loop, or by replacement of all or a part of the loop with a shorter sequence of amino acids. In

certain embodiments, the TCR constructs may comprise a loop truncation mutation that shortens
the DE loop 1in the C[3 domain of the TCR construct. The DE loop 1n the C3 domain 1s 13 amino
acids 1n length and extends from position TRBC 84.1 to position TRBC 85.1. In some
embodiments, the loop truncation mutation shortens the DE loop 1n the C[3 domain of the TCR
construct by between 1 and 10 amino acids. In some embodiments, the loop truncation mutation
shortens the DE loop 1n the C3 domain of the TCR construct by between 1 and 9 amino acids,

between 1 and 8 amino acids, between 1 and 7 amino acids, between 1 and 6 amino acids, between

1 and 5 amino acids or between 1 and 4 amino acids.
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[0098] In certain non-human species, the DE loop in the TCR C[3 domain differs in amino acid

sequence to the DE loop 1n the human TCR Cf3 domain and notably 1s 3 or 4 residues shorter than

the human TCR DE loop. Accordingly, in certain embodiments, the TCR constructs comprise a

loop truncation mutation that 1s a deletion of one or more amino acids, for example, between 1 and

4 consecutive amino acids, or between 1 and 3 consecutive amino acids, of the DE loop 1n the C[3

domain of the TCR construct. In some embodiments, the TCR construct comprises a loop

truncation mutation that 1s a deletion of the amino acids at positions TRBC 84.5 to 85.6.

[0099] In certain embodiments, the TCR constructs comprise a loop truncation mutation that 1s

a replacement of all or a part of the DE loop 1n the C[3 domain of the TCR construct with a shorter
sequence of amino acids such that the DE loop 1s shortened by between 1 and 8 amino acids, for
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